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DRAFTING EQUIPMENT

ARISTO TZ-LINER

A set square for technical drawing,
combining in one instrument scales
symmetrical about a centre zero, a
parallel ruler and a protractor divided
into 360° or 400°.

ARISTO SPIRAL-SCALE

This consists of three 30 cm (12 in.)
lengths of white ARISTOPAL, bound to-
gether with a plastics spiral. Fifteen
scale ratios are displayed by means of
multiple figuring on the six divided faces.

ARISTO TRIGON

A full circle protractor, divided to 360°
and in radians. For setting out and mea-
surement in either system, or for
conversion from one system to the other,

ARISTOGRAPH

A drafting instrument in transparent
ARISTOPAL, for quick and neat sketch«
ing, embodying a protractor divided to
180° and millimeter scales on the edges.
The set square, of sides 85 x 130 mm.,
can be moved (1) as a parallel ruler on a
roller of 200 mm length and (2) be
shifted simultaneously, laterally, along
the roller parallel to a given line.

ERI/STO-PRODU(TION PROGRAMME

Slide rules - Circular computers
Scales - Drafting equipment
Planimeters - Integrators
Charting and mapping apparatus
Surveying instruments for use in schools
and on building sites
Coordinatographs for industry and sur-
veying.

Please ask for our special pamphlets
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The ARISTO Surveyor Slide Rile 0958

The ARISTO SURVEYOR is a double face ~ lide rule of modern design, incorporat-
ing supplementary scales for the special problems of surveying practice.

For normal day-to-day calculations, all necessary scales are grouped on the
front face of the rule. The folded scales permit multiplication, tabulation and
error distribution to be performed W|i ut traversing the slide. The trigone-
metrical scales for the solution of commenly occurring problems involving rlghi
triangles are arranged on the body of ﬂ)e rule and are available graduated in
the 360° system, sexagesimally divided, or the 4009 system, decimally divided,
whichever is preferred. In this instruction book, all examples are solved in both
systems.

The special tachymetric scales and several auxiliary scales of the well known
Rietz system are disposed on the back of the rule. The scales on both faces are in
perfect correspondence and the cursor is adjusted so that transfer from one face
of the rule to the other in the course of a calculation is freely possible.

All rights reserved, including that of translation.
This booklet, or parts thereof,:may not be reproduced without permission.
© 1954 by DENNERT & PAPE - ARISTO-WERKE KG HAMBURG - S/IFF/S
Printed in Germany by R. Borek KG 16975
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. The Scales

Standard Side:

Scale of Tangents figured in black 5° 30" to 45°
or 69 to 509; figured in red, counter-clockwise,
45° to 84° 30" or 59 to 949 :
Also available for Cotangents

Scale of Small Angles,
in radians, 33’ to 6° or 0.69 to 6.59

Folded scale

Folded scale
Reciprocal scale of 7zx
Reciprocal scale of x
Fundamental scale
Fundamental scale

Pythagoras scale

Scale of Sines figured in black, 5° 30" to 90° or 6

figured in red, counter-clockwise for Cosines
0° to 84° 30" or 09 to 949
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Scale, in two sections, for Reduction of Distances
measured by horizontal rod and angles of inclination
between 15" and 28° or 259 and 309, referred to scale of x2

Scale of Squares

Scale of Squares

Scale for Offset Checks

Scale, in two sections, for Differences in Elevation,
between 30’ and 45° or 0.6 and 509

Scale for Reduction of Distances measured by vertical
staff and with angles between 0° and 45° or 09 and 509

Fundamental Scale
Muntissa chle

B A

1—cos
x2

x2

o
1 /tun?

sin cos

10

Upper
panel
of body

apr | agr -age 80" 0.001-04m

.w.«;.u.w.w.v-w 128020l

FirE=100m
Lt ZndidZe 01-10m

x2
X2
1/tang - lu,|-l\n|‘|llmul;vlvwl\uhlnllln'lmh
s

Sﬁ' sin co:

cos? 320 A sincos

X

i) ..,«lmll.:..,l..‘u.l.

10 R
R CE LR UR U] SN Wity
1 0

T T

3n 5

30 35 4

25

89100

; 3x 4 B8 .m
TonblongPr bt iatossSommigpen iy i
P 1 i Sull il

20 15 4 cos?

10

lgx

$ 1.0

x?

Lkl Sl 8§

6

7 8 9 100




2 Reading the Scales

To use the slide rule efficiently for rapid calculations is essentially a matter of
learning to read the scales easily and correctly.

For guidance in learning to read the scales refer to the figs. 3—6. They show the
general pattern of the scales and give examples of several specific settings on the
most frequently used fundamental scales, x, on body and slide.

l i i

Fig. 3 The Main Intervals
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You will notice that there are ten so-called primary intervals, marked by long
dividing lines and labeled with the numbers 1—10 in large print (fig. 3). The
“10” can be marked ““1” on the slide rule, for the reason that the end line of a scale
can also be regarded as the first line of an identical scale imaginable as the
continuation to the right of the first scale.

Each primary interval is again divided into ten secondary intervals. Between the
primary 1 and 2 each of the ten secondary intervals is labeled with somewhat
smaller numerals so that here the second digit in a number can be actually
read (1—1, 1—2, 1—3 etc.), whereas in the following ranges from 2 to 10 the
second digit has fo be counted off.

The scale intervals diminish progressively and thus three systems of subdivision
must be used for the smallest, i. e., the tertiary intervals, to avoid crowding
of the lines in the region toward the end. Therefore all tertiary division lines
will only be found between 1 and 2. In this first section of the scale the reading is,
therefore, comparable to the reading of a rule with metric graduation, so that
all numbers can here be actually read to the third digit. The fourth digits can be
easily estimated as the sample settings in fig. 4 demonstrate. Do not overlook
the zero when reading the intervals immediately following the labeled marks
(see 1007, 1095 in fig. 4).

1007 1095 1220 sy | 1573 1847
RN R N R O R R E T T AT LT
l A 12 13 14 15 16 17 18 19

Fig. 4 Reading in the Range 1 to 2

In the next sector, between figured primary intervals 2 and 4, secondary inter-
vals are marked but are not fully figured. Tertiary intervals are marked in
units of 2 (fig. 5). Hence, the third digit of even numbers can be read directly
from the scale divisions. The third digit of odd numbers must be visually esti-
mated. After a little practical experience you will even be able to estimate the
place for the fourth digit fairly accurately.

203 2155 2335 283 302 3495 379
Ji g u|m|l|m|ml|m||ﬁ'"ulm|hl||1!unm|nn]|n:lélm|m|||m‘||u|mn|
25 e 3 n & 4

Fig. 5 Reading in the Range 2 to 4

Between 4 and 10 the scale is kept open by marking tertiary intervals in units
of 5. Only numbers, the third digit of which is 0 or 5 can be directly referred
to tertiary marks. Third digits other than 0 or 5 must be located by inspection.

4075 47 5225 61

695 75 801 946
||}||||||[1[s||il[1[||lm?x]l[l]nlml[l]llt
4 5 6 &

ul|||t|||||f|lm|u||lmmmfl|l|(|mIlmm|r|mm|||'|m|||q||
! 7 8 ? 10

Fig. 6 Reading in the Range 4 to 10

The three systems of subdivision explained above are employed in all other scales
and their interpretation will be no problem if you apply to them your knowledge
of the fundamental scales. To avoid reading errors it is good policy to pro-
nounce all numbers mentally digit for digit, as for instance, one-two-eight; not
one hundred and twenty-eight. The reading gives no information about the
decimal point and may signify any decimal variation, such as .128, 1.28, 12.8,
128 etc.

Slide rule results only supply digits in consecutive order. The decimal point is
therefore at first entirely ignored and determined by a rough calculation with
strongly rounded-off numbers when the computation is completed. This is a check
on the order of magnitude of the result as well as an independent check on the
correctness of the slide rule manipulation in a broader sense.

21 The Slide rule Principle

The calculating procedure and the required manipulations are easy to learn by
thinking through and observing how a simple addition can be performed by
sliding one ordinary graduated metric rule alongside a second similar rule.
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Fig. 7 shows how a mechanical addition is made with two such scales. When,
for instance, the tip 0 of the uppermost scale is moved so as to coincide with the
value 2 of the lower scale, we shall find the sum 5 under the value 3 of the upper
scale.

Subtraction is the same process in reversed order, i. e. the length 3 of the upper
scale is deducted from the total length 5 of the lower scale. It follows that, by
simply setting the value 3 over 5, we can read the answer 2 under 0 of the upper
scale.

Multiplication and division by use of the slide rule is exactly the same process as
that described above, except that we are now dealing with logarithmic lengths,
so that by adding or subtracting two segments of line we actually accomplish

v



either a multiplication or a division. In more refined form the above discussed
principle of two separate scales is embodied in the slide, movably tongued and
grooved to the body of the rule. A curser is provided to facilitate setting and
reading of values to hairbreadth accuragy.

3. Explanation of Working Diagrams used in the Solution
of Examples

In the following text an easily memorized method of explanation will be emp-
loyed, so as to show the step-by-step operations in the respective computation
with greater clarity than in the customary form of a facsimile slide rule. Parallel
lines bearing their corresponding marginal labels represent the scales and the
following symbols will make the diagrams very easy to interpret:

Initial setting

Each subsequent setting
Final result

Setting or reading

of an infermediate result

Reverse the rule

Direction and sequence of movements
Hairline of the cursor

&4 Multiplication
(two logarithmic scale lengths are added).

Example: 1.6 x 3.7 = 5.92

Set the left hand index 1 of the x scale
on the slide over the factor 1.6 read on
the x scale of the lower body panel.
Move the cursor over the factor 3.7 on
scale x of the slide and read the pro-
duct, 5.92, on the x scale of the body
under the cursor hair line. The location
of the decimal point is determined by »

rough calculation with rounded-off figures, e. g., for this example, 2 x 3 = 6.

If next the product 1.6 X 7.2, is to be calculated, the factor 7.2 on the slide scale
x will be outside the range of the body scale x. In this event the slide must be
“reset”, i. e., the right hand index 1 of the slide scale x must be brought over
the factor 1.6. Beneath 7.2 on slide scale x will then be the product 11.52 on
body scale x.

X Multiplication with the nx scales

The folded scales are identical with the fundamental scales but are laterally
displaced by the distance corresponding to 7z = 3.142. This results in the value
7 of the folded scale lying over the begining or end of the fundamental scale,
with the value ““1” of the folded scale near the middle of the rule. The folded
scales may be regarded as extensions of the fundamental scales, providing a
means of reducing slide resetting.

8

The product 1.6 X7.2 can be found by the same setting of the slide, but by use
of the 7 x scales, if factor 7.2 is found on slide scale #x and the result 11.52
read over it on the 7 x scale of the body. Multiplication can with advantage
be begun on the folded scales, since no question then arises about the index
of the fundamental scale to by used.

Slide scales x and 7 x are tinted yellow because especially when tabulating,
factors on slide scale x are to be set over bady scale x whereas factors on slide
scale 77 x must be set under body scale 7 x.

5. Division

(two logarithmic scale lengths are subtracted, the reverse of multiplication).

B -

3
47.5 kv

Example: ST 2.24 T%

X
A 50 s 1

Approximation: 7% = 2 b }'{. 'T,W §5§

Flgé’?ﬂ

Usual procedure: Find the numerator 47.5 on the x scale of the body and draw
22.2 on the x scale of the slide info coincidence. The quotient, 2.14 is found on
body scale x, under the index (1) of the slide. With other examples, the result
is found under the terminal index of the slide (e. g., 47.5 = 6.05 = 7.85). The
result is, naturally, readable over index 1 of the slide scale 7x, in any case.

The same slide setting achieves the multiplication 2.14 x 22.2 = 47.5. The
difference between multiplication and division lies merely in the order in which
the factors are taken. In division, the result is found on the body scale under the
initial or terminal index of the slide scale — slide traversing is of no significance.
The advantage of this will be exploited again in the following sections.

An advantage of performing division on the zx scales is that the factors are set
as in a normal fraction, numerator oyer denominator.

6. Multiplication and Division Combined

aixnb.

In problems of the type division is usually taken first, followed by multi-

plication. With several factors in numerator and denominator, divide and
multiply alternately.

X S
2 e
Example: 3 % 97 =72 A -
i —
Approximation: f;% x 30 =90 e ﬁi
Fig. 11 :

Following the division of 32 by 12, (fig. 11), the intermediate result 2.66 need not
be read, since the rule is set for the final multiplication. The cursor is moved
over 27 on the slide scale of x and the result, 72, found on the body scale of x
under the cursor hairline.



7. The Reciprocal Scales 1/x and 1/7x

The reciprocal scales are the exact duplicates of the respective fundamental scales,
except that their graduations run from right to left and embody red numerals.
This means that all values on the fundamental scales x and zx on the slide are
permanently coordinated with their reciprocals 1/x and 1/zx. The reciprocity
of this scale arrangement has the advantage that a multiplication may be sub-
stituted at will by a division, and vice versa, as, for instance:

4 1 4

?=4x?and4x5=1—/—5

; i : a
The reciprocal scales are mostly used in solving for a X b X ¢ orm

Example: 2.18 x 42.5 x 0.85 = 78.7 Roughly: 2 x 40 x 1 = 80

2.18
dure: ——— -
Procedure 25 X 0.85
Set42.5 on the reciprocal scale 1/x over
2.18 on fundamental scale x and then
do the multiplication by 0.85 by mov-
ing the cursor.

In this class of computation, too, it is an advantage fo be able to cross over to
the scales 7zx and 1/7zx. This will often save a resetting of the slide.

8. Proportions

The slide rule is particularly convenient for computations involving proportions
of the shope% = FC = % = ... for the reason that with one setting of the given
ratio all the required terms can be obtained by simply passing the cursor along
the scales. The joint between the scales of the slide and the body can be regarded
as the dividing line in a common fraction.

Whenever it is possible to express a problem in the form of a proportion this type
of computation should be preferred. So, for instance, the problem in fig. 11 can

be easily rearranged to read: A liftle practice in this direction will

)
3272
make the slide rule user more independent of the orthodox methods of com-

b
putation. It really makes no difference whether the given ratio is set 2 or =0

long as the other ratios are read in conformity with the order of the first setting.

Example: -—
Conversion of inches to millimeters:  7tx 127 177.8
i ; X 7
How many millimeters are in 3, 5, ’_‘L
7 inches? The initial ratio is known to X
be 1 in = 25.4 mm. Hence, express- }-
ing our problem in proportional form, | x 1 3
we write. e 5.4 52
L o i 25 2 s 1 ‘Fig. 13 Ratios and Proportions
/i 3 ARG '3 Y z "
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Once the given ratio 1:25.4 is set on the rule the other terms can be found by
merely moving the cursor as required: x = 76.2mm, y = 127.0 mm and
z = 177.8 mm.

8.1 Tabulation

Only one setting of the slide is necessary when many values are required to be
multiplied with the same factor. No “‘resetting” of the slide will be necessary.

Computations of this class are quite frequent in surveying practice, as in the
distribution of errors, accounting for paper shrinkage of plans, adjustment of
triangulation etc.

Illustrative example of Error Distribution.

It is required to distribute an error of 11.2 cm in a traverse of 243.5 m, propor-
tionately over the segments of the line, the segments being: 34.24, 51.4, 87.25,
125.4, 173.5 m respectively.

After setting 243.5 over 11.2, multiplication is done by successive cursor move-
ments.

v
7 5.77 7.98
if Ch 731
X
x = 212 x 3424 = 1.57 cm. X
. x 2435 @934.24 51.40 87.25
x n2 @157 6 1
Fig. 14

It is also possible to establish the ratio 243.5/11.2, i. e., to exchange the function
of the scales, provided only that any subsequent ratios are read on the appro-
priate scale. In the calculation of proportions, it is significant fo note that the
solution of the previous examples is not confined to the method described
above. In the course of these instructions the principle of ratio calculation will
often be used. The numerator will be set on the slide and the denominator on the
body scale. The fraction will then be in the form in which it is usually written,
the parting line between slide and body scales corresponding to the division
line in a common fraction.

9. Scales of Squares
The problems of multiplication and division so far discussed can also be solved

with the scales of squares, exactly as described. The readings obtained, however,
will be less accurate.

il 3 £N4T)
9.1 Powers and Roots az, Vu, 03, l/a, 02/3, a2

By setting the hairline over any value :; —53’" jﬁ"’ £

on scale x, its square can be read on 1/tang

scale x2 and its cube on scale x°. In the PO A /4 1
reverse operation the respective sont

square and cube roots are obtained. %% ~Oa= e
Analogously we can find the powers i +
?unriir:‘g)oit;eorfultzeo:enrgle function= 28 B _%E” Yb %tm E

Fig. 15



If a value c is set on scale x2 we can read ¢*/2 from x3, the scale of cubes. Con-

versely, for a value b found on x2 we can read b23 from the scale of squares, x2.

10. Logarithms

Logarithms to base 10 are found by use of scale log x. This scale supplies the
mantissas corresponding to the numbers (antilogs) set on scale x. The charac-
teristic is then added as usual. The slide rule is therefore another form of Log

Table reading to 3—4 figures and can also be used for powers higher than the
cube.

ﬂf. The Pythagoras Scale

The notation for a right-angle triangle
with the hypotenuse 1 reads

y =]/1 —x%2andx = ]/1 gk
This formula is the basis of the reci-
procity between the scales x and

]/1—x2

Example: y = 1/1 —0.62=0.8

The value 0.6 may be set on either
scale; the solution will always appear
under the cursor hairline on the asso-
ciated scale. Which scale to prefer for
the setting is a matter of deciding where —_—

the more accurate reading can be expected. In the example 1/1 —0.152 = 0,9887
for instance, it is obvious that 0.15 should be set on x, as this gives us a four-digit
result; the advantage over the other form of setting is quite apparent.

X .

 Fig. 16

it s Vo =08

Scale ]/1 —x2 runs contrary to the usual order and has red numbers. lts particular
usefulness is in the reciprocity of the sine and cosine functions and in trigono-
metric solutions of right-angled triangles.

cos o = ]/1 —sin?q  sino = 1/1 —cos?a

The sine as well as the cosine of an angle can be obtained with one cursor setting.

12. Trigonometrical Functions

The scales of all trigonometrical functions are referred to the fundamental scale
x on the body and are divided either in the 360° or the 4009 system. Because all
function scales are disposed on the body of the rule, the function values for any
given angle can be found under the cursor line on scale x, on scale 1/x or on the

Pythagoras scale ]/1 Lyl

The examples on the following pages have been worked out for the 360° and
the 4009 circle graduation. Conversions of one system fo the other can be effected
by use of the table below:

19 = 11119 19 = 54
1/ = 1:852F A4S = 30.4"
Y5 = 30865 155 ="0.324"

12

The following schedule is a table of comparable trigonometric functions for use
in the reduction of angles to the first quadrant.

to | oubed |t eu | B0} se
sin + sina + cos a F sina — cos o
cos + cos o F sina — Ccos o + sina
tan + tan o F cota + tan o F cota
cot + cota F tan o + cota F tan o

421 Sines and Cosines

If an angle is set by cursor line on the scale of sines (< sin) then the correspond-
ing sine function is read on scale x. Because cos a = sin (90°—a), the scale of
sines also provides values of cosines and is thus figured in red, from right to
left. All values read on the fundamental scale x, as sine or cosine functions, are
less than unity (are prefixed by 0).

The sines of larger angles and the cosines of smaller angles can only be read or
set approximately, by the method described above. It is better to find the angle
as its co-function and to read the function value, to four or five places of deci-

mals, from the Pythagoras scale, ]/1 — x4

The colour rule will be helpful:

Sines...... All settings and readings in like colours.
Cosines ... Settings and readings in unlike colours.

Sn26°%0 - = OAk6
Sin73°15 = J/1 — cos?73°15’ A
— 0.9576 ‘
Sin133°24' = cos43°24’ = 0.726
arcsin 0.543 = 32°53’, 147° 07, etc.
sin 26509 — 0.404
sin 80.259 = /1 — cos? 80.259
0.9522

sin 139.489 = cos 39.789 = 0.811
arc sin 0.543 = 36.549, 163.469, etc.

cos 75° =0,2588
cos 23°50° = }1— sin? 23° 50’
= 0.9147
cos 245° 35 = — cos 65° 35"
= — 0.413
arccos0.1372 = 82° 07’




cos 849 = 0.2487
cos 26.289 =}/ 1 — sin® 26.289 %
= 0.9160 e
cos 271.509 = — cos 71.509 sin
o 0693 S
arccos0.1372 = 91.249

Fig. 19b (rot) = (red)

122 Tangents and Cotangents

To find these function values the scale & tan is used in association with scale x
and its reciprocal scale, 1/x. This necessitates, as a first step, bringing the initial
and final index marks of the x scales on slide and body into correspondence.

The tangent values 0.1 t0 1.0, for angles o < 45° will be found in scale x, those be-
tween1.0 and 10,for angles o > 45° in scale 1/x, in agreement with the relationship
1
t = ————— |
an % = fan 90°—q)
With scales graduated in the 4009 system, this formula becomes:
1on % = an (1009 —)
Cotangents, using the formula cot « = 1/tan «, are read as reciprocals of the
tangents.

tan 14°20° = 0.2555 S w0
1

2 = oe—m—=
tan 67 = ot 6o 2.356 <rarc + s
tan 230% 257 =" tanib0% 25/

1
= =12
cor 50° 25’ REI0

arc tan 0.555 = 29° 02, 209° 02, etc.

Fig. 20 a (rot) = (red)

(rot) (ot)
9 32.259 9

tan 16.309 = 0.2618 ~ttan _ Q6309

1 ~farc
g = — = 1. It

tan 70 o = 1963 i T e

tan 255.419 = tan 55.419 T Y 1
1 _1_‘ 1.963 14

ERPPTELY i 2 1
arc tan 0.555 = 32.259; 232.259, etc. | % "f“‘“ 3 gy &

Fig. 20 b (rot) = (red)

For tangent values, set and read in like colours.

cot 77° — 0.2309 <ftan 9° - 77°(rot) 14949
cot (—9°) = —cot9 =hare s ¥

LR X Y

tan 9° ; P

1 % 6.31 3.78

cot 14949 =_——_ =378 i
tan 14° 49 L I G
Fig. 21a (rot) = (red) :

14

cot 839 = 0.2736 739
cot (— 119) = — cot 119
1 v
A 1e T A8
TP L R e
tan 37.739

' For values of cotangents, set and read in unlike colours.

42.3 Small angles

If sin o and tan o for « less than 6.59 or 5.5°, or for cos « and cot « for o greater
than 83.59 or 84° are required, the approximation:

sin o = tan oo = cos (90°—a) ~ cot (90°—a) = arc o’ = iz—ooc = 0.01745
orsin & = tan o = cos (1009—u) =~ cot (1009 —x) = arc o9 = z%a = 0.01571 «

should be used.

The angular scale X arc provides exact yalues for radian measure and makes
possible the simultaneous reading of sine, tangent, and arc functions on the
fundamental scale.

The red figures, running from right to left on the X arc scale, provide the
corresponding cosine and cotangent values.

There is correspondence once again between angular values and function va-

.+ lues found on scale x. It is to be noted, however, that the decimal point is moved

one place to the left. The function value for small angles begins 0.0. ..

fsin 3° 15" = 0.0566 sin  3.159 = 0.0495
tan 520'=0.01513 tan 0.729 = 0.01131
cot 88° 40" = tan 1° 20" = 0.0233 cot 98.409 = tan 1.609 = 0.0251

cos 86° 20" = sin 3° 40’ = 0.0640

cos 96.239 = sin 3.779 = 0.0592

The agreement between the function values for the sine, tangent and arc is
very good up to 4°. For larger angles, the precision can at times be increased by
applying the formula:

S __ian6°
3 %

124 The Mark o

Computations involving small angles are often made with the constant g.

LR s 8 = 20 = 6146
7 7T
L 180: LN L RN
1
JALLE PR gec = 20X 1B X190 _ 54 400

The slide rule contains the marks ¢’ and p”” on the scales x, 72x, 1/x and 1/7x;
in the 4009 graduation the single mark g serves equally for g9, g€ and p°c.
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Working Formulas:
b
Eom X 0 for determining the angle

o X r for determining

e o thelength of arc

Fig. 22

Examples: A leveling bubble having a sensitivity of 30" of arc per 2 mm is used in
adjusting the collimation line to + 3” of precision. Determine the possible error
in a rod reading at 50 m distance aftributable to 3"’ of questionable reliability.

T 3 x 50,000 _ 150,000

77 77
o

= 0.73 mm

Assuming that, in the course of a traverse, the ranging pole is displaced laterally
by 5 cm from the true station point, determine the angular error thereby caused
in a line of length 185 m.

(Calculation for the 360° circle graduation).

A= ‘ﬁ) X o6 = 5,57”
Roughly: 5—2—(—)%(?2'—02;)—0 =5
(Calculation for the 4009 circle graduation).
sam i Bt
Roughly: 5—-—————203?:(;200 =15

13. Trigonometrical and Tachymetrical calculations

By committing the following explanatory diagrams to memory you will find
much more frequent use for your slide rule in the daily problems of surveying
practice.

13.1

Calculations using the Sine Rule

The law of sines is usually stated in the form of the proportion:
a b c

—_——— = —— =2

sina  sinf  siny
After setting one of the ratios by placing the value for the length of the side on
the slide scale x over the sine of the opposite angle on the body scale, the side
corresponding fo any angle of the triangle or the angle for any side can be read
by moving the cursor as required.
This method of solution is of particular importance in the evaluation of right-
angled triangles.

13.2 Trigonometrical calculations with right triangles

For right-angled triangles the law of
sines can be rearranged to read
(A B b e o D

itk “sinf cosf cosa

Furthermore tan oo = % Fig. 23

16

un
L
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Fig. 24 shows how the various ratios

appear on the slide rule.

Depending on which parts are given,

there are two distinctive methods of

calculation viz.

1) Given any two parts (except the
case 2)

2) Given the two small sides

13.2.1 Example for method A:
Givenc =5, d = 3.

Required: o, §, b

Procedure: Set the hypotenuse ¢ on
slide scale x, over either the left or the
right index of body scale x. Then use
the cursor to set the remaining ratios.
Read the value of o on scale X sin
under side a and transfer the angle so
obtained, with the cursor, fo the red
figured scale X cos. The value of b is
then found by cursor on scale x on the
slide. (See fig. 25a and 25b.)

Fig. 25 cshows another form of solution

by use of the scale ]/1 — x2 whose
decimal subdivision sometimes affords

. closer readings.

When the hypotenuse is unknown
computation begins with one ratio of
the sine law and c is then found on the

. slide scale x over the value 1 of the

body scale x.

The Coordinate Differences
Ax=scosa
Ay =ssina
are easily found by the process shown
in fig. 26. Following the setting of the

' hypotenuse, angle o is found succes-

sively on the X sin and < cos scales
and thence, with the cursor, 4x and
Ay respectively, read on slide scale x.
Traversing of the slide can often be
avoided, if the hypotenuse is set on the
folded scale 7x instead of on scale x
and the folded scale used to read the
coordinate differences.

Example:
Given:s = 150.20 m
o = 30°25" or 32.249
Required: A x, 4y
Result (see fig. 27a): A x = 76.0m
Ay =129.6m

o
Ax;

el (S

g. 27a (rof) = (red)
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Result (see fig. 27b) A x = 729 m
Ay =131.4m

13.2.3 Finding the hypotenuse, given

Givens a =3, ci=="4

Required: ¢, «, 8

3 1

tanoc=z=3 XZ
1

sina=i=3 X —
c c

The symmetry of the expressions for
tan o and sin o permits solution with
one setting of the slide.

Working method: First solve for o«
from tan & = 3 X 1/4, by setting the
index of the slide over 3 on body scale
X. Move cursor over 4 on scale 1/x and
under the cursor line read o on the
scale of tangents, X tan.

With the same setting of the slide, find
the angle o = 36° 52" or 40.979 on
the scale of sines and under the cursor
line read the hypotenuse, c =35, on the
scale of reciprocals 1/x.

a8
xx

: ®72.9 1314 150.20
X
% &
¥ A 4
x
x 1
V1-x2
¥ sin S
Seos fsz.zz.ﬂ 132.249(rn!)
i -—-
Fig. 27b (rot) = (red)
the other two sides
L 4 w
~<ktan .236°52"
~tarc Vi
X [
i /
i. (CH / 4
x 13 /
x .
i /
sin KRS
cos a=36°52"
e L
e
Fig. 28a
w
“ktan ;a-w.sﬂ
-farc A /
= =
iy i
it @s // ®:
X
1
I o, 7
Vi-x2 /
i«‘:k‘s ?5340.979
L)
Fig. 28b

13.2.4 Direction angle and distance by Coordinate Differences

X =BT
Ay = 80.3
Required: « and s.

Given:

In this example, slide traversing can be
avoided by the use of the 1/zx scale in
place of the scale for 1/x, for the reci-
procals of x.

18
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gﬁ‘oﬂ'

17.5 1

85.7

P

-x2
<t sin

~}Ccos 43°08°

.
Fig. 29a « = 43°08" s = 117.5

UL

Results (see fig. 29a and 29b):
o = 43° 08’ or 47.939 B o
B 1175 x

185.7

g L) -
’“Fig. 29b « = 47939 s = 117.5

13.2.5 Offset Checks

The method shown in figs. 28 and 29 suffices for offset checks when the hypo-

tenuse exceeds 20 m in length. If the sefting fails to yield the required accuracy,
the difference c—b can easily be calculated :

i “ia
i
¢c—b = x = atan «/2
c=b + x X%

8 ! Fig. 30

Slide scale 1/tan /2, on the Tachymetric face of the rule, facilitates the solution

*" of such problems.

Example: - a =6, 'b=18
W

X T x2

1t1x éo X2
.750 a

S 1/tan3

1 . sincos

x F

x 8 1 0° cos?

X 6 0.750 2 () (6) X

Fig. 31

Procedure: First perform normally the division 6 = 8 reading the quotient
0.750 under the right slide index. Next, without moving the cursor (because
side a = 6 will be required for the final step), turn the rule over and bring the
value 0.750 of scale 1/tan «/2 under the hairline, reading the answer c—b = 2.0

on scale x under either the 0° line of the cos? scale or under the index 1 of the x
scale on the slide. The 0° line coincides with the index on the side carrying the
standard scales. The length of the hypotenuse is 8 + 2 = 10.

This method of calculation can also be used for checking traverses, the length s
being recalculated from the differences of coordinates.

. For 4y =51.24and 4 x = 129.28, the slide rule provides the difference 9.78 m,

whence s = 129.28 + 9.78 = 139.06 m to the nearest centimeter.
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The example of fig. 29 gives, by this method, the more refined value s = 117.44.

Caution! The auxiliary scale is divided as tan «/2 but is figured with the function
values of tan a. If the tangent < 0.1, the scale tan «/2 can no longer be used.
02

— then serves.

2b

Because the angular value does not enter into the calculation, this scale is
valid in both the 360° and 4009 systems.

The approximation c—b =

13.2.6 Problems in Tachymetry

In tachymetric practice the following class of computations is constantly met with.

E =klcos?o =kl —klsin?a for vertical rod readings
E =klcosae =kl —kl(1 — cosa) for horizontal rod readings
Ah = k| sin o cos o

where in k = multiplication factor (usually 100) j
| = rod reading
o = the vertical angle

13.2.6.1 Reducing stadia readings to horizontal

Example: k x | = 81.4ft., o= 22° 41’ or 25.209
SR 8

"""'—’ﬂ'—'t"ﬁ'—‘ﬂﬁ'“"
X Wow k

Fig. 32a
e
x 3
ﬁﬂu 32b

Sometimes, as in the case k X | =115.7 ft,, it will be necessary to begin with the
left-hand line for 0° so as to avoid having to reset the slide. The small angles of
the sin cos function are located in the central region of the slide.

2

Procedure: Set 0° of scale cos? to the
distance read k x | = 81.4 on scale x.
Move cursor to the value of « on scale
cos? and read below on scale x the
horizontal distance E = 69.3 ft. Now
shift the cursor to the value of the angle
o on the sin cos scale and read the
difference in elevation Ah = 28.96 ft.
on X.

In cases where calculations with scale cos® are not accurate enough compute the
required correction k | sin? o in the formula E = k | — k I sin? o,

Example: k x | = 215.7 ft. « = 4°50’ or 5.379

o

. ¢m % _a‘m" | ‘-m Y
X .0 x2
X 7 1 x2
1
B R— 1/tan§
.,1‘. Y il sin cos
e il ey o
Ko ©0843) x
Fig. 33a - ;
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B e ks

S

“-w

~<farc : 1-cos
mx 00071 x2

X 1 x2
e 1/tang
;X #

% sin cos

x cos?
X (0.0843) x
 Fig. 33b

Procedure: Set cursor to 4°50” on scale J arc. Reverse the rule, without
moving the cursor and draw the index of slide scale x2 under the cursor line.

The values for sin o (see fig. 33 in parentheses) and sin? & need not be read.
The multiplication is at once performed with the scale of squares and the result,

1.53, read on the body scale of x2,
E=— 2157 — 1.5 = 214.2 ft.

13.2.6.2 Reducing distances measured with horizontal rods

For measurements of slant distances made with a double image glass wedge,
sighted on a horizontal rod, reductions are made with the two part scale 1 —cos,
which is referred to the scale of squares.

Example: k x | = 145.8 ft ; w ‘T
« = 8° 25 or 9.359 g g T
1-cos 8226"
E =kl — kl(1 — cos) 2 a7
fx’ 45.8 1
Procedure: Set the cursor to 8° 25" on hg_ 3a

scale 1 — cos. Bring the centre index
of scale x? of the slide under the hair-

line. Then multiply on the x? scales by
reading the product, k | (1 — cos &) on

body scale x2 over 145.8 on slide scale
&
X

E = 1458 — 1.6 = 144.2 ft

13.2.7 Computing the Coefficient of Direction in the adjustment of
triangulation ‘

In the adjustment of rectangular coordinates we will constantly need the coeffi-
cient.

0" sin o cos « " sin o cos o

10 Ax b=T Ay

a=

In these computations scale, sin cos, will be found very helpful provided that the
equations are suitable rearranged for the use of the reciprocal, as shown below:

G 1 i
smovcosocx_xq1 b=smocc/</>sax 1
1/e A7y

ke 10” A x

x 0.1
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Example:
&=~ 202917 Ay = — 1024 (Dep.)

-~

Ax = — 2498 (Lat.)

- w
x2 7.03
x2 '\\ //'
Vtang ol i Ry=1024
Wik Ax=2498

cos? 0 __sin cos 22017" _/ "\\_
x 1 (0.35) | 4 2.89

sin cos

Fig. 35

Procedure: With the slide in “neutral’” set 22° 17’ on scale sin cos. Turn the
slide rule over, leave the cursor in place and bring o’ of scale 1/x under the
hairline. With the slide in this position set first 4x and then Ay on the reciprocal
scales 1/x and 1/7x by use of the cursor. The solutions appear on the body
scales x and 7rx, respectively: a = 4 2.89, b = — 7.03.

The sin cos scale is applicable for all angles because the cofunctions will give
again the expression sin cos. These values are positive in the first and third
quadrants and negative in the second and fourth quadrants.

14. The Detachable Cursor and its Lines

141 The Mark 36

The cursor bears, on its front face, a short line to the right of the main reference
line. This short line corresponds to the scale value 36 on scale zx, when the

main cursor line is set to index 1 of scale x. With this auxiliary line, multiplication .

by 36 is conveniently performed by reading, for any scale value selected on

scale x, the product of the reading by the factor 36 on scale zzx. This is parti-

cularly useful in the conversions:

Years to Days:

1 year = 360 days

Hours to Seconds:

1 hour = 3600 seconds T T

1 meter per second = 3.6 kilometers i N

per hour % ; &
" Degrees to Seconds: 1° = 3600 7 \\i
il d
Curvature and Refraction e = (@ e 7

Fig. 37

ARISTO CP 2N

14.2

The cursor line ER refers to the scale
of squares and serves to determine the
correction for earth’s curvature and
refraction. The distance between the
lower right cursor line and the ER line
is equivalent to the constant
1—k
i 0.0683.

When the distance of the object in km = cos?
on scale x is located under the right
hairline the correction term in metres
can be read under the ER line on
scale x2,

Example: For E = 1.33 km read 0.121 m under the ER mark.

Fig. 38
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143! Circular Areas

The distance between the lower right and the centre cursor lines is so arranged
thatcircle areas can be determined in the usual way with the scale of squares. Each
sefting of the diameter under the right cursor line on scale x gives the area
under the centre hairline on the scale of squares in accordance with the for-

Kt 2
mula Z

144 Detaching the Cursor

The hairlines of the two cursor glasses are precisely matched so that the user
can pass from one face of the rule to the other when required in the course of
a problem. The accuracy of its adjustment is not disturbed when the cursor is
taken off for cleaning.

The cursor glasses are secured, on one face with four screws and on the other
with two screws, of special construction. These two screws act similarly to press
studs. To remove the cursor from the slide rule, press down with the thumb
nails on the ends of the cursor bridge marked with arrows. The press studs are
thereby released. The upper press stud is opening by raising the free edge of the
cursor glass and the cursor can then easily be taken off the rule.

Fig. 39 ‘

145 Adjustment of the Cursor

Even though the cursor hairs are reliably adjusted, violent jarring of the rule
may throw them out of alignment. In such a case loosen the four screws on the
cursor face with the ER mark. Turn the slide rule over and shift the other glass
until the hairline is accurately aligned to the index lines of the scales. Holding
the adjusted glass firmly in position, turn the slide rule over, and adjust the first
glass in a similar manner. Tighten all screws carefully to prevent renewed
dislocation of the hairlines.

15. Treatment of the ARISTO Slide Rule

The instrument is a valuable culculuﬁng‘ aid and deserves careful treatment.
Scales and cursor should be protected from dirt and scratches, so that the read-

ing accuracy may not suffer. ;‘

It is advisable fo give the rule an occasional treatment with the special cleanser
fluid DEPAROL followed by a dry polishing. Avoid chemical substances of any
description as they are almost certain to spoil the scales.

The slide rule must be protected from plastic erasers and their abrasive dusts,
which can damage the surface of the material ARISTOPAL. Avoid also exposure

~ to hot surfaces or bright sunshine, because at temperatures of about 60° C
. (140° F), distortion occurs. Rules so damaged will not be exchanged free of
charge. |
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