A Complete Side Rule Manual - Neville W Young
Chapter 1 —Introduction

1.1 ThePartsof a SlideRule:

The following are the names we will be using throughout this book to describe the various parts of a Slide Rule.
Upper Body — or Stock

Lower Body — or Stock

Slide

Cursor

Hair Line
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Fig 1-1

1.2TheC and D Scales

These two scales are the basic scales of the Side Rule. The C scale is found on the lower edge of the dide and the
D scale on the upper edge of the lower body. We will use the C and D scale for multiplication and division, and in
later units we will seethat all of the other scales on the Slide Rule arerelated directly to them.

For thefirst four units of this book we are going to forget all other scales and learn about the form and uses of the C
and D scales.

The C and D scales arelabeled from Ieft to right beginning with the Left Index of 1 to the Right Index of 10. (Some
Slide Rules may have the divisions extended past these values, and thisis an advantage).

In Fig 1-2 you will notice (as on your Slide Rule) that the Primary Graduations (numbers) from 1 to 10 on the C and
D scales are not evenly spaced. These scales are what we call logarithmic scales. That is, although the labeling is
according to ordinary numbers the spacing or divisions between these are the logarithms of the numbers. You do
not have to know about logarithms to use your Side Rule, but if you have a knowledge of logarithms you will be
able to understand how these scales work. If we check with alogarithm table we would find that: -

Logil = 0.0000
Logip2 = 0.3010
Log103 =0.4771
Log105 = 0.6990
L0g1010 = 1.0000
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Fig 1-2

Thus when the numbers 1, 2, etc are placed on the C and D scales, their position is according to their logarithm.
That is, 1 is no distance along, 2 is at the point .3010 of the distance along the scale, 3 is placed 0.4771 on the
distance along the scale, and 10 is at the extreme end. Thisif your Slide Rule scale was exactly 10 inches long, you
would find 2 at 3.01 inches, 3 at 4.771 inches, 5 at 6.99 inches and 10 at 10 inches.

1.3 Reading the C and D Scales

The upper scalesin Fig 1-2 show the C and D scales divided into the Primary Graduations, that is 1, 2, 3,. .. 10. In
the lower scalesin Fig. 1-2 you will note that these have been further divided into tenths or Secondary Graduations.
The graduations immediately after 2 thusreads 2.1, or the graduationsimmediately before 7 reads 6.9.

On your Slide Rule you will natice that there are till further subdivisions. These divisions are called the Tertiary
Graduations and they vary along the scale as shown in fig. 1-3.

Primary Gradations -
/""Secondary Graduations

/ | Teértiary Gradua tiuilh‘\l‘ K N

A 075 SR S S Ak

The C and D Scalesarein Three Sections
(i) From1 to 2 each small division is 0.01.
(i) From 2to 4 each small division is 0.02.
(iii) From 4 to 10 each small division is 0.05.

Thus the graduations immediately after 15 is 151, the graduation immediately before 3 is 298 and the graduation
immediately following 7is705.

It isnot just a case of learning off by heart these variations of scale divisions, but also practice at reading them. Itis
the same asreading a ruler with different divisions such as eighths, tenths, etc.

1-2
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Even though the C and D scales are labeled from 1 to 10, this does not restrict us to this range of numbers. We can
think of 1 as being 10 and 10 as being 100, then 3isread as 30, 7 as 70, etc. Or if we take 1 as 100 and 10 as 1000
then 2 isread as 200, 4 as 400, etc. On the other hand if wetake 1 at 0.1 and 10 as 1, then 5isread as 0.5 and 9 as
0.9, etc. Wetreat .025, 2.5, 25, 250 etc. all as the same point on the C and D scales. The positioning of the decimal
point for answerswill be discussed at length in Chapter 2.

Exercise 1(a)

Find the following values on your C and D scales by using the Hair Line or Cursor.
0] 114 (vi) 5.75
(i) 0.163 (vii) 755
(iii) 19.8 (viii)  0.009
(iv) 2700
(v) 0.04125

1.4 Accuracy of the Slide Rule

With a ten inch Slide Rule we can generally read off three significant figures from the C and D scales. This is
sometimes a little difficult at the right hand end, while at the left hand end sometimes we can manage four figures.
Always try to estimate the value of the number you are reading when it does not fall exactly on a graduation.

Three significant figures means the error is about one part in one thousand of 0.1%. For all practica engineering
purposes thisiswell within accepted limits. Of course a smaller Slide Rule isless accurate and a 20 inch one would
give four significant figures or 0.01% error. Ten inch Slide Rules such as the Faber-Castle 2/N83 have ‘root scales
("W scales') which are 20 inch scales split and fitted on a 10 inch rule. These scales give the accuracy of four figure
logarithm tables.

In later units we will note that by decreasing the number of moves required in a calculation, or by eliminating the
need for reading a value off one scale and then finding it on another, we will increase our accuracy noticeably.

It is very important to avoid error due to Parallax. Because the hair line on the cursor is raised above the scales,
error will result in reading values from an angle to either side. Always read your Side Rule fromimmediately above
the hair line.
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Chapter 2 —Multiplication and Division (C and D Scale)

2.1 Adding with Uniform Scales
Fig. 2-1 shows how we could construct a simple cal culating device to add numbers (e.g. two ordinary rules).

|

I

1011121314 1516171819 21
Fig 2-1

12345678 91011121314151617181921
I T |
I T I
1 2343567829

Tocalculate 2 + 3:
1. Find 2 onthelower scale.
2. Place the O (beginning) of the upper scale over the 2.
3. Move aong the upper scaleto 3 and read off the answer of 5 on the lower scale below the 3.

If we wish to find 2 + 7 we would follow the first two steps as above. Then for the third step go aong the upper
scaleto 7 and read off 9 on the |lower scale as the answer.

2.2 SimpleMultiplication
The Slide Rule isdesigned to add or subtract lengths. In using the C and D scales, the lengthswe add or subtract are
logarithms of the numbers marked on the graduations. Thus when lengths are added the numbers are multiplied.

Fig 2-2

Examplel: 2x 3=6 (Fig. 2-2)
1. Placethelé€ft index of the C scale over 2 on the D scale.
2. Setthehair line over 3 onthe C scale.
3. Under the hair lineread off 6 on the D scale asthe answer.

Note: Thehair line on the cursor may be used in the following ways for this method of multiplication.

(8 To mark a number on the D scale which does not fall exactly on a graduation, so that the index of the C
scale may be set aboveit.
(b) To set over the second number on the C Scale so that the answer can be read off on the D scale.

Example2: 1.14 x 1.32 = 1.505 (Fig. 2-3).
1. Placethelé€ft index of the C scale over 1.14 on the D scale.
2. Setthehair line over 1.32 on the C scale.
3. Under the hair lineread off 1.505 on the D Scale as the answer.

Exercise 2(a)

Use the three steps as shown in the examples above to cal cul ate the following:
0] 15x4.7= (iv) 195x5.05=
(i) 22x24= (v) 7.61.25=
(iii) 258x31= (vi) 6.88x 1.09 =

Note: In parts (v) and (vi) of Exercise 2(a) it would be better to do the multiplication in the reverse order. (e.g. 1.25
X 7.6 instead of 7.6 x 1.25). Thiswould mean much less movement of the slide, thus speeding up the calculation.

2-1
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2.3 UsingtheRight index for Multiplication
Consider the product 9 x 8. If we follow the steps as used in the examples above, the 8 on the C scale falls

hopelessly off the end of the D scale. The problem is overcome, by placing the right index of the C scale on the 9,
instead of theleft index.

MERETT L ECKEL

P
[

Fig 2-4

Example1l: 9x 8 =72 (Fig 2-4).
(i) Place theright index of the C scale over 9 on the D scale.

2-2
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(i) Set the hair line over 8 on the C scale.
(iii) Under the hair lineread off 72 on the D scale asthe answer.

Note:
(8 Thismethod works asit is equivalent to subtracting the logarithm of the reciprocal of 8, that is dividing by
1/8. (i.e.9+1/8=9x8).
(b) Theanswer isread as 72, not 7.2. ( The positioning of the decimal point will betreated in detail in 2.4).
(c) Avoid excessive dide movement (e.g. for 2 x 7, work it as 7 x 2 thus bringing the right index of the C scale
to 7 ingtead of right along to 2).

Example2: 6.62 x 6.4 =42.4
1. Placetheright index of the C scale over 6.62 on the D Scale.
2. Setthehair line over 6.4 on the C scale.
3. Under the hair lineread off 42.4 on the D scale as the answer.

Exercise 2(b)
0] 57x65= (iv) 207x326=
(i) 6.9x39= (v) 185x7.4=
(iii) 53x31= (vi) 3.24x0.56 =

2.4 ocating the Decimal Point

From the last set of exercises we can readily see that for multiplication on the C and D scales the Slide Rule does not
give us the position of the decimal point. Thiswe have to decide for ourselves. Do not try to learn arulefor
locating the decimal point as this has been proved to be inadequate and confusing.

The Best method isto make a quick estimate of the answer. Thiswill always give you the position of the decimal
point and checked the magnitude of your answer too.

Example 1:
3.96 x 124.5="493
(i.e. approx. 4 x 125 = 500)
therefore the answer is 493.0

Example 2:
488 x 0.283 =1381'
(i.e. approx. 500 x .3 = 150)
therefore the answer is 138.1

Note: The other possibilities are 13.81 and 1,381 which are along way off 150. So even if the approximation is
fairly rough, it will not spoil this method.

Example 3:
0.46x 72.3x522="'1735
(i.e. 0.5x 70 x 50 = 0.5 x 3500 = 1750)
therefore the answer is1735.0

When very large or very small numbers are involved, the above method can be streamlined by using standard form
(or scientific notation). For example, we can express 2900 as 2.9 x 10°and 0.0012 as 1.2 x 10, Thus 2900 could
be approximated by 3 x 10% and by 1 x 10°. Always approximate 2.5, 2.6 etc. by 3 and 2.4, 2.3 etc. by 2.

Example 4:
640 x 0.00024 = * 1538’
(i.e. approx. 6x 10° X 2x 10* = 12 x 102=.12)
therefore the answer is0.1538

2-3



A Complete Slide Rule Manud - Neville W Y oung

Example5:
0.024 x 36 x 430 x 0.057 = ‘1538’
(i.e. approx. 2x 102 X 4 X 10X 4 x 10* X 6 x 10% =192 x 10-1 X = 19.2)
therefore the answer is21.2

Exercise 2(c)

Locate the decimal point in the following:
(iv) 150 x 0.019 = ‘285’ (ix) 304 x 75.6 = 1230’
(v) 0.0836 x 0.0042 = * 351’ (x) 720x 0.35x 24.1 =607
(vi) 1300 x 63 =819’ (xi) 781 x 0.682 x 0.207 = 1102
(vii) 250 x 0.0025 = ‘625’ (xii) 144 x 0.146 x 10.8 = ' 227’
(viii)  0.125x0.5='625 (xiii)  0.03x0.81x0.362 =880

2.4 Continuous Multiplication
To Multiply three or more numberstogether:
1. Multiply the first two together.
2. Hold thisanswer with the hair line on the cursor.
3. Multiply thisanswer by the next number. (Thehair line acts asa memory, enabling usto hold a
number for further use).

Example: 2 x 15 x 88 = 2640

Step 1
1. Placethelé€ft index of the C scale over the 2 on the D scale.
2. Setthehair line over 15 on the C Scale.
3. Thehair linehold the answer on the D scale.

Step 2
4. Placetheright index of the C scale under the hair line.
5. Reset thehair lineover 88 on the C scale.
6. Under the hair lineread off ‘264’ on the D scd e asthe answer.
To locate decimal point:
2x15x88=2x20x90~= 360
there for the answer is 2640
(= stands for “approximately equals’)

Exercise 2(d)
(i) 0.11x175= (xi)  17x28x46=
(ii) 50.2x 31.8 = (xii)  0.18x104x 0.043=
(iii)  0.14x0.26= (xiii) 62x1.2x0.47=
(iv) 25.6x142 = (xiv)  36.2x38x0.042
(v) 18.3x0.031 = (xv)  80.4x0.171x 0.0316 =
(vi) 650 x 6.5 = (xvi) 2x0.31%=
(vii)  0.945x61.5= (xvii) 52°=
(viii) 111x0941= (xviii) 29.2x4x75x132x72=
(ix)  2xm= (xix) 70°x0.31%=
(x) 40.25x 51.5 (xx)  20.25x 22.5x 0.0005 =
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Chapter 3 —Division (C and D Scale)

3.1 Subtracting with Uniform Scales
Fig. 3.1 shows how we can subtract numbers using a pair of uniform scales (e.g. two ordinary rulers).

6 7 83 9101112131415 16171819 21
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1011121314 151617 1819 21
Fig3-1
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To Calculate6—2:
1. Find 6 onthelower scale.
2. Placethe 2 of the upper scale over 6.
3. theléft index (i.e. the 0) of the upper scale indicates the answer as 4 on the lower scale.

3.2 Simple Division
When we subtract numbers on the C and D scales we have division.

Fig 3-2

Thisis because the lengths we are subtracting are the logarithms of the numbers.

Examplel: 6 +2=3(Fig. 3-2)
1. Set thehair lineover 6 onthe D scale.
2. Placethe 2 of the C scale under the hair line.
3. Bdow thelé€ft index of the C scale read off the answer as 3 on the D scale.

Note: Thehair line on the cursor may be used for division in the following ways.
(8 To mark the numerator (i.e. number we are dividing into) on the D scaleif it does not fall exactly on a
graduation, so that the denominator (i.e. number we are dividing by) on the C scale can be set aboveit.
(b) Thento set over theindex on the C scale so that the answer can be located on easily on the D scale.

Important Points.
6
(8 When we set up division on the C and D scale it appears seemingly upside down. To calculate6 + 2 (i.e. E )
we find 6 on the (lower) D scale and 2 is placed above it on the (upper) C scale, thus appearing on the Slide
2
Ruleas — .
6

(b) For division the answer isaways indicated on the D scale by the index of the C scale. If theleft index of the C
scale runs off the end of the D scale, you will notice that the right index will come onto the D scale. Whichever
index comes onto the scale, we can use that index to find the answer.

Example2: 56+7=8
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1. Se thehair line over 56 on the D scale.
2. Placethe 7 of the C scale under the hair line.
3. Below theright index of the C scale read off the answer as 8 on the D scale.

Exercise 3(a)
(i) 4_3 = (iii) z =
5.5 35
5.7 (iv) 675+ 326 =
iy 5= (v)  196+14=
9 (vi) 66+142=

3.3 Locating the Decimal Point
The best method isto make a quick estimate of the answer. This can be accomplished by several different
approaches.

Example 1:
194 + 4.15="'467
(i.e. approx. 200 + 4 = 50)
therefore the answer is46.7

Standard form (or scientific notation) may be used when very large or vary small numbers areinvolved.
Example 2:

56000 + 750 = ‘746’

(i.e. approx. (6 x 10%) + (8 x 10%) = .75 x 10

Good general methods are:
(a) or large numbers divide both numbers by 10, 100, or 1000 etc. (whichever isapplicable). That is, cancel
corresponding zeros in both numerator and denominator (i.e. top and bottom).

Example 3:

47000
———— =y
3240

~ 50000 50
(i.e. ———=—=16)
3000 3
therefore the answer is 14.5

(b) For small numbers multiply both by 10, 100, 1000 etc., by moving the decima point a certain number of places
to theright asfollows.

Example 4:
042 .
0.061
(i.e. approx 04 _40 7
- 006 6
therefore the answer is6.88
Exercise 3(b)
Locate the decimal point for the following:
0] ﬁ ='878 (i) —75'9 =306’
4.1 248
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(v) 261 _, 2175
(iii) ﬂz 362’ 0.012
0.243 (vi) 9.42 + 216 ="'436'
(vii) 0.024 + 0.08 = *300’
0.23 (viii) 520+ 0.45='1155
(iv) ——="756 (ix)  0.084+0.0025 = ‘336’
304 (x) 43500+ 13.6=‘32
Note:
(8 When we divide by a number less than 1, the answer isaways larger than the number we are
dividing into.

(b) Unlike multiplication, with division we never run off the end of the D scale for the answer. Either
the left or right index of the C scale will always be on the D scale.

3.4 Continuous Division
When dividing anumber by 2 or more numbers, after each division, hold the answer on the D scale with

the hair line and repeat the division process as many times as necessary. (For combined multiplication and
division see Unit 4).

Exercise 3(c)
Miscellaneous Division.
: 360 _ 219
O () =
18 17x28
(xii) —35 =
(i) @ = 0.12x0.47
0.6
(xiii) —805 =
(iii) % = 104x0.043
35
oy 06
(iv) E = 522
8
w1922
V) 43.75 _ 312
0.0304
(xvi)  0.00593 + 2.66 =
(vi) 3025 +55= (xvii)  0.00207 + 0.000523 =
(vii) 1925+ 17.5= (xviii) 36400+ 26 =
(viii) =m+2= (xix)  20.25+0.00045 =
(ix) n+6= (xx) 0.001035 + 111 =

(x)  93+9600=
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Chapter 4 —Combined Operation on the C and D Scale

4.1 Alternate Division and M ultiplication

414x2.62

For a problem such as W , if we multiply 414 by 2.62 and then divide by 545, the following steps would

be required.

AR

o

6.
7.

Fig 4-2

Place theright index on the C scale over 414 on the D scale. (Fig 4-1)
Set the hair line over 2.62 on the C scale. (Fig 4-1)
Thehair line hold the answer on the D scale.
Move the dide so that 545 on the C scaleis placed below the hair line (i.e. to divide the previous answer by
545). (Fig 4-2)
Below theright index of the C scale read off the answer as*199'.
. 414x2.62 400x3
(i.e ~ ~ 2

545 500
therefore the answer is1.99

Note: By using the procedure above, we would have to hold the answer once with the hair line and move the dide
twice. This could be reduced to only one move of the dide, with no need to hold the answer with the hair line, if we
werefirg to divide 414 by 545, and then multiply by 2.62.

This saving is because the answer from a division is marked on the D scale by the left or right index of the C scale,
thus allowing us to then multiply without moving the dlide.
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Fig 4-3

Example 1: 414x2.62 =1.99 (Fig 4-3)
545

1. Setthehair line over 414 on the D scale.
2. Place the 545 of the C scale under the hair line. (Right index on the C scale marks the answer of this

division).
3. Reset thehar line over the 2.62 on the C scale.
4. Under the hair lineread off 1.99 on the D scale as the answer.

The hair line is only used for convenience of reading values, and the dlide is positioned once for the two
calculations. These savings, apart from anything else, will increase accuracy and speed.

Example2 107.5x30.6x125 _, ., ¢
18.5x216
1. Setthehair line over 107.5 on the D scale.
2. Placethe 18.5 on the C scale under the hair line.
3. Reset thehar line over the 30.6 on the C scale.
4. Placethe 216 of the C scale under the hair line.
5. Reset the hair line over the 125 on the C scale.
6. Under the hair lineread off 1029 on the D scale asthe answer.
. 100x30x100 300
(i.e. approx. = ~ 80

20x200 4
therefore the answer is 102.9

Note: The above method necessitated one move of the dide and one holding of the answer with the hair line. To
multiply the three numbersin the numerator and then divide by the two numbersin the denominator would mean
four moves of the dide, ingead of one. Thus the three progressive answers would have to be held ingead of only
one, asin example 2. For the alternating division and multiplication, the only time extra moves may be required is
when we run off the end of the scale for multiplication.

4.2 Locating the Decimal Point
The procedure outlined in 2.4 and 3.3 covers al that isrequired for combined operations.

Example:
560x0.032x95 |
0.73x410
, 600x0.03x100 6x10°x3x10*x10*> 18
(i.e. approx. = 5 =—=4)
1x400 4x10 4

therefore the answer is5.69



Exercise 4(a)

Locate the decimal points for the following:

(i)

(i1)

(iii)

4.3 Miscellaneous Pr oblems

Exer cise 4(b)

(i)

(i)

(iii)

(iv)

v)

(vi)

(vii)

Exer cise 4(c)

370x143
18

0.68x16.3
0.041x23.2

564x134x413
—_— =771

232x1745

35x23
46

12.78
61

0.21x36
0.125

0.0835x445
96

1.4
0.475

64.5x468
0.374

64x2.5
48x0.15

=294

(iv)

v)

(viii)

(ix)

)

(xi)

(xii)

(xiii)

(xiv)

(i) Find V if r=3.6cm and h =7.1cm, given that V=nr’H

A Complete Side Rule Manual - Neville W Young

1

='215
26.4x3.44x0.511

19.5x135x744
220x0.62x5.1

230x560
19x840

220x0.36x4.3
0.15x95

2.8x76x11
0.37x0.51

2500x0.052
0.37x46

235
11.5x2.9x3.22

5.72°x314
7.66

23.4x964x183.5
48.2x38.2x103.6

2
(i)  FindFif F =

, given M=145.0, V=42, g=9.8 and r=3.65.
gr
-1
(i) 1f P= Ru find Pwhen R=64.2 and t=1.54.
(t+2
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PRT
(iv) Simple Interest = E . Findtheinterest if P=$245 at R=6.25% for T=5 Years.

(V) Surface area, A, of acylinder, isgiven by A=2ar(h+r). Find A if r=7.3cm and h=12.2cm.
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Chapter 5— Squares and Squar e Roots (A and B or X? Scales)

5.1 Theform of the A and B Scales.

On most Slide Rulesthe B scale is on the top edge of the slide and the A scale on the bottom edge of the upper stock
or body of the Rule. The A and B scales arelabeled from 1to 100. They consist of two parts, 1 to 10 and 10 to 100,
each actually ahalf sizereplica of the C and D.

3 4 3 f T 8 8 1K
il il riilein il i i i
3 it 3 8 ] g o
| TLELEL | I ".:.I;I |
3 il S LR, 6 e - i
| | -'-| TN} timilagi - him I =
i 3 35 3 T
B T ST T _..'_...L.._....:. Liniill) |:; .'..I..n L LLLELLLY 1
i) E40i5Y i | 0 S
5 ] B T | % 3 | '
] : CHRE RARHP LU LR | D
I i g
I

Example 1: 82 = 64 (Fig. 5-1)
1. Setthehair line over 8 on the D scale.
2. Under the hair line read off 64 on the A scale asthe Answer.

Note: It isadvisableto usethe A and D scalestogether, or the B and C scalestogether. That is, use apair of scales
that are either both on the body of the Slide Rule, or both on the dlide.

5.2 Squares

Example 2: 14.5° = 210 (Fig. 5-2)
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1. Setthehair line over 14.5 and the D scale.
2. Under the hair lineread off 210 on the A scale asthe answer. (i.e. approx. 152 = 225)
3. Therefore the answer is210.

Exercise 5(a)
M 7= (iv) 0.9;2 -
(i) 55= v) — 11.3=
(i)  7.65°= (Vi)  1414%=

5.3 Locating the Decimal Point for Squar es
An approximate answer isthe best method, and quite often standard form (scientific notation) isa great help.

Example 1:
352 =11225
(i.e. approx. 40% = 1600)
there for the answer is 1225.0.

Example 2:
197% =389’
(i.e. approx. 2007 = 40,000
or (2x 10%?=4x 10
Therefore the answer is 38,900.

Note: On sguaring numbers larger than 1, the answer is aways greater that the original number. The oppositeisthe
case for numberslessthan 1. The following examples show us that on squaring a number less than 1, the answer is
always smaller than the original number.

Example 3:
0.31='9¢'
(i.e. approx. 0.3 = 0.09)
therefore the answer is 0.096.

Example 4:
0.0085° = * 7225’
(i.e. approx. 0.009? = (9 x 10°%)? = 81 x 10° = .000081)
therefore the answer is0.00007225

5.4 Miscellaneous Squar es

Exer cise 5(b)
® 65° w 0.00022°
(i 207? v 30.25°
(i 0.084° (viD (5.4 x 10°)?
™) 0.123° (vi) (2.83 x 10%?

5.5 Squar e Roots (Number s between 1 and 100)
These are read directly by finding the number on the A and B scales, and with the aid of the hair lineits square root
isimmediately bel ow on the C and D scales.

Example1: +/56.25=7.5 (Fig. 5-3)
1. Setthehair line over 56.25 on the A scale.
2. Under the hair lineread off 7.5 on the D scale asthe answer.
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Example 2: 4/5.625 =2.37 Set the hair line over 5.625 on the A scale.
1. Under the hair lineread off 2.37 on the D scale as the answer.

Note:
(8) In contrast to previous calculations on the C and D scales where we took 56.25 and 5.625 at the same point,
on the A and B scales these two numbers are separate points.
(b) When we take the square root of the numbers between 1 and 100, thereisno difficulty in locating the
decimal point, asthere squarerootsrange from 1 to 10 and are read off as shown on the C and D scale

graduations.
Exercise 5(c)
0 V6.25= iy /3=
(i) V93.5= (iv) V1.125=

5.6 Squar e Roots (Number s greater than 100)

The difficulty for numbers greater than 100, is knowing where to locate them on the A and B scales. In previous
calculations 5.625, 56.25, 562.5, 0.5625, etc. have all been placed at the same point on the C and D scales, but now
the question arises, where to locate 562.5 on the A and B scalesto obtain its squareroot. It ison 5.625 or 56.25?
The best method to decide this, also find the decimal point, isasfollows:

Example 1:
562.5=237
V562.5 = /5.625x100
= 1/5.625x+/100
= 1/5.625x10
(The \/ﬁ isfound as shown by Example 2in 5.5)

562.5=2.37x 10
=237
Note: We could break 562.5 up into any two factors (each smaller than 100) and find their individual sguare roots.
Then multiply these together to give the square root of 562.5. Thiswould present difficulties and extra steps, where
as when we make 100 as one of the two factors, the other factor isimmediately obtained by moving the decimal
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point two places to theleft. Thelocation on the A and B scaleis established, and also there isno need for any extra
work to decide the position of the decimal point in the answer.

Example 2:
272 =165

V272 = /2.72x100

=165x10
therefore the answer is 16.5

(The +/2.72 isfound asoutlined in the Examples in 5.5)

Exer cise 5(d)
(1) \324 = (iii) 425 =
(ii) \960 = (iv) 1000 =
Example 3:
5625 =75

/5625 =/56.25x100 =7.5 x 10
Therefore the answer is 75

Example 4:
56250 =237

/56250 =./5.625x10,000 =2.37 x 100
Therefore the answer is 237

Note: For numbers greater than 10,000 always break them up with one of the factorsat 10,000. We do not use 1000
as afactor because it does not have a neat square root.

Exer cise 5(e)

0) /2,000 (i) /2,720
(i) 4/ 20,000 (iv) /82,000

5.7 Squar e Roots (Number slessthan 1)
We must have numbers between 1 and 100 to use the A and B scale. In the case of numbersless than 1, we do not
break the number up into afactor multiplied by 100, 10,000, etc.; but as a number over 100, 10,000 etc.

Example 1:
0.5625=0.75
0565 |96:25_75

100 10
Therefore the answer is0.75

Note:

(@ wedo not express +/0.5625 = %025 asthis would mean dividing by V10, which isnot asmple

value.
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(b) Itisgood toremember that the square root of a fraction less than oneisalways large that the original

number (e.g. v/ 0.64 =0.8).

Example 2:
0.05625 =0.237

0.05625 5.625 625 2.37
100 10

Therefore the answer is0.237

Example 3:
0.005625 =0.075

/0.005625 = 9625 7.5
10,000 100

Therefore the answer is0.075

(In each of the above examples +/5.625 and +/56.25 are obtained in the usual way.)

Exer cise 5(f)
0 0.9 (i)  +/0.143
(i) +/0.06 (iv) +/0.0025
5.8 Miscellaneous Pr ablems
Exer(;ise 5(g) ,
E:f) 32521 (k)  /8L5 +142=
(iif) 0-34;;_ (xii) V6.22+5.7% =
(V) 5200 = (xii)  +/375x0.6 =
(V) V616 =
_ (xiv)  +/1000x3.6 =
w0 V648 =
(vii) 0.0076 = (V) NS =
i) /46 - i)
(viii) = \/E \/L_%

(ix)  21°x+/130 =

(X) V36.5°x6.3 =
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Chapter 6 — Cube and Cube Roots (K Scale)

6.1 The Form of theK Scale

TheK scaeislabeled from 1 to 1,000. It conssts of three parts, 1 to 10, 10 to 100 and 100 to 1,000, each a
third sizereplica of the C and D scales. Hence the accuracy with which the K scale can beread isvery
much lessthan the C and D scales.

6.2 Cubes

Example 1: 8* = 512 (Fig 6-1)
1. Setthehair line over 8 on the D scale.
2. Under the hair lineread off 512 on the K scale as the answer.

Note: It isadvisableto usethe D scalein combination with the K scale, asusing the C scale with the K
scalewill lead to errorsif the dide is dightly displaced.

Example 2: 123° = 1,860,000
1. Setthehair lineover 123 on the D scale.
2. Under the hair lineread off ‘186’ on the K scale asthe answer.
(12° = (1.23 x 10%)*
=1.86x 10°
= 1,860,000

Example 3: 0.378% = 0.0054
1. Set thehair line over 378 on the D scale.
2. Under the hair lineread off ‘54" on the K scale asthe answer.
(0.378°= (3.78 x 103

=54 x 107)
= 0.004
Note:
(8 The cube of numbers between 1 and 10 isread directly off the K scale as numbers between 1 and

1,000.

(b) For numbers greater than 1,000, express the number in standard form (scientific notation) asin
example 2 above. Noticethat 1.23° = 1.86, asread directly off the K scale.

() For numberslessthan 1, express the number in standard form (scientific notation) asin example 3
above. Noticethat 3.78% = 54 asread directly off the K scale.

6-1
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Exercise 6(a)
(i  65= ) 1653:;
(i)  25°= (vi)  0.063°=
(i)  0425°= (vi)  0.705°=
(iv) 935° = (viii)  206°=

6.3 Cube Roots (Number s between 1 and 1,000)

These are read directly by finding the number on the K scale, and with the aid of the hair line, its cube root
isimmediately below on the D scale.

- n__'..:

Fig 6-2

Example1: 3/3.25 =1.48 (Fig. 6-2)
1. Setthehair line over 3.25 on the K scale.
2. Under the hair lineread off 1.48 on the D scale as the answer.

g8 . 3
| 1 11 mLiR
& & ] 1
L < L : o
| ]
n 1 . T 1 T ¥ T 1 T | I |
3 m : 4 5 f
L] | 77
3 M

Fig 6-3

Example2: 3/32.5 = 3.19 (Fig 6-3)
1. Setthehair line over 32.5 on theK scale.
2. Under the hair lineread off 3.19 on the D scale as the Answer.

6-2
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Example 3: /325 = 6.875 (Fig. 6-4)
1. Setthehair line over 325 on the K scale.
2. Under the hair lineread off 6.875 on the D scale asthe Answer.

Note:
(8 Notethat 3.25, 32.5 and 325 are each at different points on the K scale.
(b) For numbers between 1 and 1,000, there is no difficulty in locating the decimal point, astheir cube
roots lie between 1 and 10, and are read directly off the D scale.

0

[
s
| s o LA G
o
[8

GI | 1 I-Ir'l. ! IEI-I-I-...E‘

Exer cise 6(b)
0  iea- vy 394=
iy %22= v)  %94=
@iy 3132 = i)  3/940 =

6.4 Cube Root (Number s greater than 1,000)

For numbers such as 3,250, 32,500, etc. the difficulty is to decide whereto locate them on the K scaleto
obtain its cuberoot. The following procedure will alow usto locate the number on the K scale and also
automatically give us the position of the decimal point.

Example 1:

3/3250 =14.8

(3/3250 = 3/3.25x1000 = 3/3.25x10
The %/ﬁ isfound as shown in Example 1in 6.3)
Therefore 3/3250 =1.48x10 =14.8

Example 2:

3/32500 = 31.9
(3/32500 = 3/32.5x1,000 = 3/32.5x10

The 3/32.5isfound as shown in Example 1 in 6.3)
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Therefore 3/32500 = 3.19x10 = 31.9

Note: For cube roots of numbers greater than 1,000, we break the numbers up into factors, one of which is
1,000. We do not use 10 or 100, as these do not have simple cube roots, where as 1,000 has a cube root of
10.

Exer cise (6¢)
(1) 31,200 (iii) 3/10,000
(ii) 3/94,000 (iv) 3/132,000

6.5 Cube Roots (Numberslessthan 1)
For numbers less than 1, we express them as a fraction over 1,000, or if the number islessthan 0.001, asa
fraction over 1,000,000.

Example 1:

3/0.325 = 0.6875
(0325 =3 325
1,000
_ 6.875
10
Therefore the answer is0.6875

Example 2:

3/0.0325 = 0.319
(3/0.0825 = 5| 222
1,000

319

10
Therefore the answer is0.319

Example 3:

/0.00325 = 0.148
(/0.00325 =3 325
1,000

148

~ 10
Therefore the answer is0.148

(In each of the above examples 3/325, 3/32.5, 3/3.25 isobtained in the usual way.)

Exer cise 6(d)
(0) 3/0.8 vy  %/0.001
@y  3/0.09 v) 300615
(iii) 0.132 (vi) 3/0.0094
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6.6 Miscellaneous Pr oblems

Exer(_:ise6(e)3
E:f) ?3 - i) /980 = x) 3/631x14.6° =
(ii) 0.16;= (vii) 310,800 = i) 373-3/20.25 =
2/\;) 2';176—5__ (viii) 3\/%3087 - (xii) 3/36x1.95° =
D = (x) 143 +216° =
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Chapter 7 —Inverted (Reciprocal) Scale (Cl)

7.1 The Form of the Cl Scale
The Cl scaleisidentical with the C scale except that the Cl scale reads from right to left for thisreason great care

1
should be taken in reading the Cl scale. Note, by the term ‘reciprocal of a number ‘N’ we mean N .
7.2 Reciprocals (Number s between 1 and 10)

For numbers between 1 and 10 on the C scale, itsreciprocal isread directly off the Cl scale asanumber between 1
and 0.01. We can aso find reciprocal by working from the Cl scale to the C scale.

Fig 7-1

Example 1: % =0.167 (Fig.7-1)

1. Set thehair line over 6 on the C scale.

2. Under the hair lineread off 0.167 on the Cl scale.
or

1. Setthehair line over 6 on the Cl scale.

2. Under the hair lineread off 0.167 on the C scale.

Example 2: 1 =041
244

1. Setthehair line over 2.44 on the C (or Cl ) scae.
2. Under the hair lineread off 0.41 on the Cl (or C) scale.

Exercise 7(a)
0 = (i) == W —
8 3.76 7.4
. 1
(i) 1—5

7.3 Reciprocals (Number s outside the range 1to 10)
For numbers less than 1, their reciprocals will always be larger than 1.

e.g.
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1 _5
0.2
0.02
i =500
0.002
For numbers greater than 10, their reciprocals will always be smaller than 0.1.
eg.
1. 0.05
20
1 0.005
200
Example 1:
1
—— =238
0.042

1. Setthehair line over 42 on the C (or ClI) scale.
2. Under the hair lineread off ‘238’ on the CI (or C) scale as the answer.

To locate the decimal point, the following procedure is possibly the easiest

1 1
= 100 =100x0.238
0042 4.2
(Asthereciprocal of anumber between 1 and 10 isalways between 1 and 0.1.) The answer istherefore
23.8.

Note:

Example 2: L =0.00238
420

1. Setthehair line over 420 on the C (or Cl) scale.
2. Under the hair lineread off ‘238’ on the CI (or C) scale as the answer.

Note: = 1 = O.238Xi
420 4.2x100 100

Therefore the answer is0.00238.

Note: Some modern Slide Rules have a DI scale located on the body. This scale can be used in
conjunction with the D scale to obtain recprocals.

Exercise 7(b)

1 1 | )
O 26~ Y © 0.000625
1 1 1

(i) 6 (vi) 52 ) 1740~
1 1

26~ V) 00575~

1 1

™ 11~ Vi 50018

7-2
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7.4 Multiplication (Cl and D Scales)
Note that ingtead of multiplying 2 by 7, we could divide by the reciprocal of 7.

i.e. 2X7 = 2+i
7

Example1: 2X7 =14 (Fig. 7-2)
1. Setthehair lineover 2 onthe D scale.
2. Placethe 7 of Cl scale under the hair line.
3. Bdow thelé€ft index of the C scale read off 14 on the D scale asthe answer.

Note: When we place the 7 of the Cl scale under the hair line (step 2 above), this brings 0.1428 on the C
scaleimmediately above the 2 on the D scale. Thuswe are dividing 2 by 0.1428.

(i.e.2+0.1428=2+% =2x7)

Example2: 4.15x 1.35=5.6
1. Set thehair line over 4.15 onthe D scae.
2. Placethe 1.35 of the Cl scale under the hair line.
3. Below theright index of the C scaleread off 5.6 on the D scale as the answer.

Note: Using the D and CI scale to multiply, we never run off the end of the scale for the answer as we did
when using the C and D scales. The answer isaways found on the D scale under theleft or right index of
the C scale.

Exercise 7(c)

0] 15x4.7= (iv) 195x5.05=
(i) 22x24= (v) 7.6x125=
(iii) 2.258x3.1= (vi) 6.88 x 1.09 =

7.5 Division (Cl and D scale)
Ingtead of dividing, say, 108 by 7.5, we could ssimply multiply by thereciprocal of 7.5.

i.e. 108~ 7.5=108 x i
7.5
Examplel: 108 + 7.5=14.4
1. Placetheleft index of the C scale over 108 on the D scale.
2. Setthehair line over 7.5 on the Cl scale.
3. Under the hair lineread off 14.4 on the D scale as the answer.

1
Note: In the above procedure we have effectively multiplies 108 by 0.1335, or 7 , (i.e. thevalue on the C

scale under the hair line)
1
(108 x 0.1335= 108 x 7—5 =108+ 7.5)

Example 2: 96 + 149 = 0.644
1. Placetheright index of the C scale over 96 on the D scale.
2. Setthehair line over 149 on the Cl scale.
3. Under the hair lineread off 0.644 on the D scale as the answer.
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Note: When we divide with the Cl and D scales, sometimes we use the | eft index (example 1 above), while
on other occasions we use theright index (example 2 above). Thisis dictated by the numbersinvolved, and
if one index does not bring the numbers we are dividing by onto the scale, the other index will.

Exercise 7(d)

0] 43 +55= (iv) 675+ 326 =
(i) 57+ 19= (V) 196+ 14 =
(iii) 77+35= (vi) 6.6+ 14.2=
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Chapter 8 —Folded Scales (CD, DF, and CIF)

8.1 The Form of the Folded Scales

The CF and DF scales are identical with the C and D scale, except they are displaced by a factor of =. The CF and
DF scales could be constructed by cutting the C and D scales at = (i.e. 3.1416 . . .) and joining the two secitions with
the left and right indices (i.e. 1 and 10) together. The CIF is the inverted or reciprocal scale in relation to the CF
scale.

8.2 Multiplicaiton and Division (CF, CIF, DF scales)

If either index of the C scaleis set over anumber on the D scale, then theindex (“1") of the CF scale wil be opposite
the same number on the DF scale. This allows us to ether use the CF and DF scales by themselves for
multiplication, or in combination the C and D scales.

Fig8-1

Examplel: 2x 4 =8 (Fig. 8-1)

1. Placethel€ft index of the C scale over the2 onthe D scale.
2. Set thehair line over the 4 on the CF scale

3. Under the hair lineread off 8 on the DF scale as the answer.

Example2: 3x9=27

To calculate this problem on the C and D scales alone, you will note it would require that the right index of the C
scale to be set over the 3 on the D scale. Thus if we wished to place the left index of the C scale over the 3 on the D
scale, 9 of the C scale would be off the end of the D scale. However, using the CF and DF scales, we could do the
following.

1. Pacetheleftindex of the C scale over the 3 on the D scale.

2. Setthehair line over 9 on the CF scale.

3. Under the hair lineread off 27 on the DF scal e as the answer.

Exercise 8(a)

Use the left index of the C scale and read the answer off the DF scale for the following.
0] 2x8= (iii) 31x75=

(i) 16x9= (iv) 274x6.1=

To multiply using the CF and DF scales only:

Example: 9x 8=72

1. Placetheindex of the CF scae on the 9 of the DF scale.

2. Set thehair line over the 8 on the CF scale.

3. Under the hair line read off 72 on the DF scale as the answer.

The above multiplication can be done also by using the CIF and DF scales in exactly the same was as previoudy
with the Cl and D scales.

8-1
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1. Setthehair line over 9 on the DF scale.
2. Placethe 8 of the CIF scale under the hair line.
3. Abovetheindex of the CF scale, read off 72 on the DF scale as the answer.

Todivide using the CF and DF scalesonly:

Example: 56 +7=8

1. Set thehair line over 56 on the DF scale.

2. Placethe 7 of the CF scale under the hair line.

3. Abovetheindex of the CF scale, read off 8 as the answer on the DF scale.

The above division can also be done using the CIF and D scales with the same procedure as used previously with the
Cl and D scales. (fig 8-6)

1. Placetheindex of the CF scale under the 56 on the DF scale.

2. Setthehair line over the 7 on the CIF scale.

3. Under the hair lineread off 8 on the DF scale as the answer.

Note:
(a) For practicing the above multiplication and division, use the exercisesin units 2 and 3.
(b) For combinations of these methods of multiplication and division, with those previously used, see unit 10.

8.3 Multiplication and Division by =.
Because the CF and DF scales are displaced by 7 in respect to the C and D scales, we can very easily multiply or
divide by r asfollows.

Examplel: 1.45x &t = 4.56
1. Setthehair line over 1.45 on the D scale.
2. Under the hair line read off 4.56 on the DF scale as the answer.

Conversdly, for 4.56 + = 1.45 we could:
1. Setthehair line over 4.56 on the DF scale.
2. Under the hair lineread off 1.45 on the D scale as the answer.

Example2: 1.41°x n = 6.15

1. Placetheleft index of the C scale over 1.4 on the D scale.

2. Setthehair line over 1.4 on the C scale. (note: This would give 1.4% on the D scale under the hair line).
3. Under the hair lineread off 6.15 on the DF scale as the answer.

Note: We have multiplied 1.4 by « in reading the answer of the DF scale instead of the D scale.

Example 3: _83 =0.386
6.85xr

1. Setthehair line over 8.3 onthe DF scale. (Note: under the hair line on the D scale we have 8.3 + ).
2. Place the 6.85 of the C scale under the hair line,
3. Below theright index of the C scale read off 0.386 on the D scale as the answer.

Exer cise 8(b)

(i) 36xm= (Vi) nX63X54=

(ii) 79+n= ) 24.6

iy A8 VD oeexr
2.6 172

v 283 W 7

17.1
(v) nX 15°=
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8.4 Miscellaneous Pr oblems
Exer cise 8(c)

(i)
(i)
(iii)
(iv)
(V)

(vi)

(vii)

Find the circumferences of circles with the following diameters: 2.6, 45.5 and 15.2.
Find the diameter of circles with the following circumferences: 6.6, 15.6 and 88.
Find the area, A, of acircle, whenr = 4.1cm, for A = nr?,
The volume of a cylinder isgiven by V = nr’h. Find V forr=6.2and h = 10.8.
(Hint: This can be done with one setting of the dide by using Cl, C, D and DF scales.)
Theareaof an dlipseisA =axbxn. Finfora=3.2andb=2.6.

rmzo
For thelength of anarc S= E , calculate Sfor 6 = 35.2° andr = 26.2.

2

2x180

The area of a sector of acircle, A, isgivenby A = . Findthe areaif r =6.3 and 6 = 48°.

Answer to 8(c)(vi)
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Chapter 9 — Per centages and Ratio and Proportion

9.1 Percentage
Percentage problems generally amount simply to a multiplication or adivision.

Example 1:
Express 5 as a percentage of 6.

0
(eg.= S X 100% =83.4%)

1. Setthehair lineover 5 on the D scale.
2. Placethe 6 of the C scale under the hair line.
3. Read off 83.4% on the D scale as the answer.

Example 2:
Find 17% of $400

17
(eg.= — x400 = $68
100 )
17
Note 17% = ﬁ and “of” istaken as meaning multiplication. Thuswe just multiply 17 by 4 to calculate the

above.

Example 3: Find the quantity of which 52 is 13%.
(eg.Let 52=13%oof A
13
52=—xA
100

Ao 52x100
13

= 400)

Note in this case we simply divide 52 by 13.

Exercise 9(a)
Express as a Percentage:
(1) 3 (iii) 4
5 300
(i) 1 (iv) =
16 6
(v)
Find the value of:
(vi) 5% of $25 (viii) 14% of $250
(vii) 22%% of 180 (ix) 85% of 132
Find the quantity of which:
(x) 3is12%% (xii) 31is62%
(xi) 66is85% (xiii) 146is125%

(xiv) A man buys goods costing $9, and he pays a deposit of 15%. How much does he till owe?
(xv) The population of atown in 1971 was 26,800, which 11% less than it wasin 1961. What was the population
in 1961?

9-1
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(xvi) A man’'ssalary was $5440 in 1969 and was increased by 15% in 1970. If he pays 12%% in taxes, how much
tax did he pay in 19707

9.2 Ratio and Praoportion
Definitions

A
(i) Theratio of two numbers A and B is the quotient E , Sometimes expressed A:B.

A C
(i) A proportion is the statement of equality of two ratios, e.g. E = B .

Fig -1

, x 126
Example1: Find x for —— =—— (fig. 9-1)
20.2 843

1.26x29.2
This could be done by rearranging the proportionsas X = W and then calculating the right hand sidein

the usual way.
A better method would be asfollows: (SeeFig. 9-1)
1. Setthehair lineover 1.26 on the DF scale.
2. Place 8.43 of the C scale under the hair line.
3. Reset thehair lineover 29.2 on the C scale.
4, Under the hair lineread off 4.36 on the DF scale as the answer.

Note: The above method could be applied in solving an equation of the form —29'2 = —f:g asthis can be written
X .
X 126
as——=——.
292 843
_ 451 28 'y
Example2: Findxandy if —=—=—"—
73 x 155

Both x and y can be found with only one move of the dide, as follows:

1. Setthehair line over 73 onthe D scale.

2. Place 45.1 of the scale below the hair line.

3. Reset thehair line over 3.3 on the C scale, and under the hair lineread of x = 4.52 on the D scale.

4. Reset thehair line over 15.5 on the DF scale, and under the hair lineread off y = 9.6 on the CF scale.

Note:
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(8 Oncetheratiois set up onthe C and D scales, we can reset the hair line and read off any number of values for
the numerators or denominators of equivalent fractions.
(b) Theonly timethiswill beimpossible, iswhen we run off the end of the scale. This occurs when the numerator

11.6 87
and denominator of the given ratio are at opposite ends of the C and D scales (e.g. E or m ). Thisis

overcome as shown in example 3.

. .92 x 183
Example3: Findxandy if — =—=—-

143 66 vy
Set the hair line over 143 on the DF scale.
Place 92 of the CF scale below the hair line.
Reset the hair line over 66 on the DF scale, and under the hair line read off x = 42.5 on the CF scale.
Reset the hair line over 183 on the CF scale, and under the hair line read off y = 248 on the DF scale.

AR

Exer cise 9(b)
Find the number in the following:

i) X 423
327 677

1.09 X
493 18.18

(i)

8.42 213

(iii) X _ﬁ

512 X y

656 345 176
27  x 212

1425 465 vy

(iv)

v)

. 136  x 42
W) ——=——=—
745 624 z

0394 R R R

(vii) =—2t=—2-_3
59 64 267 135

47.7 382 275 1050
716V, V, V,

(viii)

Complete the following tables:
Feet 3281 625 83.6 2560

Meters 1

(ix)



)

(xi)

(xii)

(xiii)

(xiv)
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Kg_ 1 652 735

Ib. 2204 90.48

Miles/hr. 1 632 493
Km/hr. 1.609 156
sqin. 1 638

sgcm 645 11.2 258

For R = 1.34T, find the corresponding values of R for T =1.25, 3.5and 7.25.

For y = 5.2/x, find the corresponding values of y for x = 1.5, 3.4 and 7.6.
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Chapter 10— Combined Operationson C, D, CI, DI, CD, DF, CIF, A, B, Bl, K and K’ Scales

In this unit we will show how the order of operations and the selection of scales can greatly reduce the moves
required. The effect of thisisto increase accuracy, speed and the range of problems you can handle on your Slide
Rule.

Note: The A and B scales or the K and K’ scales (if you Slide Rule hasa K’ Scale), can be used for multiplication
and division. Onthe A and B scalesthe 1, 10, 100 can be read as an index, whilethe K and K’ scales 1, 10, 100, or
1,000 can be used as an index in calculations. The Bl scale can be used in conjunction the A and B scalesin the
same way as the ClI with the C and D scales, or the CIF with the CF and DF scales.

10.1 Simple Combinations or Roots, Power s and Reciprocals.

Example 1: 1 =0.00114

2062

1. Setthehair line over 29.6 on the Cl (or DI) scale. (Note under the hair line on the C (or D) scale we
have the reciprocal of 29.6, but we need not read this).
2. Under the hair lineread off ‘144’ on the B (or A) scale asthe answer.

(i.e rox = i = i 2
PO 307 T 30
= (.03)?
=0.0009)
Therefore the answer is0.00114

2
1 1
Note: Wefind thereciprocal of 29.6 first and then the square. Thisis possible because 20,67 = [56) .

If we wereto usethereverse order of operations, it would necessitate reading the square of 29.6 off the A or B scale
and transferring this value onto the C or Cl scale to obtain the reciprocal, which of course is unsatisfactory.

Example 2: 1 = 0.0000386
29.

6°
1. Setthehair line over 29.6 on the Cl (or DI) scale.
2. Under the hair line read off 0.0000386 on the K (or K’) scale as the answer.

Example 3: =0.1838

1
V29.6

1. Setthehair line over 29.6 on the B (or A scale). (Note: under the hair line on the C (or D) scale we
have the square root of 29.6, but we need not read this).
2. Under the hair line read off 0.1838 on the Cl (or DI) scale as the answer.

Example 4: N =0.3235

31/ 29.6

1. Setthehair line over 29.6 on theK (or K’) scale.
2. Under the hair line read off 0.3235 on the Cl (or DI scale) as the answer.

Example5: 3v29.6° = 9.57

10-1
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1. Setthehair line over 29.6 on theK (or K’) scale. (Note: under the hair line on the C (or D) scale we
have the cube root of 29.6, but we need not read this.)
2. Under the hair lineread off 9.57 on the A (or B) scale as the answer.

Example6: +/29.6° =161
1. Setthehair line over 29.6 on the A (or B) scale.
2. Under the hair lineread off 161 on theK (or K’) scale asthe answer.

Example 7: 29.6* = 768,000
1. Setthehair line over 29.6 on the D scale.
2. Place the 29.6 on the CI scale below the hair line,
3. Abovetheright index of the B scale read off 768,000 on the A scale asthe answer. (Note: the | eft
index of the B scale will sometimes be used instead of theright index.)

OR
1. Setthehair line over 29.6 on theK scae.
2. Placethe 29.6 of the Cl scale below the hair line.
3. Abovetheright index of the CI scaleread off 768,000 on the K scale asthe answer.

Example 8: 29.6° = 22,750,000
1. Setthehair lineover 2.6 on the D scale.
2. Placethe 29.6 of the Cl scale below the hair line.
3. Reset thehair lineover 29.6 on the B scale.
4. Under the hair lineread off 22,750,000 on the A scale asthe answer.

Example 9: 29.6° = 673,000,000
1. Placethel€ft index of the C scale over the 29.6 on the D scale.
2. Setthehair line over 29.6 on the C scale.
3. Under the hair lineread off 673,000,000 on the K scale asthe answer.

Example 10: 1 =0.0000013
29.6*
1. Placethe 29.6 of the C scale over the l€eft index of the D scale.
2. Set thehair line over 29.6 on the Cl scale.
3. Under the hair lineread off 0.0000013 on the A scale asthe answer.

Note: The last two steps in the above example could be done as follows:
2. Setthehair line over 29.6 on the D scale.
3. Under the hair line read off 0.0000013 on the Bl scale asthe answer.

Exercise 10(a)

1 1 3
(i) > V) — (x) V61

6'81 ‘/? xi) /96.1°
(ii) > (Vi) —— iy 3/0.85%

Of7 vo.4 (xiii) 2.3

XV .

1 V143 (xvi) 19.5°
(iv) > wil) —— (xvii) - 0.9°

1.4 3054 (xviii) 4.1°

(ix) +13.5°

10-2
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(xix)

1
8.3 0 o678t

10.2 Continued Multiplication and Division
In this section we will combine the basic methods of multiplication and division of Units 2, 3, 4and 8. Y ou may
find it helpful to review these briefly before proceeding with this section.

Example 1: 12.4 x 8.4 x 0.157 = 16.35
1. Setthehair line over 12.4 on the D scale.
2. Placethe 8.4 of the Cl scale under the hair line.
Note: the progressive answer is marked on the D scale by the left index of the C scale.
3. Reset thehar line over the 0.157 on the C scale.
4, Under the hair lineread off 16.35 on the D scale as the answer.

Example 2: 2.32 x 60.5 + 0.082 = 1710
1. Setthehair line over 2.32 on the D scale.
2. Placethe 60.6 on the Cl scale below the hair line.

Note: the progressive answer is marked on the D scale by the left index of the C scale.
3. Reset thehair line over the 0.082 on the Cl scale.
4, Under the hair lineread off 1710 on the D scale as the answer.

Example3: 7.5+ 4.8 x 30.4 =475
1. Setthehair lineover 7.5 ontheD scale.
2. Placethe 4.8 on the C scale under the hair line.
Note the progressive answer is marked on the D scale by the left index of the C scale.
3. Reset thehair lineover 30.4 on the C scale.
4. Under thehair lineread off 47.5 on the D scale as the answer.

Example 4:36.6 + 0.71 + 2.26 = 22.8
1. Setthehair line over 36.6 on the D scale.
2. Placethe0.71 on the C scale under the hair line.
Note the progressive answer is marked on the D scale by the right index of the C scale.
3. Reset thehair lineover 2.26 on the Cl scae.
4. Under the hair lineread off 22.8 on the D scale as the answer.

Note: In combination multiplication and division rules are:

(8 When multiplication comesfirst, dways do it by using the D and Cl scales.

(b) When division comes first, always do it by using the C and D scales.
Thereason for thisis that when we multiply by the Cl and D scales, or divide by the C and D scales, the answer is
always marked on the D scale by the left or right index of the C scale, thus allowing a further multiplication or
division without moving thedide. Hence, if the second operation is multiplication, we use the C and D scales, and
if the second operation isadivision we suethe Cl and D scales. (Check these points carefully in the four examples
above.)

Example5 3.35x47+259+41x885=1.312

Set the hair line over 3.35 onthe D scale.

Place the 47 of the Cl scale under the hair line.

Reset the hair line over 25.9 on the Cl scale.

Place the 41 of the C scale under the hair line.

Reset the hair line over 8.85 of the CF scale.

Under the hair lineread off 1.38 on the DF scale asthe answer.

ok wNE

(Note: in the above example we switched to the Folded scales for the last multiplication, as 8.85 on the C scale was
off the end of the D scale. Otherwise it would have required the dide to have been moved.)

10-3
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Exercise 10(b)
0] 43x51x0.12= (ix) 6.4x35x18x0.14=
(i) 52x720x 0.041 = (x) 246x523+252+36=
(iii) 24x32+194= (xi) 2.46x52.3+252x36=
(iv) 156 x 6.57 + 92.1 = (xii) 6.3+13x23x4.9=
(v) 19+64+15= (xiii) 70.6+4.32+1525+1.16=
(vi) 16.4+3.14+275= (xiv) 39.4+173+124x8.66=
(vii) 11+73+830= (xv) 83x39x20+16=
(viii) 38+5.2x4.75= (xvi) 28+13x56+15=

10.3 Multiplication and Division of Roots, Power s and Reciprocals
There are too many possible combinations for usto cover ever type, but the following table gives many possibilities.

Note that often care must be taken in setting numbers on the A, B and K scales, as we will recall for example \/E

and \/2_0 arelocated at different positions on the A and B scale. Thus, numbers must be located on the A, B and K
scales according to the rules given in Units 5 and 6. In some of the following, with certain numbers the answer may
run off the end of the scale. In such cases it will be necessare to reset the dide unlessthe C and D scalesare
involved, when it will be possible to us the CF and DF scales and avoid a further movement of the dide. (In the
following, ‘H.L.” stands for Hair Line.)

Example Set HL Over Under HL Place Reset HL over Under HL answer
ab? aon A scale Index of B scale b on C scale on A scae
a?b a D Index C b B A
ab® a K Index B b C K
ab* a A b Cl b C A
b D a BI b C A
a?h? a D Index C b C A
a D b Cl Index C A
a’h? a D b Cl b B A
a2b?c c A a Cl b C A
a D c Bl b C A
a’bsc c K a Cl b C K
a a A b C Index C A
b2 a A Index B b Cl A
a
F a K b C Index C K
a’ a D b C b B A
? a D b B b Cl A
2
% a D b B Index B A
a |a D b B a B A
b a D b K’ index K’ K
3
% a A a Cl b Cl A
2
i; b D c C a B A
C
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a
b2c? a A b C c Cl A
C
a
F a A b B C Cl A
C
1
E Index D a C b Cl D
1
ﬁ Index A a B b Cl A
1
2?2 Index D a C b Cl A
a
1
2 a K b C a Cl K
a
Jab a A Index B b B D
Jabe a A b BI c B D
avb a D Index C b B D
azb |b A a Cl a C D
% a A b B Index B D
% a A b C Index C D
a
ﬁ a D b B Index C D
@ a A c B b B D
C
/bi a A b B c Bl D
C
a/b a A b B ¢ B D
C
% a A b C c C D
C
ab
T a D (o B b C D
C
abJc |c A b cl a C
avhbc b a Cl c B D
a¥b b K a Cl Index Cl D
3
ﬁ a K b C Index C D
b
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a
% b K a C Index D D
3
\/E\/B b K c C a B D
C
3
a;;_/B b K c B a C D
C
1 Index A a B b A cl
\/% a A Index B b B DI
1 b A a Cl Index D C
a—\/B Index D a C b Bl D
ar \/B b A a Cl Index C DF
ar a D b B Index C DF
Vb
\/g n A Index B a B
avb b A a Cl Index CF D
T
a a D b B Index CF D
b
b b A T B a CF DF
T
Exercise 10(c)
@) 47.9/1.46 (il 436
2.08x5.63
(i) 2.17x8.63v0.562
) 1
(i)  5.75369.8 ) 42.7/2.63
iv) 6.45 (X) 2.46+/6.23%x4.97
8.27
. 67.3 ) 17.22
[123.4 v31.9x20.6
vy =~ SAnes7 oy YO8
14.64 4.22+/51.5
(il 15.7x6.37 (xiii)  40.2v12.253/106
V127
(xiv) /32.6%/24.6
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27x3.47

26.4°
31.2

256
12.7

31.9x16.3°
2.57

B
6.3x13.1

10.4 Miscellaneous Problems
Exer cise 10(d)

(i)

(i)

(iii)

(iv)

v)

(vi)

[24x31.6j2_
68

2

11.2[1+ %j
85

29x3.42
6.1° — 4.47

V21154 _

T

2[ 208 3.21)_

111 947

14.23/6.4+1.96° =

10-7

(xx)

(xxi)

(xxit)

(xxiii)

(xxiv)

(vii)

(viii)

(ix)

)

(xi)

(xii)

(xiii)

1

4.21/6.1

I
6.7°x3.1°

V6.9 -1 _
V277 +1

2.3%r _
132
2500x3.4x32
3x10° 7 (1.7% —1.4%)

15x0.43%x1.19* =

J13(13-6.4)(13-9.9)(13-9.7)

0e [E76 _
980
_(61-24)°
7.3

32°
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Chapter 11— Sineand Cosine (Sand ST scale)

On the S scale the graduations in black are for snes. Most Slide Rules have graduationsin red for Cosines,
these reading from right to left.

11.1 Sine (S scale—for angles between 5°44’ and 90°

T3
&
-
o

r

e 3 4 = 6 T - g i K
3 I B s 9 ] &
i L L
] 4 5 ; g g g
o eT

: rc —

| . . '

. T { I T x4 o g c

8 Bl o | ¢

| I [ I | =
5

Example: sin 50° = 0.766 (Fig. 11-1)
1. Setthehair line over 50° (in black) on the S scale.
2. Under the hair lineread off 0.766 on the D scale as the answer.

Note:

(8 Thesines of angles between 5°44’ and 90° are read directly off the D scale as values between 0.1
and 1.

(b) The subdivisions on the S scale (i.e. graduations between the degree marks) on most rules allow us
to express afraction of a degree as either a decimal of a degree or so many minutes. That is, there
are 10, 5, or 2 subdivisions.

(©) Therearetwo limitationsin using the S scale:

a.  Wecannot obtain the sines of angles lessthan 5°44’. (See 11.2 for the use of the ST
scales for the sines of small angles.)

b. Thelack of accuracy for angles closeto 90° (see Unit 13 for better method involving P
scale for sines of angles close to 90°.)

(d) For angles greater than 90°, convert them to an equivalent expression involving and angle less
than 90°, asisthe usual practice.
eg. sin 150° = sin (180°-30) = sin 30°

sin 240° = sin(180°+60) = - sin 60°
sin 315° = 9n(360°-45°) = - sin 45°

(e) If your SlideRulehason S scale onthe dide, thisisthe same scaleasthe S, and isbest used in
conjunction with the C’ scale (which isalso on the dlide).

(f) If thevalue of the sne of an angle is known, then the angle can be obtained by:

a. Setting the hair line over the ‘value' on the D scale.
b. Under the hair lineread off the angle on the S scale.
(Thisof course is evaluating inverse trigonometrical functions, e.g. sin™ 0.866 = 60°)
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Exercise 11(a)
0] sin21° = (v) sin 120° =

(i)  sn36°36 = (Vi)  sn300°=
(i)  sn56°30 = (Vi)  sinx=0.274
(v) sn7°20 = (viii) sinx=0.855

11.2 Sine (ST scale—for angleslessthen 5°44’

For sines of angles between 0.573° (or 34') and 5.74° (or 5°44’) we find the angle on the ST scale and read
the sine of the angle off the D scale as a value between 0.01 and 0.1. For the sines of angles between
0.0573° and 0.573° we find the angles on the ST scale, reading the graduations not as 0.9, 1.5, 5.5, etc. but

1
as0.09, 0.15, 0.55 etc. (i.e 1—0 of their marked value). The sine of such anglesisread off the D scaleasa

value between 0.001 and 0.01. This can be repeated for even smaller anglesif desired. For more detailed
explanation and further uses of the ST scale for very small angles, see Unit 14. In using the ST scales note
that minutes have to be expressed as a decima fration of a degree (i.e by dividing by 60).

Example: sin 0.82° = 0.0143 (Fig. 11-2)
1. Setthehair line over 0.82° on the ST scale.
2. Under the hair line read off 0.0143 on the D scale as the answer.

Note: If we required sin 0.082°, we would locate the hair line as above, and the answer would be then read
off as0.00143.

Exercise 11(b)
(i) sn4°31’ = (iv) sn30 =
(i) sn23°= (v) sin0.2° =
(iii) sin0.79° = (Vi) sng =

P bl bbb sl L
£

11.3 Cosine (Sand ST scale)
AscosB =sin (90- 60) (e.g. cos60 = sin 30, etc.) we find the cosine of an angle by looking up the sine of
its complement. To facilitatethis, the angles for cosines are usualy marked on the Sscalein red.
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Fig 11-3

Example 1: Cos42° =0.743 (Fig 11-3)
1. Setthehair line over the 42° (for red graduations) on the S scale.
2. Under the hair lineread off 0.743 on the D scale asthe answer.

Note: The S scale alows us to obtain cosines of angles between 0° and 84°16’. For angles greater than
84°16" we can use the ST scales as follows: --

Example 2: cos 88° = 0.0349
1. Setthehair line over 2° on the ST scale. (ascos 88° = sin 2°).
2. Under the hair line read off 0.0349 on the D scale asthe answer.

Exercise 11(c)

(i) cos 30° = (V) cos 89° =
(i) cos 79° = (vi) c0s89°30' =
(iii) €0S 65.4° = (vii) cosx =04
(iv) c0s 85°30" = (viii)  cosx =0.04

11.4 Cosecant and Secant
Werecdll that:

1
cosech= —— andsech= ——
snf cosb

Thus, to find cosecant or secant we look them up the same as for sne and cosine (using S or ST scales) We
read the answer off on thereciprocal scales DI or Cl instead of theD or C scale.

Example 1: cosec 15° = 3.86
(i) Setthehair line over 15° onthe Sscale.
(i)  Under the hair lineread off 3.86 on the DI (or Cl) scale asthe answer.

Example 2: sec 59° = 1.94

1. Setthehair line over 59° (for red graduations) on the S scale.
2. Under the hair lineread off 1.94 on the DI (or Cl) scale asthe answer.
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Note: Asthe value of sine and cosineis always less than 1, the value of their reciprocal s cosecant and
secant will always be greater than 1.

Exercise 11(d)
(i) cosec 45° = (iv) sec 82° =
(i) cosec 24°12' = (v) Sec 22° =
(iii) cosec 3.5° = (vi) sec 2°30" =

11.5 Multiplication and Division with Sinesand Cosines

The following table gives a few possible calculations involving sines and cosines. It will be observed that
the S scaleon the dlideis extremey handy to use in combination with the usual S scale on the body of the
Slide Rule. If the answer runs off the end D scale make use of the DF scalefor the answer. Also note for
small angles the ST scale would be used where the table indicates the S scale. In the following ‘H.L.”
stands for hair line.)

Example Set HL Over Under HL Place Reset HL over Under HL answer
asno 0 on Sscae Index of C scale aon Cscae on D scae
acosf O(red) S Index C a C D
(asin ) 0 S Index C a C A

(acos0)? o(red) S Index C a C A
a 0 S a C Index D C
- a C 0 S Index C D
sno
a
— 0(red) S a C Index D C
coso
in
ﬂ 0 S a C Index C D
a
asng 0 S b C a C D
b
abcos6o O(red) S a Cl b C D
1 0 S index C Index A B
sin?o 6 S BI
snfsng |6 S Index C o S

(cosf cosg)” | o(red) S Index C o(red) S A
sino 0 S S Ind C D
- ndex
sng ®
cos? 0

5 0(red) S o(red) S Index C A
CoSs” ¢
rsnO 6 S DF
sné
_— 0 S b C Index C D
T
71 COS 0 O(red) S Index B T C A
Jrsne |06 S Index C n B D
snfsn
_—d) 0 S o S 0] S D
SnNo
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Exercise 11(e)

@) 3.4sn27° = 1
(i)  2.7cos60° = (x) ——=
(i)  (34sn27°7= _ cos® 36°30
14 (xi) nSn21°20" =
(iv) — = ) C0S76°45'
sin56° (xii) ——
6.4 4

(v) — = = (xiii) msn®81°=
c0s74°30'

o (xiv) rsin32°12 =
iy  >A0Sn69T §in 20°xsin 34°
sin12° (xv) 26 =
(Vi)  sin14° xsin26° = 92 ]
(viii)  (cos59° x cos 75°)? = (xvi) C0S67°xcos53 _
sin70°)° 0.031
(ix) [ . j =
sin 21°
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Chapter 12— Tangent (T, T4, T, and ST scales)
It is an advantage to have two tangent scales (T4, and T,) on your Slide Rule, instead of just a single tangent scale
(T). TheT,and T scales areidentical and used for angles between 5°44’ and 45°, while the T, scale alows us to

read directly angles greater the 45°.  On the tangent scales the graduationsin black are for tangents and those in
read arefor co-tangents, the latter reading from right to left.

121 Tangent (T, or T scale—for angles between 5°44' and 45°).

2 3 4 < € T g 8 K
| | Tl Lo livin il I I
KRR A RRARAANE T [ 8 2ebd A
.||i'l'q:|||i':|| 1 5 i & | b ! 4 ] 8
Liiod gl 17 T e il | 5T
Li Liil s | i Lighyl ) | N T
T | Il"\-l AR B RS | . il s
6 | [ g d 1 ¢
EII!-i . .I..Il?l.l:.él 9 I 3

Fig 12-1

Example: Tan 35°24' = 0.71 (Fig 12-1)
1. Setthehair line over 35°24' onthe T, (or T) scale.
2. Under the hair lineread off 0.71 on the D scale as the answer.

Exercise 12(a)
(i) tan3l°= (iii) tan15°36' =
(i) tan44°30 = (iv) tan8.7°=

12.2 Tangent (ST scale—for angleslessthan 5°44")

Lessthan 5 or 6 degrees, the sines and tangents of angles are the same at |east to three figures of accuracy.
Thus, the same scale will do for both (hence we call it the ST scale), and we find tangents of angles less
than 5°44’ in exactly the sasme way as we did for sine. (seefig 11.2)

Example 1: tan 4°12' = 0.0733
Firg convert 4°12' to 4.2°
1. Setthehair line over 4.2° on the ST scale.
2. Under the hair lineread off 0.0733 on the D scale asthe answer.

Note: For angels less than 0.573° (34') we use the procedures as outlined in 11.2.
Example 2: tan 0.42° = 0.00733

1. Setthehair line over 0.42 on the ST scale (i.e. at the point actually marked 4.2°).
2. Under the hair lineread off 0.00733 on the D scale asthe answer.
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Exercise 12(b)
() tan 4°31' = (iv) tan 30" =
(i) tan 2.3° = (V) tan 0.2° =
(iii)  tan0.79° = (Vi) tan9 =

(vii)

12.3 Tangent (T, and T scale—for angels between 45° and 84°18’).
1. UsingtheT, Scale
With the T, scale the tangents of anglesin this range can be directly read off as follows:

Example 1: tan 52° = 1.28
1. Setthehair line over 52° onthe T, scale.
2. Under the hair lineread off 1.28 on the D scale as the answer.

Note: The tangents of angles between 45° and 84°18' are number between 1 and 10, hence, tan 52° isread
off on the D scaleas 1.28.

2. UsingtheT or T, scale.

1
For adide Rule without a T, scale, we can usethe T scale becausethe Tan 6 = ————— . (Notethat
tan(90—6)

the T scaleisidentical with the T, scale.) Thisrelationship can be proved using the fact that tan 6 =

cot(90-6) and tan 0 = i
cotf
1 1

i.e tanf = =
cotf tan(90-0)

Thusto find tan 52° we use the complement of 52° (i.e. 38°), and read the answer on the DI (or CI) scale
instead of the D scale.

Example 2: tan 52° = 1.28
1. Setthehair line over 38° (the complement of 52°) onthe T (or T, ) scale.
2. Under the hair lineread off 1.28 on the DI (Cl) scale asthe answer.

Exercise 12(c)

0) tan 60° = (v)  tan82.5° =
(i)  tan70°= (V)  tan47°45 =
(i)  tan63°6' = (Vi)  tan76°=

(vii)

124 Tangent (ST scale—for anglesgreater than 84°18').

1
Using tan® = ——————— we can obtain the tangents of angles greater than 84°18’ by finding their
tan(90—6)

compliments on the ST scale and reading their value on the DI (or Cl) scale.)
Example: Tan 89.17° = 69.

1. Setthehair line over 0.83 (the compliment of 89.17°) on the ST scale.
2. Under the hair lineread off 69 on the DI (or Cl) scale asthe answer.
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Note: The tangents of angles between 84°18 and 89.427° lie between 10 and 100.

Exercise 12(d)
0] tan 85° = (iii) tan 89.1° =
(i) tam 87°30' = (iv) tan 88°45' =

v)
125 Cotangents

1
As cotO = m we can find the cotangents of an angle by following the same procedures as we did for
an

the tangents of the angle. If thetangent isred off the D (or C) scale the cotangent will be read off the DI
(or ClI) scaleand visa-versa.

(Note: for small angelsthe cotangents are large, while the cotangents for angles near 90° are small.)

Examplel: Cot 1°=57.3.
1. Setthehair line over 1° on the ST scale.
2. Under the hair lineread off 57.3 on the DI (or CI) scale asthe answer.

Example 2: cot 39°48 = 1.2
(Express 39°48' as 39.8°).
1. Setthehair line over 39.8° onthe T, (or T) scale.
2. Under the hair lineread off 1.2 on the DI (or Cl) scale as the answer.

Example 3: cot 89° = 0.1746

Set the hair line on 1° on the ST scale.
Under the hair lineread off 0.1746 on the D (or C) scale asthe answer.

Exercise 12(e)

(i) cot 37° = (v) cot 61°20' =
(i) cot 71° = (vi) cot 44’ =
(iii) cot 4°30' = (vii)  cot22°12' =
(iv) cot 87° = (viii)  cot 89°6' =

12.6 Multiplication and Division with Tangents

The following table gives a few possi ble cal cul ations invol ving tangents of angles up to 84°18’ using the
ST, T, and T, scaleslocated on the body of the Slide Rule. If your dliderule has only the ST and T scale
these methods would have to be varied for angels greater 45°.

Note: In thefollowing table T stand for whichever isappropriate of the ST, T, or T, scales (according to
the size of the angle).

Exer cise 12(f)

(i) 2.6tand3° = (vii) mtan39°24' =
. tanb2° .. tan67°36'

(ii) 0.45 = (viii) T =
(ili) 1.19tan 4°30 = (ix) /7 tan35° =
(iv) (6.3tan 17.2°)* = 2 ~moany
(V) 63tan?17.2°= ) tan” 23°30° _
oy — L - 4

tan® 81°30'
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(In thefollowing H.L. Stands for hair line.)

Example Set HL Over Under HL Place Reset HL over Under HL answer
atand 0onT scae Index of C scale A onC scae On D scale
tano
_— 6 T a C Index C D

a
a
—_— 6 T a C Index D C
tanod
(atan®)® 0 T Index C a C A
atan’0 0 T Index C a B A
1
2 6 T Index C Index A B
tan“ 6
7w tano 0 T DE
tano
_— 0 T s C Index C D
T
Jrtang |o T Index C x B D
2
tan” 6 0 T s B Index B A
T

12-4
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Chapter 13 — Pythagor ean (P) Scale

13.1 The Form of the P Scale
The P scaleis an inverted scale reading from right to left, hence the graduations arein red. The P scaleisrelated to

the D scale such that for anumber “x” on the D scale, immediately below it on the P scale we have +/1— x? . This
of courseisonly valid for —1<Xx<1 (i.e |X| <1), aswe cannot have the square root of a negative number.

13.2 Calculating v1—Xx? (P and D scales)
(Notewemust have —1< x<1li.e |x| <1 for V1-X* tohaveareal value)

Example1: ¥v1-0.06* = 0.8

1. Setthehair lineover 0.6 on the D scale.
2. Under the hair lineread off 0.8 on the P scale as the answer.

Example2: vV1—0.08% =0.6

1. Setthehair lineover 0.8 on the D scale.
2. Under the hair lineread off 0.6 on the P scale as the answer.

Note: If ¥ =+v/1— X? then X =+/1— Yy , thusto find v/1— x> we could either find x on the D scale and read
V1—X? off the Pscale, or find x on the Pscale and read v/1— X? off the D scdle.

Exercise 13(a)

(i) V1-0.2% = (i)  v1-0.955° =
(ii) \1-043° = (iv) +1-0.119* =

13.3 Converting Sinesto Cosines (and vise ver sa)
From the relationship Sin 20 +cos’ =1 wecan express.

0 sinf =+/1-cos*6
(ii) cosf =+/1-sin’0

Thus, given the value of sin 6 we can read off directly the value of cos 6, and vise versa.

Example: sin 60° = 0.866 then cos 60° = 0.5
1. Setthehair line over 0.866 (i.e. sin 60°) onthe D scale.
2. Under the hair lineread off 0.5 (i.e. cos 60°) on the P scale as the answer.

Exercise 13(b)
0] if sin 35°48' = 0.585, then cos 35°48' =
(i) if sin 90° = 1.000, then cos 90° =
(iii) if cos 70° = 0.342, then sin 70° =
(iv) if cos 81°42' =0.1445, then sin 81°42 =

13.4 Sines of lar ge angelsand Cosines of small angels

For sines of large angles (i.e. in the region 80 to 90) working from the S scaleis very inaccurate, as you can see
from aglance at thisregion S scale.
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Take for example sin 84°, the best we could estimate using the S and D scales would be 0.994. It would be
impossible to make any more accurate estimation if the questing was 84°20’. A better method is as follows:

Example: sin 84°6' = 0.9947
1. Setthehair line over 84°6' (i.e. inthered graduations) on the Sscale. (84°6 in red graduation isthe
same as5°54’ in black).
2. Under the hair lineread off 0.09947 on the P scal e as the answer.

The same situation arises for cosines of small angels. Therefore, using the fact cos 5°54' = sin 84°6’ we have:
Example: sin 5°54" = 0.9947

1. Setthehair line over 5°54° (in black) onthe S scale.

2. Under thehair lineread off 0.09947 on the P scale as the answer.
Note:

(8) For anglesinred onthe S scale, the P scale gives us the sine.

(b) For theanglein black on the S scale, the P scale gives us the cosine.

Exercise 13(c)

(i) Sn61° = (V)  c0s27°48 =
(i)  sin78°30 = (V)  C0s14°6’ =
(i)  83°24 = (Vi)  c0s47°48 =

13.5 Squar e Roots (number sjust lessthan 1, 100, etc.)
The squareroot of numbersalittle lessthan 1, 100, etc, can be obtained using the D and P scales to a greater
degree of accuracy than in the conventional way, with the D (or C) and A (or B) scales.

Example 1: 4/0.911 = 0.9545 (Fig 13.4)
Express +/0.911 = +/1—0.089

=+/1-0.298°

Note: We must have theform v1— X? to usethe P scale. Thuswe subtract 0.911 from 1 to obtain 0.089, and
express 0.081 = (0.298)% using the A and D scales.
Once we subtract 0.911 from 1, to obtain 0.089 the procedure is as follows:

1. Setthehair line over 0.089 (i.e. at 8.9) on the A scale.

2. Under the hair line read off 0.9545 on the P scal e as the answer.

Example2: +/0.9755 = 0.9877
Express +/0.9755 = +/1—0.0245

=+/1-0.298°

1. Setthehair line over 0.0245 (i.e. at 2.45) on the A scale.
2. Under the hair lineread off 0.9877 on the P scale as the answer.

Note: For +/97.55 we would expressit as:
100x0.9755 = 101/0.9755

and obtain +/0.9755 asin example 2
i.e. =10x0.9877
therefore = 9.877

Exercise 13(d)
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i)  /095= iv) /069 =
(i) /925 = v) 76 =
iy  /0.86 = (i) /9826 =

13.6 The Difference of Two Squares (+/ X% — y2 or X — yz)

Thisisthe form often encountered when using Pythagoras' Theorem to find the third sde of aright triangle.
We note that:

A

Thus, if we calculate y using the C and D scales and transfer the result onto the P scale, on the D scale we
X

2 2
have 1—[% . Then we could easily multiply by x to obtain X 1—[% (e /X*—Vy°.

X X

This answer would be read off the D scale, thus to obtain X — y2 we would read the answer off the A scale.

Example: V4.3 —3.62% =2.32
2
Express 4.3° —3.62° =4.3 1_[ﬁj

4.3

= 4.3\J/1-0.842>

(evauate 34—632 =0.842 in any of the usua ways.)

Set the hair line over 0.842 on the P scale. (The = v1—0.8427 ison the D scale under the hair line)
Place theright index of the C scale under the hair line.

Reset the hair line over 4.3 on the C scale.

Under the hair lineread off 2.32 on the D scale as the answer.

Awbd PR

Note: If instead of \/4.3* —3.62° werequired (4.3° —3.62°) onthe A scale asthe answer.

Exercise 13(e)

i)y V8°-6" = iv) 133 -11.1%=
i)  912-835% = v) 105?798 =

. (vi) 0.45% —0.39? =
i)y 8.72-6.9% =

13.7 Further Application of the P scale
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and work from thePto D scaleasin 13.6.
2. Thefollowing tables give afew other uses of the P scale.

X

Example Set the H.L. over Under the H.L. answer
1— x? x on Pscale on A scae
1
132 x P Bl
- X
@a- x2)3 x P K
= (or CI)
x P D (or CI
1-x?
1-X X A P
1—l X BI P
X
1—% x Cl P
X
2
1— Xg x K P
Example Set HL Over Under HL Place Reset HL over Under HL answer
a /—1—x2 Index of D scale aon Cscae x on P scale on C scale
a
Y Index DI a Cl x P Cl
- X
2
=X |y P a C Index C D
a
Exer cise 13(f)
0) 1-0.24% = ) 1
1 (vii) 1-— =
12

(i)
(iii)
(iv)
(V)
(vi)

13-4

2
(i) V1-0.833 =

(ix)  13.141-0.36° =
2.1

6 =
V1-0.872
V1-0.172 _

i) 3.95
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2.6v/1—0.462 _

oD 5.8
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Chapter 14 — Radians

14.1 Basic Relationships
When working with trigonometrical functions we often find the need to convert an anglein degreesto radians and
viseverse,

, 180
Recall: 1 radian = — degrees= 57.3°
Vs
(or = radians = 180 degrees)
To convert x° to radians we have:

T .
X°® = X| — [radians
[180)

and to covert x radians o degrees we have:

e 2]

14.2 Converting Using C and D scales
As degrees are converted to radians by multiplying the angle in degrees by 17[@ =0.01745, many Slide Rule have

amark labeled & (or with some other symbol) at * 1745' on the C and D scales (also CF and DF scales). Thus, if we
set the index of the C scale abovethed on the D scale we have itsradian equivalent on the D scale.

Fig 14-1

Example: 14.8° = 0.258 radians (Fig. 14-1)
1. Setthehair lineover 6 onthe D scale.
2. Placetheleft index of the C scale under the hair line.
3. Reset thehair lineover 14.8 on the C scale.
4. Under thehair lineread off 0.258 on the D scale asthe answer.

Note:
(8 The above setting of the Slide Rule would also give us 1.48° = 0.025 radians, 148° = 2.58 radians, €tc.
Thisis because the rel ationship between degrees and radiansisa smplelinear one. (e.g. 57.3° = 1 radian
.. 114.6° = 2radians, etc.)
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(b) For the C and D scales set as above (from steps 1 and 2), if theangle in degrees on the C scale takes us off
the end of the D scale, we find the angle in degrees on the CF scale and hence its value in radians on the DF
scale. For example, observe on Fig. 14-1 under the hair line, 46.5° on the CD scale gives 0.81 radians on
the DF scale.

(c) To convert from radiansto degrees, we find the radian value on the D or DF scale and its degree equival ent
isthusread off the C or CF scale.

Exercise 14(a)

Convert to Radians.
(1) 24° = (iv) 125° =
(i) 53°30" = (V) 1.25°=
(iii) 69°24' = (vi) 250° =
Convert to Degrees:
(vii) lradian= (x) 0.065 radians =
(viii)  O.8radians= (xi) 6.5radians=
(ix) 3.8radians= (xii) 1.3radians =

14.3 Converting using the ST Scale

For small angles (i.e. below about 5° or 6°), the Sne, tangent and radian value of an angle are al sameto at least
threefigures. Thus, for an angle in degrees on the ST scale, itsradians equivalent isread directly off the D scale.
The actual graduations on the ST scale are only from 0.574° to 5.74°, 57.4° to 574°, 0.0574 t0 0.574°, etc. Thisis
because we have a linear relationship between degrees and radians, which is of course not so for an angle in degrees
and its sine, cosine, tangent, etc.

Example 75° = 1.31 radians (Fig 14-2)
1. Setthehair line over 75 (marked as 0.75) on the ST scale.
2. Under the hair lineread off 1.31 on the D scale as the answer.

4 D

4
£l

Fig 14-2

Note:
(8) Inthe above example we could take the same setting on the ST scale as 7.5°, 750°, 0.75°, etc., in which
case the equivalent value in radians would have been 0.131, 13.1, 0.0131, etc. respectively.
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(b) To convert from radiansto degrees, we find the radians value on the D scale and its degrees equivalent is

read off the ST scale.
Exer cise 14(b)
Covert toradians:
0] 45° = (iv) 0.36° =
(i) 36° = (v) 91.36° =
(iii) 360° = (vi) 12' =
Convert to degrees:
(vii) 0.65radians = (x) S5radians=
(viii)  1.2radians= (xi) 0.625radians =
(ix) 0.12radians = (xii) 0.0314 radians =

14.4 Arc Length and Area of a sector
Recall the formulae:
Arc Length, L =16 (for r=radiansand 6 anglein radians)
Areaof a Sector, A =Yx%0
Thus, if the angle 6 was given in degrees (instead of radians), we could still evaluate the above quite readily.

Example: L =r6 for r = 14 and 6 = 60° (Fig. 14-3)
1. Setthehair line over 60° (marked as 0.6) on the ST scale.
2. Placetheleft index of the C scale under the hair line.
3. Reset thehair lineover 14 on the C scale.
4. Under thehair lineread off 14.65 on the D scale asthe answer.
.. L=14.65

Note: The area of a sector could be similarly found but would necessitate a second movement of the dideto
multiply by the extra factor of r and the%2. A better method of obtaining the area of a sector isfound in Unit 20.

Exer cise 14(c)

Find the arc length given:
(1) r=25cm, 0 =45 (iii) r=15cm, 6 =2°30'.
(i) r=4cm, 6 =120°. (iv) r=6.8cm, 6 =315°.

Find the area of the sector given:
(V) r=25cm, 0 =45 (vi) r=4cm, 6 =120°.
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Chapter 15— Solutions of Triangles

In general we will be given at least two of the three sides and an angles of a triangle, and asked to find one or more
of theremaining sides of the angles.

We label the vertices of the triangle A, B and C and the sSdes opposite each angle arethen labeled a, b, and ¢
respectively. When we have aright angle triangle (asin section 15.1, 15.2 and 15.3) we will assume theright angle
isat C and thus c isthe hypotenuse.

The following methods are for the trigonometrical scales on the dide, interchanging the C scalefor D, and Cl scale
for DI, and vise versa, will produce a suitable method.

15.1 Right Angle Triangle (given 2 sides)
We know angle C = 90° and sidesaand b. Angle A and B, and the hypotenuse ¢ are unknown. Thus we use

tanA:E
b

B=90°-A

And C= a (from SinA:E)
snA c

Example: Given a=44.5 cm and b =59 cm

To find angles A, B and the hypotenuse c.

Set the hair line over 44.5 on the D scale.

Place the left index of the Cl scale under the hair line. (In some examplesit will be theright index).
Reset the hair lineread off 37° on the T scale asthe value for A.

Reset the hair line over 37° on the Sscale.

Under the hair lineread off 74 on the Cl scale asthe value for c.

Then B =90° - A =90° - 37° =53°

Thus A = 37°, B =53° and c = 74cm

grwpdpE

Exercise 15(a)

(Note C = 90° and sde c isthe hypotenuse.)

Find angles A and B, and sidec, given:
(i) a=141cmandb=9.6cm
(i) a=150cmand b=83cm
(iii) a=3.6cmandb=59cm
(iv) a=13cmand b=30.4cm

15.2 Right Angle Triangle (given the hypotenuse and an angle).
We know angles C=90° and A, and sidec. Then sidesaand b and the angle B are unknown.

. a
Thusweusea=csinA (from SN A=—)
Cc

b
b=ccosA (from COSA=—)
Cc
and B=90°-A

Example; Givenc=95cmand B =41°
Tofind angle A and sidesaand b.
1. Place 9.5 of the C scale over theright index of the D scale.
2. Setthehair line over 41° on the Sscale.
3. Under the hair line read off 6.23 on the C scale asthe value for a.
4. Reset thehair line over 41° (red) on the S scale.
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5. Under the hair lineread off 7.16 on the C scale as the value for b.
B =90°-A=90°-41° =49°
ThusB =49°,a=6.23cmandb—-71.6 cm

Exer cise 15(b)
(Note C = 90° and sde c isthe hypotenuse.)
Find angles B and sides aand b, given:
(i) A =34°18 and c = 18.5cm
(i) A =48.4° and c = 42.5cm
(iii) A =26°andc=7.3cm
(iv) A =56.2° and c = 315cm

15.3 Right Angle Triangle (given the hypotenuse and a side)

We know angle C =90° and sidescand a. Theangles A and B and side b are unknown.

Thuswe use
sin A:E
C
B=90-A
and b=csnB (from sinB=9)
C

Example: Givena=31.5cmandc =79
Tofind angles A and B and sideb.
1. Placethe 79 of the C scale over theright index of the D scale.
2. Setthehair line over 31.5 on the C scale.
3. Under the hair lineread off 23.5° on the S scale asthe value for A.
Then B =90° - A =90° - 23.5° = 66.5°
4, Reset thehair lineover 66.5° on the S scale.
5. Under the hair lineread off 72.4 on the C scale asthe value for b.
Thus A =23.5°, B=66.5° andb=74.2 cm

Exercise 15(c)
(Note Angle C = 90° and side c isthe hypotenuse.)
Find angles A and B and side b given:

(i) a=43cmandc=74cm

(i) a=17.2cmandc=29.6cm

(iii) a=35cmandc=52cm

(iv) a=6.3cmandc=158cm

15.4 Areaof a Triangle
Knowing two sides and the included angle of any triangle, its areais given by:

Area=%absnC,
Or =%bcsnA,
Or =%acsnB.

Example: Given a=15cm., b=17cmand C = 36°.

.o aea=Yx15x 17 x Sn 36°

Set the hair line over 36° on the Sscale.

Place the 15 of the Cl scale under the hair line.
Reset the hair line over 17 on the C scale.
Place the 2 of the C scale under the hair line.

grwpdpE

i.e area=75cm?

15-2
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Exer cise 15(d)
Find the area of the following triangles given that:
(i) a=6cm, b=9cmand C=38".
(i) b=41cm,c=29cmand A =67°.
(iii) a=15.4cm,c=13.8cmand B =43°24".
(iv) a=29.1cm, b=353cmandC 105°.

15.5 Sine Rule (Scalene Triangles)
Thesineruleis usually expressed as
snA snB snC
a b c
In this unit we will deal with the cases where two angles and a Sde, or two sides and an angle opposite one of the

sides are given. Seethe Appendix for cases where two sides and an angle not opposite one of the sides, or three
sidesare given.

Examplel: Givena48=cm, A =55°and B = 76°
Tofind an angle C and sidesb and c.
C=180° - (55° + 76°)
S C=49°
sn55°  dn76° sin49°
48 b (o
Set the hair line over 55° on the scale.
Place the 48 of the C scale under the hair line. (This sets up the known ratio.)
Reset the hair line over 76° on the Sscale.
Under the hair line read off 56.8 on the C scale asthe value for b.
Reset the hair line over 49° on the S scale.
Under the hair line read off 44.2 on the C scale asthe value for c.
C.C=49°, b=56.8cmandc=44.2cm

Thus we have:

ok wNE

Note:

(]

(8) Inthe above procedure we have set up theratio of

on the C and Sscales. Thusfor agiven angle

on the S scale the side oppositeiit is read directly off the C scale, and for agiven side on the C scale the
angle oppositeit isfound on the S scale.

(b) Instead of using the C scales, we could have used the CF and S scales. (See example 2 below).

(c) ForanS scaleonthedide (or a Side Rulewith the S scale on the dide), it can be used with the D scale on
the body of the Slide Rule.)

Example 2: Given a=8.3cm, A =48.8° and B = 60°
To find angle C and sdesb and c.

C =180° - (48.4° + 60°)

. C=716°

sn48.4° sn60° sin71.6°
8.3 b c

Thus we have:

Set the hair line over 48.4° on the scale.

Place the 8.3 of the CF scale under the hair line.

Reset the hair line over 60° on the Sscale.

Under the hair line read off 9.6 on the CF scale as the value for b.
Reset the hair line over 71.6° on the S scale.

growdhE
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6. Under the hair line read off 10.51 on the CF scale as the value for c.
S, C=716° b=96cmandc=10.51cm

Note: Had we set up Example 2 on the C and S scales, we would have found that for the hair line over 71.6° on the
Sscale, it would have been off the end of the C scale. In such circumstances a Slide Rule such as the Faber-Castle
2/83N or 2/82N with extended scal e graduations can be a great help.

CASE Il —Two Sides and an Angle Opposite One of Them (SS.A)
A. OneTriangle Possible, as the Sde opposite the given angle islonger than the other side given.

Example 3: Given A =59°, a=7.8cmandc = 6.2 cm
To find angles B and C and side b.
sn59° snB snC
Thus we have: = =
7.8 b 6.2

a) Setthehair line over 59° on the Sscale.

b) Placethe 7.8 of the C scale under the hair line.

¢) Resetthehair lineover 6.2 on the C scale.

d) Under the hair lineread off 43° on the S scale asthe value for angle C.
Thus B = 180° - (59° + 43°)
. B=78°

€) Reset thehair lineover 78° on the Sscale.

f)  Under the hair line read off 8.9 on the C scale asthe value for b.

B. Two Triangles Possible, as the side opposite the given angleis shorter than the other side give.

Example4: Givena=17.2cm, b=19.6 cmand A =51°.
Tofind anglesB and C, and sidec.
sn51° snB snC
17.2 19.6 c
Set the hair line over 51° on the Sscale.
Place the 17.2 of the CF scale under the hair line.
Reset the hair line over 19.6 on the CF scale.
Under the hair lineread off 62.3° on the S scale as one of the possible values for angle B.
.. B1=62.3° Then B,= 180 -62.3°
=117.7°
Thus C, = 180° - (51° + 62.3°)
=66.7°
and Cy=180° - (51° + 117.7°)
=11.3

Thus we have:

AR

For C,=66.7°
5. Reset thehair lineover 66.7° on the S scale
6. Under the hair lineread off 21.5 on the CF scale as the value for ¢;
For C,=117.7°
7. Resetthehair lineover 11.3° on the Sscale
8. Under the hair lineread off 4.34 on the CF scale asthe value for ¢,
Thusthe two possible answers are:
B1=62.3° C;=66.7° andc;=21.5cm
B,=117.7°, C,=11.3° and ¢c,= 4.34 cm
(Note: we used the CF scale with the S scale as it would otherwise have run off the end of the C scale.)

Exercise 15(e)

Use the Sine Rule to find the remaining sides and angles, given:
(i) A =66°, C=48° anda=42cm
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(i) B =75° C=62°and a=10.4cm
(iii) A =126°, B =15°and c=17cm
(iv) a=73cm, c=28cmand A =42°
(V) a=9.1cm, b=77cmand A =51.2°
(vi) b= 25.4cm, c=3.3cmand B = 100°
(vii) b =83cm, c=96.8cm and B = 48.4°
(viii) a=62.5cm, b=98cmand A =38.3°

15.6 Cosine Rule (Scalene Triangles)
The cosineruleisusually expressed as:

a’? =b?+c? - 2bccosA ,

or b® =a®+c® -2accosB,
or ¢’ =a’+b” -2abcosC.
_ b*+c*-a®
These also can be expressed in the form — COSA = T , €tC.
C

We use the dide rule to square, multiply, divide and obtain square roots in these expressions.

Exer cise 15(f)
Use the cosine and sinerulesto solve the triangl es, given:
(i) a=45cm, b =20cm and ¢ = 60cm
(i) a=2.2cm, b=34cmand c=2.4cm
(iii) a=25cm, b=35cm and C = 38°
(iv) b =14.9cm, c=7.24cm and A = 104°36’
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Chapter 16 — Complex Numbers

16.1 Basic Relationships

The Cartesian form of a complex number is a+ jb, where j =~/—1. The complex number a+ jb is
represented on the complex plane by the vector OP, for P with coordinates (a, b).

v
P(a.b)

b

a X

Fig 16.1

On occasions it is necessary to convert to Cartesian form to the polar form (i.e. r(c0SO + j SINO) and vise versa.

The polar form can also be expressed as re!’ by Euler’s Equation. Often we express r(Cos6 + j Sin0) as

rZ0 for brevity.
From Fig. 16.1 it isclear that the following relationships connect the polar and Cartesian forms—

a=rcosO

b=rsné

r=+va*+b?

G:tan’19
a

(the last coming from tan@ = E ).
a

16.2 Converting Cartesian Form to Polar

Toconvert a+ jb to rZ0 weuse tanf =9 (ie O :tan’lE) tofind 6, and r :_L (from SIN6 :9)
a a snf r

tofindr.

Note: when ‘a and/or ‘b’ are negative, this means the complex number liesin the 2™, 3%, or 4" quadrant.
The angle 6 isthus affected, but not the amplitude, r. Hence, for placing aand b on the Slide Rule, we take their

absolute values (i.e. |8 and [b]).

If ¢ isthe angle obtained in any of the methods above (using the absol ute values of a and b) then for the various
quadrants 6 is obtained by —
a) Second Quadrant (a<0, b>0)
0 =180°-¢
b) Third Quadrant (a<0, b<0)
0 =180°+ ¢

16-1



A Complete Side Rule Manual - Neville W Young

¢) Forth Quadrant (a>0, b<0)

0=360°-0¢

A.For S T, and T, scaleson the body of the Slide Rule.

Example1: Convert 4 + 3j to polar form:

1
2.
3.

4.

Set the hair line over 3 onthe D scale.
Place the left index of the Cl scale under the hair line. (in some cases the right index)
Reset the hair line over 4 on the Cl scale.

b
Under the hair lineread off 36.85° on the T, scale asthe value for 6. (Use Ty scdeif — <1 and T, scaleif
a

9>1.)
a

Reset the hair line over 36.85° on the S scale.
Under the hair line read off 5 on the Cl scale asthe valuefor r.

-.4+3] =5/36.85°

B. For Sand T scaleson the dide and a DI scalethere aretwo cases.

For 0 <45° (i.e E <1
a

Example 2: Convert 4 + 3j to polar form.

oukwpnpE

Set the hair line over theleft index of the DI scale.

Place the 3 of the C scale under the hair line.

Reset the hair line over the 4 on the DI scale.

Under the hair lineread off 36.85° on the T scale asthe value for 0.
Reset the hair line over 36.85° on the S scale as the value for 0.
Under the hair lineread off 5 on the DI scale asthe value for r.

-.4+3] =5/36.85°

For 0> 45° (i.e. E >1)
a

Example 3: Convert 3+4j to polar form.

N

o0 kw

Set the hair line over theleft index of the DI scale.

Place the 3 of the C scale under the hair line. (Note, we have ‘3’ here asthe value of ‘&', in contrast to the
‘3 in step 2 of Example 2 which wasthen thevalue for ‘b’).

Reset the hair line over the 4 on the DI scale.

Under the hair line read off 36.85° on the T scale, so that 6 = 90° - 36.85° = 53.15°.

Reset the hair line over 36.85° on the S scale as the value for 0.

Under the hair lineread off 5 on the DI scale asthe value for r.

-.3+4] =5/53.15°

Note: These two cases can be brought into one genera method by using first the C scale, whichever of aand bisthe

b b
smaller. Thenif — <1, theangleistaken asread off the T scale, otherwise for — > 1, we take the complement of
a

a

the angle found onthe T scale.

C. For Sand T scaleson the dlide and no DI scale, there are two cases:

For 0 <45° (i.e E <1
a
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Example4: Convert 4 + 3j to polar form.

Set the hair line over 4 on the D scale.

Place theright index of the C scale under the hair line.

Reset the hair line over 3 on the D scale.

Under the hair lineread off 36.85° on the T scale asthe value for 0.
Place the 36.85° on the S scale under the hair line.

ok wpnpE

-.4+3] =5/36.85°

For 0> 45° (i.e. E >1)
a

Example5: 3+ 4j to polar form.

1. Set thehair lineover 4 onthe D scale.
2. Placetheright index of the C scale under the hair line.
3. Reset thehair lineover 3ontheD scale.
4. Under thehair lineread off 36.85° onthe T scale so that 6 = 90° - 36.85° = 53.15°
5. Reset thehair lineover 36.85° on the S.
6. Under the hair lineread off 5 on the D scale asthe valuefor r.
..3+4j=5,/53.15°
Exercise 16(a)
Convert the following to polar form:
) 8+6j= (vi) 34-72 =
(i) 5+12j = (vii) -7+25 =
(iii) 12+5)= (viiil) 2-3
(iv) -3+4j=
(v) -41-11j =

16.3 Converting Polar Form to Cartesian

Below theright index of the C scaleread off 5 on the D scale asthe value for r.

b b
Toconvert 60 toa+jbweuseb=rsin@tofindbanda= Py (from tan6 = —) tofinda.
an a

Note: for angles, 0, greater than 90° (that is complex numbersin the 2™, 3, or 4™ quadrant) we express the

angle as ¢ (for p<90°) by —
d) Second Quadrant (90°a<6<180°)
¢=180°-6
€) Third Quadrant (180°a<6<270°)
¢ =6-180°
f)  Forth Quadrant (270°a<6<360°)
¢ =360°-06

A.For S T, and T, scaleson the body of the Slide Rule.

Example 1: Convert 13/59° to Cartesian form:

Set the hair line over 59° on the S scale.

Place the 14 of the Cl scale under the hair line.

Reset the hair line over the index of the Cl scale.

Under the hair lineread off 11.15 on the D scale as the value for b.
Reset the hair line over 59° on the T, scale. (Usethe T, scaleif 6 < 45°)
Under the hair line read off 6.7 on the Cl scale asthe value for a.

- 13459° =6.7+11.15]

ou AWM

B. For Sand T scaleson the dide and a DI scalethere aretwo cases.
For 6 < 45°
Example 2: Convert 13/31° to Cartesian form.
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Set the hair line over 13 on the DI scale.

Place the 31° of the S scale under the hair line.

Reset the hair line over the right index of the DI scale.

Under the hair lineread off 11.15 on the C scale asthe value for a.
Reset the hair line over 31° onthe T scale

Under the hair line read off 6.7 on the DI scale as the value for b.

~.13/31°=11.15+6.7]

ouk~wdpr

Example 1: Convert 13/59° to Cartesian form:
For the complement of 59° = 90° - 59° = 31°

1

ok wh

Note:

Set the hair line over 13° on the DI scale.

Place the 31° of the S scale under the hair line.

Reset the hair line over the index of the DI scale.

Under the hair line read off 11.15 on the C scale asthe valuefor b.
Reset the hair line over 31° onthe T scale

Under the hair lineread off 6.7 on the DI scale asthe value for a.

- 13459° =6.7+11.15]

These two cases can be brought into one general method by using the angle as given, if it isless than 45°,

otherwise we use its complement. If the angleislessthan 45°, weread ‘a off the C scaleand ‘b’ off the DI

scale.

If the angle given is greater than 45°, weread ‘b’ off the C scaleand ‘a’ off the DI scale.

C. For Sand T scales on the dide and no DI scale.
To convert 13/31° to Cartesian form, we evaluate —

a=13cos31°=115
andb=13sn31°=6.7

toobtain 11.15 + 6.7]
Exercise 16(b)
Convert the following to polar form:
(i) 4£60° (v) 10.6£216°
(i) 4£30° (i) 34£304°
(i) 6.5£42° (vii) 105,110°
(iv) 6.5£132° (viii) 15,143.15°

16.4 Miscellaneous Pr oblems

Recall

r£0,xr,20,=r xr,20,+0,
r£0,+r,20,=r +r,20,-0,

Exer cise 16(c)
Express the answer to the following in polar form:

(i)
(i)
(iii)
(V)

(vi)
(vii)

35/21°x19/53° (v) (6+9j)=(5+3j)
4.7,34°+8.6£41°

(4+3))x(2+3]))

Express the answer to the following in Cartesian form:

2.5,/133°% 6.88./68° wiii)  (-2-2j)+(3-4j))

42/110° + 72./140°
(3+37)x (=2+5])
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Chapter 17 —LogarithmstoBase 10 (L Scale)

Recall the Laws of L ogarithms:
(i) logab=loga+logb

(i) Iog%:Ioga—logb
(i)  loga® =Nloga

And the equivalent Logarithmic and Exponential form:
log, N=L and N =b"

17.1 Logarithmsand Antilogarithms Using L and D scales.
(i.e. usual L scale on body of the diderule)

Fig 17-1

Example1: log,,1.82=0.26 (Fig. 17-1)

(Or this could be stated 1.82 =10°%)
1. Setthehair lineover 1.82 on the D scale.
2. Under the hair lineread off 0.26 on the L sca e asthe answer.

Note:

(8) For numbers between 1 and 10 on the D scale, their logarithms are read directly off the L scale asthe

values between 0 and 1.

(b) For thelogarithms of numbers outside therange 1 to 10, we have to decide their characteristic ourselves.

eg. log,,182=2.26 or log,, 0.182=-1.26
The Slide Rule gives us only the mantissa, as do logarithm tables.

(o) If we have thelogarithm of a number and wish to find the number, we work the opposite way, (i.e. from the

L scaletothe D scale)

Example 2: antilogarithm of 3.26 = 1,820
(or this could be stated 10°%° =1,820)
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1. Setthehair line over 0.26 (i.e. mantissaonly) on the L scale.
2. Under the hair lineread off ‘182’ on the D scale asthe answer.

- answer =1,820 (asthe characteristicis 3)
(See exercise 17(a) at theend of 17.2 for problems)

Note:
As sines, cosines and tangents are found on the D scale, the value of log sin, log cos and log tan can be obtained by
reading from the angle on the appropriate trigonometrical scale directly onto the L scale.

17.2 Logarithms and Antilogarithms Using L and W (Root) scales.
Thisisthe system applicable to the Faber-Castell Side Rules 2/83N, 62/83 etc. Thel scaleisonthedideanditis
used in conjunction with the W scales. It isbest to usethe W’; and W', scalesinstead of the W; and W, scalesto
avoid any error, should the dlide be dightly displaced.
(i) For anumber on the W’ ; scale, that isanumber less than about 3.2 (3.5 for the 2/83 N), weread its
logarithm off the L scale according to the numbersto the | eft of the graduations.
Example 1: log,,1.385=0.1415
1. Setthehair line over 1.385 on the W’ scale.
2. Under the hair lineread off 0.143 on the L scale (according to numbers to | eft of graduations) asthe
answer.
(i) For anumber on the W’ , scale, that isanumber greater than about 3 (2.8 for the 2/83N), we read its
logarithm off the L scale according to the numbersto the right of the graduations.

Example 2: log,,82.4=1.916

1. Setthehair lineover 82.4the W', scale.
2. Under the hair line read off 0.916 on the L scale (according to numbers to right of graduations) asthe
mantissa of the answer.
. answer = 1.916 (as 82.4 is between 10 and 100).

Exercise 17(a)
(i) log, 2.3 = (v) 10 =
(i) log,, 46 = (vi) 10"%® =
(i) logy,192 = (i) 10°% =
V) log,, 0.67 = (viii)  10°%
Find X in the Following:
(ix)  log,, X =0.908 (xiii)  log,, X =8.5
x)  log,, X =—-2.805 (xiv)  log,, X =32
xi)  log,, X =2.015 (xv)  log,, X =0.065
(xii)  log,, X =4.262 (xvi)  log,, X =2,500

17.3 Raising Number sto Power s and Solving Exponential Equations:
A. Raising a Number to Power. (A better method using LL scalesisgiven in unit 19.)

Example 1: 33.4*% = 35,450,000
Express as |0g,, 33.4*% = 4.95l0g,, 33.4 (by Law 111)

=4.95x1.524 (Using Slide Rule to Find logarithm)

=7.55 (Multiply using Slide Rule)
(Use the Slide Rule again to obtain the antilog of 0.55 and position the decimal point according to the
characterigtic, 7.)
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". answer = 35,450,000
B. Solving an Exponential Equation.
Example 2: solve 3* = 5 for x
If two quantities are equal, then their logarithmswill be equal.

i.e log,, 3" =log,, 5
. Xlog,, 3=109,,5 (evaluate each using Slide Rule)

09,45 o
X =-——— (divideusing Side Rule)
log,, 3
:@ (evaluate each using Slide Rule)
0.477
- X =1.466
Exercise 17(b)
i 15 = (i)  157°% =
(i) 16.5*° = (v) 0.98%° =
Find x in the following:
(v) 23°=76 (vii) 0.8*=0.2
(vi) 56* =295 (vii)y  x*° =125

1
(Hint, writeas X =12.5%9)
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Chapter 18 —L ogarithmsto Base e and Power of e (LL scale)
18.1 Theform of theLL scale.
The LL scales are found on the body of the Slide Rule and are used in conjunction with the D (or C scale). The LL3,
LL,, and LL, (some also have an LL) scales are in black and give the positve powers of e. A number of diderules
have the inverted LLos, LLop, and LLoz; (SOome also have LLgp) scales in red (reading from right to left) to give the
negative powers of e. Note that the decimal point is given with al numbers marked on these scales. In the
following, we have dealt with Slide Ruleswith 3, 6, 8 LL scales.

Example: €-%2=4.75
1. Setthehair line over 1.52 onthe D (or C scale).
2. Under the hair lineread off 4.57 on the LL; (i.e. €) scale asthe answer.

Note:
(a) we read €*1%2 =1.164 onthe LL, scale (i.e. €*™) scale.
e*52 = 10153 on the LL, scale (i.e. ") scale.
and €92 =100152 ontheLL, scale (i.e ") scale.

For a on the D scale between €® read off
1and 10 LL; scale
0land1 LL, scale
0.01and 0.1 LL, scale
0.001 and 0.01 LLy scale

b) As e = x isequivalent to logex = N we can either say (for example) evaluate €, or solve logex = 2.5 for x.
€q 0g y p! 0g

Exercise 18(a)

(|) e4.3 - (V) e0.062 —
(“) e7 — (V|) e0.48 —
(| i |) e0.95 — (V| |) e0.003 —
(|V) e0.035 — (V| i |) e0.00Sl —

Solve the following for x:
(ixX) Logx =31 (xi) Logex =0.007
(x) Logex =0.62 (xii) Logex =0.049

18.3 Negative Powers of e

Example1: €’ =0.00037
1. Setthehair lineover 7.9 ontheD (or C) scale.
2. Under the hair line read off 0.00037 on the LLs (i.e. €*) scale.

Note:
(a) we read €%’ =0.454 onthe LLy, scale (i.e. €®™) scale.
€% =0.924 ontheLL, scale (i.e. €™ scale.
and  €%%" =0.99213 on the LLy, scale (i.e. %) scale.

For a on the D scale between €” read off
1and 10 LLq; scale
0land1 LLg, scale
0.01and 0.1 LLo scale
0.001 and 0.01 LLoo scale
. . x . ) . . ~ 1
(b) For Slide Rules without the €™ scales we can still obtain negative powers of e by using thefact € © = —-.
e
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Example2: €% = 454
1. Setthehair line over 0.79 onthe D (or C) scale).
2. Under the hair lineread off 2.205 on the LL, scale as the answer of €>.
3. Reset thehair lineover 2.205 on the C scale.

4. Under the hair line read off 0.454 on the Cl scale asthe value for —— (i.e. %)
o0
Exercise 18gb)
0 e -
(s::g 2—0.4_ - (5/\3 2—0.024 ; (viil) e
Solve the following for x:
(ix) Logex=-2 (xi) Logex =-0.068
(x) Logx=-04 (xii) Logex =-0.0032

18.4 Miscellaneous Power s of e
A. Very Small Power s of e can be approximated as follows:

foranyx € =1+ X
This can be easily verified and is useful when a Slide Rule does not have LLg and LL g scales.
eg. €% 3 1+0.0027=1.0027,
g%0018 ~ 1 -0.0018 = 0.9982, etc.

B. Very Large Powersof e (i.e. € for x > 10).
Example 1: € = 3,320,000
Expresse® = (€))®
= (149)° (obtain € = 149 using D and L L ; scales)
= 3.320,000 (cube using D and K scales)

OR
Expresse®=e?*5=¢ ¢
= 22,000 x 149
= 3,380,000

(Note, discrepancies may occur in thethird or forth significant figures from the different methods due to
limitations of accuracy obtainable with various scales.)

Example2: €*®=3.01x 10”7

3
Expresse™® = (e’5 )
= (0.0067)°
=(6.7x 10°)*
=301x 10°=3.01x 10”7
C. Some other powers of e which may be worthy of note are covered in the following table.

Set the H.L. over Under H.L.on LL Under H.L onLL,
scalesread scalesread
aon A scade e‘ﬁ e,@
a K e§ a ei%
0 S es’ne e—s’ne
0 (I‘Gj) S eoose e—oose
e Tl or '|'2 eta’]@ e—ta’]@
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a DI(CI) 1
e L
ge
a Bl N 1
o e Ve
a DF a _a
er er
a P ex/l—a2 e 1-a2
a w ea2 e—a2

18.5LogarithmstoBasse
Tofind logeN (or In N aswe often writeit), the hair lineis set over N on the LL scale and under the hair line on

the D (or C) scaleln N is found.
The sign and position of the decimal point is dependent upon which LL scale N islocated on.

Examplel: In4.57 = 1.52
(i.e. the steps shown in Fig. 18-1 in reverse order)
1. Setthehair line over 4.57 onthe LL; Scale.
2. Under the hair lineread off 1.52 on the D scale as the answer.

Example 2: In 1.02 = 0.0198
1. Setthehair lineover 1.02 ontheLL; scale.
2. Under the hair lineread off 0.0147 on the D scale asthe answer.
(It reads as 0.0147 on the D scale, as 1.02 is found on the LL; scale (i.e. €*™™)).

Example 3: In 0.6 =-0.511
1. Setthehair lineover 0.6 onthe LLy, scale.
2. Under the hair lineread off —0.511 on the D scale asthe answer.
(It reads as—0.511 on the D scale, as 0.6 is found on the LLg, scale (i.e. €*%)).

Note:

(@

Found onthe— Inisread off the D scale as a value between —

LLs 1.0 and 10.0
LL, 0.1 and 1.0
LL, 0.01 and 0.1
LLo 0.001 and 0.01
LLgo -0.001 and -0.01
LLos -0.01 and -0.1
LLo -0.1 and 1.0
LLos -1.0 and -10.0

(We do not attempt to write the logarithm of numberslessthan 1 with a negative characteristic and positive

mantissa, but leave it as a negative number.)

(b) For Slide Rules without e* scales we can still obtain natural logarithms of numbers less than 1, by using the
1

factInx=-In —.

X
Example: In 0.6 =-0.511
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1
(i.eln0.6=-In—)
0.6
1. Setthehair line over 0.6 on the C scale.
1
2.  Under the hair lineread off 1.677 on the Cl scale as the value for ﬁ .

3. Reset thehair lineover 1.667 on the LL, scale.
4. Under the hair lineread off —0.511 on the D scale asthe value for In 0.6.

(c) Asex =Nisequivalent toIn N = x, we can either say, (for example) solve ex = 2.5 for x or evaluateIn 2.5.

1
(d) Tosolve e=N for X, we note it can be written as e* = N.

i.e. InN :E

X
Thusto find what root of eisequa to anumber N, we set the hair line over N on the LL scalesand read off x
on the DI scale.

(e) Logarithms of numbers near 1 are very small positive or negative values, depending upon whether the
number is greater or lessthan 1. (In 1 =0). The logarithms of such numbers can be approximated, as follows:
In 1.0023 = 1.0023 -1 =0.0023

In 0.9984 ~ 0.9984 — 1 =-0.0016 (etc.)

Thisis useful for Slide Rules with out LL, and LLg; scales.

Exer cise 18(d)
0] In9.5 (vii) In 1.005 (xiii)  In 0.63
(i) In 170 (viii)  In1.0019 (xiv)  In0.422
(iii) In2.4 (ix) In 0.9985 (xv) In 0.035
(iv) In1.14 (x) In 0.992 (xvi)  In 0.0002
(v) In 1.07 (xi) In 0.95
(vi) In1.01 (xii) In 0.98

Solve the following for x:

(xvii) €=4,000 _ )
(xviil) €=106 (xxi) /e =165
(i € =01 (o) e = 10202
(xx) €=09
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Chapter 19— Further Applications of the LL scales
19.1 Reciprocals

1
TheLL (&) scales and the corresponding LL, (€™ or — )Scales arethereciprocal of each other.
e

1
Examplel: — =0.244
4.1

1. Setthehair lineover 4.1 onthelLL; scale.
2. Under the hair lineread off 0.244 on the LLy; scale.

Example 2: =1071

0.9335
1. Setthehair line over 0.9344 on the LLy; scale.
2. Under the hair lineread off 1.071 on the LL; scale as the answer.

Note

(@) Thereciprocal of any number from 0.000045 to 22,000 (10° to 10° for Slide Rules with extended scales)
can be obtained by locating the number on the particular € or € scale and reading off on the
corresponding €” or € scale asin examples above.

(b) Even for a Slide Rulewith LLy and LLq, scales, thereis a gap between 0.9991 and 1.0009, but thisrange
would not often be encountered. For number between 0.1 and 6, the LL scales give more accuracy the Cl
and D scales, while outside thisrange (i.e. greater than 6 and less then 0.1) the Cl and D scales are more
accurate. One of the greatest advantages of the LL scales for reciprocals, is that the decimal point is read
directly off the scales.

1
eg. 270 onthelLL; scale gives H) =0.0037 onthelLys scale.

Exercise 19(a)

L1 1

(i) 23 v) 008

) 1 _ 1

(i) E = (vi) @ =

1 § 1
(iii) 1_46 = (vii) 073 =

_ 1 1
™ Tos1” VI 50032
19.2 Tenth and Hundredth Powersand Roots
Example: Find 2.5%°, 925 | 2.51510 ,and 10\/;_5 . (Fig 19.2)

1. Setthehair lineover 2.50onthelL, scale.
Under the hair line red off —
2. 9,500 on the LL scale asthe value of 2.5%°

3. 1.096 onthelLL, scaleasthevaluefor ¥2.5.

1
4, 0.000105 on the LL5 scale asthe value for 2—510 .
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1
5. 0.9124 on theLLy; scale asthe valuefor .
Y25
Further Examples:

For ‘a’ on theLL scale as shown, the other LL scales give—

LLs LL, LL, LLg LLgo LLog LLoy LLos
a 9a Wa | “Ya ! L 1 1
Ya YWa Ya a
1 1 1 1
10 a 1 10, 1 1 1
i a | % | g | % | e |
1 1 1 1
al® al° a Ya % a a 1%
1 1 1 1
qLo% a1 al a a al° 1% 2190
1 1 1 1
310 aﬁ F a a a® al® qlo®
1 1 1 1
2 | @@ | & | @ | %2 2 | & e
1 1 1 1
@ | a | ¥ | %@ | M2 | ¥ | 2 | &
1 1 1 1
— — 1000 100 1 a
a Ya 197 1000 Ya Ja 9
Exercise 19(bg
(i) 1.08%= ) 1 ) 1
(ii) 1_oilooz (vii) 95 - (xii) -
(iii) 1 0810 = (viii) 1 _ (xiii) 10/9.5 -
. 1 _ 100@ (XiV) 10011.9 -
) 1.08® (ix) ~/0.65 = (V)  170=
v) Y54 (x) 0.65°= (xvi) 097" =
\" =
1
iy 954 = (i) = =
W V.65
Note:

(8 Thereisno difficulty with locating decimal points, asall values are read off the particular LL scale.
() Recal Ya=a®=a
19a = al® = %%

1

10093 = 100 — g0%!

19.3 Positive Numbersto Any Powers
The LL scales can be used to obtain a" for a> 0and N, any power (positive, negative or fractional). The procedure
isasfollows. For ‘a onthelL scale theD scalegive‘lna (seeunit 18). If we multiply thisvalue of ‘In &’ on the
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D scale by ‘N’ (using the C and D scale) we then obtain ‘N Ina (i.e. Ina") on the D scale. If the multiplication was
done using the left index of the C scale (see example 1 below), the value of ‘a" isread off —

(i)
(i1)

(iii)

Theoriginal LL scalefor 1 <N < 10.

The LL scale above the original for 10 <N < 100 (e.g. ‘a onthelLL, then‘a M onthelLLzor ‘a onLLg,
then ‘a™ on LLgg).

TheLL scale below theorginal for 0.1<N < 1. (e.g.‘a onthelLL,then‘a M onthelLL, or‘a onLLg,
then ‘a™ on LLgy).

In multiplying ‘N’ by ‘In &, on the C and D scales, if theright index of the C scaleis used, the answers are found on
the LL scale abovetheLL scaleslisted in the foregoing method. (see example 2).
This method can be extended to larger or smaller number values of N by moving two or more LL scalesingtead of

one.

Examplel Find 1.4%°,1.4%, and 1.4°%%

WN P

No ok

Set the hair line over 1.4 on the LL, scale.

Place the left index of the C scale under the hair line.
Reset the hair line over 2.5 on the C scale.

Under the hair line read off —

2.32 on the LL, scale asthe value for 1.4%5.

4,500 on the LL; scale asthe value for 1.4%.

1.0878 on the LL, scale as the value for 1.4°%.
1.0084 on the LL, scale as the value for 1.4%%°,

Example 2: Find 0.6°%°, 0.6%%%, 0.6°%%% 0.6 0.6°%'

wpn e

© N A

Note:

(b)

(©

Set the hair line over 0.6 on theLL, scale.

Place theright index of the C scale under the hair line.
Reset the hair line over 0.615 on the C scale.

Under the hair line read off —

0.043 on the LL o3 scale as the value for 0.6%.

0.73 on the LL, scale asthe value for 0.6%55.
0.99686 on the L Ly, scale asthe value for 0.6%9%%,
23.3 on the LL; scae asthe value for 0.6°%%°.

1.032 on the LL; scale asthe value for 0.6,

For negative power we simply transfer to the reciprocal LL scale (see 19.1)

Ingtead of using the C scalein step 2 and 3 of the above Examples, we could have used the CF scale. Step
2 would then be —Place the index of the CF scale under the hair line. Note, we must use either the C or CF
scalein aproblem, and not mix them, otherwise it means the power is either multiplied or divided by .
For powers of numbers which take us outside the range of the LL scales, one of the following procedures
can be used.

(i) 5.9° =5.9*°x 5.9*° = (5.9*°)% Usethe LL scalesto evaluate 5.9*° and then square the results
in the usual way.

(ii) 36.4° = (3.64 x 10)° = 3.64° x 10".

(i)  1.522=1.52"x 1.52'° Evaluate each separately and multiply together in the usual way or
1.52%9 = 1,52M5 x 1.52'*° = (1.52'4%)?

(iv) 16338 = (1.63 x 10%)1*® = 1.63"38 x 107 = 1.63"*8 x 10°° x 10”. Evaluate thefirst term
using the LL scales. To find the second term, usethe L scale as 10°° = x is equivalent to
logi0x = 0.6 (i.e. find 0.6 on the LL scale and read off 3.98 on the D scale (or W', scale for the
2/83N) as 10°)

(v) 0.0021%" = (.21 x 10%)>" = 0.21>" x 10 = 0.21°" x 10°® x 10"

Again, we evaluate the first two termsasin (iv) above.

Exercise 19(c)

(i)
(i)

37 = (i)  3.7%= (v) 0.179*3=
3.7%% = (iv) 0.625° = (vi) 0.024" =
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(viiy  79°= (xii) 22%3= (xvii) €=

(viii)  70°¥= (xiii) 4407 = (xviii) 1,100%8 =
(ix)  79°%%2= (xiv) 1.01°= (xix)  0.0057%3=
(x) 4,200°% = (xv) o.%sf“ = (xx)  0.042%°=

(xi) 0.9154.2 = (xvi) 14~=

19.4 Miscellaneous Power s and Roots of Positive Number s
1

Expressing Q‘/a =aN wecanthe L scale to obtain the root of any positive number. As previoudy with “powers’

in 19.3, for ‘a onan LL scalethe D scalegives‘Ina. If wedividethisvalueof ‘Ina by ‘N’, we then obtain
1

1 ~ 1
‘Nlna’ (e aN = |n§'/£) on the D scale. We must note the location of the decimal point for‘ﬁ’ S0 asto

decide on which LL scale the value of * \/El " will befound. Thisisdone according to the samerules used in 19.3.

Example 1 Find %/E and 3\0/1_6
1. Setthehair lineover 16 ontheLLs scale
2. Placethe 3 of the C scale under the hair line.
3. Reset thehair line over theright index of the C scale.

(Note: :—:; ~ 0.33 and 3—](') ~ 0.033, thuswe will find %/1_6 onthelLL, scaleand 3\0/1_6 onthelL;

scale.)
Under the hair line read off —

4. 252onthelL, scaeasthevaluefor /16 .
1.0968 on the LL ; scale asthevalue for 16 .

Example 2: Find /420 and !

/420

1. Setthehair line over 420 on the LL; scale.

2. Placethe5 of the C scale under the hair line.

3. Reset thehair line over the left index of the C scale.
Under the hair line read off —

4. 3.350nthelL,scaeasthevaluefor 3/420 .
1
/420

Note: If we use the right index of the C scale when we divide by ‘N’ for 1< N < 10 the valuefor * Y/a ' will be
found on the LL scale below the original LL scale on which ‘a waslocated. While, if 10 < N < 100 the value for

‘ Q‘/El " will be found on the second LL scale below the original one.
If we use the eft index of the C scale when we divide by ‘N’ for 1< N < 10 thevaluefor < ¥/a ' will belocated on

the same LL scale on which ‘a was located. While, if 10 < N < 100 the value for * N/a* will be found on the LL

scale below the original one.
Some specia powers are given in thefollowing table.

5. 0.298 on the LLy3 scale asthe value for

On appropriate LL scale Under the H.L place Reset H.L. over On appropriate LL
Set the H.L over - scale under H.L
answer
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a Index of Cl scale N ontheCl scale a%
a Index B N B a'N
a Index BI N B aﬁ
a Index K’ N K’ aln
a Index W N Y NE
a Index C N CF ar
Index CF N C "
N Cl M C NM
a M C N C a%
a N C M Cl aﬁ
a Index C 0 S asn?
Exercise 19(d)
(|) 14/280 = (V“) 3 Zé 3 (XIII) 1.05371 —
. 7 aE _ = .
" g/@_ iy 1.26"% = (xiv) 121624 =
R (x) 52" = 21005 —
vy ¥78= B (xv) ; =
v ¥0.78= x) 07570 = (vi)  0.73%4 =
_ 1 ) 47 =
(vi) = ) o
5{/3—3 (xii) 0.96*" =

19.5 L ogarithms To Any Base and Solving Exponential Equaltions

A. Logarithm

The LL scales can be used to obtain logarithms to any base, by placing the left or right index of the C scale over the
base as found on the LL scale. Then for any number on an LL scaleitslogarithm to the chosen base isread off the

C scale.

Example 1: Loge23.5=1.765

1. Setthehair lineover 6 onthe LL; scale.
2. Placetheleft index of the C scale under the hair line.

3. Resetthehair lineover 23.5on theLL; scale.

4. Under the hair lineread off 1.765 on the C scale as the answer.

Note:

(8 We could have used the CF scale above, by placing the index of the CF scale under the hair line in step 2,
and thusreading 1.765 off the CF scale in step 4.

(b) For logarithms of other numbersto base 6, leave the dide as positioned in step 2 and reset the hair line over
thenumber on an LL scale. (e.g. logs2 = 0.3875as2 on the LL, scale give 0.3875 on the C scale))

Example 2: Findlog,1.4, Log,23 and 10g,650.
1. Setthehair lineover 2 onthelLL, scae.
2. Placetheright index of the C scale under the hair line.
3. Resetthehair lineover 1.4 onthe LL, scale and read off 0.485 on the C scale asthe value for log,1.4.
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4. Reset thehair lineover 23 ontheLL 3 scale and read off 4.52 on the C scale asthe value for 10g,23.
5. Reset thehair line over 650 on the LL 3 scale and read off 9.34 on the C scale as the val ue for 10g,650.

B. Solving exponential equations
Because Log,N = x is equivalent to N = b* the above problems are the same as solving an exponential equation for
an unknown power. Example 1 could have been stated — Find x for 6x = 23.5. Thusto solve for an unknown power
or exponent we could either express the equation in logarithmic form or leaving it as an exponential equation
proceed as follows for N = b,

1. Setthehair line over the base ‘b’ on the appropriate LL scale.

2. Placetheleft or right index of the C scale under the hair line.

3. Reset thehair line over the number ‘N’ on itsappropriate LL scale.

4. Under the hair line read off the value for x on the C scale and locate the decimal point according to the LL

scales used.

Note:
1
(@ Tosolvetheequation b* = N for x, we follow the same method as outlined above, except in step 4 the
value of x isread off the Cl scale.

(b) To solvethe equation b =N forx, the following method can be used —

Example € =9
1. Setthehair lineover eonthelL; scae.
2. Placethe 1.4 of the CIF scale under the hair line. (We can also use Cl scale hereif suitable).
3. Reset thehar lineover 9onthelLL; scale.
4. Under thehair lineread off 1.57 on the CF scale asthe value for x.
(When the CI scaleis used in 2, the answer in 4 will be on the C scale.)

Exercise 19(e)
(l) |09519 = (V) |Ogl_52 =
(i) logs24 = (vi) logis1.3=
(iii) l0g,57 = (vii) logs260 =
(iv) l0gs0.53 = (viii)  logysl7 =

Find x in the Following:

(ix) 5=30 1
(x)  12'=76 (xv)  25%=102

(xi)  15°=35
(xii) 456" =21
(xiii) 0.3*=0.95
(xiv)  0.16" = 0.045

(xvi) 16e* =48
(xvii) € =64
(xviii) €¥*=0.45
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Chapter 20 —Root (W) Scales

20.1 The Form of the W Scales.
The Faber-Castell Slide Rules 2/83N and 62/83, incorporate these scales. In the case of 2/83N, the W scales are

actually 50cm. “Cand D scales’ cut in hat at \/1_0 (i.e. 3.162) and fitted on a 25 cm (10 inch) Slide Rule. For the
62/83 they are 25 cm. “C and D scales’ cut in haf and fitted on a12.5 cm (5 inch) diderule. For the 2/83N, the W
scal e gives approximately four significant figures of accuracy, wile the 62/83 can be read to about three figures, thus
making cal culations with the W scales on the 12.5 cm (5 inch) Slide Rule as accurate as the normal C and D scales
on a25cm (10inch) Slide Rule.

20.2 Multiplication

The procedure differs somewhat from that used with the C and D scales. Depending on the numbers involved we
have to use either the left (1) or right (10) black index marks, or one of thered index marks located on the right hand
end of the W’ ; and W, scales, or the left hand end of the W, and W', scales. The following examples show each of
the four possible variations.

Examplel: 1.2x21=25.2
1. Placetheleft (black) index of the W’; scale over the 1.2 on the W, scale.
2. Setthehair line over 21 onthe W’ ; scale.
3. Under the hair lineread off 25.2 on the W, scale as the answer.
(Note, under thehair line 6.64 (at 4) on the W', scale gives 1.2 x 6.64 = 7.97 (at 5) on the W, scale.)

Example2: 8.86x 19.3=171
1. Placetheright (black) index of the W’ , scale over 8.86 on the W, scale.
2. Setthehair line over 19.3 onthe W’ scale.
3. Under the hair lineread off 171 on the W, scale asthe answer.
(Note, under thehair line 6.1 (at 4) on the W', scale gives 8.86 x 6.1 = 54.1 (at 5) on the W, scale).

Example 3: 2.37 x 6.85=16.25
1. Placetheright (red) index of the W’ ; scale over 2.37 on the W, scale.
2. Setthehair line over 6.85 onthe W', scale.
3. Under the hair lineread off 16.25 on the W; scale as the answer.
(Note, under the hair line 21.65 (at 4) on the W' scale gives 2.37 x 21.65 =51.4 (at 5) on the W, scale.)

Example 4: 39.9 x 50.6 = 2020
1. Placetheleft (red) index of the W', scale over 39.9 on the W, scale.
2. Set thehair line over 50.6 onthe W', scale.
3.  Under the hair lineread off 2020 on the W; scale as the answer.
(Note, under thehair line 1.6 (at 4) on the W’; scale gives 39.9 x 1.6 = 63.9) (at 5) on the W, scale.)

The following table summarizes these procedures for easy reference.

20.3 Rulesfor Division

(i) When the numbers involved in the division are located on adjacent scales, the answer isread off the
W, or W, scales under either of the black index marks.
(i) When the numbers involved in the division are located on scales on opposite sides of therule, the

answer isread off the W, or W, scales under either of the red index marks.

Exer cise 20(b)
(i) 360+ 18 = (vii) m+6=
(ii) 4,800+ 0.6 = (viii)  93+9,600=
(i)  12.25+35= 219
(iv)  43.75+0.0304 = (ix)
()  3025+55= 17x 28

(vi)  1,925+175=
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35 (xii) 1,406+ 52°=
0.12x0.47
805
(104 % 0.043)

)

(xi)

20.4 Squar es and Squar e Roots

A. Squares

For numbers on the W’; and W’ , scales, their squares are found on the C scale. We usetheW’; and W, scalesin
preference to the W, and W, scales, asthe former are on the dide with the C scale.

Example: 2.46° = 6.05
1. Setthehair line over 2.46 on the W’ ; scale.
2. Under the hair line read off 6.05 on the C scale as the answer.

Note: In Fig 20.7, under the hair line the 7.78 9at 3) on the W', scale would be read off the scale (a 1) as 7.78% =
60.5.

Exer cise 20(c)

(i) 7.65° = (v) 0.084? =

(ii) 0.9°= (vi) 0.000222 =
(i)  65°= (vii)  30.25°=

(iv) 207% = (viii)  (5.4x10%*=

B. Squar e Roots

For anumber on the C scale, its squareroot isread off the W’ ; scaleif the number isbetween 1 and 10, or off the
W', scaleif the number is between 10 and 100. For numberslarger than 100 or less than 1, we use the procedure as
outlined in Unit 5.

Example 1: V13 =3.605
1. Setthehair line over 13 on the C scale. (asthe number is between 10 and 100 we find its square root on
the W', scale))
2. Under the hair lineread off 3.605 on the W', scad e as the answer.

Example2: /130 =114
1. Setthehair line over 130 on the C scale. (Express ¥130 = +/1.3x100 = /1.3 x 10, thus we find

J1.3).

2. Under the hair lineread off 1.14 on the W’; scale asthe value for v/1.3.
. answer =1.14x 10
=114

Example 3: +/0.098 = 0.313
1. Setthehair line over 9.8 onthe C scale. (Express v 0.098 = 1/% = %.8 , thuswe find +/9.8).

2. Under the hair lineread off 3.13 on the W’; Scale asthe valuefor +/9.8.
3.13

10
=0.313

.answer =
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Exer cise 20(d)

i) +6.25 (vi) 2,450

i) 935 (i)  +/0.06
(i) 1125 (iiy  +/0.143
(v) /324 (ix) 0.4

v) /960 x)  /0.0025

20.5 Miscellaneous Calculations

The following tables list anumber of cal cul ations which make use of the W scales, and form a supplement to the
table given in 10.3. For squares and square roots the appropriate W scale must be used according to the numbers
involved.

Example | SettheH.L over Under the H.L. Place Reset the H.L over Under the H.L. answer
a’b aonW scde Index of W’ scale B on the C scale on D scde.
ab? a D Index C b W’ D
ab* b W a Cl b w D
a’b? a W Index W’ a w D
a’b’c a W c Cl b w’ D
b—a; a D b W’ Index W D
a2
F a W b w b Cl D
a2
F a W b C Index C D
3
% a W b c a c D
1
y a DI b w Index W’ D
1 t t
2—b2 a W Index W b W DI
a
1
— Index W a W’ Index W’ A
a
2
a—b a W c C b C D
C
2
a—b a W c W’ b C D
C2
a—? a D c W’ b C D
C
avb a W Index W b C w
Jab a D Index C b C W
Jabe a D b Cl b C W
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a’vJb a W Index W b B D
a
— a D b C Index C W
b
Ja , ,
- a D b W Index W W
b
a
—— a W b C Index wW W
Vb
@ a D c C b C W
C
i a D b C c Cl W
\ bc
1
= a DI Index CI b Cl W
vab
1 Index W W b Cl
— ndex a ’
avb
avbc b D c Cl a wW
b i
— b D c C a W W
C
r%h r W h Cl Index C DF
}rze 0 (degress) ST 2 C r w D
0 (degrees) D 2 C r w D
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Chapter 21 — Appendix

21.1 Hyperbalic Functions
The hyperbolic functions are defined (for x in radians) as follows —

1
snhx==(e*-e™~*

2( )

1 X —X
coshx=§(e +e7)

snhx e -e* e*-1
coshx e“+e* e*+1

X

e
(Note, for x > 3,sinhx = cosh x = E)

These can be obtained by calculating therequired €*, € ", etc. with the LL scales and substituting into the above
formulae. If x isgiven in degrees, it must first be coverted to radians.

Exercise 21(a)
(i) snhl17=
(if) cosh 54°
(iii) tanh 30°
(iv) tanh1.35=

21.2 Cursor Lines

These vary for different Slide Rules. Most Slide Rules have marks for converting kW to HP. Thisisdone by
setting the kW line over the given value and reading the corresponding HP under itsline, or vise versa. Thedecima
point islovated by remembering 0.746 kW = 1HP.

Many Slide Rules have alinelabelled ‘d’ over the C and D scales and a secong labelled 'S’ over the A and B scales.
(or *d’ could be over W scalesand 'S over C and D scales). Thisallows usto set the‘d’ line over the value for the
diameter of acircle and under the ‘S’ line we read off directly the area of the cirlce.

For any other marks and lines, see the ingtruction |eaflet with your Slide Rule.

21.3 Reciprocals
The C and D scales or the W scales can be used by themselves to obtain reciprocals.
Example 1: %= 0.25

1. Pacetheleftindex of the C sclae over 4 on the D scale.

2. Abovetheright index of the D sclaeread off 0.25 on the C scale as the answer.

Example2: %2=0.5
1. Placetheleft (black) index of the W’; scale over 2 on the W, scale.
2. Below theright (black) index of the W, scaleread off 0.5 onthe W', scale.

Note:

(8 Thelatter example usng the W scal es affords the most accurate method for obtaining reciprocals. Combing
thiswith the LL scales method to obtain the decimal point (as outlined in 19.1), we have the ideal way of
finding areciprocal with the Slide Rule.

(b) Sometimesin dividing quantities (e.g. a+b) it ismore convient to do the division upside down (e.g. b+a), the
latter being read off the D scale, usually under the index of the C scale. Thusto obtain thereciprocal, which is
the desired value we read it off the C scale above the index of the D scale. A typical example would be if we
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. . . . _ . .89n6 tano .
required or when solving aright triangle. 1t would be much eiser to find or —— if the
sno tano a a
trignometrical scales are on the body of the Slide Rule.
Example: — =
1. Setthehair line over 35° onthe T! scale.
2. Placethe 8.75 of the C scale under the hair line.
8.75
3. Abovetheleft index of the D scaleread off 12.5 on the C scale as the value for
tan35°
Exercise 21(b)
_ 3.6 _ 23.6
i) ——— (iv)
sin 21 /335
194
(i) —
tan58.5°
26.3
(iii)
cos72°

21.4 Addition and Subtraction

A.atxh.

a
This can be calculated by noting the rlationship a+ b = b[E + 1} and using the following procedures.

1
2.

3.

B. a’ +b?

This can be calculated by noting the relationship a?+b? = b{b

procedure.

1
2.

3.

Set the hair line over ‘a on the D scale.
Placethe ‘b’ on the C scale under the hair line.

Below the index of the C scale we have the value for % on the D scale.

L a
Reset the hair line over [Eilj on the D scale.
Placethe ‘b’ fo the Cl scale under the hair line.

a
Below theindex of C scaleread off a+b = b[B J_rlj on the D scale asthe answer.

2
a
— J_rlj and using the following

Set the hair line over ‘a on the D scale.
Placethe ‘b’ of the C scale under the hair line.
2

a
Above theindex of the B sclae we have the value for F on the A scae.

2
a
Reset the hair line over (F J_rlj on the A scale.

Placethe ‘b’ of the Cl scale under the hair line.
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2
a
6. Abovetheindex of the B scaleread off a’+h? = b{? J_rlj on the A scale asthe answer.

(Note, this method can be used to solve aright angle triangle using the Theorem of Pathagoras.)

Ja

This can be calculated by noting the real ationship JE t \/B = \/B(— J_rlj and using the following

Jb

procedure.
1. Setthehair lineover ‘a onthe A scale.
2. Placethe'b’ of the B scale under the hair line.

a
3. Bdow theindex of C scale we have the value £ on the D scale.

Jb

a
4. Resetthehair line over [iilj on the D scale.

Vb

5. Placetheindex of the B scale under the hair line.
6. Resetthehar lineover ‘b’ onthe B scale.

Ja
7. Under the hair lineread off JE i\/B = \/B(—ilj and the D scale as the answer.

Jb

Exercise 21(c)

(i) 81°-6.3%= iv) /65—+/49 =
(iv) 65 —-/49 =

(i) /29.1-+194 =

(iii) 45°-31% =

21.5 Soltuion of Quadradic Equations

For quadradic equation of the form ax® + bx + ¢ = 0 we recall that if the roots (or solutions) arep and q
then:

b
p+g=—-
a

md pa=

Thusto solve a quadradic equation, it amounts to finding two val ues whose sum and products are
known. We do this by successive trials using arather novel apporach.

(Note, that if we place theright index of the C scale over, for example 9, on the D scale, the for any
setting of the hair line the product of the numbersread off under it on the D and CI scale will always
equal 9.)

Example: Solvex* —6x +8=0
(Note the product of therootsis8.)
1. Settheright index of the Cl scale over 8 onthe D scale.
2. (Bytrial and error, set the hair linein variouis positions, checking each time whether the sum
of the values read off the Cl and D scaleis 6). The correct setting is shown in Fig 20.3 with
the solutionsx = 2 and 4.

Note:
(a) Itisadvisableto tabulate the successivetrials.
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(b) If the quadradic equation has roots of opposite sings (i.e. ¢ < 0) then the roots we are looking for will

have adifference of — E .

a
Exercise 21(d)
Solving the following for x:
(i) x*+x-6=0 (iii)) 20x*—29x +6=0
(i) 2¢+x-6=0 (iv) 2x*+9x-5=0
21.6 SineRule

A. Two Sidesand an Angle not Opposite of one of the sdes.
Example: Given a=5.45cm, b=4.88 cmand C = 48°.
To find side C and angels A and B.
We have
snA snB sn48
545 488 c
1. Setthehair line over 48° on the Sscale.
2. Bytria and error, set an estimate of the value for ‘¢’ on the C scale under the hair line.
(If wetry c = 4.5 on the C scale, the values of A and B on the S scale are read off oppisite the
valuesa=5.45and b = 4.88 respectively on the C scale—i.e. A = 64° and B = 53.7°. We
then check A + B + C=64° + 53.7° + 48° = 165.7°. Thisis short of 180, so we try another
value (say ¢ = 4.3) and repeat, checking the sum of the angles again).
The correct answer will be found to be, side c = 4.24 and Angle A = 73° and B = 59°.

B. Three Sides.
Example: Given a=48cm, b = 56.6cm and ¢ = 44.2cm.
Tofind angles A, B, and C.
snA snB snC
48 56.6 44.2

1. Weestimatethevaluefor A (say 60°) and set the hair line over this value on the S scale.

2. Place 48 (thevaluefor *a’) under the hair line, and then find the angles B and C
corresponding to b = 56.6 and c = 44.2. Checking A + B + Cand if itisnot 180° try another
valuefor A and repeat steps 1 and 2 again. The correct answers will be found to be A = 55°,
B =76° and C = 49°.

Exercise 21(e)

Using the Sine Ruleto find the remaining sides and angles given:
(i) a=65cm,b=51cmandc=45cm.

(i) a=60.3cm, b=64cmandc=58cm.

(iii) a=4.15cm,b=4.81cmand C=71.6°.

(iv) a=62.5cm, b=98cmandC=65.2°.
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