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The CASTELL 2/83 N with enlarged scale range

Many satisfied users of the 2/83N silde rule, in a sprit of constructive critism, have suggested that the
arrangement of the scales on the front and back should be improved. Our Development Department has taken advan-
iage of the experience gathered during these last few years and utilized the latest knowledge acquired.

Apart from numerous minor improvements, the scales A, B, DI {on the front) and LLy, Cl, D and LLy (on the back) have
been added.
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The scales of the pocket slide rule 62/83 N with graduation length 5" (12.5 cm)

From graduation figure 1 to gradua- From graduation figure 2 to gradua- From graduation figure 5 to gradua-
tion figure 1-2. tion figure 3. tion figure 7. .
{Section of scale reading 1 to 2) {Section of scale reading 2 1o 5) (Section of scale reading 5 to 10)
I 1. 122 ¥s5 & 7
8§ 388 7 & 22 2 |[,8,.8,8,3,.8,8.8 8.8 |
- = = =~ pa - - - = = =] ﬁ = 8 bt b o2 & aER3 BEnRe — oo LH2S
[T 1 L TTT T IBrsrsersarais s leseslannsisozstoresd
6 103
Each interval is equivalent to 2 sub- Each interval is equivalent to 5 sub- Each interval is equivalent to 10
sections. An accurate reading can sections. This provides an accurate sub-sections. This provides an accu-
be taken of the values correspond- reading of the values correspond- rate reading of the valves cor-
ing to 3 places. The odd numbers ing to 3 places, if the last figure is responding to g‘places, which more-
are obtained by halving the distan- a 5. over are identified by graduation
ce between two. graduation marks. marks.

Other intermediate values must be estimated. Example: To set to 318, first find 3-1-7-5 by halving the distance between
315 and 320, and then move the cursor line slightly to the right.

3 a5 4 45
] TR 7 S < B T % ¥ |/ 4 42 43 44
] 1
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The Scales of the Slide Rule 2/83 N

All scales 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 with the next,
throughout all the scales on the front and back of the slide rule.

st tangent scale . . . . ... . ... T, o5 s w s < tan 0-1 x (cot)

Znd tangent scale . . .. .. .. ... To v o o © < tan x (cot) \
CUDBSCOIO o o v o suy o w0 % & ow 3 @ i Ko & womowmswom ow o X3 on upper body
fixed square scale . . . . .. .. ... A wmawnsma s X2 J
fixed n-folded scale . . . . ... ... DE s sm o ey X
movable w-folded scale . . . . . . . .. CF & =5 e w v w s T X
Scal movable square scale . . . . L oL L. B .. 5253 x2 l .
oh et reciprocal n-folded scale . . . . . . o CIFL 1 s on slide
of the slide rule: reciprocal basic scale . . . .. .. L. [ R 1 I
) movable basic scale . . . . .. .. .. Gy o on e X
fixed basicscale . . . . . .. .. ... B vowoswe v ow s o bd
fixed reciprocal basic scale . . . . .. Dl .5, %858 6. 1:x - l
sinescale . .. ... ... S ......< sin01x(cos) on lower body
arc scale for small angles . . . . . .. 8T ¢ v s s < arc001x l
Pythagorean scale . . . . .. . .. O . Y1—(01 x)?
exponential scales Wlog o o v o v 5 s eX
for negative { Loz . . . . . . .. e01x } on upper body
exponents Bloga: & 5 % mr o5 % e00tx
Lo - v 2 5w o v e-0-001 x
2nd fixed root scale . . . . . .. .. LW L Lo Y10 x
2nd movable root scale . . .. L L. Wo'. ooLo L. VI0X
Seal reciprocal basic scale . . . ., . . .. Gl v ose o w5 s s 15 on slide
e;Gﬂ?; back mantissa scale . . . . .. 0.0 .0 L owow oo om s o s ; log x
of the slide rule: movable basicscale . . . .. ... .. & voww Ewe s X
1st movable rocot scale . . . . . . . . . W, oo .. Vx
st fixed rootscale . . . . . .. . ... Wi nssanmai ¥x
fixed basicscale . . . . . ... .. .. B A X
“and exponential scale . . . . .. . .. L RS o ongm s oo u ® e0-001 x on lower body
additional exponential Ly sioses @ 5 5w o el01 x
scales for T el1x
positive exponents T ex
A

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 é 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 decimalpoint are required. It is the basic scales € 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.

L
1 o~ ™ ~ .9 ~0 [ m o~ .I .| g o "

A section of the = o ©o o o o o o — — From guide-number 1 to
gradugation-range - guide-number 1-1

from 1 to 2 E ' 10 sub-divisions of 10 intervals each
(Scales 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.

- S :
A section of the 3{\(#\03’31. 32 33 34 35 36 37 38Nm 39 4'Frc:m'l guide-number § to
graduation-range | B85S . % 3 guide-number 4
from 2 to 4 LT OO TIITARITTIOL 40 sub-civisions of 5 intervats each
(Scales C and D) 2 (= 1/50 or 0-02 per graduation mark)
g. .
383-

Here an accurate reading can be immediately taken to 3 places (e.g. 3-8-2). The last humber 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 scales
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A section of the 05,5, 8 3898588 7Tae 3”8y .

graduation-range Rim|e B . From guide-number 8 to 9 and

o ssore o [T TTTTITITITIT]  svisemmeor

{Scales C and D) T 10 sub-divisions of 2 intervals each
Fig.3 9051 (= 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 WW,

These scales are provided along the edges and adjacent edges of the slide, an 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, 13, 1-4... 1'9. 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, 3.5, 4, 45 and 5. The user must recognise the remaining tenths for himself, i.e.
the values 241, 22, 2.3... 10 47, 48, 49.

Further tenths are entered in between these tenths but without “marked centres”. We thus have the following values,
starting 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.

Graduation-range from 5 to 10.

In this range, 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-Z, etc. up to
9-9-4, 9-9-8, 1-0-0.

The reading range of these scales exceeds by far these possibilities. Further intermediate values, however, must be
estimated.

&

Muttiplication

a-b

This is chiefly carried out with the main scales C and D of the front of the slide rule.
Example: 245 X 3 = 735
Set the 1 of the slide of the rule (€ 1) above

|

$ 3 245% 3 = 1,35 the 2-45 on the lower scale of the slide rule
c | e e (D 245), move the cursor line* into position above
B 7|35 the 3 of the lower slide scale (€ 3} and read

: b Fig. 4 the product —7-35 —underneath the cursor line

on the lower scale of the slide rule (D 735).
Multiplication with Scales A and B: see page 11

Example: 2.04 X 318 = 6487. Place C 1 above D 2.04, place the cursor line above D 318, and read the result — 649 —
on D, likewise underneath the cursor line.

Example: 1145 X 4.22 = 4835, Place C 1 above D 1145, place the cursor line above C 422, and read the result —
48-35 — 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.

Transpesing of the slide

Example: 7.5 X 4.8 = 36
Toxif=t 4'l8 1IG In this case the slide is pushed to the left until
¢ ¥ | | the beginning € 1 is replaced by the end of
86 75 : the slide € 10 {marked 1) above the first fac-
Fig.5 tor on scale D.

This operation is termed transposing the slide. It can be avoided if, in case of need, € 10 (end of slide) is imme-

diately placed above the first factor. An experienced user knows at once which method of setting to adopt, i.e. “be-

ginning 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 factor”: 182 X 39 = 74; 0246 X 037 = 0-091; 213 X 0258 = 5495

Setting: “End of slide C 10 above first factor”: 4-63 X 317 = 14-68; 0694 X 0-484 = 0-336

This operation of transposing of the slide is not necessary, in practical use, with the “r-displaced scales” CF, DF, in con-

junction with scales C and D (see page 10).

« |mportant: Whenever the cursor line is mentioned In this and the following chapters, this will always refer to the long, central hairline on the front
and the back of the cursor.
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Multiplication with Scales € and D of back of slide rule la b

Multinlications can also be carried out with the scales C and D on the back of the slide rule. It is neces-
sary, however, to use the main cursor line for all settings and reading.

Example: 3-63 X 1-41 = 512. Use the cursor line to place C1 above D 343, then move cursor line to C 1-41
and read below on D the result, 5-12.

The C and D scales of the back of the slide rule are especially convenient for compound calculations, in conjunction
with the root scales (v. pages 19/22) and the exponential scales (v. pages 22/27).

a
Division 1B

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 of the slide of the rule, C1, or under the end of the slide, C10. Division with A and

B: see page 11.
Example: 985 = 2.5 = 394

First bring the cursor line into position
: above the numerator, 9-85, on the lower
ftEr S scale D of the body of the slide rule, then
place the denominator 2-5 (on the C gro-
c ! L5 duation) underneath the cursor line. The
! numerator and the denominator are now
3,94 e level with each other, and underneath the
— beginning of the slide, C1, the result 3-94
Fig. 6 can be found on scale D.

Examples for practice: 970 + 268 = 36-2; 285 —+— 314 = 90-7; 7500 = 835 = 898;
0-685 — 0-454 = 1-509; 68 = 258 = 0-264

Combined Multiplication and Division

These calculations are mainly carried out with the scales C and D on the front of the slide rule. ] a-b-.¢
13-8 X 245 X 375 ot i
Example: 725258 X 496 — 0471 d-e-f

Always start with the division and then let multiplication and division alternate. No readings 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 B, and the multiplication by 245 is carried out

8

immediately, by placing the cursor line on € 2-4-5. The result (about 1-9 on D) is then divided by 294, 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 494, in the same
manner. The result 0-491 can then be found underneath € 10 on D.

389 X 1374 X 163 1-89 X 7-68 X 876

1412 X 214 — 188 0723 X 476~ 3695

Formation of Tables

For forming a table, first set the slide rule 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
correspondinng 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. '

Examples for practice:

Place € 75 above D 82. This

produces a table, and reading
may be taken as follows: ;
& 128 16 2 56 384 585 42 yards are 384 metres; 28 yards [ @ € @
. I ; II i I| :"*:“ are 2-56 m; 640 yards are 585 m; 1%m F:d: f
ards are 17'5 yards; 128 m are 140 yards,
140 17,5 2.8 42 640 Fig. 7 and 6 foTth. S
Examples 1 inch = 254 mm ("Equivalence”: 1 metre of material cosis Exchange rate; US§1.- =DM 4.
for 26" — 66 cm). Place C1 (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 ings with the cursor line: with the aid of the cursor line:
by the aid of the cursor line: 2-20 meires of material costs UsE 2-41 = DM 1044
17 inches = 432 cm DM 144, Usg 473 = DM 1892
38 inches = 946 cm 2-40 metres of material costs
DM 108.

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 transpose the slide, 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 Scales Cl and DI

The movable scale CI .

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 toloured red. Its 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 @ given number g, the reciprocal 1 = a is required, this is set on C or Cl and the reciprocal read off, above
it, on C! or on C. The reading can be taken without adjusting the slide, with.the use of the cursor alone. Experien-
ced slide-rule users can also operate without zero setting, if they only refer to scales C and Cl (and, above all,
do not allow themselves to be confused by the scale D appearing below).

Example: 1 =~ 8 = 0125,1 -2 =05; 1+ 4 =0251+ 3 = 0-333. 1

a

(2) Multiplication likewise can be carried out with the scales D and Cl. (Divisicn by reciprocal = multiplication). This

method is popular with many slide rule users. I_'_
Example: 066 X 2025 = 1337 a><b|
Proceed as with division, i.e. first place the cursor line above 066 on D, then place the 2025 on the Cl underneath
the cursor line; the product, 1337, on D, can now be read off under C 1

{3) The follewing shows how simply ‘
products with a number of factors al | 20.25 |
can be calculated: 2-I33 C
D
Example: 0:66 X 2025 X 238 = 31-8. L 38 .65

Fig. 8 ]axbxc|

Multiply the first two factors as above; with C 1 above 1337 (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 @ further multiplication, by bringing the next factor, on Cl, into position underneath the cursor line
and reading off the result, under C 1 (or C 10, as the case may be), on D. We thus multiply alternately with the aid
ot D and C! (see above, for method) and with the aid of C and D (first method — see page é).

a

(4) Combined Multiplication and Division. 344 _a
Excmple:m_é = 2-473 bxe

This likewise can be-advantageously performed with thescale Cl.

First the division, i.e. cursor line above D 3-6-4, then C 3-2 underneath the cursor line. (Intermediate result: 11-37,

underneath C 1). With C1 above D 1137, we already have the first setting for the subsequent multiplication by 614

10

which is performed by the aid of the scale Ci (LC }. The cursor line is thus now brought into position above Ci

4.4, the result — 2-472 — likewise being found beneath cursor line,
2 44 4-774 2341
Example for practice: , qc o 48 = 2:48; 063X 124 = 811 Sz 979 = 0-473
The trigonometric and exponential calculations provide further fields of use for the Cl scale.

The fixed scale DI
This is subdivided like Scale D but runs in the opposite direction and is therefore coloured red.

1) In conjunction with D, DI gives the reciprocal. It is set and read with the cursor line.
This offers the advantage that the two scales are provided permanently opposite each other, forming a table.

7} As with Cl (see above) multiplication can also be carried out by the aid of DI. (Result appears above D1 or D 10).
Example: 643 X 296 = 1903, Cursor line above DI 6-4-3, second factor 2-9-6 on C under cursor line, read off result
1903 above D 1. -
1
3) It is above all with the function _—— that the Scale DI is of advantage.
Example: m First carry out the multiplication on C and D, i.e. C 1 above D 2-8-4, cursor line above C 1-2;

the intermediate result (0-03408) appears underneath, on D; the result, 29:34, is likewise found on DI, under-
neath the cursor line on D
The use of DI In trigonometrical calculations should also be noted.

Calculation with the Square Scales A and B

Multiplication and division can also be carried out on Scales A and B. For this purpose, use is made of the long cur-
sor line.

2,5 7.5 Example: 25 X 3 = 75

A | T P Place the long cursor line above A 2.5, move

1 3 2px37 1% B 1 into position under the cursor line, move
the latter into position above B 3, and find

Fig.¢ above it, on A, the result 7-5.

For division, the numerator on A and the denominator on B are first of all placed oppesite each other by the aid of
the cursor line (first of all above the numerator on A), after which the result can be read off above B 1 or B 10. For
this purpose, however, the cursor line must again be used.

11
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Squares and Square Roots

The square of any number is obtained by setting the cursor line over this number on scale D, the result is shown
above it on scale A, under the cursor line. We can, however, also use the first and last graduvation marks at either
end of the scales.

2 &
o~ = a
A 1 o 103 . 100—]
} : = : Examples: 14662 = 2.75
B i 10 100 2492 = 42
322 = 10-24
—1 10 —
C ] : i
| o a8 1
D +— 3 < b 10—
9 A o~ Va
- = Fig. 10

When setting and toking readings one should get accustomed to work only with groups of figures and determine the
decimal value thereafter by a rough estimate, The figures should be rounded off liberally, as this rough —
estimate ismerely made to avoid getting-tenfolds or tenths of the actual curser. V
Further examples: 1-345%2 = 1-81; 457t = 209; 0-765¢ = 0-585; &7-3* = 4530. a
Square Roots are extracted by reversing this procedure. If, therefore, the cursor line is placed on a figure on A, then
the square root can be read off on D, underneath it. Extracting square roots is, however, not as simple as finding the
squdre, as may be seen from the following example: Extract ¥3-65, Place the cursor line on A 3-65 and find under-
neath on D the square root 1:21. As we have learned that the position of the decimal point is not shown on the slide
rule, we could also set the cursor line over A 345 (in the second half of scale A between 10 and 100). Underneath
we would find the root 404, which is obviously the wrong result,

Before extracting the square root, we must declde if the number must be set on the right or the left half of the
scale. At the left are the numbers from 1 to 10, and at the right those from 10 to 100.

Exercises: V456 = 2:14; y768 = 2.77; y453 = &73; y70-8 = B-41. -

If the number lies outside the scale range 1 to 100, It should be factorised by hundreds to bring the significant figu-
res within these limits.

Examples: y1936. We factorise Y1936 = y100 X 1936 = 10X ¥1936 = 10 X 44 = 44
V0543 = y54-3 =100 = y543 = 10 = 737 = 10 = 0-737; y0-00378 = 378 <-10000 = ¥37-8 = 100 = 415 = 100 = 0-0615
V145-8 = 100 X 1-458 = 10 X y1-458 = 10X 1:207 = 12.07; y507000 = 10000 X 50-7 = 100 X y50:7 = 100 X 712 = 712
(Ssquure and zszt)iunre root can also be determined by the aid of the root scales, with greater reading-accuracy.

ee page 12).
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Cubes and Cube Rools (Cube scale K’ see next page) Fl

The cube scale K consists of three equally leng units 1-10, 10-100, 100-1000, each one third of the length of the C, D
and Cl scales. To find the cube of a number, the cursor line is set to the base number on scale C and the cube of
that number is read off on K.

2 [ ]

1 [
1 R TR T R « 1002 1000
K[ ~ [ - 7 [
Examples: 1673 = 4.6
AL 1 ] 234 = 128
1 @ 1gein, 100 5778 = 192
1 10
D [ ] 3 L
5 A g = Fig. 11

When extracting a cube root, we use the opposite procedure. We set on K and read off on D.
3

3 3 -
Examples: y4:66 = 1-67; 295 = 309; V192 = 577. .
When the base number is below 1 or above 1000, we must factorise It by powers of 10 to bring It within the interval
of 1-1000 (similar to the method applied for square roots, see page 14).

2 3
If the cube scale K is employed with the Square Scale A, powers with the exponents 5 and - can be obtained with
the aid of the cursor line.

Example: 7-532 = 205  Set the cursor line over 75 on A and read underneath on X the answer 20-5. 3 2

Example: 13223 = 259  Set the cursor line over 132 on K and read underneath on K the answer 2:69.

Calculations with the Scales CF, DF and CIF

(1) Formation of Tables .
Since with the "a-folded” scales CF and DF, the value 1 is more or less in the centre, they provide an | ——: _
advantageous means of continuing the calculations, in the formation of tables, thus avoiding the bdf

necessity for transposing of the slide when calculating on C and D.

13



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 with the aid of the cursor line.

If the “equivalence” in question (e.g. 75 Ibs = 34 kgs.) is not known, but the formula 11b = 0454 kgs., for example,
is known, then €F 1 is placed underneath DF 4-5-4, and this likewise provides the conversion from Ibs into kgs.

(2) Multiplication

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

on DF.
Example: 291 X 4 = 11-44, 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 7-4 = 1361; 42:25 X 37 = 156:3; 1937 X & = 1162
(3) Muliiplication 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 line and
results in multiplication by . -

Example: 1-184x = 372. With the slide in the zero position (€ 1 above D 1 and € 10 above B 10} the cursor line

Examples for practice:
Area of an ellipse: F=aXbXam F =525 X 222 X n = 346. -
Place € 10 above D 5-2-5, bring the cursor line inte position above € 2-2-2, and read the result — 366 — on DF, without
any need to take a reading of the intermediate result — 1165 — on D.

: ) — arm 262 X352 X n
Length of a circular arc: s = 180 s == i5g = 161
We start with the division, i.e. use the cursor line to bring € 1-8 and B 2-4-2 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: 51-2, on D). The multiplication by = is again carried out by switching over to the
top part and by finding the result 181 underneath the cursor line on DF.
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is brought into position above D 1-1-84, and the result — 372 — is read on DF, likewise

beneath the cursor line. ] 'X“TI
The converse operation results in division by 8
Examples: 1585 5.94. Place the cursor line above DF 1-8-6-5 and read the result — 594 — on D. | l

a
™

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

Examples for multiplication by a number of factors:

2:23 167 X 14175 X 24-2 = 1059. Solution: CI-2-23 placed above D-16-7 by the aid of the cursor line; the latter is placed
above CF-1-175. CIF 24-3 under the cursor line. Read result, 1052, on DF, above CF 1.

053 X 0:73 X 3941 X 0-732 = 11.07. Solution: CI-0-53 placed above D-0-73 with the aid of the cursor line; the latter Is placed
above CF-391. CIF 0:732 underneath cursor line. Read the result 1107, on DF, above CF 1.

Colculations with the Pythagoraean Scale P

This scale represents the function y = y1—{(-1x)%; It operates in conjunction with B (= x), of which the values must be
read from 01 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 = ¥1—x® can be read on P; conversely, if D 1= set to y, the
value x = ¥1—y® can be read on P.

61 s _ o ; . Example: y = Y108t = 0:4; x = y1-—04* =038
o[ ‘1' : 7 x If, therefore, we set D to x = 08, we find the
value y = 0-6 on P, and vice versa. o
et ) E le: si = 0134; cos ¢ = 0:991 2
» | Vi e, M e = 0 1
0,995 0,991 0.6 0 obtained on P, and vice versa. -
#lp =1 X cos ¢ Fig.12
.= l T B> Example:
> @ T Calculate the active current and the teactive current of a circuit absorbing 35 A
o with a cos ¢ of 0:8.
Ej- I.J Fig. 13 lpb=1X cos g =35 X 08 =28(A); Iy =1Xsing=235X06=21(A)

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 §, 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 g 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.
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Roets of numbers only just below 1 and 100 can be found by means of this scale with an increased degree of accu-
rocy:

Example: 0925 = y1—04075 = yi—(0-2739)F = 0:9618. We form the equation: 1—z = 1—0-925 = 0-075.

Set the cursor on D 75 and find 02739 on W,; the cursor is now placed on D 2739 and the reading 09618 is taken below
it, on P.

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

The trigonometric scales Ty, Tz and § 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 Ty, T; and S scales are used In conjunction with the D, P and Cl scales, as trigonometrical tables, the fol-
lowing must be noted:

The $ scale, when the black figures are read, provides, in conjunction with the D scale (black), o table of sines; the |sln al
same applies when the red figures are read, In conjunction with the P scale (red). In the case of small ongles the

first procedure is the more accurate, while in the case of wide angles preference is given to the second method. cos

The S scale, when the red figures are read, provides, in conjunction with D (black), o table of cosines; the same app-
lies when the black figures are read, in conjunction with P (red). In the case of wide angles the former process is the Ih“ al
more accurate, while with small angles preterence is given to the latter method.

The two T scales, when the black figures are read, provide, in conjunction with the D scale (black), a table of tangents; I“" a'
the same applies when the red figures are read, in conjunction with Cl (red).

The two T scales, when the red figures are read, provide, in conjunction with the D Scale (black), o table of cotangents;
the same applies when the black figures are read, in conjunction with Cl (red).

sin 13" = 0225 [/ 5 13° (black) — D0-225 (black) -

sin 76° = 097 [/ S 76 (red) — PO97 (red) |

cos 11" = 0982 / S 11° (black) — P 0982 (red)

cos 78" = (0208 / 8 78 {red) — D0-208 (black) | These settings are carried out with the slide rule
tan 32 = 0625 / T.32° (black) — D 0425 (black) | set at zero, by the aid of the cursor line.

tan 57° = 1.54 ! T257° (black) — D154 (black) |

cot 18° = 308 / T218° (red) — D308 (black) | orT; 18" (black) — CI 308 (red)

cot 75° = 0268 / T175° {red) — DO0-268 (black) | or T; 75 (black) — Cl 0:248 (red)

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 ene under the other on D and P. The reading of the angle can also be aveided 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 divigions 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

(1) Example: Given: a = 2; b = 3. Find: c and «. Formula: a X ; = tan ¢; @ X —— = sin g;
C
C 1 above D 2, cursor on Cl 3; result for o (337) found on tan scale.
Cursor on 33-7 of the sine scale; value for ¢ {34) found on CI.

(2) Example: Glven a = 8; b = 20. Find c and «.
C 10 above D 8, cursor on Cl 20; find o (21-8") on tan scale.

Place cursor on 21-8 on sine scale; value for ¢ (21-55) found on CL

—

3 Fig. 14

—

Example: Given: a = 20; b = 8. Find ¢ and «
C 1 above D 20, cursor on CI 8; value for o (68-2%) found on tan scale (Ts). b
Cursor to 682 on sine scale; value for ¢ (21-55) found on CL.

(4) Example: Given: ¢ = 5; o = 34-87°; Find: a and b. Formula: a = ¢ X sing; 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. Fig.15

—

(5) Example: Given: ¢ = 2154; b = 20. Find: a and «.
C 2154 above D 10, cursor to be placed at C 2 (for b = 20) and find the value (21-8%) for o 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 0372 and find the value for q, i.e. 8, on C.

For the scalene triangle we have the formula .9 = b ..

sin o sin g sin ¥

Example: Given: a = 38-3; o = 529 B = 599; v = 499;

Find: b and c. Fig. 16

Place C 383 above S 52% above S 59° and § 69° we now find the results (41-7 and 45-4) on C.
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The Smali-Angle Scale ST and the ¢ Mark on Scales € and D
For the functiens of small angles from 055 to 4° the | The functions of small angles can also be determined
lower part of the body of the slide rule bears the ST . o o -

Scale (< arc 0:01 x) with the formula sin e tane=z arc WLy thesenaik g 180 01253 In SRLOkdaRER.WIh e

The ST scale operates in conjunction with scale D (or C). formula: grg o= DO o= @ S

All further calculations in this column are carried out ‘ In series calculations: set C 1 above p on D; underneath
solely with the aid of the cursor line. the angle-value on C, read the result on D.
Examples for practice: :
sin 2-5° == tan 2-5° =z arc 2-5° = 0-0434; sin 0:4° == tan 0-4° == arc 0-4° = 0-00698; sin 0:0052° =~ tan 0-0052° == arc 0.0052° = (.0000%08.
Set the angle-values on the arc-scale ST. Read the func- ‘ Example: sin 3° =~ tan 3® =~ arc 3* = 0-0524.

|

tions from scale C (with zero setting) or from scale D Place beginning of slide, C1, above D 3; the result (0-0524
{with the aid of the cursor line). can now be read on D, underneath ¢ on C.

For calevlation of the cosine and cotangent functions of angles over 84-5¢

Example: cos 88° = sin 2° == arg 2° = 00349 _ | Example: cos 88° = sin 2° = arc 2 =2 ¢ X 2 = 00349
cot 865 = tan 35 =~ arc 35° = (0.0512 | cot 86:5° = tan35°=: arc3-5% == ¢ X 3-5 = 0.0612
This 1s a simple multiplication; we thus place the begin-
Place the cursor line above the angle-value on the scale ning of the slide, C 1, above g on D, then the cursor line
87, and read the result from € (with zero setting) or on above the second factor on C, and read the result
D, underneath the cursor line. . underneath it, on D.

For conversion of ares inte angular degrees:

Examples for practice: 628 = 380 111 = 35%; 004 = 2.299; 0007 = 0-402°; 064 = 36.7% 032 = 18.350,

Set the arc on the C or D Scale. The degrees can be C 1 or C 10 cbove the ¢ mark on D, then place cursor
read from the arc-scale ST (with the aid of the cursor line above the arc-measurement on D. The angular de-
line). grees can be read above it, on C.*

* Increased accuracy |s achleved when using the 0 marks cn scales W, and W,"
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Calevlations with Complex Numbers

in in
Two complex values ¥ = 75e ® and Y) = 34e ¥ are to be added. They are first of all concerted, in accordance
with the

Euler Equation R X ejp = R{cos g + I tin ¢) 1o the form (a + | b).
For calculations on the slide rule it is best to express these magnitudes vectorially: as follows: ¥ = 7.5/225* and
V) = 34/18 we can now calculate as follows:
(1) Place C 75 above D 10, move cursor to $ 22.5° and read the value of by (287} 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; (693) on C.
{ag + 1 by} = 693 + 1 287.
(2) Place C 34 above D 1, move cursor to S 189, and find the value for by (1-05) on C. Al the same time, find the

value for cos g (0:951) on P. Move cursor to D 951 (red extended graduation) and find the value for a; (3-24)
on C,
(02 + 1 b2) = 324 + {105
ap + gz = 695 + 324 = 1017 and i (by + bg) = i (287 + 105) = i 5-92.
The result is thus: = (10117 + 1 392) ' o
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 5 and find the value for 3 (1092) above it, on CI.
Thus 3 = (1017 + 1392) = 1092/21.07°
and with ¢ X ¢ = o, (p = 0-368) we have ; = 10-92/2107° = 10-92e10-38
Example for the use of the T scale: ; = 192 —1256
Place C 10 above D 256, 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.
3 || 320/—331o
As the numb is in the IVih Quadrant, the angular value must be negative.
The multiplication of complex numbers is carried out in accordance with the equation:

¥ eV =X .elf . ¥ .o =XY . e{¢+0) = XY [2+y
Examples: (1 + 2i) - (3 + 1i) = 2,236 - el - 1,107 . 3162 - ol - 0,516= 2,234/03,45". 3,142/18,42° = 7,07/81.9 — 7,07 - @i 1423
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Calecviations with the Root Scales W

The acdvantage of these scales is the Increased degree of accuracy with which calculations can be carried out on
the usval handy 10" standard model. 1t is gbove 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.

Multiplication

(1) 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 carried cut with the red index mark, the product is read on that scale of the body of the
slide rule which is oppositie te the second factor,

Examples for (I): 1635 X 5365 = 877 809 X 1414 = 1144
Solution: Black Index-1 (Wi -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 | i ]

xf | 5465 J Fig. 17 :?l i 10 [
. ) t
w1‘ 1,635 J W1‘ S ‘
Examples for praciice: 236 X 4-06 = 958; 2-34 X 0-409 = 0-957 777 X 663 = B15; 5165 X 0-2265 = 11499
Examples for (I1}: 1804 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:'-4-44; at the same time find
above Wy'-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,. site scale Wi
Wal . . 50,45
Wy ?| ?,?3 | Wzl - I: — |
. 2 ' !
W]\ 12,95 1,804 ‘ W’{ 234, |
Examples for practice: 1478 X 0945 = 13.97; 294 X 123-6 = 3534 0395 X 0-562 = 0-222; 3-885 X 19425 = 7547
20
Division

() When the figures are set on adjacent scales, the quotient is read at the black index-1 (or -10).
(i1} When setting the figures on mutually opposite scales, find the quotient at the red index-mark.

aid of the cursor line, place W;-3-08 and W,"-2-135 oppo- line, place Ws-42-3 and Wy'-71-7 opposite each other, and
site each other, and find the result (1-443) on Wy, under- find the result (0-589) above the black index-10, on W,.
neath the black index-1.

val_ |

1 2,135
I
T

Examples for (1}: 3-08 = 2135 = 1-443. Solution: With the ‘ 42:3 = 717 = 0-589. Solution: With the aid of the cursor
|
|

W, 423 0,589 J
1! : T

Nz 10 l

w,l I

Wy
| i

F
1,443 308 l

Fig. 19
Examples for practice: 2975 + 1845 = 01595; 2.075 < 14825 = (.014; 4865 = 7905 = 0-6155; 555 — 0-692 = 8:02

Examples for (I1): 3745 = 1-5675 = 238. Solution: cursor line 2377 = 5-67 = 3-415. Solution: cursor line above
above Ws-3745; W;'-1-5675 under cursor line; the result, | Ws-23-77; Wy'-65:67 under cursor line; the result, (3:615) Is
238, is read on W; underneath the red index-mark. found on W, above the red index-mark.
w| s ] il 3415 |
WE" s _ ‘ ! \'\’\\i: : 6567
Wy 1 | | !

W \ 238 [

W'l 277 J

Fig. 20
Examples for practice: 6895 = 2505 = 275-2; 4325 < 1-845 = 234.4; 1.965 — 44.45 = 0.0442; 837 + 11575 = 7-23
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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 Wy'-75 opposite each other.
The following readings can now be taken, likewise with the cursor line: 42 yards = 38-4 metres;
136 yards 1244 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 (I1) and by the aid of the red index-mark,

Examples: “Unit Value™: 1 254 cm. ("Equivalence”:
268" = 66 mm); The red index-mark on Wi is
placed opposite the value 254 on W;; the
inches can now be read on Wy and W, and
the ecm on Wi on W,.

Exchange rate: § 1 = DM 4.00. The value 400 on W; is
placed opposite the red index-mark; the DM can now
be read on W; and W: and the § on Wy and W.":

$ 150 = DM 4-00; § 2:26 = DM 9-04;

DM 740 = $ 1-85; DM 10 = § 2-50.

20" = 508 cm; 40 cm = 1575 : '

Fig. 21 =

Squares and Square Roots

Squares of numbers are found by changing over from the W scales to the C scale situated on the centre of the

tongue, using the cursor line,

Examples: 1662 = 2.76. Place the cursor line on W;-1-64, and find the square (2-.76) above it, on C or on D.
5-25¢ 27-6. Place the cursor line on Wp-5-25, and find the square (27-6) underneath it, on C or
under it, on_D. ’

Examples for practice: 67-3* = 4530; 10-7¢ 114-5; 2-3* = 5.29; 13452 = 1.81; 7-47¢ 55-8

To find square roots, the setting is carried out on C, on the middle of tongue, or on D, with the aid of the cursorline,

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.

J/a
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Examples: V456 = 2135. Cursor line on C-456 (or D 456); the result (2135) will be found below it, on Wi’ or W,.
/56 = 7-483.  Cursor line on C-56 (or D 56); the result will be found above it, on scale Wy or Ws.

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. - - B

Example: V076 = V76 = 100 = V76 < 10 = 872 <+ 10 = 0872; 275 = V100 X 275 = 10 X ¥2.75 = 10 X 1-658 = 1658
/7575 — Y100 X 2375 = 10 X y2375 = 10 X 4875 = 4875;1/0-00578 = Y378 - 100000 = y/37-8 - 100 = 6:15: 100 = 0-0415
When using the root scales for calculation of squares and square roots, calculations can always be continued.

Examples:

05735 X ]f’(faﬁ_s= 07575. Cursor line on D 2625; C 1505 under curser line; now place cursor line above W»-0-56735, and

also read off the result, 0-7575, underneath the cursor line.

R 7SEH 00043 Cursor line on W, 5275, then W' 493 under cursor line, then cursor line on C 0:0243, and also

493 =R ;
' read off result, 2-782, on D, underneath the cursor line.
6_3;>2<5§f£ = 15.25. Cursor line above D §34, then W, 3-252 under cursor line, then cursor line above C 25-45, and

also read off result, 15:25, on D, underneath the cursor line.

lg a

Calculations with the Mantissa Scale L | =
This scale operates in conjunction with the W scale. In this connection, attention should be paid 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 !he.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 1-35 = 0-1303.
Examples for practice: log 2:655 = 0-424; log 0-237 = 03747—1; log 1938 = 3:2875; log 0-0119 = 0-0755—2
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(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 = 1758, 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 57-3 = 1.758.

Examples for practice: leg 906 = 0957; log 0-0636 = 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: 245324 = 3.24 X log 245 = 324 X 2:389 = 7.74; 245524 = 55000 000

g 10000 4.0

420x = 10000; x X log 420 = log 10000; x = m—=m=1-525

The Exponential Scales LL, LL, and LL; for positive exponents;

LL;, LL,; and LL,; for neg_ative exponents

The back of the slide rule has two four-stage groups of scales for the exponential functions, which are based on
the basic scale C and D. The scales for positive exponents (black) extend from 1-:00088 to 60000, while those for nega-
tive exponents {red) rxtend from 0-00002 to 0:999. The e-x scales are reciprocal scales for the ex scales. In this connec-
tion it should be noted that the numerical values given on the exponential scales do not change where the decimal
places are concerned; thus, "1-04"” invariably signifies 1-04 — not 104, 104, etc.

When changing over from an internal scale to the next one, proceeding cutwards, the exponential scales give powers

of ten, e.g. —
0-9551 = 0-631; 063110 = 0:01; 0:9241® = 0-454; 0-45410 = 37 X 104 — 0-00037 . a®
1-047210 = 1.586; 1-5861° = 101; 1:0810 = 2-16; 2161 = 22 X 10* = 2200 a'®

When changing over to the next but one, proceeding outwards, one obtains powers of.a hundred, e.g. —
09551 = 0:01; 1-047151% = 100; 0-9241% = 3.7 X 104 = 000037; 1-81% = 2200

24

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

0___ 10 100 w______ 10 __ 11 00
7025 = 0-8705; ¥0-8705 = 0-98623; y0-25 = 0.98623; v0-00007 = ¥7 X 105 = 0-384; y0-384 = 0-9087; y0-00007 = 0-9087;

100

-I/lqcs; —l/q.

10 10 100 _
V4 = 11488; 11488 = 1-01396; v4 = 1-01396;

10 10 o___ 00
Y15000 = 156 X 10¢ = 2:616; V2616 = 1-1009; y15000 = 1-1009.

Note the following:

1
At 100 on the LLs Scale, the LlLy scale shows the value of 100 = o0 ) 1
1 since ex =

At 125 on the LL; Scale, the Ll scale shows the value of . 08 e’

Exponential scale LL, for g8-001x

As the values of the D scale are almost identical with those of the e0-001 scale, the exponential §ca|e LL; has be_\en
incorporated in scale D. Up to the value 0005 = 1.003, the deviation is only 0-000 005. Beginning with e0004, correction
is provided in that the actual value is shown in oblique figures at the right hand of the numbers pertaining to scale D.

The Natural Logarithms Ina
The natural logarithms are found by setting the antilogarithm with the long cursor line on the LL Scales and by read-
ing off the mantissg, likewise undermeath the cursor line on D, or (in the case of the zero position) on C. The foregoing

applies, mutatis mutandis, to the “place-of-decimal ranges®”.
Example: In 25 = 322; In 145 = 497; In 13 = 0:262; In 0-04 = —3-22; In 066 = —0-414; In 098 = —0-0202.

en

Powers of e
The powers of e (base of natural logarithm e = 2-71828...) are obtained by setting the exponent, by means of the
cursor line, on scale D or (by zero-ing) scale C. The e power is then found on the LL scale. In this connection the
range for the D scale and C scate is 1-10 at Lly, 01-1 at LLs and 001-01 at LL:.
Example: eté1 = 5; set cursor line over D 141, find result on LL? 5. .
In the same way (at zero position) one can also set the cursor line over D, instead of C.
Further examples: 0161 = 1.175; 00181 = 1.01622; eti2 = 500; eb622 = 1-862; 00622 = 1.0642;

el?8 = gl +25 = 10X e25 = 22,000 X 122 = 268,400.
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In case of negative exponents, one uses the negative exponential scales Llys, Llgs, LLyg, LLg.

Example: 161 = 0-2; set cursor line over D 161, find result 0-2 on Llys.

In the same way (slide at zero position) one can also set the cursor line over D, instead of C.

Further examples: &0161 = (.8512; 00161 = (.984; e¢22 = (.002; e0622 = (537; o0042 = (.9397,

In forming the hyperbolic functions, the argument x is fixed on the C scale with the aid of the cursor.

On the ex and eXx 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 + ex  1.84 — 0:543

cosh 35" = cosh 061 = 7 = 3 = 11915 m
sinh 350 = sinh 061 = &1 €% _ T8 T 0SB _ 545 cosh x
Roots of e
We express the root as o power with a reciprocal exponent and then proceed as above (under powers of e).
Example: V& — e025 — 1.284; @ = et = 546; Ve = 0125 = 1435; Yo = o8 = 2980 f/‘é
12'5

006
Ve = el08 = 1.0834; Ve = eglbéé = @835 X 83 = 4146 X 4146 = 17187000

Powers of any numbers desired a
Powers of the form ab are obtained by moving C-1 into positich above the basic value, a, of the corresponding LL
scale, after which the cursor is moved to C-n. The value of an can then be found on LL, e.g. —

3.752:%6 = 50, Cursor above LL3-3-75, Cl under cursor line; then cursor line above C 294, and read off the result, 50,

on LL;.
Further examples: By means of the Llg scale:
42216 = 22.7; 420216 = 1.364; 4.200216 = 1-0315 005216 = 1.55 X 103 = 0-00155
42216 = (.045; 420216 = (-7335; 4.2-0:0216 = (96945 0-050-216 = 0-524; (0-050-0216 = (-9374
0:05-2-16 = ——— TT = 6446 (reading to be tuken on the
0082 LLy scale).
1 .
00500218 = ——— .. = 191 (reading to be taken on the
0-050-71¢ LL; scale).
As regards the places of decimals, see remarks under "Powers of e.”
26
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Roots of any numbers desired l/ a

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. Cursor line above LLs-23, C 44 under cursor line, then cursor line above C 10, and read off the result,
2:04, underneath it, on Lla.
2:08
Examples: 1068 = 1.03216 {place C-2-08 above LL;-1-068, take reading on LLy).
06
Y152 = 935 (place C-06 above LlLy-152, take reading on Lls).
20

V441 = 1.077 (place C-20 above LlL;-4-41, take reading on LLy).
5
Y05 = 08705 (place C-5 above LLy:-05, take reading on Llge).
50_ :
Y05 = 098622 (place C-50 above LLy-0-5, take reading on Lles).
5

5
Further examples: y2 = 1-149; y20 = 182
006
V242 = 7421668 = 2.428-33 X 2-42833 = 1580 X 1580 = 24946400

The Logarithms to “Base 10" |_I?_f'_|

Place the cursor line above LLs-10 and C 1 of the central tongue-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.
Setiings and readings can now be carried out by the aid of the cursor.
By means of the Llgs scale:
log 10 = 1; log 100 = Z; log 1000 = 3; log 200 = 2-301 log 01 = -1; log 0-01 = -Z; leg 0001 = -3.
log 20 = 1-301; log 2 = 0-301; log 1-1 = 0-0414, log 0-2 = -0:69% = 0.301-1; log 005 = -1-301 = 0-699-2.
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Productien of Legarithmic Diagrams to any desired scale.*

When diagrams are produced with a logarithmic graduation, it is ofien necessary to solve y = a log % (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 = 333; x = 2; 3, 4; é.

With the cursor line p!ace C 333 above LLy 10 (logarithmic unit} and find, with LL; or L1s 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.

Logarithms to any desired base "log a

Place the beginning of the C1or C10 above the base on the LL scale; this provides a table of the relevant logarithms, e.g.
flag 200 = 7-44; tlog 22 = 4-46; place C 10 above LL-2; find the value 7-44, at LLs-200, on C, and the value 4-46, at
LL;-22, on C (all by the aid of the cursor line).

Further examples:
log 1:2 = 0:263; bllog 10 = —1:431; 0-8log 2 = —3-11; Slog 25 = 2; OSlog 25 = —4-64;

Note the fellowing: ?log a = 1; eg.: Zlog 2 = 1; 2log 4 = 2; 2log 8 = 3
0Slog 05 = 1; 03log 4 = —2; USlog 8 = —3
USlog 025 = Z; USlog 0-125 = 3

* by a method devised by W. Rehwald, Dipl.-Phys. at the High Frequency Institute of the College of Darmstadt.
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Meduning of the Scale Marks

The value = = 3-1416 is specially marked on the scales C, D, Cl, CF, DF, CIF, W1, Wy, W, Wy'. This makes the value = far
easier to find and set.

Mark ¢ = 0-01745 on the scales C, D, Wy, Wy’ (see page 15).

The ST scale for small angles contains so-called correction-marks in the range 4%-4%, which give the correct functional
values for sine and tangent.

Examples: tan 2-5* == sin 2.5¢ = 0.043§; tan 4° =z sin 4° = D-0497.

For an exaet 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 3-5° = 0-0612; tan 4.2° = 0-0734; tan 533° = [(-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 &% It applies to the range 54,

Proceed In this case as in the foregoing, only in the opposite direction.

Mark e = 271828 (base of the nat. log} on the scales LL; and LL;.

The Cursor . N y &

The two-sided cursor has a long central line on the front and back, to enable 1 3
settings to be carried out and readings to be taken in ordinary continuous calcu- ! 1
lations; it also has the red side-marks on the righi-hand and left-hand edge, for
reading values on the extended red supplementary graduations which the central | ‘
cursor line cannot reach. o R ‘

Fig.1%
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The fields of application for the remaining marks. are as follows:

Calculation of the area of a circle, on front of slide rvie (d, q)

Set the central main cursor line (d) over the diameter on scales D or C and find the relevant area on scales A or B,
under the two short cursor lines in the upper left hand corner.

Calculation of the area of a circle, on back of slide rvle {d, q)

Set the right-hand interrupted cursor line (d) over the diameter on scales Wi or W: and find the relevant area on
scales C or D, below the short cursor lines {q) in the lower left hand corner.

Examples: d = 48 cm; g = 181 ecm? d = 32 cm; q = 8-04 cm?.

To facilitate calculations of the volume of ¢ cylinder, there is a third short upper cursor line relating to scale CL.

Conversion of horsepowers to kilowatts

can be cairied out on the scales C and D with the aid of the two short lower cursor marks “HP* and “kW*".
Examples: 28 HP = 20-8 kW; 45 kW = 6.04 HP.

Direct calculations with the factor 3-6.

We use the cursor line "340” in the upper right hand comer,

Examples: 150 km/h = 41-6 m/sec. (Mark 3-6 on DF 150 gives 41-6 under the main line on D).
Determine the interest on DM 2420 at 3-75% in 95 days. (Mark 3-6 on DF 2420; Cl 375 under main line; the
interest, i.e. DM 23.94, can be seen on DF, above CF 95).

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

Press open the two .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 top. 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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The Care of the Slide Rule:

CASTELL Slide Rules are valuable precision implements and require careful handling.

They are made of an ideal special plastic material. This is highly elastic and thus unbreakable provided it is com-
petently handled. It will stand up to climatic conditions; it is moisture-proof and non-inflummable and will resist the
majority of chemicals. These slide rules should nevertheless not be allowed to come in contact with corrosive liquids
or powerful solvents, which are at all events liable to attack the colouring-agents applied to the graduation-marks,
even if they do not actually harm the material itself. If necessary, the smooth movement of the slide can be impro-
ved by the use of vaseline or silicon oil. In order not to detract from the accuracy of the readings, the scales and
the cursor should be protected from dirt and scratches and should be cleaned with the special cleaning agents
CASTELL Na. 211 (liquid), or No. 212 (cleaning paste).

31



