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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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