A Complete Side Rule Manual - Neville W Young

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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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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