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INSTRUCTIONS
FOR THE USE OF ELECTRIC SLIDE RULE

1. GENERAL DESCRIPTION

This slide rule has been designed for the expert electrical
engineers to simplify in use in calculating problems involving
the various electrical phenomena, namely not only the com-
putation of multiplication and division can be done with the
A, BI, Cl, C and D scales, but also the LL;, LL; and LL;
scales make it possible to obtain the result of ", ¢* and
log, N, moreover, the P;, P, and Q scales are essential for
vector computation, the Shy, Sh, and Th scales for hyperbolic
functions, the X;, X5, Y, X, [Y, |6, and |0, scales for hyper-
holic functions of complex quantities.

2. SCALE ARRANGEMENT AND USAGE
gF ront Face) Sh, Shy, Th, A, BL, S, T, CI, C, D, LL;, LL,,
LL,
(Back Face) Xi Xy, Ps, P, Q Y, L, X, I, 1, (6, [6a, [Y.
(a) Sh: and Shy
These scales make it possible to compute the sine
hyperbolic function, which is frequently necessary.in alter-
nating current theory,
(b) A
It is used to find the square root,




(© Bl
This is an inverted A scale.
@ s
This scale gives the sine and cosine of an angle.
(e T
This scale gives the tangent of an angle.
® a
This is an inverted C scale and is used with the C scale

in reading directly the reciprocal of a number. And it is

let us do multiplication of three factors with just one sett-
ing of the slide. s

(@ C and D

These are exactly alike and the fundamental scales of

the slide rule. And they are used for general fundamental
calculations.

(h) L, Lz and bk

These are used to find the values of the type forms of
a", ¢” and give the national logarithms of a number.
() X and Xs

These are unlogarithmic hyperbolic sine scales referred
to the P, and P, scales respectively.,
() P and P,

These are unlogarithmic square scales. The computa-
tion of the vector can be conveniently done by the P,, P,

and Q scales as ordinary multiplication and division done
by.the C and D scales.

 Q
This is an inverted P, scale.

(ORA

This is unlogarithmic sine scale referred to ttl;e Qersbcoa;:z
and is used witn the X;, X, P, and P,. stales ff)r d'yvpided g
functions of complex quantities. This .scale is di
represent radians and decimals of a radian.
™ i § le in finding direct-

This scale is used with the C or D éca e in .o
ly the mantissa of the common logarithms of a nu §

n) X
( T;is is a scale of hyperbolic tangent referred to the A

r-
scale and is used with the Y, |, and 165 scales for hype
bolic functions of complex quantities.

(o) 1
Thisisar
reciprocals.

(p) 161 and [0
These are tangent scales referred to the A scalf: ?(tilddaxt'z
used with the [X, [Y, A and Bl scales. They are divided |

represent degrees and decimals of a degree.
(@ I¥

This is a tangent scale referred to
are graduated at radian.

eciprocal scale and is used to find sum of the

the A scale. Angles

3. DECIBEL CALCULATIONS
In the electric communication circuit,

current at the input side b

output side be V3
and the decibel for curren

let voltage and
e V, and I,, and those at the
and I,, the decibel for voltage ratio dbew)
t ratio db¢y are as follows:




v

o
Vi

dbery=20- logw%
1

db(”)=20‘10g10

There are two operation-methods in the decibel calcula-
tion. One is performed by using the L and D scales, viz.
centering the slide, the mantissa of a given voltage or cur-

rent ratio is read directly on the L scale, opposite a given
ratio on the D scale.

Example 1. In a radio frequency amplifier the input
voltage is 5 volts. The output voltage is
12 volts. Find the decibel voltage gain.
Answer 7.6db
12

Voltage ratio is ?=2.4.

Move hairline to 2.4 on D,
under hairline find 0.38 on L,
read answer as 20x0.38=7.6.

Another method is performed by using the LL and C

scales. The calculation of the decibel is easily carried out
as follows:

Example 2. Find the decibel voltage gain, given Y

Vi
=380. Answer 51.6db

Move hairline to 10 on LL.,

set 2 on C under hairline,

move hairline to 380 on LL,,

under hairline find 5.16 on C,

read answer as 51.6.

Example 3. Find the decibel current gain, given % =1.07.
1
Answer 0.587db

Move hairline to 10 on LL;,
set 2 on C under hair]ine,
move hairline to 1.07 on LLf'
under hairline find 5.87 on C,
read answer as 0.587.

4. VECTOR PROBLEMS

r
G0 s e e Value o Ve49 represented ia the type
) K ; alue of vector, ¢ R
The absolutc va i by the use of the
: Saybs and DY
-+ ib, is equal to  @#+ b, U
form of ¢+ _1[7, 18 ‘:t-:lc b AR e Conlputed very Casﬂy n
tas 4

Py and Q scales cation and division.

inar Lipli
{he same operation as ordinary multip
ne & . TR
To calculate / a+0%
move hairline to @ on P,,
set b on Q under hairline,

swer as +/ait bt
opposite right index of Q read the answer

L answer as
(())" o’ppoeitc leit index of Q read the

/@b on Pu ; er
iy Find the absolute value of 0.4+370.3. Answ
0.5.

Move hairline to 0.4 on P,

e (12 “under hairline, .
llatn & < of Q read answer as 0.5 on P

i A
Example 4

s —
opposite right xr}c;
Examgle 5. 0664+ 10.388A=0.887
Move hairline te 0.664 0-111-})1’
sot 0588 on Q under hairline, s v
i 05??2 right index of Q read answer as 0.887
oppo

P;.

Examble 6. 4/0.876°1+0.9322=1.279




6
Move hairline to 0.8
.876

set 0.932 on Q under h:i?liiz move hairline to 3.6 on BI right,
m(zlve hairline to left index o,f Q under hairlipe read answer as 55.2 on |0, (red).
u . . ’

Examl:n:rf/hal; filsﬂi r’iead answer as 1.279 on P, Fxample 10. tan'l%%=34.8°
Move hairline to 074%50’34 Opposite 3.6 on A left, set right index of Bl
set 0.717 on Q und;er h:i?]'Ph move hairline to 2.5 on BI right,

OO 1ne, . irli
move hairline to left index of 8 under hairline rle;f answer as 34.8 on |0y (red).
Example 11. tan'lﬁg=7.3°

under hairline find 1.03
034 on P
read answer .
Example 8. ,/f 123210‘34. Opposite 11.8 on A right, set right index of BI,
mpe hairnr;e (t) 57 =1.361 move hairline to 1.51 on BI right,
set 0.678 0 1.180 on P,, - under hairline read answer as 7.3 on [0» (red).
) .on Q under hairline, ;
move hairline to right index of Q pramele tan_l4 é4 iy
Opposite 4.24 on A lelt, set left index of BI,

under hairli
(2) Phase Angl I:‘ne read answer as 1361 on P,
' e of Vector move hairline to 12.3 on BI left,
under hairline read answer as 71 on |6y (red).

In the vector
. of the type f .
8 is represented as follow}s’P-) orm of a+jb, the phase angle @3) ¢ ¢ Coord s
. onversion of Coordinate System
0=tan‘1;b ' From the following relations;
To fi i
rfd the phase angle 4, a+jb=~/az+ba/tan'1—b—=R/0
opposite @ on A rj b & 55
right or left, set left index of BI here: R=Va*+1?
: b
f=tan 1;

move hairline to b on BI

under hairlj
hairline read answer 6 on |6, (red),
R/6=R-cos §+jR-sin §

the conversion of vector in polar coordinate system to

or opposite @ on ;
BI, A right or left, set right index of
move hairline to & on B[
under hairli ! rectangular coordinate system and its reverse computation
he read answer 6 on |6 (red . i
Exampie 9 g6 1% )- can be easily done.
. tan “E=55.2° _ Example 13. 25.1+716.4=30/33.2°
Move hairline to 0.251 on Py,
get 0.164 on Q under hairline,

0 .
pposite 2.5 on A left, set left index of BI




opposite right index of Q find 0.3 on P,

read answer as 30,

Opposite 25.1 on A right, set right index of BI,
move hairline to 164 on B left,

under hairline read answer as 33.2 op 05 (red).

Example 14, O.664+j0.588=0.887 /A15°

Move hairline to 0.664 on P;,

~set 0.588 on Q under hairline,
Opposite right index of Q read answer as 0.887 on

1

Opposite 66.4 on A right, set right index of BI,
move hairline to 58.8 on BI left,
under hairline read answer ag 41.5 on lﬁ (red).

Example 15, —7.54+76.0=9.61 /180°—38.7°
Move hairline to 0.75 on P,,
set 0.60 on Q under hairline,
opposite left index of Q find 0.961 on P,,
read answer ag 9.61.
Opposite 7.5 on A left, set right index of BI,
move hairline to 6,0 on BI right,
under hairline read 38.7 on 162 (red),

thus phase angle is equal to 180°—38.7°.
Example 16. 25 152°=154+419.7
Move hairlipe to 38(=90—52) on S,
under hairline finqg 6.16 on C,
read as cos 38°=0.616,
move hairline to 59 on S,
under hairline find 7.88 on C,
read as sin 52“=O.788,
thus, real part ig calculated as 25%0.616=15.8 and

; =419.7.
imaginary part 725%0.788=j1
et tors
liplication and Division of Vec vectors have been
e pl‘ ation and division of two -
Multiplic _ g
d from the following form T B
compute R, /6, X Ry [03=Ry+ Ry [01+02
1,71 4 —
Ry [0, =§\,\—1‘/91—6_5’.
fg, " da : ic cir
“alulate the current in an electr oy
Calula e is 4+j2.6 and the p ;
qane minals is 5

cuit,

xample 17. lEge
e which impe € fs: 520,
tial difference betwcen

F—1.907+41.013
9. Answer =19 .
+79. _1(_9_)
V5T tan” (5

1029561 _ i1 /285
=74.77533° . o
—92.16xcos 28°+72.16 X s‘ng
—9.16x0.883472.16x0.46
=1.907+41.013 .
ute the resultant current I(i':ate'l

i C—:I—o'r;pand I,=3+74 in polar coordl
J o
=8.60 /54.5
Answer I=8 >
J=I,+I=2+i3)+@+H=>1J

=4/52 _|_73/tan‘1(—'é—> =8.60 /§4_§i

CIRCUIT
ING CURRENT CIF
OF ALTERNAT

5, PROBLEMS

: 1l

oblems of W

rk “f”, the pr e
By the use of the gauge ma o ct'ance and capacitance

ircuit wit
alternating current circuit v
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can be easily done.

@) Inductive Reactance

ternating current circuit with 30mH induyc-

tance under 6( cycles frequency. Answer
1130

Calculate ag x/,=27rfL=27r><6O><30><10‘3.
Move hairline to’T on D,
set 6 on C under hairline,
move hairline to 3 on D,
under hairline find 1.13

on C (extension part),
read answer ag 11.30.

(2)  Condensive Reactance

Example 20. Find the condensive reactance u,

alter‘nating current circuit with
capacity of 2.5,F und
Answer 10610

in an
Static
er 60 cycles frequency.

Calculate ag x ——#— 1
" 2zfc T 2zx60x25%10="

Move hairline to f on D,

set 6 on C under hairline,
move hairline to 2.5 on CI,
under hairline find 1.061 on D,
read answer ag 1061 0.

(3) Resonance Frequency

Example 21. Find the series resonance frequency in an
alternating current
L=150mH and statj
Answer 27.1 cycles

circuit with inductance
C capacity C=2304F.

11

: 1
Calculate as f=5.77¢

=T ax/150 x 10-2 x 230 x107°
1

= 2ax/15%x2.3%107%"
A right,

irline to 15 on igh
M(t)v263h2: B right under hairline,
set 2.
move hairline to f on 1D(,m .
under hairline find 27 " ,
read answer as 27.1 cycles.

Impedance impedance Zg, i
(4) Surge Find the surge imp
Example 22.

—— 0 I are ven. ANSW . kn

280x10 /280 o,

_ \/Zz
Calculate as Z,= C of BI,

left index
i A left, set

Opposite 2.8 on s

mrt))rx)re hairline to 33 or;SBéneD

under hairline find 255:(0

read answer as 29.1 L

(5) Parallel Resistance
Example 23.

30Q

i in the follows
ine the resultant resistance R in
rmin .
Toe Answer R=1280Q

ing figure. 11,11
Calculate as =" % 1R E
R e

=30 720 750
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Opposite 300 o

nl
g (on stock), set left index of I (on
Sn:t)vlefhairline to 400 on I (on slide)

eft index of I (on slj ’

i ide airli
move hairline to 500 on | (o)nu.:f:z i
under hairline find 128 on I (on ’
read answer as 12.80 et
1 1 1
e —~— e beremra 1
i 433 400 750 =714
ite 400 on I

it (on stock), set left index of | (on
lrln(:jve hai.rline to 50 on I (on slide)
nder hairline read answer as 44 4,&'),

Example 24,

6. HYPERBOLIC FUNCTIONS

The logarithmi
mic scales Sh,, S
computations of th 1, Shy and Th are
eh ; . used for the
(1) Sinh x yperbolic functions.

The Sh, and Sh
. 2 scales give th
usin e val i
g the Sh; scale to read the value l:; (;finsl;lnh ol
%, read the

Example 25, sinh 0.362=0.370
Move hairline to 0.362 on Sh
under hairline find 3.70 on Dh
read answer as 0,370 ’
Example 26, sinh 2.56=6:42
Move hairline to 2.56 on Sh
under hairline read answer :s 642 on D

13

(2) Tanhx
When using

The Th scale gives the value of tanhx.
the Th scale to read the value of tanhux, read the left index

of the D scale as 0.1 and the right index as L
Example 27. tanh 0.183=0.181
Move hairline to 0.183 on Th,
under hairline find 1.81 on D,
read answer as 0.181.

(3) Coshx
The value ot coshx can he computed from the following
formula:
sinh x

cosh x=m

tanhz _sinhx
1 1
coshx .
Therefore, move the hairline to x on the Sh, or Shy scale,
set the right or left index of the CI scale under the hairline
move the hairline to x on the Th scale, under the hairlin(;
read the value of coshx on the ClI scale.
Example 28. cosh 0.575=1.170
Move hairline to 0.575 on Shy,
get right index of CI under hairline,
move hairlene to 0.575 on Th,
under hairline read answer as 1.170 on CI.
[xample 29. cosh 1.65:==2.70
Move hairline to 1.65 on Shg,
got left index of Cl under hairline,
move hairline to 1.65 on Thy,
under hairline read answer as 2.70 on CI,




14

7. HYPERBOLIC FUNCTIONS OF GOMPLEX QUANTITIES

The hyperbolic functions of vae complex quantities are
easily given the use of the unlogarithmic scales (X;, X,, Y ‘
P, and P,) and the logarithmic scales (X, 6y, 165 and [Y).
(1) Sinh (a+b)

Example 30. sinh (0.7 +0. 61)=0.951 /0.858=0.951 /49.1°

Move hairline to 0.7 on X,,
set 0.61 on Y under hairline,
opposxte right index of Q read answer as 0.951 on P,.
Move hairline to 0.61 on Y,
set 0.7 on X under hairline,
move hairline to right index of X,
under hairline read answer as 0.858 on Y.
Move hairline to left index of I (on slide),
under hairline read answer as 49.1 on 165 (black).
Example 31. sinh (0.43+;0.68)=0.769 /1.106=0.769/63.4"
Move hairline to 0.43 on X,
set 0.68 on Y under hairline,
opposite right index of Q read answer as 0.769 on P,.
Move hairline to 0.68 on Y,
set 0.43 on [X under hairline,
move hairline to right index of [X,
under hairline read answer as 1.106 on Y.
Move hairline to left index of I (on slide),
under hairline read answer as 63.4° on 102 (black).
(2) Cosh (a+jb)
Example 32. cosh (0.7470.61)=1.117 /04=1.117 j22.9°
Move hairline to 0.7 on X,,
set right index of Q under hairline,
move hairline to 0.61 on Y,

15

under hairline read answer as 1.117 on P,.

Move hairline to 0.61 on [Y,

set right index of [X under hairline,

move hairline to 0.7 on [X,

under hairline read answer as 0.4 on [Y.

Move hairline to 0.61 on Y,

set left index of I (on slide) under hairline,

move hairlice to 0.7 on [X,

under hairline read answer as 22.9° on [f, (black).
Example 33. cosh (0.75—71.24)=0.884\1.075=0.884\61.6

Move hairline to 0.75 on X,

set left index of Q under hairline,

move hairline to 1.24 on Y,

under hairline read answer as 0.884 on P,.

Move hairline to 1.24 on [Y,

sct right index of (X under hairline.

meve hairline to 0.75 on [X,

under hairline read answer as 1.075 on Y.

Move hairline 1.24 on |Y,

set right index of [ (on slide) under hairline,

move hairline to 0.75 on |X,

uader hairline read answer as 61.6° on 63,

(3) Tanh (a-+jb)
The type form of tanh(e+-jb) is computed from the fol-
lowing formula:
sinh (a+70)
cosh ((Z+jb)
tanh (0.56 +70.85)=1.08 /0.628
sinh (0 56+ 70.85)
cosh (0.56 +70.85) '

tanh (@ jb)=

Example 34,

Calculate as tanh (0.56+70.85)=
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16
Calculate sinh (0.56+70.85)=0.955 /1.152. .
Move hairline to 0.56 on X;, 1} calculate g log, R,
set 0.85 on Y under hairline, p
opposite right index of Q read answer as 0.955 on Py, | iii) calculate y=7 .
Move [giiRa; 0. 0.3 il Example 35. tanh-1 (0.2470.4)=0.1735+ 70,393
set 0.56 on |X under hairline, 1+(0-2+J'0'.4)=1.2+j0,4=1.265 i - i
move hairline to right index of X, Move hairline to 1.2 on P,
under hairline read answer as 1.152 on |Y. set 0.4 on Q under hairline’,
Calculate cosh (0.56+0.85)=0.885 /0.524 move hairline to right index of g
Move hairline to 0.56 on Xy, under hairline read answer as 1.26,5 on Py,
set left index of Q under hairline, Opposite 1.2 on A left, set loft Indol LI
move hairline to 0.85 on Y, move hairline to 40 on BI left, )
under hairline read answer as 0.885 on Py under hairline read answer as 184 o n
Move hairline to 0.85 on |Y, 1—(0.24;0.4)=0.8—0.4=0.895 /o '
set right index of (X under hairline, Move hairline to 0.8 on P,
move hairline to 0.56 on |X, set 0.4 on Q under hairlines
under hairline ead answer as 0.5624 on Y. o gDDOSite right index of Q read answer as 0.895
0.955/1.152  0.955 L f pposite 80 on A right, set ri > 5
Tﬁ@:KRﬁﬂi&Qéﬁnkos o move hairline to 40jm BI leif;,ght e
' } under hairline read a
(4) Tanh™ (a+4b) 2  1265/18.4° 1_;12:‘_’”“ as 26.6 on [0y (red),
The calculation of the type form of tanh™'(a+jb) is ‘-:’ A W=Ww=l-4wuﬂ
worked out the following procedures : e 1 i \1 s :
Let tanh™ (a+jb)=x+7jy, o~ 5 108:1415=--x0.347=0.1735 i
| above relation can be set up as follows ; a Move hairline to 1415 oq i ‘
‘i ' x=-—1—-log.,R, y=£ 1 set 2 .’6“ C under hairline, i ol
- ’ opposite left index of C find 1735 on D, ._
| k and M=Rl0, _ - _ read answer as (.1735. : !
. o _45° 0786 ;
& | y ‘T=T=0.393

1+(a+7b =R/6,

i) calculate T—(a-+40)

Thus, the answer is;
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tanh™ (0.240.4)=0.1735+;0.393
Example 36. Determine the unit line constant per km
from the following values, with the line
length of 85km under 60 cycles.
Admittance Y,=230.25x107¢/90°"
Impedance Z,=78.5/73.6°Q)
Answer Z=0.920/73.8°Q/km
Y=5270x10-%0
The values of admittance Y, and impedance Z, are given
the following formulas;
i tan?? D :
From the above relations, we can find the values of Y
and Z by using the following formulas:

e —~, Z=CR
Firstly, calculate R and &D.

A o

mes{m —90°

Z,=R tanh éD

=0.584 X 10°\8.2”
tanh éD=+/Y . Z,
— VIR R IO RTER [0 756"
=+/23025x78.5x 1077 /163.6"
36°
— VIR 10 [ 205>
—13.44 103 /81.8°
—0.1344 /81.8°

=0.01918+-0.1331

19

s €D=tanh? (0.01918+;0.1331)
1+(0.01918+50.1331) _ 1.01918+50.1331
1—(0. 01918 +70.1331) = 0.98082—;0.1331
_ 1.028/744°
T0.99017.73
=1.038 /7.44°4-7.73"

=1.038 /15.17°
1
5 log,1.038= -1— %0.0373=0.01865

15.17° 0. 265
2 -——2——=0 1325
.. €D=tanh"1(0.01918+70.1331)
=0.01865+70.1325=0.1339 /82
0.1339/82°
5=—85—/———=1.575x]0'3 /82”
from above values;
Z=(R=(1.575x10"3/82 182°) (0. 584><103\3 °)
=1.575%0.584 /82°—8.2°
=0.920 /73.8°

=0.0257 +0.883 Q/km
y—£ _ 1575x1073/82°
R 0 584 x103\8.2°
1 - o [+]
= 0.584 >< 10-¢/82°4-8.2 .
=2.70 x10-% /90.2° .
=72.70x10-¢0

therefore,

» — THE END — | ol
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APPENDIX

(1) Legend Numbers .
There are the legend numbers on the right ends of your

slide rules. The following is the briet description of the
legend numbers.

~scale mark legend number explanation

S 0.1-0.1 ... When using the S scale to read the
value of sin @, read the left index of
C as 0.1 and the right index as 1.0.

ST 0.01—0.1 .......WWhen using the ST scale to read the
value of sin @ or tand, read the left in-
2 dex of C as 0.01 and the right index as
VEA0) SR
T 01=L00 Al When using the T scale to read the

value of tan @, read the left index of
. C as 0.1 and the right index as 1.0.
(red) T 10.0=1.0  |ieee When using the (red) T scale to read
the value of tan @, read the right index
' of C as 1.0 and the left index as 10.0.
LL; 1.0—10.0  |......When using the LL3 scale to read the
value of ¢%, indicate the range of %
which is set on the D scale, namely
read the left index of D as 1.0 and
the right index as 10.0.

LL, 0.1—1.0 ..., When using the LLg scale to read the
value of ¢%, read the left index of D
as 0.1 and the right index as 1.0.
LL; 0.01-01  |ooeeee When using the LL; scale to read the
value of ¢%, read the left index of D
as 0.01 and the right index as 0.1.

SRR

(2) Scale Marks on Runner.
To aid the operator in remembering, the scale marks are

written on the runner glasses.

21

(3) Proper 'Care and Adjustment for Bamboo Slide Rule
= zour slide rule should always be kept in a dry cool place
nd do you not expose slide rule to di
Sk irect rays of the sun
If the slide rule has to be k i
' ept in a damp place i
the slide dogs not move with ease, it‘is goodpthat' s():rr::
paraffin wax isapplied to the tongues of the slide and h
grooves of the stocks. et
Dusts or stains on the
. ) surface of the slide rule
;glmovz(li V\rrlntlh cloth moistened with small amount <;f ﬁﬁgesg
il. coholic must be i i {ag
N avaided as it tends to dissolve
If the slide is too stiff
or too loose, loosen the scre
) w
first at one enq of the top of the L-type bracket of the up=
gzzrzzzk,omcévmg that end a very slight amount either to
r to increase the pressure of the
_ : ; upper St(
against the slide. Tighten the screw and repeat the ?)Z':

fOI mance at the Oth not i()()se“ l)()' ]l W
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