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Preface

This slide rula has been manulactured alier & comprehansive
study of the lunctional requirements invalved and forms part
ol a new range designed for maximum efficiency. An
outstanding dezlgn feature of this range is the introduction of
end caps for holding the two stocks rigidly in relation fo each
other. These end caps are @ major dovelopment in shide rle
manufacturing technigue. In addition to their primary function
they enable the user to hold the slide ruls by them and the
recommended maethod of use [s&s follows:

{2} Haold the slide rule by the end caps

{b) When the slide iz virtually fully contained in the two stocks
manipulate tha slide by the Indax fingers

{c) When the =lide Iz extended to one end hold the rule by
the and cap gt the opposite end and manipulate the slide with
the free hand

In this way laleral pressure across the width of the siides rule
is-avoided and highest practicabls aceuracy standards
maintained

It treated with reasanable care and attenfion your slide rule
will glve you many years of good senice

This instruction booklet deals with the use of the slide rule in
separale stages lor each major purpose and covers the main
uses comprehensively. Cerlain partions may not apply lo your
parlicular slide rule as you may not have the scales involved
—ar I you have the scales they may not he relevant to the
caleulations in which you ara interasted. Thus If your slide rule
has trigonometrical scales and you ara not concarned with
trigonametrical calculations then the stages dealing with these
scaias can bo omitted

The purposs of haying en nstruction booklet covering the main
uses Is to help readers 1o see more readily the very wide
variety of calculations where the slide rule can be of yaluabie
gsslstance

The instructions caver all madels in the BrithhTﬁornmn 25 cms
(10 Inch) range and reference to scale subdivislons are besed
on this range
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To the beginner
1 Introduction

[t Is easy to use a Siide Rule even though it may taka practice
to become really familiar with it. In using the various scales
you will find it helpful to wark aut a simple problem which
you can check meontally belore gaing an to mare complicated
caloulations. In this way confidence and a praper
understanding of the scalss is quickly bullt up, togather with
an appreciation of the very great use which can be mads of
the slide rule

Do not try to use the more advanced scales before you
understand the basic scales and make a practice of rough
checking your answer mentally—ask yourself 'Does it look
fight?*—and you will soon jein the widening circla of slide
tula mitiates

2 Parts of the slide rule
To ensure that we understand the lerminolagy here ara tha
main parts of the slide rule

wtnch ‘oursar line
=
et |
- ! =
i -.
. |
wnd rag wiack mdsable  Mowible wnd cap
G AR Eomiel Cursnd slide o -
i el 1 i et e et

3 Significant figures I
A slide rule can be regarded normally as giving the answer
1o & calculation to an accuracy of three significant figures
{although somelimes a fourth significant figure can be read
oft), Significant figures do not have anything to do with the
decimal point and must not be confused with It If we taka
27 as an |llustration of three significant figures then 27,600;
276 27.6; 0276 0.00278 are all examples of these three
slgnificant flgures. Similarly with 408 as our three significant
figures examples are 40,800; 4.08; 0.0408. Thus the number
of "0"s'" to the left of the first significant figure or ta the
right of the third significant figure do not affect tha
significent figures thamselves

4 Docimal point
Now a word about the position of the decimal point, Usually
you know the approdimate value of your answer and
therefore the position of the decimal point — if there 15 any
doubt then do a rough calculation and decide the position
of it by eslimation

8§ C and D scalos
us EM“ all scalon uﬂpﬂh two identified by the
and D and which ate located on the slide and

m--mmmm i
rullvll\ﬂm#".lﬂl

uned on & slide
Rl :

When we Inspect these C and D scalss closely we note that
they are numbered from lett fo right viz., 1, 11, 12 and so on
2,3, 4,5 to 10. You will probably find it easier to imagine the
numbering as 100, 110, 120 . . . 200, 300, 400, 500 . . to 1.000
as this will help you In reading and setting the first three
significant figures of numbers. The following illestration
shows lhe settings for various significant figure valuas:

1 1 2 13

101 107 16 12 207 910 P25 B4 805 eSO Oi7
fig1

MNotice how values betwean adjacent lines sub-dividing the
scale change as we move along the scale. At tha beginning
the sub-divisions run 1, 101, 102, 103, 104, 105 ete up 1o 110
—thus giving a change of 1 in the third significan! figure—and
continue in this way up to the 2 position. The scale then runs
2, 202, 204 elc., thus giving a change of 2 in the third
significant figure and further along the scala the change in
third significant figure is 5 These.changes in the values of
sub-divisions on the various scales of the slide rule must

he constanily observed

The C and D scales are logarithmic scales numbared naturally.
This accounts for the fact that the dlulnnce batween 1 and 2
is greater than the distance between 2 ‘and 3 which in turn |s
greater than the distance between 3 and 4 and sa an to 10,
But the Impertant thing to realise is that theso logarith mic
scales aré of uniform proportional accuracy. A displacement
of the C scale in relation to the D scale gives a flxed
proportional relationship for all points in alignment. Thiscan
be sean by moving the slide to the right so that 1 on C scals
|s aver 2 on D scale and observing that opposite 2 an C scale
we have 4 on D scale cpposite 3 on C we have 6 on D etc,
theraby giving a portion of the two timas fable. Similarly by
setting 1 on C scale over 3 on D scale we have a portion of
the thres limes tablo

Now wa Ard ready to commence using our slide ruls
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Instructions for use
Multiplication and division

DIVISION

This |s carrled oul by subtracting one logarithmic length
{the divisar) from another (the dividend).

Example 1
Evaluate x
24

Sot the cursor at B4 on the D scale (referred 85 D) and mave
the slide so thal 24 on the C scale (referred to as Cas) aligns
with the cursar line. At 1 an C scale (referred 1o as Ci)

read 35 on the D scale ie the significant figures of the answer

Deacimal point considerad — 35
Example 2

30.6
I by i
Evaluale Py
Seat the cursor af 306 on the D scale and mova the slide so that
68 on the C scale aligns with the cursor line. At 10 on C scale
read 45 on the D scale, the significant figures of the answer
Decimal point considered — 45
The two examples anly differ in the respect that in example 1
tha answer aligns with Ci on the D scale and In éxampls 2
the result is found at Cw

MULTIPLICATION

This |8 carried oul by adding together the logarthmic lengths
which correspond to the numbers

Example 3 Evaluatle 2.6 <3.5

Mave the slide bBringing Cs 1o Das, et the cursar at Ca and
read on the D scale 91, the significant figures of 2.6= 3.5,
Decimal point considerad 2.6 3.5 = 0.1

Example 4 Evaluale 325 4.4

Cursor to Dass, Cie fo cursor, cursor lo Cee and read 143 on
the O scale the signficant figure value of 3.25x 4.4, decimal
point considered 14.3

Again it will be noted thal the only difference balwean
examples 3 and & is in respect of applying either C: or Cie, the
choice being such as to bring the second factor within the D
scale range

COMPOUND MULTIPLICATION AND DIVISION

The same grinciple applies of adding and subtracting
loparithmic lengths corresponding to the numbers

The general rule is
FIIMT numerator value is lll on the 0 scale

minator values are set on
them from the
valuo)

the alide (thus ad or
Mmm‘ﬂ'ﬂnm

Movement of the CURSOR carries oul MULTIPLICATION

Mavement of the SLIDE carries out DIVISION
and these operalions must lake place ALTERNATELY

I the CURSOR is moved last the resull is read al the curser
on D scale

H the SLIDE is moved last the resulf is read on the D scale
against the Ci or Cw line

Example 5 Find the value of;

161 « 823 - 152
28172
Significant figures
of result on D
Instruction Stuge scale at:
Ci Cie | Cursor
() Set cursor al Dy 161
(1} Move slide 161
bringing Case fo — 624
the cursor 258
iy Ci to C 1 23 578
(67} Cursor to Ce m-x.
{iv] Move slide 923 Y
bringing Cis to ;:xﬁ! 35
the cursor &
161 « 883 < 152
—— = S8
{v) Cursorta Cias i

decimal point considarad 509.0

In the next example, If we take the tactors in the order in
which they aceur, alternating from numeraior to denominaior
etc., what is known as an ‘end switch' occurs as one of the
factors on the slide to which it is desired to move the curser
axtends boyond the end of tha stock of the rule. The method
imvolved for end switching is simply as lollows:

When the siide protrudes to the left of the stock move the
cursor to Ciw and then ‘end switch® the slide by bringing Ci 1o
the cursor. Il the slide protrudes 1o the right of the stock
move the cursor te Cr and thon "and switch’ the slide by
bringing Cro to the cursar

i switohing' does not affect the accuracy af the answsr
on 1 simply tho mhl:nt-fmmwihﬂﬂulr‘hr




Example & Find the value of:
JO535 5 741.0 < 4.87

A925 ¢ 0524
Significant figures
Instruction Stage of result en D
scala at:
Ci Cis |Cursor
(1} Set cursor at Dass 535
[y Move slido Ciws Bas
oty e 7
rE0r e 278
'End switch"
{#ie) Cursor to Cs
{fv) Move slide Cre
1o cursar
535 = 741
{v) Cursorte Cs» e —
) an 1905 206
{¥) Mova =lide Csas £35 "1
to cursor 353
19254 824
' B35 = T41 ~ 487
wir) Cursor 1o Ca S
{wir rrr—— 1914

decimal point considersd 191400
From the preceding examplss it will be seen that for
tontinued multiplication or centinued division—using C and
D scales only—we must divide or multiply by unity or 10 as
reguired
Thus (using € and D scales only)

mensp
should be manipulatad as:

m—{1 or 10} % n=(1 or 10) = p
Example 7 Evaluate 0613« 19.25 < 245564
(f) Cursorto Dua (i) Cioto cursor (#i) Cursor to Creas
{f¥) Cr ta cursor (¢¥) Cursorfo Crs  (wi) Creto cursor
(ki) Cursor 1o Cis and on the D scale read 163 the significant

figure value of the continuous mulliplication; decimal point
considerad 16.3

Similariy
QEIxns

should be worked as:
(Tori0) -q = (tor 10p+r = (1 ar 10)—s

Find the value of
? =

Exampls 8

17.62 B46x 3,15
(13 Corneta Ow (#) Cursorto Cw () Cuss to cursor
(¥} Cursarto Cis (1) Cunio umm read at Cr on'the
0 ncale 213; decimal point consider -ﬂﬂ

Examples 7and 8 have hoan
awamplon O and 10 using the
of € scale ton the ul

CONTINUOUS MULTIPLICATION OR DIVISION

iUsing the Reclprocal of C scale {C1) In conjunction with the
normal C and D scales, This reciprocal scale runs in the
reversa direction to the C and D scalas

Tha farm: mxnxp
must be treated as

me L x
hins +]
the % being the n value on the Reciprocal Scale (Cl)

Example 8 Evaluate 0673 x 19.25° 245« 56.4
treat as

1
.UET-!—— 245
18.25 56.4

(f} Cursor to Daia (i) Clees  to cursor (47) Cursor o Cuas
{#} Clsas to cursor and &l Ci an the D scale read 183; decimal
point considerad 16.3
Note anly four sellings reduired in place of seven in the
corresponding example 7
Similarly: 1

R
must be treated as
1
1=+-gx =+
Exampie 10 Find the value of
1
17,62 3 . B46 » 3.15
(i} Corasto Do () Cursor to Cless (i) Cass to Cursor and
read at Ci on the D scale 213; dacimal poln considered 0213
Note the three seflings in place of five required In cxample 8
Apart lrom the addiflonal use of the Reciprocal Scale to
obtain reciprocals by cursor projection from the Cito the Cl

scale, othar uses will occur to the user in relation to his
particular computations

Cl pcarm L

€ =nal |

o wrale |

I

L ]
v
rl
ash ol
Ag 2

One relationship which merits special mantion is:

Where o= fi < f2 and 'a’ is fized, to determing any of the infinite

pairs of values of [y and fs that will satisfy (see fig. 2)

Arrange slide ao that Cs (or Coe) i+ al value ‘s’ on the D scale

Uslng the Cursar for alignment from one lactor on D scala,

read ather lnctor on the Cl scale

Partficular caro must bo tnken, when using the Reciprocal of
cile, to howp (0 mind the reverse direction of ascending
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USE OF CF AND DF SCALES

These scales are included on certain models of slide rules
and sceupy the positian normally used lor the A and B
seales with DF on the stock and CF on the slide, Thesea two
scales are simply € and D scales displaced by the factor o,
and they have particular advantages In multiplication, division,
proportions, etc, as they give complete factor range in
conjunction with C and D scales

This will ba mare easily appreciated by comparing the
movaments invalved (n & calculstion using:

fa} Cand D scales only
(b} CF and DF scales n conjunglion with C and O

Complele Divisar Range

Example 11
Where a+ b+ c+d+e=T

exprass a, b, ¢, d, @ a8 percentages of T given tha following
values:

#=41.3, b=258 c—80.4, d= 128, e—84.5 and T— 360

(a} Using C and D scales only
Mave slide 5o that Cae aligns with Dn

Then for values 41.3, B4.5 and 884 move the curser to

(i} Cuna {if} Cuas (i) Cuma

and read the corresponding percentages on the D scale, viz:
1.8 P29%, 242

respectively

Te obtain the remaining percentages lor 128 and 258 it Is
nocaessary lo move the slide so that Cas allgns with Die, when
thay can be read by moving the curser to

(i) Crss 1¥) Case
34.7% 704

(k) Using DF, CF, C and D scajes

Move the slide so that CFas aligns with DF e

With the slide in this positian all values can be obtained by
cursor projection, viz:

41.3, 84,5 and 89,4 from CF 1o OF scale
128 and 25.8 from C to D scale

The next example shows how a glven factor can be appiied
1o a series of numbers

Example 12

Mulliply sach of the following numbars ;

12,7, 550, 173, 76,8, 24.6, 0.24 and 354 by 263

Using the cambination OF and CF, C and D scales all the
results can be oblained by a singls displacement of the slide
and ralevant cursor proje d

Mave slide sa that CFw aligns with DF s

With the slide in this position all yalues can be obtained by
‘oursor projection as follows:

From CF 1o DF scale—1he
Uy s i

() 024 are rend an

A

gnd from C to D scale—the products of
(i) 127 {v) 173 (wi) 24.6 (wii) 354 read as

3.4 45,5 6.47 8.1
Twao positions of the slide would have been necessary (n the
above example if only C and D scales wers used
The next example deals with the tamiliar form

axb
[

Using C and D scales only, an ‘end switch' is frequently
necessary—as Is the case in the example below—whereas with
the combined displaced scales the 'end switch' can always be
avoided by proper selection of the scale to which the initial
factor ‘a' is applled (/e a choice batween O or OF)

The carrect scale to choose is that which results in mare than
half the slide engaging In the stoc. of the slide rule after the
divisor hes been sel

Example 13
31x8.15
1.64

Evaluate

{a) Using C and D scales only—and following normal practice

(i) Cursorfo Dar () Cresto corsor () End swiich
bringing cursor to Cq and then Cie fo cursor

{iv) Cursorto Ces (v) Read atthe cursor 164 on D scale
After considering the decimal paint

31«85
Tiﬁ.i

(4) Using DF, CF, C and D scales

() Cursorio Das (i) Cwstocursor (i) Cursor to CFan

(iv) Read at the cursor 184 an DF scale.
Decimal poinl considered=154

It must be borne in mind thal a switch fram the C, D pair of
scales fo the CF, OF pair of scales (and vice versa) s made
when mouing the cursor and not when maoying the slide

Whilst the combination of the four scales minimises

the nead for "end switching' it must not be concluded that it
complataly eliminates it in all cases of continuous compound
calculations, With experience, by visualising the slide position
betora moving it, the user may often be able 1o select factors
in an arder, ar choose scales to ensure that, after division,
more than half of the slide is engaged with the stock. This
will then mean that on either CF or C =cales a camplete
significant figure range Is In conlact with sither DF or O, thus'
enabling the cursor fo be moved to the next factor without
the need of an ‘end swilch’

Note—It will be appreciated that cursor projection from C and
D scales to CF and OF is the ogquivalant of multiplication by
« ol the C o1 D scale value, Thus clreumlsrence Trom
dinmater af elrclo (and vice varsa) can b oblainad al a sinple
salling of the cursor
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Determination of Sguare Roots Eialiiath VT
It will be observed that Scale A of twa + unit sections Is
arranged in relation 1o the D scale (unit length) so that: Cursor{o 2788 on the 2nd Sactlon of A scale-and réad on D
Ao aligns with O scale 528

Assealigns with Die

This significant figure grou decimal point eonsidered,
Using the cursor for projection from D scale to A scale the bm:umgu ot igure group 828, 1] 2

following alignmants can be observed

Adter a little practice, the bars for palring figuras can bo
imaginad and so the figurs of a 'square root’ together with its
D 1 2 3 4 5 gtc 10 denamination, can readily be obfained by inspection

A 1 4 9 16 26 etc 100
e ‘Squares’ of values en Doare in dignmant on A

fa) Tor involution

Determination of Cube Roots

(&) for evelullon, a reverse process provides 'square roofs’ Madels which Incorporate a Ciibe Rool scale denotad by K
of the values gn A in alignment with D scale furnigh a direct means of oblaining cube roots by cursor
projection. The scale comprises three repaats of a § unil
Since each section, viz 1 1o 10 and 10 t6 100, of the A scale but care must be exercised in selection of the section to b
provides a lull oycle of significant figure range, In the caze of E used
‘sguare roots’ the user has to decide which of the two sections
is applicable to any particular evalualion Cube roots of numbers from 1 101000 are read off the D scale
. ¢ (C scale If the eube root scala is on the slide) by cursor
Consider numbers whose significan! figure value is projection from the K scale. For numbers above or below 1 to
2788 y 1000 it is advisable {o consider tham in groups of three from
Such values may occur in various forms the decimal paint, Than the following basis can be appliad:
as One significant figure in oxcass of complete groups of three—
":’rmm- D278, elc uge first section of K scale
278.8, 2TBBOO, pic Two slgnificant figuras In excess of complate groups al

- J#1 three—use second section of K scale
By way ol illustration let us consider determination of the

suare roats ol three of these say No significant figura in excess of complete groups of three—
+/ COD2TEE +/FTEE and -,/ F78E00 use third section of K scale
Stariing from the decimal point arrmnge bars aver pairs of eg Evaluate 41780 and 04178

numbers as shown ]
In bath cases the two significant figures in excess of complels

M A% 0278 B0 triads indicate the use of the second section of K scale from
which we obiain 34.7 and 0347 respectively as the cube roots

{1a) T
@ 27 &8 10, ;
Determination of Logarithms
(1) and {1&) are alike in the respect that the first significant
figurs 2 is alone under & bar, whereas in (2) the first two A The Logarithm scale denoted by L is a uniform scale related to
significant figures, that is 27, occur under the same bar. the € and D scales and provides logarithms to base 10

In cazes such as (1) or (18) projection {& from the first section v 5
of 1he B £rate whilst case {3) callsdtr prejeciion fromm th It we azsign the definits values 1.0 to 10.0 to the significant

2nd Section i figure scales € and D, then the length of L scale equals that
of Cor Dfram 1.0 to 10 and the extremes of the L scale are
numbersd 0 to 1.0 (Sub-divisions are in gecord with decimal

Evaluate ﬂ: I]E T: _i; o)

Cursor 1o 2788 on 15t Section ol A scale and read on D scale This combinatian functions as the equivalent of legarithm and
167 ' antilog tables |

Again consider the pairs, and with elpher or figure in the To determine logns2

result for each pair, the significant figure 167, decimal point Use the cursor to project from Dss(Cs if L seale (5 an the
conidared becomes 0167 ! slide) to the L scale and read Lognie=T18

The reverss process provides lagarithm to number canversions
As with 'log° tables, only the ‘mantinsa’ portion is ebtainable
tram the rule and 5o in all cases, aco to the position of
the deaimal point, the appropriate

Evaluate 4/ £ 78 . B0

14,7

Cursor to 2188 on 1t Section ol read an O scale 167
ml'ﬂnﬂiﬂ-arl figure value 167, mem-.'u
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Orthodox Trigonometrical Scales

These scales are;

Sine scale, denoled by S, for the angle range 5.7 to 90"
Tangent scale, denoted by T, for the angle range 5.7 to 45°
Sine and Tangent scale, donoted by ST, for the angle
range 0.57 to 5.7

All throe seales are decimally sub:divided, are relalad to the
Cand D scales and values are read off directly by cursor
projection

gg Determing the value of Sine 20°
Set curser to 20° on Sine scals and read on D scale at the
cursor 42, Decimal point considared Sine 20'=.342

eg Determine Cos 16°

Since Cos 16°=Sine 74" treat as Sin 747

Set cursor to 74" on Sine scale and read on D at the cursar
0.961 (the value of Sin 74— Cos 167)

eg Determing Tan 227
Set curser to 22° on Tan scale and read on D scale 0.404 —
Tan 22°

Note: For tangents of angles batween 45° and 80" use the
formula

Tan o = = Cot (80 — a)

-1
Tan (90 — a)
le for Tan 75° sat cursor lo 15° on Tan scale and an DI
read 3.73 — Tan 75° (if there is no DI scale then read on Cl but
see that C & D scales are aligned)

It will be appreciated that determination of the angle when the
function value is given invelves the inverse of tha above
Procecs

2g To find the angle whose Sine Is 0.41
Sef cursor to D and read on S scale at the cursor 24,2

The Sine and Tangent scale ($T) is used for both Sines and
Tangents for the lower angle range below 5.7 and |5 the
geemetric mean of the two functions. In this respect il will be
appraciated that Sin o = Tan « = & In radians when « &
small. Thus this scale may be used for converting degrees

to radians and vice versa

Note: For small angles care Is required in positioning the
decimal point when reading answers on D scals, and in the
scleclion of the appropriate angle scalzs when the function
value i given, As a guide the following rule is useful:

I the angle is on the ST seale then .0 will precede the
significant figures read off the D scale

If the function valus on D scals s precedod by .0 then the
angle is read an the ST scale

SOLUTION OF TRIANGLES
Itis important to remember the Sing fuls
a b €

SnA~ sinB _ 8ihe
is thens propertions can bo usefu find, 11 will be
" od that if a given angle on e nealn (s aligned.
N it4 rospoctive given side on the C scale, thon tha other
e AT EHEED
palrs I8 hnown the te solved by cuts
mmmﬁn  Sino nd the € seale

U Y
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RIGHT ANGLED TRIANGLES

& b c

SnA SinB 1

The Sine rule becomes

Case 1

Given Angle A — 353" and side ¢ — 533
To find sides a and b

a
Thg Sin 353  Sin(0—353)
{a) Sect Cssato D _
(b} Cursor ta 35.3 an Sina scale and read on C scale 308—
side a
(e) Cursor to (90—353) — 54.7 on Sine scale and read on
C scale 435 = gide b

. e
1

Case 2
Givan a = 207 and ¢ — 305
Tao find Angle A and side b
LG
SinA SinB 1
(a) Set Costo D
(b) Cursor to Cser and read on the Sina scale 4275 = Angle A

() Cursor to (00—42.75) = 47.25 on Sine scale and read on
Cscale 224 = side b

Then

Case 3

Given a — 133, b — 156
Ta find Angle A and side ¢

138
Then ===

133
and Tan A ==
{a) Cursor to Dixa
(b) Cissto cursor
(e} Cursor to Cie and read on Tangent scale 4045 — Angle A
(d) Cursor to 40.45 on Sine scale
(e) Cias lo cursor and at Die read on C the value 205 — side ¢

Alternatively

(a) Cilo D
(6) Cursor 1o 156 on Raciprocal of C scale (giving 133 »
1 143
8= “'J and read on the tangent scale 4045 = Angle A
{e) Cursor to 40,45 on Sine scale and read on Reciprocal of
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Differential Trigonometrical Scales

The group of scales consists of the following:

Sine Differential scale (denoted by Sd) of ——
for Sine range 0 to 90" Sin
Tangent Differential scale (dencted by Td) of —

for Tangent range 0 to §0° Tan

K

Inverse Sine Differential scale (denoted by 1Sd) of ————

for inverse of above Sine range Sin™x
Inverse Tangent Differential scale (denoled by I1Td) of

Tan''x for inverse of above Tangent range

The above tour sceles are positloned on the slide and
togethor lake up the eguivalent of one "scale lenpgth’. They are
used in conjunclion with € and D scales and ara very simpie
ta manipulate
The principle is as lollows:

[

Sin =«

Since sd_z =
de o
Sina

Sin 2

Then

= — Sin x

Thus by setting the a value on D scals and dividing by Sda
(/e the a value on the Sine Differential scale) the value of
Sin x Is read on D scile al C1 {or Cia)

e oo
43 Sdu
Sin 43

#g To find Sin 43" Treat as

Cursor to Daa

Bring 43° on the Sine Differantial scale (/e Sda) to the cursor
At Cooread on D scale 0682 — Sin 43°

&g To find Tan 38,5

Cursor to Dass

Bring 36.5° on the Tangent Differential scale (/e Tdse.s) 1o the
cursor

At Coaroad on D scale 0.740 = Tan 36.5°

eg To find the angle whose Sine is 066 (e the value of
Sin *' 0,68)

Tractan Q.66 i .66
0.66 |Sds.su
Sin -'0.66
Cursor to Dus

Bring 0,66 an Inverse Sina Differential scale (is 15do.se) to the
Cursor

Al Ci on D scale read 41.3 = Sin-' D.66

Similarly the angle whose Tangent is 0.8 s lound to be 42° by
::mn’;h- hl-w_omi Tangoent Diflerantial scale in conjunction
4 acale

To find the value of T3 Sin 52"
uraai to Dea
Bring Sd to the cursgr L

It will be appreciated that the Direct Sine and Tangent
Differential scules provide the necessary divisor correclives
which, when applied to engle readings on D scale, give the
respective trigonomatrical functions on D at Cy or Cie,
Similarly the Inverse Sine and Tangent Differenlial scales
provide the divisor correctives which, when applied to function
values on D scala, give the corrasponding angles on D at
Cior G

These Differential Trigonometrical scales give consistent
maRimum accuracy over the complete angle renge and
experience with them soon reveals their superiority comparad
with the erthodax Trigonometrical scalas

The appearance of, for example, the Sine Differential Scala in
the region of the O to 30° mark, in the respect that the distance
is so comparatively shorl and the divislons so few, may
sugpgest 1o the non-mathematical beginner that the accuracy
is accordingly somewhat limited; but alter a litte practice with
this scale, and thought regarding tha nature of Sines, the user
will correctly interprat the meaning of these small variations
of the divisor correctives Tor the early angle range. Similar
observations can be made with regard 1o the other scales,
After comparison with tabulated and calculated rasults, users
will soon realise that the highest significant figure acouracy
possible by the C and D scales is consistently maintained

by the Differential Scales over the complets angle range

On inspection of the Ruls it will ba obsarvad that the Commaon
Zeuro of the Direct Scales is‘at 'U'-and coincides with tha

180
C scale reading §57.3, j¢ — The Inverse Scales have thelr
"
Commaon Zero at 'V which corresponds fo 8 C scale reading

™
of 0.01746, fe "

RIGHT ANGLED TRIANGLES

e Given a= 160 and b= 231

To find Angle a
160

1 " o e B M
?=Tlnm 5= Tan™ T Tan™" 231
{a) Cursor io D
(b) Being Casv 1o the cursor

8

(&) Curnat to Cand read on D seale 0.6925 T




When given one side and an angle (ather than the right angle)
the lollowing relationship is useful,
a b e i

= T4, 84,

This is expressed diagrammatically by

" b w
T scams ," II:" J8a yonim
i :
)
: i
- 1]
O wcais i - %
isherieni aidel UL L]

Thus the remaining two sides are obtainable at a single setting
of the slide (except where an 'end swilch' is involved when a
second movament of the slide s necessary)

&g Given c = 533, o — 353"

Tofind aand b

Cursor to Dsa and bring Sdas.a in alignment,

Cursor to Tdss.s and reed on D in alignment 435— b
Cursor to Casa and read 6n D in elignment 308 = a

GAUGE MARKS V, U, m, =

These are conversion constants on the C scale for use as
divisors as fallows:

180
= - 57.2058 for Degroes 1o Radians

V= % — 0.01746 {or Radians to Degrees

M= =L = 3437.75 far Minutes to Radians

l__wn:-:mxm

= = 206265.0 for Seconds to Radians

Where o is an angle expressed in Degrees
' the angle expressed in Minutes
a” the angle expressed |n Seconds
¢ the angle expressed in Radians

L . Cl

M e o R
hen U= . ¥
f

Nate: For particular advantages of the Diffarential
Trigonometrical scales |

acheamatrlc Survaying ses Appendix
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Log Log Scales

Nete: The fallowing instructions cover madels with three direct
and three reciprocal Log Log scales. Thus anly certain partions
ol the instructions refate to models with two direct |og ng
scales.

The Log Log scalés and Reciprocal Log Log scales are
arranged on the stock and are used for calculations invelying
the exponential form,

Any positive number N may be expressed as a partleular
power P of any positive bass B thus N = BF
Hence Log N =P Log B
and Log Leg N = Leg P+ Leg Log B
or Log Log N — Log Leg B = Log P
fe the values B and N on the Log Log scale ere separated by
4 distance represanting Log P

€g Set curser 8t 3 on LL3 scale and move slide bringing C» to
the cursor

Observe by cursor projection that

2 on C scale aligns with 9@ an LL3

4 an C scale aligns with 27 on LL3
4 on C scale aligns with B on LL3
5on C scale sligns wilh 243 on LLa
thus evaluating 32 3°, 3% 3

Similarly, on models with Reciprocal Log Log scales, by
setting the cursor al .3 on the LLo3 scale and bringing Cs to
the cursor

2 on C scale aligns with .08 on LLog

3 on C scale aligns with .027 on LLog

4 on C scale gligns with 0081 an LLoz

thus evaluating (3)°, (3)°, (.3)*

eg Evaluate N= 35+«

Cursor to 3.5 on LL3 scale

Bring C1 to the cursor |

Maove cursor to Cass and read on LL3 scale at the cursar
28.0 = the value of N

Cursor projection fram LL1 to LL2 or LL2 to LL3 scales effects
the process of raising to the 10th power (or vice verca
exiracting the 10th root)

Thus 3.5 = 1.395 the figure in alignment on the LL2 scaly

Whefi the base is less than unity the process is the same
ekcept that the Recipracal Log Log scales are used

Thus 0,35%% — 00612
and 0.35-™ — {7563

eg Evaluate {35

(a) Cursor 1o .35 on LL03, €1 to cursor and then move cursor
to Cu.es, In alignment at cursor read 0812 on the LLos
scals

(.35)** — p.0612

(b) Read on the LLoz scale in the same alignment
the value (7663
{.36)™ = 7563

Note: In arder to docide which scale provides the value, mental
approximation |8 necessary, It may bo sald that most students
nre mom ot ease with rough approximations of powars of
auantition greated than unily than with those of guantites
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Far example, il is easier to mentally appreciste that

3 ora/3 =17

=0
than say i
VAord4 = .63
(4)® = DG4

Thus whan dealing with the latter type as in the exampla it is
useful ta remember that at a particular setting on say the LLea+
scale, the reclprocal of this value (greater than unily) appears
in alignment on the related LL3 scale. The raising to the
‘power’ in question may then be observed en the greater than

unity scales LL2 or LL3 and the final reading taken on the
appropriate reciprocal log log scale

Tha student should also observe In respect of reciprocals
that those sbtained by projections from LL2 to LLiz and vice
verse arg mare accurate than those obtained by C, D or Ci
scales; but for the range covered by tha LL3 and LL03 scales
tha advantage is with the primary scales C and D

To solve far P whan N and B are known, /e to determine
the log of N to base B

Proceed &5 in the lellowing exampie:
eg (Base = unity)
Solve 5.9F — B2.0

Sot the cursor at 5.3 on LL3 scale and move the slide so thal
C1 or Cue (in this case Ci) is at the cursor. Move the cursor 1o
92.0 an the LL3 scale and read the significant figures of P on
the C scale at the cursor viz 271

Then 53*™ = 82.0

or

logs 292 — 2.1
£y (Base less than unity)

A" — 764

(Cbylously the value of P is less than unity)

Set thie cursor at 452 on the-LLo2 scale. Align Cioat the cursor
and mave the cursor to . 764 on LLod On C scale at the cursor
read 338 tha signifizant figures of P . . . dacimal point
considersd 339

To determine B when N and P are known

ey Determine B when B*'* = 40

Set the cursar at 40 on LLa and move the slide so that 214 on

C iz in alignment, Transfer the eursor to ©s and note the

readings on LLe and LL3 namely 1,188 and 5.6 respectively

Mental approsimation will Immediately salect 5.6 as the

required valus

e 56" = 40
and noto that
11887 = 40

Note:

{l) That N and B ara positlons on the iog log scales and
their denaminations must be respacted, inasmuch as
valuies for 1,45, 14.5, 145 and 1480 are distinct positions at
different parts of the scales

(I Thal thi significant figure value of P ls amployed on the
C sgnle fe powers such an 24 and 2.5 ara identical on (hat
neale: denominations, suppariad by montal approximations,
will digtate from which fog log scale the N reading has
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(i) That 1 or.10 and P value on the € scale respectively align
with B and N on the log log scales,
(iv] That where roots ocour they must be re-expressed as
‘powers’
eg 4/ ac tha 333 power
*4/ a8 tha .25 power H
{v) Normaly a negstive base cannot ha ralsed to & power
eg (—8.940"" eannot be evaluated: sxceptions are whers
the 'powar’ is aither an integer or the reciprocal of
an odd integer
Where a '‘power’ and ‘base’ are such as to resultin a
value of N inexcess of 2 » 10° as in the following
eg Evaluate 53"
Take the "power’ in parts as 78— 4 + 38
Evaluate 5.3 and 5.3 and obtain
5.3 = T80 53— bS
Than 53" — 780 » 565 — 446000

When N is groater than 2 = 104 to determine P for a given
E proceed as follows
eg Determine P when 537 — 446000
Factorise 446000 as 1000 = 446
Then consider P= g + r where 5.3 = 1000 and 5.3 — 446
Evaluate g and r and oltain g — 4,14 and r — 386
jeP=414 L 3p6= T8
Logarithms to the base @ or evaluation of e”
The log log scales wre so positioned on the stock that
prajections therefrom on to the D scale turnish tha significant
figuras of |ogarithms to the base e
Provisionally assign to the D scale the values 1.0 1o 10 and
remembar that numbaers in alignment an tha lag log scales
bear the relalionship
(Lig)"= Lls (LLoz)*— Llog

Place the cursor al say 1.326 on the LL2 scale and note that
the D scala reading in alignment |z 2.822,
Also observe reading on LL3 16.8

abserve roading on Ll 754

chsarve reading on LLpa 0585
It will be sean that
logg 1326 — 028220re ""™— 1206
logg 168 = 2822 ora ™™ — 158
lage 0.754 = -0.2822 or e ~*™* — 0,754
loge 0.0585— -2.822 or e™™ — (.0508 :
The alignment of values 1s useful when evaluating hyperbalic
funclions since:

of — g7
I e

Sin hx e

Cos hj=u._

Tan hx— s == Sin b
&+ gr Cos hy

in the case ol 2 = 2822

16.8 — 0.0505

Then Sin hx - S 8.37
168 + 0.0585

Con hx == -'"'T'— == B.43

Tan by -‘-‘ﬂ o b




Use of the L Constant

The L constant at 2.3026 on C scale is useful for convarting
logs to base e to logs to base 10 since

Loga N Logg N
Logmw N = 20008 G
The conversion is effected by bringing the L mark on C scale
in-allgnment by cursor projection with the N value on the log
log scale and reading the value of LogeN on D scale at Cy
(cr Cr)

It will be roalised that logarithms to any base can be obtained
by meking a mark on C scale in the position which aligns with
the particular base on the log log seales (with Cy and Dy in
alignment of course) and by using the position marked on the
C =scoale as a divisor Tor that base

eg Ta find Log: B

(&) With C: and Dw in alignment move cursor 1o 2.0 on log
log seale and then make a pencil mark on C scale at the
cursar position, namely 633

(o) Transter cursor to B on log log scale

(&) Bring marked position at Ces o the cursor and read 3 on
D scale at Ciwe

Then loge8= 3 (or8= 2%

Vector Analysis Scales
Psol o/ T—s and Plof 4/ 1+ 0
With the Ps scale of 4/ 1 — & il is possible; by cursor

projection to the D scale, to obtain Cos & when Sinz is
kmown or vice yersa

The differance between lwo squares is treated as Tollows
r=yT—w=cy/1— (3)
Since % = Sinz = 8§
Thenx— c/ T —&°
ey Evaluate /53 — 288

- A3

() Cursor to D, Css to cursar and at Cieon D read

D620 _E

4|
{i1) Cursor to 528 on Ps scale, Cu to cursor, cursar to Css and
read 45 on D scale
Then v/ 53 _PH - 45

Note: Where s is greater than 0.995 the form 4/ 2(1—s) may ba
used as a close approximation

The Pt scale of /1 T ¥ zerves for determination of the
square root of the sum af twe sguares as under;

D o)

Slﬂu%nTm¢=l

Thenh=b /1 + ©°
lgEleuuh-\,."5'+F

W 1+ ("-) =4 o/ 1-F EEEP
() Cursorto 0.75 an Pt scale
(i} Bring €1 to cursor
{#ify Curger to Ca and read on D scale the value of h= 5§

Cursors

Single line cursers are supplied s standard sinca thres lina
type cursors can be canfusing. An exception to this however
is the P22 Comprehensive model which has an additional
line to the left of the conire line covaring the A and B scales
only and giving the =4 constant in relation to the centre line

The laft hand line may be used for calculations involving

areas of circles where diameter is given and vice versa and tha
distance between the left hand line and the maln curgor line
corresponds to the interval 0.7854 {o 1 on the A scale

By sotting the main line o a diameter on D scale the
corresponding area of the cirole can be resd on A scale at the
1eft hand line since passing from D to A Scale squares the
diameter and reading at the leit hand fine [& the equivalant

of multiplying on A scale by 0.7854 = -:—'
The formula used is thus Area = ‘Ed'

It will be appreciated that area to diametar conversions may be
made in thes opposito way

&g Given area of circla is 120 sq ins

Find the diamater

{8) Setlelt hand cursor line to 1.2 on A scale
{b) Fram the maln cursor line read on D scale 1236. Then
diameter of clrele sguals 12,36 Inches

On the traditionsl type of three line cursor the right hand line
coverad horse power to kilowatt conversions, the distanes
hatwean the main cursor line and the right hand line
comesponding to the interval 0,748 to 1 on the A scale

o Find the numbier ol Klowstts In 150 hp
{(n) Sel right hand cursor line to 1.5 on A scale
(b) Al the main ‘IIFI‘M finm raad 112, Then number of
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Appendix—Tacheometric Surveying

STADIA COMPUTATIONS |

In the nstructions for Differantial Trizgonometrical scales
reference was made to the completa solution of the friangle
yiven one side and one angle (other than the right angle)

Since the computations of heights and distances from stadia
data call for the treatment of two everlapping right angle
triangles, 1 will be seen from the following that @ rule which
incarporates the differantial Sine and Tangent scales providas
tha means of eflecting the evaluation of O, v and T (3ea
figure) whan & and V" are known, by a single saffing of (he
shide [oocasional end switching excepted)

in the following it is assumad that the tacheometric instrument
used is provided with an analatic lens, also that the
measurement staff Is held in a vertical position

Where ¥ — the inclination of the tglescope
S = the (vertical) staff reading - AC
r = the ‘corrected’ (stafi} reading — A4Ca
D — the horizontal distance

¥ the vertical distance

Z — Distance on Caollimation Line

&

k

Uncorrecied distance Z— & 5
= Constant for the wirss (usually 100)

T

,‘-*"ff [

ifl__,.--"'" ’_Irf"f. :

e L

1]

Determine D, v and Z, when S = 4.5 and V” = 20" and the
constant for the sladia lines — 100
&= 100 « 45— 450, V' = 20°, BV"'— 4"

Set the slida 5o that the 40" mark on the Sd scals aligns with
450 on the D scale

Than in alignmaent with |

20" on the Sd acale read the valus of 2
i onllq."t‘d'&lnul&'#ﬂ

“o 423 on the D acale
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That Is, evaluate In accordance with the following diagram

f
L

{ ‘[._ O acaln

i
e

[ o ¥
e et !
o R ERH

In tha cass of & value of G which eccurs towards the left of
the D scale such that Sdav® when aligned with G resulis in
Sdy, Tdy' or C,° being to the left of Dy, then end switching
must be effectad by placing the cursar al Cis and than
bringing €1 to the cursor. This will anable the valuss of tha
remaining projections on the D scale to be made

The mathematical proof which substantiates tha carrectness of
the foregoing method lellows

From the figure and remembering that

Sin 2yv°
Sin V' Cos V" = i:"'—
we got:
¥= GSInV CosV" - Tan V' G Cos* V" = D Tan ¥V =
ZSinv¥'- G 5I—n:“—ﬂ—
Then
. i 2% v
v G SinV'CosV®  Tan V' G Cas'V'
VD
D Tan V"
‘u""‘__ s 2V
Z 5in v* G Sin 2V
i Ve ave
Y Tan V* Sin ¥° Sin 2V’
v D = Z - &

w? Td v" Sd v* Sdav Sdaw*

g T TR T S e S
The slide rule interpretation of this form s given in the
previous figure

When the angle V* is small (say less than 3°), then
within the aceuraey limits of measuring 'S’

m S=r [H) Z = 100r ’
(il D=2 i = ‘“;';

ef Given V- — 17 14° (e less than 3°), and r = 817
To determing D and 'y’
Express 1° 14" as a degree and decimal — 1.233"

D =100 = 617 — 617

. DV® 617 = 1283
Tomw.mm T A T
07 a1 Bars, L (at Cara) 1o cursor, cursor to 125
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Care and attention

Remaoving the curser

This is somelimas desirable for cleaning purposes and the

procedure is as fallows:—

SINGLE SIDED CURSOR

1 Maove alids to one end of rule

2 Contralise the cursor

4 Compress the rule across s width in the region of the
cursar whieh can now be removed

DOUBLE SIDED CURSOR

1 Unscrew the faur screws on ane side of the cursor and nate

whether cursor spring (s at top or bottom {preferably the

revarse side plate should be unscrowed)

Remaove cursor plate and clean cursor as necessary

3 Replace the cursor with the cursor spring in correct
position.  Insert the screws and tighten up sufficiantly to
hold the plate in position

4 Chechk that the black cursor lina is square across the
=calas (aojusting |f necessary) and than Hghten up slightly to
secure the plate

Mote: Tha double sided cursor may also bo cleaned by slidinga
plece of tissue paper under the piates as an alternative
1o remaval

Cldaning the slide rule

The slide rule may be cleaned simply by washing itin a
lukewarm solution of soap and wate

™

Major historical
developments in the
evolution of the
slide rule

*1614 Invention of logarithms by John Napler, Baren of
Merchiston, Scotland

*IE1T Development of logarithms e base 10' by Henry
Brigns, Professor of Mathematies, Oufard University

*1620 (Interpretation of logarithmic scaie form by Edmund
Gunter, Prolessor of Astronomy, London

1630 Invention of slide rule by the Reverend William
Qughtred, Landon

*1657 Development of the moving slide fixed stock principle
by Selh Pariridge, Surveyor and Mathematician

*1776 Development of the slide rule cursor by

Jdohn Robertsen of the Royel Academy
1815 Invention of the log log scale principle by

P. M. Roget af France |

*1000  Ro-introduction of log lng scales by Prafessor Perry,
Royal Callage of Science, London

1033 Diftarantial triganametrical and log log scalos
Anvinted by Hubart Baardiman, Radelifle, Lancashive
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