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The Scales of the Slide Rule No. 1741

All graduations are marked with reference to the Basic Scales C and D; at the right-hand end of the slide rule
they bear the mathematical formula based on the numbering of the Basic Scales.

The cursor, entirely surrounding the slide rule, enables each stage of the calculation to be connected up with the next,
throughout all the scales on the front and back of the slide rule.
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How to read the Scales with graduation length of 10 inches, e.g. C, D, CF, DF, CIF
The following should be noted:

The slide rule does not show the actual place of decimals to which a number belongs. For example, the é6 shown on
the slide rule may equally well denote 6, 0-6, 60, 600, 6000 or 0-006 and so forth.* The position of the decimal point is
ascertained afterwards, by a rough calculation with round figures. In most practical calculations it is known in ad-
vance, so that no further rules for determining the decimal point are required. It is the basic scales C and D that
give the clearest idea of the way in which the scales are sub-divided. Once familiar with the graduation of these
two scales, we shall be able to understand the others likewise.

All scales marked in red run in the opposite direction (reciprocally) from right to left, the exceptions being the ex-
tended supplementary graduations which are provided to enable a calculation to be continued in the case of border-
line values just below 1 (beginning of graduation) or just above 10 (end of graduation).

Let us now have a look at the basic scales C and D on the front of the slide rule, the reading- and setting-exercises
being carried out by means of the long cursor line or the index-1 (beginning of scale) or index-10 (end of scale) as
the case may be.

S 11
— cy ™ Ry = N0 ~ oYL O i

A section of the = Oy T O S GO 1O LD — — From guide-number 1 to
graduation-range - guide-number 11

from 1 to 2 : 10 sub-divisions of 10 intervals each
(Scale C and D) . (= 1/100 or 0-01 per graduation mark)

H Fig. 1
1015

Here an accurate reading can be immediately taken to 3 places (e.g. 1-0-1). By halving the space between two gra-
duation marks, 4 figures can be accurately set (e.g. 1-0-1-5). In all cases the final number must then be a 5.

31 32 33 ARSI 35 Ay 38mm39 4

A section of the 8388 oS From guide-number 3 to
duation- T ide-number 4
o R TR AT AT T 35 sn-aiistons of & intorveis scch
(Scale C and D) oA : (= 1/50 or 0-02 per graduation mark)
ig. :
383

Here an accurate reading can be immediately taken to 3 places (e.g. 3-8-2). The last number is then always even (2,
4, 6, 8). If the intermediate spaces are halved, this provides the uneven numbers 1, 3, 5, 7, 9 as well (e.g. 3-8-3).
* An exception is provided by the exponential sgales (see top of p. 21).
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2 10

A section of the 880’0&%283;285 28 FERS 75 RERE from guide-number 8 to 9 and
graduation-range T 9 to 10
from 4 to 10 | l 10 sub-divisions in each case,
(Scale C and D) [ each of 2 intervals

Fig.3 905¢ (= 1/20 or 0-05 per graduation mark)

9075

Here an accurate reading can be taken to 3 places, when the last number is a 5 (9-0-5). By halving the intermediate
spaces it is even possible to take an accurate reading to 4 places. Here again the last number is always a 5 (9-0-7-5).

How to read the scales with graduation length of 20 inches: W, W, W, W,

These scales are provided along the edges and adjacent edges of the slide, on the back of the slide rule, and run
from 1 to 33 at the bottom and from 3 to 10 at the top. Their use results in doubled accuracy. They are sub-divided
differently, however, from the scales on the 10 inch graduations.

Graduation-range from 1 to 2.

This section is first of all divided into ten sub-divisions, marked 11, 1:2, 1:3, 144 ...19. Each of these, in turn, is divided
into ten further sub-divisions, but the latter are not numbered,owing to lack of space. Finally, a small stroke is also
provided to show the exact centre between these graduation marks. Readings can be taken as follows: 1-1-2-5, 1-3-1-5,
1-4-4-5, 1-5-2-5, 1-7-1-5...1-9-7-5.

Graduation-range from 2 to 5.

Here ‘again, this section is first of all divided into tenths, but they are not numbered, except for the graduation marks
corresponding to the values 2, 25, 3, 35, 4, 45 and 5. The user must recognise the remaining tenths for himself, i.e.
the values 21, 22, 2:3...to 47, 48, 49.

Further tenths are entered in between these tenths but without “marked centres”. We thus have the following values,
smr9ﬁng with 2 and without using the decimal point: 2-0-0, 2-0-1, 2-0-2, 2-0-3, 2-0-4, 2-0-5, 2-0-6, etc.,, up to 4-9-7, 4-9-8,
4-9-9, 5-0-0.

In the case of the graduation-range from 5 to 10, the tenths first of all appear, as before, but in between these it is
only the fifths that are provided. Starting with 5, we thus have the following graduation marks: 5-0-0, 5-0-2, 5-0-4, 5-0-6,
5-0-8, 5-1-0, 5-1-2, etc., up to 9-9-6, 9-9-8, 1-0-0.
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Multiplication

This is chiefly carried out with the Main Scales C and D. Example: 245 X 3 — 7.35

Set the 1 of the slide of the rule (€ 1) above
the 245 on the lower scale of the slide rule

¢I 3 245X 3 = 17,35 (D 245), move the cursor line into position above

(3 | S R T e the 3 of the lower slide scale (€ 3) and read

D ! the product — 7-35 — underneath the cursor line
Ea a8 Fig. 4 on the lower scale of the slide rule (D 735).

Example: 2-04 X 318 = 4-49. Place C 1 above D 2:04, place the cursor line above D 318, and read the result — 448 —
on D, likewise underneath the cursor line.

Example: 11-45 X 4.22 = 48-35. Place C 1 above D 11-45, place the cursor line above C 422, and read the result —
43:35 — on D, likewise underneath the cursor line.

In calculations on the lower scales C and D it sometimes happens that with the setting C 1 above the first factor
on Scale D the slide projects too far to the right, so that it is no longer possible to set the second factor on C.

Adjustment of the slide on the Rule.

Example: 75 X 4.8 = 34

75X 4,8 =36 4,8 10 In this case the slide is pushed to the left until

} i the beginning € 1 is replaced by the end of

D 5 75 ; the slide € 10 (marked 1) above the first fac-
s y Fig. 5 tor on Scale D.

This operation is termed “pushing the slide through”. It can be avoided if, in case of need, € 10 (end of slide)
is immediately placed above the first factor. An experienced user knows at once which method of setting to adopt,
i.e. “beginning of slide, € 1, above first factor” or “end of slide, € 10 (marked 1), above first factor”.

Examples for practice: :
Setting: “Beginning of slide C 1 above first factof’: 1:82°0¢ 3.90=— 194 10.046' ¢ §:37 = 0:091; 213 X 0-258 = 54.95
Setting: “End of slide C 10 above first factor”: 463 X 317 = 1467; 0694 X 0484 — 0-336

This operation of “pushing the slide through” is not necessary, in practical use, with the “n-displaced scales” CF, DF,
in conjunction with scales C and D (see page 10).



Division Use the cursor line to place the numerator on D and the denominator on C
opposite each other; the result can then be found underneath the beginning
Example: 9:85 + 25 = 3.94 of the slide of the rule, C 1, or under the end of the slide, C 10.

First bring the cursor line into position
R R above the numerator, 9-85, on the lower
o2t 9.0 scale D of the body of the slide rule, then
place the denominator 2:5 (on the C gra-

& ! duation) underneath the cursor line. The
} = numerator and the denominator are now
3,94 level with each other, and underneath the
— beginning of the slide, C 1, the result 3.94
Fig. 6 can be found on Scale D.

Examples for practice: 970 + 26-8 = 36-2; 285 = 314 = 90-7; 7500 + 835 = 8-98; 0-685 — 0-454 = 1-51; 68 = 258 = 0-264

Combined Multiplication and Division

13:8 X 245 X375 a-b
Example: 176 X 296 X 496 — 0-491

d.e

Always start with the division and then let multiplication and division alternate. No reading need be taken of the
intermediate results. We thus first use the cursor line to place D 1-3-8 and C 1-7-6 level with each other (division). No
reading is taken of the result, approximately 0-8, underneath € 10 on D, and the multiplication by 245 is carried out
immediately, by placing the cursor line on € 2-4-5. The result (about 1-9 on D) is then divided by 296, by leaving
the cursor line in its present position and bringing € 2-9-6 into position underneath it. The next operation is the multi-
plication of the result (0-65 underneath € 10 on D) by 3-7-5, the final operation being the division by 496, in the same
manner. The result 0:491 can then be found underneath €10 on D.

389 X 1:374 X 163 1-89 X 7-68 X 876
1412 X 2-14 = 2:883; 0723 X 476 — 3696

Examples for practice:
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Formation of Tables

For forming a table, first set the slide rule to the required “equivalence”; mutual conversions of measurements, weights
and other units can then be carried out. Once we establish that 1 inch = 25-4 mm, for example, C 1 is placed over the
corresponding value; for 75 lbs = 34 kgs., the two values are placed opposite each other on C and D.

Example: To convert yards into metres. 82 yards = 75 metres.

may be taken as follows:

Place € 75 above D 82. This
produces a table, and reading

108 16 2,56 38.4 585 42 yards are 38-4 metres; 28 yards | @ €
c | | i ] Meter are 2:56 m; 640 yards are 585 m; 16 m s
D 14';0 171'5 ol 4I2 slo Yards g:‘% 157(;5 fy(l)cr:trﬁs; 128 m are 140 yards,
Examples 1 inch = 25-4mm (“Equivalence”: 1 metre of material costs Exchange rate: § = DM 4.
for 26" = 66 cm). Place C 1 (left-hand DM 45. Place C 1 above D 45 Place C 10 above D 4-0-0 and
practice: 1 of C) above D 2-5-4 (2-5-4 on D) and take the following read- take the following readings

and take the following readings
by the aid of the cursor line:
17 inches = 432 cm

38 inches = 966 cm

ings with the cursor line:

3.20 metres of material costs
DM 144,

2-40 metres of material costs
DM 108.

with the aid of the cursor line:
$ 261 = DM 10-44
$ 473 = DM 1892

If, in the formation of tables, it is no longer possible to set and read off individual values, because the slide of the
rule projects too far, we again “push the slide through”, i.e. “hold the setting” by placing the cursor line over C 1.
The slide is then pushed along until C 10 replaces C 1.

Calculations with the Reciprocal Scale Cl

This is sub-divided from 1 to 10, so that its graduation system corresponds to that of the Scales C and D, but it takes

the opposite direction and is therefore coloured red. lts use enables various types of calculation to be performed.

(This manipulation can be arrived by using scales CF and DF, as explained on top of page 10).

(1) If, for a given number g, the reciprocal 1 < a is required, thisis set on C or Cl and the reciprocal read off, above
it, on Cl or on C. The reading can be taken without adjusting the slide, with the use of the cursor alone.
Example: 1 = 8 = 0125; 1 =~ 2 = 0-5; 1 = 4 = 0:25; 1 + 3 = 0-333.

8




(2) Multiplication likewise can be carried out with the Scales D and Cl. (Division by reciprocal = multiplication). This
method is popular with many slide rule users. R |
Example: 066 X 20-25 = 13-37. la X bl
Proceed as with division, i.e. first place the cursor line above 0-66 on D, then place the 20-25 on the Cl underneath
the cursor line; the product, 13-37, on D, can now be read off under C 1.

(3) The following shows how simply
products with a number of factors al A ’
can be calculated: 238 0 i~
D
Example: 0:66 X 2025 X 2:38 = 318. L 3L8 0,66

Ia x b x cl
Multiply the first two factors as above; with C 1 above 13-37 (intermediate results) we immediately have the first
setting required for multiplication by the next factor (by the method learnt first at the top of p. 8). Consequently, we
now bring the cursor line into position above C 2-38. The result, underneath it, on D, is 31-8. This could be followed
immediately by a further multiplication, by bringing the next factor, on Cl, into position underneath the cursor line
and reading off the resuit, under C 1 (or C 10, as the case may be), on D. We thus multiply alternately with the aid
of D and CI (see above, for method) and with the aid of C and D (first method — see page 8).

This likewise can be advantageously performed with the Scale ClI. bxe¢
First the division, i.e. cursor line above D 3-6-4, then C 3-2 underneath the cursor line. (Intermediate result: 11-37,

(4) Combined Multiplication and Division. 364
Example: 3, < 40 = 2:472

underneath C 1). With C 1 above D 11-37, we already have the first setting for the subsequent multiplication by 76%

which is performed by the aid of the Scale CI ( % ). The cursor line is thus now brought into position above Cli
4-6, the result — 2-472 — likewise being found beneath cursor line.

e Che T oy O AT TR
Example for pratice: oo 5 (0 = 248, Gz 194 = 611 293179 = 0473

The trigonometric and exponential calculations provide further fields of use for the Cl scale.



Calculations with the Scales CF, DF and CIF

(1) Formation of Tables
Since with the “n-folded” scales CF and DF, the value 1 is more or less in the centre, they provide an ace
advantageous means of continuing the calculations, in the formation of tables, thus avoiding the Ly ey el
necessity for “pushing the slide through” when calculating on C and D. bdf

Example: 75 Ibs = 34 kgs. Place € 3-4 above D 7-5; this provides the conversion from English Ibs. into kilogrammes.
Beyond 50 kgs. however (€ 5), no further readings can be taken. Here we switch over to the upper scales CF and
DF, and the slide rule can be set to the necessary values \vith the aid of the cursor line.

If the “equivalence” in question (e.g. 75 Ibs = 34 kgs.) is not known, but the formula 1 Ib = 0-454 kgs., for example,
is known, then CF 1 is placed underneath DF 4-5-4, and this likewise provides the conversion from lbs into kgs.

(2) Multiplication

If, in multiplication on C and D, the second factor proves “unsettable”, or if the method of “pushing the slide
through” has to be adopted, this can be avoided by setting CF to the second factor and taking a reading of he

result on DF.
Example: 2291 X 4 = 11-64. Place € 1 above D 2-9-1, and place the cursor line above CF 4.
Above it, on DF, a reading may be taken of the result (11-64).
Examples for practice: 184 X 74 = 1361; 42:25 X 37 = 1563; 1937 X 6 = 11:62.
(3) Multiplication and Division by =
The change-over from the C and D scales to the CF or DF scale can be carried out direct with the cursor and re-

sults in multiplication by =. |a><7r]
Example: 1184 = 3.72. With the slide in the zero position (C 1 above D 1 and € 10 above D 10) the cursor line

is brought into position above D 1-1-8-4, and the resuit — 372 — is read on DF, likewise
beneath the cursor line.
The converse operation results in division by =x.

Examples: 1365 = 5.94. Place the cursor line above DF 1-8-6-5 and read the result — 594 — on D. 'E\
b
Examples for practice: L
Area of an ellipse: F=aXbXnm; F =525 X 222 X n = 366.
Place € 10 above D 5-2-5, bring the cursor line into position above € 2-2-2, and read the result — 36-6 — on DF, without
any need to take a reading of the intermediate result — 11-65 — on D.

10



Length of a circular arc: s =%Ig s 262 X352 X
180 180

We start with the division, i.e. use the cursor line to bring € 1-8 and D 2-6-2 opposite each other. No reading need
be taken of the intermediate result 0:1455 (under € 1). The multiplication by 352 is carried out by placing the cursor
line under 3-5-2. (Intermediate result: 512, on D). The multiplication by = is again carried out by switching over to the
top part and by finding the result 161 underneath the cursor line on DF.

(4) The CIF graduation operates in conjunction with CF and DF just as Cl does with C and D scales.

Examples for multiplication by a number of factors:
2.23 X 167 X 1175 X 24-2 = 1059. Solution: Cl-2-23 placed above D-16:7 by the aid of the cursor line; the latter is placed
above CF-1:175. CIF 243 under the cursor line. Read result, 1059, on DF, above CF 1.
053 X 0-73 X 39-1 X 0-732 = 11-07. Solution: Cl-0-53 placed above D-0-73 with the aid of the cursor line; the latter is placed
above CF-29-1. CIF 0-732 underneath cursor line. Read the result 11-07, on DF, above CF 1.

= 161

Squares and Square Roots

These are determined with the aid of the root-scales and will be explained later, on page 19

Cubes and Cube Roots

For the Cube Scale K we have the formula log x* = 3 log x, i.e. it has 3 decimal places in the zone of that of the
Basic Scale.

Numbers can be cubed by changing over from the C- or D-scale to the K-scale, using the cursor line.

Examples for practice: 1-54% = 3.65; 2343 = 12.8; 428 = 741; 6143 = 232; 8-82® = 688; 0-256° = 0-0168; 8:98° = 724.
Cube roots can be obtained by changing over from the K-scale to the C- and D-scales, using the cursor line, in which
connection it must be noted that single-digit numbers must be set on the left, two-digit numbers in the middle and three-
digit numbers on the right.

BN < e sl ) 3 3
Examples for practice: V466 = 1-67; V295 = 3.09; Y192 = 577; V68 = 1-895; V0-645 = 0-864; V1953 = 125 ]/—
a
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Calculations with the Pythagoraean Scale P

This scale represents the function y = y1—x?; it operates in conjunction with D (= x), of which the values must be
read from 0-1 to 1. The graduation runs in the opposite direction and is therefore coloured red.

If D is set to the value x, then the corresponding value y = }Y1—x* can be read on P; conversely, if D is set to y, the
value x = Y1—y? can be read on P.

 Example: y = y1—08 = 0:6; x = y1—0-6® = 08

0.1 0.134 0.8 1
b) s 7 T = If, therefore, we set D to x = 08, we find the
value y = 06 on P, and vice versa. ey
L b s si = (- 2 = [ 1- 0,1
P Lz AT V- 1y gy e ® e 01345 cos @ = 099" ]/ i
0,995 0,991 0,6 0 cbtained on P, and vice versa.
Fig. 9
_: iR & Example:
; ¢ Calculate the active current and the reactive current of a circuit absorbing 35 A
= with a cos ¢ of 0-8.
c”1 I lp=1 X cos ¢ = 35 X 0,8 = 28 (A); lg =1 X sin ¢ = 35 X 06 = 21 (A).
= Fig. 10

Place C 35 above D 10 and find at D 8 (for a cos ¢ of 0-8), on C, the active current 28; underneath D 8 the value 06
(i.e. sin @ = 0-6) is at the same time found on P. If the cursor is now moved into position onto D 6, the wattless
current 21 is found above it on C.

Example: apparent power 530 kVA, effective power 428 KW. To find reactive power and cos ¢:

Place C 530 above D 10, bring cursor into position above C 428, find the value (0-807) for the cos @ underneath it, on
D; trace this value on P, by means of the cursor, and find the required reactive power — 313 kW — above it, on C.

12



Roots of numbers only just below 1 and 100 can be found by means of this scale with an increased degree of accu-
racy:

Example: 0925 = y1—0075 = y1—(0-274)* = 09618. We form the equation: 1—z = 1—0:925 = 0-075.

Set the cursor on D 75 and find 0-274 on W;; the cursor is now placed on D 274 and the reading 0-9618 is taken below it,
on P.

Calculations with the Trigonometrical Scales S, T, and T,

The trigonometric scales Ti, T2 and S are sub-divided decimally; in conjunction with the Basic Scales C and D they
indicate angular functions or, if read in the reverse direction, the angles.

When the Ti, Tz and S scales are used In conjunction with the D, P and Cl scales, as trigonometrical tables, the fol-
lowing must be noted: the S scale, when the black figures are read, provides, in conjunction with the D scale (black),|sin a
a table of sines; the same applies when the red figures are read, in conjunction with the P scale (red). In the case
of small angles the first procedure is the more accurate, while in the case of wide angles preference is given mes ai
the second method.

The S scale, when the red figures are read, provides, in conjunction with D (black), a table of cosines; the same appP-[ian o
lies when the black figures are read, in conjunction with P (red). In the case of wide angles the former process is the

more accurate, while with small angles preference is given to the latter method. @
The two T scales, when the figures are read, provide, in conjunction with the D Scale (black), a table of cotangents;

the same applies when the black figures are read, in conjunction with Cl (red).

sin 130 = 0225 / S 13 (black) — D0225 (black) |
B SRS IS A6 (radl e R ORE0S: (98] | These settings are carried out with the slide rule
cos 11° = 09816 / § 11° (black) — P 0-9816 (red) | set at zero, by the aid of the cursor line

cos 78 = 0-208 / S 78° (red) — DO0-208 (black) | ! ¥

tan 32° = 0625 / T;132° (black) — D0:625 (black) | 0 T ;

tan 57° = 154 / T,57° (black) — D154 (black) ekl o éﬁ}gfg i 8 3-328 8233

cot 18° = 3.08 /| T218° (red) — D3:.08 (black) -

cot 75° = 0268 / T,75° (red) — DO0-268 (black)

To proceed from the sine of angle to its cosine (or vice versa) no reading need be taken of the angle. These pairs
of values are to be found one under the other on D and P. The reading of the angle can also be avoided when pro-
ceeding from the tangent to the cotangent, as these pairs of values are to be found one under the other on C and
Cl. An intermediate reading of the angle need only be taken when proceeding from the sine or the cosine to the
tangent or cotangent. Since, when reading the functions, these can be obtained either on D or on Cl, multiplications
and divisions can in many cases follow immediately. It is only when the reading is taken on P that the value must
be transferred to the main scales.
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Further examples of the use of the trigonometrical and pythagoraean scales in a right-angled triangle.
(1) Example: Given: a = 2; b = 3. Find: ¢ and o. Formula: a X ,;,= tan a; a ><717 = sin a;
Cc

C 1 above D 2, cursor on CI 3; result for a (33.75) found on Tan scale.
Cursor on 337 of the Sine scale; value for ¢ (3:6) found on Cl.

(2) Example: Given a = 8; b = 20. Find ¢ and o. .
C 10 above D 8, cursor on Cl 20; find a (21-83°) on Tan scale.
Place cursor on 21-8 on Sine scale; value for ¢ (21-55) found on CI.

(3) Example: Given: a = 20; b = 8. Find: c and « - f
C 1 above D 20, cursor on Cl 8; value for a (68:17%) found on Tan Scale (Ty). 2

Cursor to 682 on Sine scale; value for c (21:55) found on CI.

(4) Example: Given: ¢ = 5; a = 36-87°; Find: a and b. Formula: a = ¢ X sin a; b =
C 5 above D 10, cursor on 36-87° on Sine scale; value for a (3) found on C.

The value (0:8) for cos a is found on the P Scale at the same time, and the cursor
moved to D 8.

The value for b, i.e. 4, can now be read on the C scale.

¢ X cos a.

(5) Example: Given: ¢ = 21-54; b = 20. Find: a and o.

C 2154 above D 10, cursor to be placed at C 2 (for b = 20) and find the value (21-8%) for a on the Cos Scale, but take
the reading 0-372 at the same time from the P scale. Push the slide along to the left by one scale-length. Move cursor
to D 0-372 and find the value for q, i.e. 8, on C.

For the scalene triangle we have the formula 9 = _b i
sin
Example: Given: a = 383; o = 529 B = 59¢; y = 499;

Find: b and c.

Place C 383 above S 52° above S 59° and S 69° we now find the results (417 and 45-4) on C.
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The Small-Angle Scale ST and

For the functions of small angles from 058 to 57° the
lower part of the body of the slide rule bears the ST
Scale (< arc 0-01 x) with the formula sin o == tan o~ arc a

The ST scale operates in conjunction with scale C (or D).

All further calculations in this column are carried out
solely with the ald of the cursor line.

Examples for practice:
sin 2-5° = tan 2:5° = arc 2-5° = 0-0436; sin 0-4° =~ tan 0-4° =~
Set the angle-values on the arc-Scale ST. Read the func-

tions from scale C (with zero setting) or from scale D
(with the aid of the cursor line).

arc 0:4° =

the ¢ Mark on Scale C and D

The functions of small angles can also be determined

with the mark ¢ = = 0-01745 in accordance with the

180
formula: arc a = 0:01745 X o = ¢ X .

In series calculations: set C 1 above ¢ on D; underneath

~ the angle-value on C, read the result on D.

0-00698; sin 0-0052° = tan 0-0052° = arc 0-0052° = 0-0000907.

Example: sin 3° = tan 3° =~ arc 3° = 0-0524.
Place beginning of slide, C 1, above D 3; the result (0-0524)
can now be read on D, underneath ¢ on C.

For calculation of the cosine and cotangent functions of angles over 84-5°

Example: cos 88° = sin 2° =~ arc 2° = 00349
cot 86-5° = tan 3-5° =~ arc 3-5° = 0-0612

Place the cursor line above the angle-value on the Scale
ST, and read the result from C (with zero setting) or on
D, underneath the cursor line.

For conversion of arcs into angular degrees:

Examples for practice: 5?8 = 360°; 173
Set the arc on the C or D Scale. The degrees can be
read from the arc-scale ST (with the aid of the cursor
line).

Example: cos 88° = sin 2° =~ arc 2° =~ ¢ X 2 = 0-0349

cot 865 = tan 35 =~ arc 3-5°~ ¢ X 3-5 = 0-0612
This is a simple multiplication; we thus place the begin-
ning of the slide, C 1, above ¢ on D, then the cursor line
above the second factor on C, and read the resuit
underneath it, on D.

= 63.50; 004 = 2:29°; 0007 = 0-402°; 064 = 3670 032 = 18350,

C 1 or C 10 above the ¢ mark on D, then place cursor
line above the arc-measurement on D. The angular de-
grees can be read above it, on C.



Calculations with Complex Numbers

in in
Two complex values ¥ = 7-5e 8 and V) = 34 e are to be added. They are first of all concerted, in accordance
with the

Euler Equation R X ei? = R (cos ¢ + | sin @) to the form (a + i b).

For calculations on the slide rule it is best to express these magnitudes vectorially, as follows: ¥ = 7.5/22:5° and

V) = 34/18° we can now calculate as follows:

(1) Place C 75 above D 10, move cursor to S 225, and read the value of by (2:87) on C. At the same time find the

value of cos ¢ (0-924) on the P scale. Move cursor to D 924 and find the value of a; (6 93) on C.

(as + i by) = 693 + i 2-87.

(2) Place C 34 above D 1, move cursor to S 18°, and find the value for bs (1-05) on C. At the same time, find the
value for cos ¢ (0-951) on P. Move cursor to D 951 (red supplementary graduation) and find the value for a; (3-24)
on C.

(az + | bg) = 324 + i 1-05

a; + az = 693 + 324 = 10117 and i (b; + by) = i (2-87 + 1.05) = | 3-92.

The result is thus: 3 = (1017 + i 392)

If the result is to appear in vectorial form, we calculate thus:

Place C 10 above D 392, move cursor to Cl 1017, and find the value of ¢ (21-07°) above it, on T; (Tangent scale). We
then move the cursor to 21-07 on the Sine scale S and find the value for 3 (10:92) above it, on Cl.

Thus 3 = (1017 + i392) = 1092 /21-07°

and with ¢ X ¢ = @, (p = 0-368) we have 3 = 1092/21-07° = 1092 ¢ i 0368

Example for the use of the Ts scale: 3 = 192—1256

Place C 10 above D 2546, move cursor to Cl 192. On T, we obtain the angular value 53-1% Then place C 1 above
D 256 and move the cursor-line to S 53,1. On Cl we obtain the result 320.

B—==320|=%0"

As the number is in the IVth Quadrant, the angular value must be negative.

The multiplication of complex numbers is carried out in accordance with the equation:

ErPY=X.:e? .Y .eW=XY - e(@+%) = XY [?+V

Example: (1 + 21i) - 3 + 10) = 2,24 . ei " 1.107 . 316i - 0322 — 2,24/635° . 316 185 = 7,08/82 = 7,08 el-1.43
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Calculations with the Root Scales W, W,. W, W,

The advantage of these scales is the increased degree of accuracy with which calculations can be carried out on
the usual handy 10” standard model. It is above all for the main calculations that they are used.

Operations with the Root scales differ to some extent from the method to which we have so far become accustomed
but can be mastered according to a basic rule and with a short period of practice. It should be noted that the Root
scales are sub-divided on the 20 inch graduation length.

(1) Multiplication

(I) When the setting is carried out with the black Index-1 (or Index-10), the product is found on that scale of the
body of the slide rule which is adjacent to the second factor.

(1) When the setting is carriesd out with the red index mark, the product is read on that scale of the body of the
slide rule which is opposite to the second factor.

Examples for (I): 1-635 X 5365 = 877 809 X 1414 = 1144
Solution: Black Index-1 (W;’-1) above W;-1-635. Solution: Black Index-10 (W:-10) underneath W»-809.
Cursor line above W,'-5-365; find result (8:77) on W,. Cursor line above W;'-1-414; find result (1144) on W;.

WL | w e

Wy’ / : A y
w?l ! A l Fig. 14 wz'L 1,414 10 '
t 1 t
W’L 1,635 l WI[ 1144 j
Examples for practice: 236 X 406 = 958; 2-34 X 0-409 = 0:957 7-77 X 66:3 = 515; 5165 X 0-2265 = 1-1698
Examples for (1l): 1-804 X 773 = 1395 50-45 X 4-64 = 234-1. Solution: Red index-mark under W,
Solution: Red Index-mark above W;-1-804; cursor line | 50-45; cursor line above W,'-4-64; at the same time find
above W;'-7-73; at the same time find the result (13-95) the result (234-1) underneath the cursor line on the oppo-
underneath the cursor line, on the opposite Scale W;i. | site scale W,.
o ] WiE i
W, 773 I Fig. 15 Vv\éz’ 1 4,64 7
wy' i ! :
l Wll 13,95 1,804 —] W‘L 234,] I
Examples for practice: 1478 X 0945 = 13.97; 29:4 X 1236 = 3634 0-395 X 0562 = 0-222; 3-885 X 19-425 =: 75-46
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(2) Division

(I) When the figures are set on adjacent scales, the quotient is read at the black index-1 (or -10).
() When setting the figures on mutually opposite scales, find the quotient at the red index-mark.

Examples for (l): 308 = 2135 = 1-443. Solution: With the
aid of the cursor line, place W;-3-08 and Wy'-2135 oppo-
site each other, and find the result (1-443) on W, under-
neath the black index-1.

Fig. 16
Examples for practice: 2:975 -+ 18:65 = 0-1601; 2.075 — 148-25 = 0-014; 4865 =—79-05 = 0615; 555 -+ 0692 = 8.02

Examples for (I1): 3745 =~ 1-5675 = 238. Solution: Cursor line
above Ws-374-5; Wy-1:5675 under cursor line; the result,
238, is read on W;, underneath the red index-mark.

374,5 J
1

1,5675
1
T
W I 238 I

I
W,

W;"
wy'

Fig. 17
Examples for practice: 6895 < 2:505 = 275:2; 4325+ 1845 = 2345; 1965 = 4445 = 00442; 837 + 11575 = 723

18

423 =717 = 0-589. Solution: With the aid of the cursor
line, place W.-42-3 and Ws'-71-7 opposite each other, and
find the result (0-589) above the black index-10, on Ws.

: W?‘ 42},3 :
\VA‘ZF 77 10 l
il |

23.77 = 65-67 = 3-615. Solution: cursor line above
W,-23-77; Ws'-65-67 under cursor line; the result, (3-615) is
found on W», above the red index-mark.

3615 |
4
5 T T
Wf,. : 65,67 J
w. b
.
‘I 23,77 J

w




(3) Formation of Tables

Set the “equivalence” or the “unit-value” and then take the reading in accordance with the basic rules given on the
preceding pages.
Example: “Equivalence”: 82 yards = 75 metres. By means of the cursor line place W»-82 and W»'-75 opposite each other.
The following readings can now be taken, likewise with the cursor line: 42 yards = 384 metres;
136 yards = 124-4 metres.
This example corresponds to normal cases as in Basic Rule (I).
The following examples can only be dealt with in accordance with Basic Rule (lI) and by the aid of the red index-mark.

Examples: “Unit Value”: 1 = 2-54 cm. (“Equivalence”: Exchange rate: § 1 = DM 4.00. The value 4-00 on W is
26" = 66 mm); The red index-mark on Wj is placed opposite the red index-mark; the DM can now
placed opposite the value 254 on Wj; the be read on W; and W» and the $ on Wy’ and W,":
inches can now be read on Wi’ and Wy and $ 15 = DM 6:00; $§ 2:26 = DM 9-04;
the inches on W; on Ws. DM 740 = § 1-85; DM 10 = $§ 2-50.

20" = 50-8 cm; 40 cm = 15-75".
40,- 50,8 43 4 7.4 904 10
W, WTI s i T I Wz‘ W, ! : : ! l
w]'[ 1575 20- O Wl‘l 15 185 226 25
Wu[ 2,54 l W1l l
Fig. 18

(4) Squares and Square Roots

Squares of numbers are found by changing over from the W scales to the C scale situoted on the centre of the
slide, using the cursor line.
Examples: 1-66® = 2-76. Place the cursor line on W;-1-66, and find the square (2:76) above it, on C.

5.252 = 27-6. Place the cursor line on W;-5:25, and find the square (27-6) underneath it, on C.
Examples for practice: 6732 = 4530; 107 = 114.5; 2.32 = 5.29; 1-345* = 1.81; 7-47®% = 558
To find square roots, the setting is carried out on C, on the centre of the slide, with the aid of the cursor line, and
the square-root is then found on scales Wy’ or Wy’, likewise underneath the cursor line. It should be noted that the
roots of numbers from 1 to 10 will be found on the W; scale and those of numbers from 10 to 100 on the W; scale.
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Examples: /456 = 2135. Cursor line on C-4-56; the result (2-135) will be found below It, on Wy’ or W;j.
V56 = 7-483. Cursor line on C-56; the result will be found above it, on Scale Wy’ or Wa.

To extract roots of numbers under 1 (e.g. 0-76) or above 100 (e.g. 2375) with greater ease, suitable powers are sepa-
rated from the radicand.

Example: Y076 = VY76 = 100 = Y76 = 10 = 872 + 10 = 0.872; y275 = Y275 X 100 = Y275 X 10 = 1-658 X 10 = 16-58
V2375 = Y2375 X 100 = Y23-75 X 10 = 4873 X 10 = 48.73; /0-00378 = y37-8 = 10000 = y/37-8 —100 = 0-0615

Calculations with the Mantissa Scale L
This scale operates in conjunction with the W scale. In this connection, attention should be pcid to the zero position
of the slide rule:

(I) When setting the antilogarithm on the lower root-scales W;', W;, the mantissa is read by means of the charac-
teristic found to the left of the dividing-mark with the relevant subsequent graduation-marks to the right.
Example: log 1-35 = 0-1303. Cursor-line on W;-1-35; the figure -1 is found above it, to the left of the dividing-mark;

in addition, we have 3 places of decimals and the exact setting 03. Thus, log 135 = 0-1303.
Examples for practice: log 2655 = 0-424; log 0-237 = 0-3746—1; log 1938 = 3-2875; log 0-0119 = 0-0755—2

(Il) When setting the antilogarithm on the upper root scales W,', W;, the mantissa is read by means of the charac-
teristic found to the right of the dividing-mark, with the relevant subsequent graduation-marks to the right.
Example: log 57-3 = 1-758. Cursor line on W,-57-3; the figure -7 is found underneath it, on the right of the divi-
ding mark; in addition we have 5 decimal places and the exact setting 8. Thus log 573 = 1.758.°
Examples for practice: log 9-06 = 0-957; log 00636 = 0-8034—2; log 445 = 2-6484; log 665 = 1-823.

If the mantissa is known, the converse process provides the antilogarithm sought.

The logarithms enable the types of calculation to be reduced by one stage; multiplication and division thus become

addition and subtraction, while the raising of numbers to powers or the extraction of roots becomes multiplication or

division respectively.

For example: log (245324) = 3.24 X log 245 = 3-24 X 2:389 = 7-74; 245324 = 55000 000

KL : = Loroelg 10000 40
420 = 10000; x X log 420 = log 10000; x = g 420 —2-623'—1'525
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The Exponential ScaleslL, LL, LL,, dnafor positive exponents;
LL, LL;; and LL;; LL, for negative exponents

The back of the 1/741 Slide Rule has two three-stage groups of scales for the exponential functions, which are based
on the Basic Scale C. The scales for positive exponents (black) extend from 1:0105 to 60000, while those for negative
exponents (red) extend from 0-00001 to 0-99. The ex Scales are reciprocal scales for the ex Scales. In this connection
it should be noted that the numerical values given on the exponential scales do not change where the decimal pla-
ces are concerned; thus, “1:04" invariably signifies “1-04” — not “10-4”, “104", etc.

When changing over from an internal scale to the next one, proceeding outwards, the exponential scales give powers
of ten, e.g. —

0-9551° = 0-631; 0-6311° = 0-01; 0-9241° 0-454; 0-4541° = 3.7 X 104 = 0-00037

104721 = 1.585; 1-585!* = 100; 1-08'® 216; 2161 = 2:2 X 103 = 2200

When changing over to the next but one, proceeding outwards, one obtains powers of a hundred, e.g. —

0955100 = (0.01; 1-047210 = 100; 0-9241% = 3.7 X 104 = 0-00037; 1-08'° = 2200

When changing over from an outer to an inner scale, one obtains the corresponding roots, e.g. —

ORI TONE e o 100 ok 10 T 10w = 108 : 10005ty
V025 = 0-8705; y0-8705 = 0-9862; 1/0-25 = 0-9862; ¥ 0:00007 = y7 X 105 = 0-384; 1/0-384 = 0-9087; y0-00007 = 0-9087;

1058 LA A 100
V4 = 1-149; V1149 = 1014; V4 = 1-014;

10 o Tt 1o

Y15000 = y1-5 X 10* = 2:62; y2:62 = 1101
100

y15000 = 1-101

Note the following:

1
At 100 on the LL; Scale, the LLys scale shows the value ofm
1
1.25

0-01 1
since ex =
0-8 ex

At 1-25 on the LL, Scale, the LLys scale shows the value of
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Powers of e n
e

The powers of e (base of natural logarithm e = 271828...) are obtained by setting the exponent on the C Scale, with
the aid of the cursor line (the slide rule being at zero). The e power is then found on the LL scale. In this connec-
tion the range for the C Scale is 1-10 at LLs, 0-1-1 at LL, and 0-01-0-1 at LL;.

Examples: el61 = 5; 0161 = 1.175; 00161 = 1.01625; €622 = 5 X 10 = 500; 0622 = 1.862; 00622 = 1.0642;

1
e-161 = W: 0-2; e0161 = (.8512; e-0-0161 = 0.984.

o622 =T:-22 = 2 X 103 = 0002; 0622 = (.537; e-0:0622 = 0.9396.

€125 = el0+25 = @10 X 25 = 22000 X 12:2 = 268400
In forming the hyperbolic functions, the argument x is {'xed on the C Scale with the aid of the cursor.
On the ex and e scales, reading can then be taken of the e powers. Half the sum (or difference) then gives the

cos h (or sin h), e.g. —
ex + e-x 1.84 4 0.543

cosh 35° = cosh 061 = 5 = 5 = 11915

slnh 250/~ sinh et — 2187 _ 194 — 0503 o ggues
Roots of e Je
We express the root as a power with a reciprocal exponent and then proceed as above.
Example: Ve = o025 = 1284; Vo = ef = 545 Ve = ol = 1133; Ve = o = 2980

12:5

006
Ve = e008 = 1.0834;, Ye = el666 = 833 X o83 = 4165 X 4165 = 17350000
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The Natural Logarithms

The natural logarithms are found by changing over from the LL scales to the central scale C of the slide. The fore-
going applies, mutatis mutandis, to the “place-of-decimal ranges” of the Basic Scale.

Example: [n 25 = 3.22; In 147 = 495; In 13 = 0:262; In 004 = —322; In 066 = —0-416; In 098 = —0.0202.

Ina

Powers of any numbers desired a

Powers of the form an are obtained by moving C-1 into position above the basic value, a, of the correspond ng LL
scale, after which the cursor is moved to C-n. The value of anr can then be found on'll, e.g. —

375296 = 50; place C-1 above LLs-375 and find the value (50) at C-296 on LLs;

Further examples: By means of the LlLys Scale:
42216 = 22.3; 420216 = 1.364; 4200216 = 1.0315 0:052-16 = 1.55 X 103 = 0-00155
42216 = 0.045; 4-20216 = 0.733; 4200216 — 0.9495 0-050-216 = (-524; 0-050-0216 = (.9374
1 7 !
0-05-2:16 = T T 646 (reading to be taken on the
LLs Scale).
1 Y :
0-05-0-0216 — T 191 (reading to be taken on the
LL; Scale).
As regards the places of decimals, see remarks under “Powers of e.”
13 —
Roots of any numbers desired l/q

With the aid of the cursor line, place the root-exponent on C above the root-number on LL (first finding the root-num-
ber and placing the cursor line above it); the result is then found underneath C 1 or C 10.
Example:

44

V23 = 2:04; place C 4-4 above LL; 23 and read the value (2:04) at C 10 on LL,.
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2:08
Examples: V1068

1-0322 (place C-2:08 above LL;-1-068, take reading on LLy).

Oiﬁﬁ-f = 935 (place C-0-6 above LL3-152, take reading on LLg).
%})4-7 = 1077 (place C-20 above Ll3-4-41, také reading on LLy).
150-5’ = 0-8705 (place C-5 above LLy:-05, take reading on Lloa).
%5 = 09862 (place C-50 above LLe-05, take reading on Llo).
Further examples: 1;?= 1149; 15/2fl = 1.82
0:06_ -

V242 = 2421666 = 2.42833 X 242833 = 1565 X 1565 = 2450000
lg a

The Logarithms to “Base 10"

Place the cursor line above LL3-10 and C 1 of the central slide-scale underneath the cursor line. This provides a table
of the logarithms to Base 10. It can also be set, however, by placing C 10 above LL;-10.
Settings and readings can now be carried out by the aid of the cursor.

By means of the LLys Scale:
log 10 = 1; log 100 = 2; log 1000 = 3; log 200 = 2-301 log 041 = -1; log 001 = -2; log 0-001 = -3.
log 20 = 1:301; log 2 = 0301; log 11 = 0-0414. log 0-2 = -0:699 = 0-301-1; log 0:05 = -1-301 = 0:699-2.

Production of Logarithmic Diagrams to any desired scale.*

When diagrams are produced with a logarithmic graduation, it is often necessary to solve y = a log x. (a = scale-
factor = length of logarithmic unit). We cannot change over from C to L, since no further multiplications can be car-
ried out on the linear L series. On the other hand, of course, the change-over from LL to D corresponds to the opera-
tion of forming the logarithm, and the C Scale can then be used for further multiplication.

Example: a = 3:33; x = 2; 3; 4; 6.

* by a method devised by Dipl. Phys. W. Rehwald, at the High Frequency Institute of the Darmstadt Technical Training College.
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Place C 333 above LL3 10 (logarithmic unit) and find, with LLs or LL; 2; 3..., the relevent y-values on the C scale.
y = 1:002; 1.591; 2-003; 2-593.

If necessary, push the slide through. A little thought will enable errors as regards the place of decimals to be
avoided.

n

Logarithms to any desired base log a

Place the beginning of the C scale above the base on the LL scale; this provides a table of the relevant logarithms, e.g.
2log 200 = 7-65; 2log 22 = 4-46; place C 10 above LL,-2; find the value 7-65, at LL3-200, on C, and the value 446, at
LL3-22, on C.

Further examples:

2log 1-2 = 0:263; 02log 10 = —1-431; 08log 2 = —3-11; Slog 25 = 2; 0Slog 25 = —4.65;

Note the following: dlog a = 1; e.g.: 2log 2 = 1; 2log 4 = 2; 2log 8 = 3
05log 05 = 1; 05log 4 = —2; 05log 8 = —3
0-5log 0-25 = 2; 05log 0125 = 3

Within the C scale on the back of the slide rule, just to the left of the numbers 4, 5, 6, 7, 8, 9, and 10, indented red
marks are provided which give the values of an e000ix scale. Up to the value e0003 = 1.003 these marks are not ne-
cessary, as the value e0:003 only differs from 1-003 by 0-000005.

The said red marks are very easy to use if one imagines them as bearing the references 1004, 1-005, etc.

If the cursor is moved to C 7, then the same scale gives the value 1-00703 for e0:007, Within the interval this reading
can also be taken by mentally adding on the interval-difference given by the red mark, e.g. e0:0074 = 1.00743.

To find the natural logarithm, the converse procedure is adopted. The cursor is placed on the mark, or the interval-diffe-
rence is taken into account, and the values are read from the C scale, e.g. In 1-008 = 000797 and In 1-0063 = 0-00628.
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If, for example, a table is to be formed of the logarithms to base 1-005, use is made of the D scale on the front of
the slide rule together with the C scale on the back, by placing the red mark 1-005 of the C Scale above the 1 of
the D scale. Examples of the results of this procedure are as follows:

1-005log 1-005 = 1; 1:005]og 1009 = 1-8

If the table is to be extended beyond 1:01, the cursor is placed in the basic position; the cursor is then set to the
1.005 mark and C 10 placed underneath the cursor line. Readings can now be taken of the logarithms to base 1-005,
for the values above 101, by changing over from LL; (or LL; or LLs) to the C Scale, e.g.

1:005]og 101 = 1.996; 1005log 1:02 = 397

1-005log 12 = 36:5; 1:005log 4 = 278

Meaning of the Scale Marks

The value = = 31416 is specially marked on the scales C, D, CF, DF, CIF, W;, Wy', W5, Wy'. This makes the value = far
easier to find and set.

The ST scale for small angles contains so-called correction-marks in the range 3%-6°, which give the correct functional
values for sine and tangent.

Examples: tan 2:5° = sin 2:59 = 0-0436; tan 4° = sin 4° = 0-0697.

For an exact reading the tangent 4°, the correction mark to the right of the graduation mark 4° is used. A reading
is taken of 0-0699.

For the correction-marks of the tangent we thus have:
Tangent greater than arc, therefore correction-mark to the right of the graduation-mark.

Example: tan 5° = 0-0875. _

If the angle is intermediate between full degrees having correction-marks, then the correction-interval must be trans-
ferred accordingly.

Example: tan 35° = 0-0612; tan 4-2° = 0-0734; tan 5-33° = 0-0934.

If the functional value is known and the angle is required,the correction-interval to the left is taken into account.
For the sine, the correction-mark is provided to the left of graduation-mark 6. It applies to the range 5°-6°.
Proceed in this case as in the foregoing, only in the opposite direction.
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The Cursor

The two-sided cursor has a long central line on the froat and back, to enable settings to be carried out and read-
ings to be taken in ordinary continuous calculations; it also has the red side-marks on the right-hand and left-hand
edge, for reading values on the extended red supplementary graduations which the central cursor line cannot reach.

The fields of application for the remaining marks are as fcllows:

To calculate the areas of circles (d, s), Scale W; or W, is set to the diameter, with the aid of the right-hand mark
(d) on the back of the cursor; after turning the slide rule over, the relevant cross-section can be found underneath
the cursor-mark s.

The conversion of kW into h.p. (and vice versa), can be carried out with the “h.p.” and “kW" marks on the C and
D scales.

The double cursor can be easily removed for cleaning, without interfering with the fine adjustment of the slide rule.

Press open the two white cheeks in the notched part of the lower edge of the cursor. It is essential that the user’s
thumb should first pull the side portion of the cheek downwards, thus releasing the cursor-fastening. The two plexi-
glass windows are then bent apart just as far as is necessary to enable the cursor to be slid off at the 1o When
replacing the cursor, see that the five index-marks of the window are on the front of the slide rule.
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Philadelphia, Pa. 19107
Pittsburgh, Pa. 15216
Portland, Oregon 97204
St. Louis, Mo. 63103,

c/o The Ruckert Co.
Seattle, Wash. 98108
Washington, D.C. 20011
Wichita, Kans. 67202
Calgary, Alberta, Canada

DEALERS IN ALL PRINCIPAL CITIES

DEALERS IN ALL PRINCIPAL CITIES

11.64
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