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THE LOG LOG VECTOR SLIDE RULE

The Log Log Vector Slide Rule has in addition to the
usual scales found on the K & E Log-Log rule, scales of cir-
cular and hyperbolic functions, which makes it well adapted
to practically all vector calculations ordinarily met in En-
gineering problems.

The slide rule vector calculations are very simple when
the relationship between the various scales and the scale D
are properly understood.

THE CIRCULAR TRIGONOMETRIC SCALES

1. The scale marked S in conjunction with scale D gives
the sine of any angle between 5.75° and 90°, and obviously
the angles whose sines are between .1002 and 1. Thus over
100 on S read .1736 on D.

2. Scale marked SIs red in conjunction with CI scale on
the opposite side is Fully identical with scale S. It is
marked from right to left. Hence in conjunction with scale
D gives the reciprocals (cosecants) of angles between 90°
and 5.75°.

3. Scale marked SIy red in conjunction with scale CI on
the opposite side, gives the sines of angles between 0.58°
and 5.75° (.01 to .l). When read from right te left, and in
conjunction with scale D it gives 1/ sin 5.75° to 1/ sin 0.58°
(10 to 100) on the D scale.

4. Scale marked SI; black in conjunction with scale CI
gives the cosine of angies from 84.26° to 89.420 (.1 to .0OI1)
on CI. In conjunction with scale D it gives the secants

1/ cos 84.25° to 1/89.42° (10 to 100) on scale D.

5. Scale SIz black in conjunction with scale CI gives
the cosine of any angle from 09 to 84.25° (1 to .1Y, and in
?ongunction with scale D the secants 1/ cos0° to 1/ cos 84.25°

1 to 10)

6. Scale TI red read from right to left and in conjunc-
tion with scale CI gives the tangents of angles between
5.75° and 45° (.1 to 1). In conjunction with scale D it

%1ves the cotangents of any angle between the stated values
10 to 1).

7. Scale marked T in conjunction with scale D gives the
tangents of angles between 5.75° and 45°.

8. Scale TI black in conjunction with scale D, gives
the tangents of angles from 45° to 84.28° (1 to 10) and in
conjunction with scale CI on the opposite side, the cotan-
gents of angles within this range.

9. The sine or tangent of a small angle 1° or less, is
practically equal to the radian value of the given angle.

The C-D scales on the reverse side have three constants,
marked, R, ', and ", for giving the sine or tangent of small
angles expressed in degrees, minutes or seconds, respectively,
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also the radian value of any size angle, when so expressed.

GENERAL RULES, FOR USING THE CONSTANTS

1. To given angle expressed in degrees, minutes, or
seconds, on scales D, set the corresponding constent R, ',
or ", respectively. On scale C, at index of slide read the
value in radians, for any size angle, or if the angle is
small, its sine or tangent may be read, or multiplied by any
factor taken on scale C.

2. To the sine, tangent, or radian value, of an angle,
on scale D, set an index of the slide. At the constant R, '
or ", on scale C read the corresponding angle, in degrees,
minutes, or seconds, respectively, on scale D.

For locating the decimal point by inspection, it is
convenient to remember that the
Radian, Sine or Tangent of 19=approximately .018 or roughly .02
n " " l'ew " .0003
n " " 1"= " .000005

Example, Convert 45° to radians,
To 45 on scale D set R on scale C. At index of slide
read .7854 radians on scale D.

Example, Solve 540 sin 28°',
To 28 on scale D set minute constant , on scale C.
At 540 on scale C read 4.4 on scale D.

Example, Convert 1.5 radians to degreses,
Set left index of slide to 1.5 on scale D. At R on
scale C read 86° on scale D.

PLANE VECTOR CALCULATIONS

Vector computations involve frequent changes from
polar to rectangular coordinates and vice versa.

The solving of right triangles by ordinary methods, us-
ing log. and trig. tables is tedious and time consuming,
hence a special Vector Slide Rule has been devised to abbre-
viate this work.

Vectors and their components are conveniently expressed
algebraically in complex notation, thus ajjb=Aelé=A/@ . In
this expression a+jb represents the rectangular components
of the vector A/@ , and AeJ©@ is an exponential expression of
the vector in polar coordinates.

GENERAL RULES, FOR SOLVING RIGHT TRIANGLES

Given a+jb, find Ae 3@ (see Fig. 1)

Rule: To the smallest side a (or b) on scale D, set an
index of the slide. Qver the other side b (or a) on scale D
read angle © on scale TI. Move indicator to angle © on scale
SI, and read A on scale D.

If side a is the smaller, then angle 6 is greater than
459, and must be so read using the co-number in black, on
scales TI and SI.



Given AJ@, find a+jb.

Rule: To A on scale D set angle B on scals SI. At in-
dex "1" of the slide read the smaller side b (or a) on scale
D. At angle O on scale TI read the other side a (or b) on
scale D.

Scale D here represents the numerical value of each of
the three sides. However instead of denoting the sides by
their numerical value they may be expressed in terms of any
function, the scale of which is referred to scale D. Thus
any side may be expressed as sin«, tand, sinh«, tanh«,
loge x etc., and the triangle solved at a single setting of
the slide.

Conversion of complex numbers of the form at+jb into ex-
ponentials of the form

helO = a/0 (D
where A= VZEIEE_ (2)
and - tan -1 -E (3)
Figure (1) shows how these quantities are related ge-
ometrically to one another.
A

6

a
Fig. 1

From this figure we note that the angle § may also be
obtained by

Q= cot-l B (4)

and the vector equivalent of the complex number by

- b
A s %
or by A =_8 (8)
cos 6

Expressions (4) and (3) are the operations embodied in
the slide rule for the conversion of a+jb into A/8 for the
case when a>b, i.e., when 6<45°, and expressions (3) and (6)
rgprgsent the operations for the case when a<lb, i.e., when
0,459,

CASE I. a>b 0<45°

1. Set right or left index as necessary, of scale TI
opposite b on scale D.

2. Move indicator to a on scale D, and

3. Read O opposite a on TI red.

4. Move indicator to € on SI red, and read A opposite ©
on D.
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Examples:

Find the vector value of 4+j3.

1. Set left index of TI opposite 2 on D.

2. Move indicator to 4 on D, and read @ = 36.83° oppo-
site 4 on TI red.

3. Move indicator tc 36.83° on SIg red, and read A = 5
opposite 26.83° on D.

Hencse
4 4 j3 = 5 /+26.830
Example: 9.68 % j 6.9

Set left index of TI on 6.9 scale D,
Move indicator to 9.68 scale D, and read 8=35.59 on TI

red.
Since 35.5° SIz red is beyond the right end of rule,
1. Reset right index of TI over 6.9.
2. Move indicetor over 235.5° SIz red, and read A=11.9
on D.
Hence

9.68%j6.,9 = 11.91155.50
Another method:

By using the folded scale DF, on the reverse side, in-
stead of the D scale, resetting of the slide is obviated.

Thus set indicator to 6.9 on scale DF. Set left index
of slide to indicator. Move indicator to 9.68 on DF and reac
0=35,50 on TI, red. Set indicator to 35.5° red, on SI2, and
read 11.9 on DF.

Example: Find the vector value of 12+j4.5

1. Set right index of TI on 4.5 scale D.

2. Move indicator to 12 scale D, and read ©=20.55° on
TI red.

3. Move indicator to 20.55° SIp red, and read A=12.8
on D.

Hence

12+ j4.5 = 12.8/20.55°
Example: Find the vector value of 1.91+j.05
1. Set right index of TI opposite .05 on scale D.
2. Move indicator to 1.91 scale D, and read 6=1.50

Since .05 is very small compared with 1.91, it follows
that 1.91+j.05=1.91/1.50 for all practical purposes.

CASE 1II. alb; 6>450

The operations are identical to those given for Case I,
using scales TI black and SI black.

1. Set left or right index of TI, as necessary on a
Scale D.

2. Move indicator to b scale D, and read € on TI black.
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3. Move indicator to 6 on SI black and read A opposite
@ on D.

Example: Find the vector value of 3+j4.

1. Set left index of TI on 3 scale D.

2. Move indicator to 4 scale D, and read 8=53.17° on
TI black.

3. Move indicator to 53.17° SIo black, and read A=5 on
D.

Hence

3134 = 5/153.17°
Similarly:
For 4.5%1j12

1. set right index of TI opposite 4.5 scale D.

2. Move indicator to 12 scale D, and read B=69.45° on
TI black.

3. Move indicator to 69.45° SIz black, and read A=12.82
on D.

For .065+j1.49

1. Set right index of TI opposite .065 on Scale D.
2. Move indicator to 1.49 on scale D, read 87.5° on SIj
black.
Since 1.49 is comparatively large with respect to .065,
it follows that for all practical purposes
.065+) 1.49 = 1.49 /87.59°

ILLUSTRATIVE APPLICATIONS

1. A circuit consists of a resistance of 7.46 ohms, in
series with an inductive reactance of 3.4 ohms. What is the
vector impedance of the circuit?

Z = 7.46%+) 3.4 = 8.2 /24.5° vector ohms

2. Calculate the vector impedance of a circuit which
consists of a resistance of .795 ohms in series with a
capacitive reactance of 1.25 ohms.

Z = .795-3 1.25 = 1.48/57.5° vector ohms

3. A circuit consists of resistance in parallel with a
capacitance. The measured current in the resistance is 10.5
amperes, and that in the capacitance is 5.7 amperes. What
is the total current in the circuit? What is its time phase
with respect to the difference of potential impressed upon
the circuit? What is the power factor?

I = 10.5+jJ 5.7 = 11.95/28.59 vector amperes

The time phase is 28.5° leading.
The power factor is cos 28.59 = .878
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4. A circuit consists of a conductance of .066 mhos in
parallel with a practically pure inductive susceptance of
.0872 mhos. What is the vector admittance of the circuit?

Y = .068+3.087 = .1105/52° vector mhos

5. The attenuation constant and the wave length constant
of No. 10 A.W.G. dry core cable at 800 cycles frequence are
a=.0%66 and 3=.0559 hyperbtolic and circular radians, respec-
tively. What is the propagation constant of the line?

P = a+jb = .0366+3.0559

.067 /56.8°

Conversion of aedf = A/O into complex numbers of the
form a+tjb.

The complex number equivalent to A/ is A cos O+jA sin®

Since the D scale gives the reciprocals of cos Ofor
values of @ on the SI black scales, and the reciprocals of
sin @ for values of 9 on the SI red scales, the slide rule
operation for A cos @ is A and for A sin® is A

T/cos § 1/sin

To find A cos O ana A sin 8

Set © SI black opposite A on scale D. Read a cos © on D
at index of TI.

Set © ST red opposite A scale L. Read A sin © on D at
index of TI.

Examples:

Find the complex number equivalent to 1.49/87.5°

1. Set 87.59, SI] black opposite 1.49 scale D, and read
cos9 = .065 on D at right index of TI.

2. Set 87.50 SIy red opposite 1.49 scale D, and read
1.485 on D left index of TI.

Hence
1.49/87.5° = ,065+) 1.48¢€

Find the complex number equivalent to 11.9/-54.59°

1. Set 54.5° SIg black opposite 11.9 on D, and read
6.91 = 11.9 cos 54.5° on D et right index of TI.

2. Set 54.%9 SIp red opposite 11.9 on D, and read
9.69 = 11.9 sin 54.5° on D at right index of TI.

Hence 11.9/-54.5° = 6.9-J 9.69
Find the complex number equivalent of 12.8/20.5°

1. 3et 2U.5° 3Ip black opposite 12.8 on D, and read
12.8 cos 20.5%9 = 11.98 on D at left index of TI.

2. Set 20.5° SIs red opposite 12.8 on D, and read
4.48 = 12.8 sin 20.59 on D at left index of TI.



TLLUSTRATIVE APPLICATIONS
1. The vector impedance of a circuit is 7.9/25.50 ohms.
Calculate its resistive and reactive components.

7.9/25.50 = 7.124] 2.4

Hence r = 7.12 ohms
X = 3.4 ohms

2, The admittance of a parallel circuit is .0955/-31.50
vector ohms. Calculate the conductance and susceptance of
the circuit.

The conductance is

g = ,0955 cos (-21.59" = .0813% mhos,
and the susceptance is
b = .0955 sin (-31.5°) = -,0498 mhos

The equivalent complex number is
g~Jjb = .0813~-3.0498

3. The vector propagation constant of a certain trans-
mission line is

P = .065/56.50°
Calculate the attenuation and phase constant.
The attenuation constant is

a = .065 cos 56.50 = ,03585 hyperbolic radians.
B = .065 sin 56.5° = .0542 radians

The wave length constant is identical to the phase con-
stant, but is usually expressed in degrees. Its value for
the given line is .0542 x 57.3 = 3.11° (see mark "R" on C
and D scales for the conversion of radians to degrees).

HYPERBOLIC FUNCTIONS

The Hyperbolic Scales

1. Since sinh x = x, and tanh x = x, for all practical
purposes, when x<0.1, scale D gives the sinh x and tanh x
directly for any value of x<0.1l.

2. Scale Shy in conjunction with scale D, gives the
hyperbolic sines of hyperbolic angles x of any value bhetween
.1<{x<.882; Thus for x = .515 set indicator on .515 scale
Sh; and read .5375 = sinh .515 on scale D.

Similarly: sinh .645 = .69
sinh .1945 = .1958
sinh .273 = .276
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It also gives the hyperbolic angle x when the hyperbolic
sine (sinh x) is known, between values of .l and .882. Thus
for sinh x = .78 on D, read X = .7 on Shy scale. For
sinh x = .249 on D, read x = .247 on Shj.

3. Scale Shg in conjunction with scale D, gives the
hyperbolic sines of hyperbolic angles x of values between
.882<(x<3, and the values of x when sinh x is known and is
within .882 and 10. Thus for x = 1.245 on Shg, read
1.592 = sinh 1.245 on D.

Similarly: sinh 1.465 = 2.C5
sinh 1.875 = 3.18
sinh 2.24 = 4.64
sinh 2.95 = 9.53
For: sinh x = 5.1 on D read x = 2,332 on Shg
sinh x = 4.35 on D read x = 2.176 on Shg
sinh x = 1.84 on D read x = 1.37 on Shp

4. Scale Th gives in conjunction with scale D, the
hyperbolic tangents of hyperbolic angles x between the va-
lues 1<(x<3, and approximately for all values of x>3.5, since
tanh x for x»3.5 is 1. Thus for x = .175 on Th, read
.1723 on D.

Similarly: tanh .224 = .2202
tanh .435 = .409
tanh .94 = .735
tanh 1.45 = .895
tanh 2. = .965
tanh 3. = .995
For: tanh x = .795 on D, read x = 1.082 on Th.
tanh x = .52 on D, read x = .576 on Th.
tanh x = .137 on D, read x = .1378 on Th.

The Hyperbolic Cosine, Cosh x

The hyperbolic cosine of any real number x, may be ob-
tained by any of the following formulas:

cosh x = simh x (1)
tanh x
= V1t+sinh2x (2)
or - sinh x (2)

T 5in [tan-L (sinh x}]

Formula (1) is best suited for slide rule calculation,
and the value of cosh x, can be obtained at a single setting
of the slide.

RULE: Set an index of the slide to x on scale Th.
Move indicztor to x on scale Shj or Shp and read cosh x
on scale C, on the reverse side of the rule.

Examples: Find cosh .662.
Set left index of slide to .662 on scale Th.

Move indicator to .662 on scale Sh) and read 1.224 =
cosh x, on scale C.



Find cosh 1.57.

Set right index of slide to 1.57 on scale Th.
Move indicator to 1.57 on scale Shg, and read 2.508 =
cosh x, on scale C.

Formula (3) is also suited for slide rule calculation,
and in certain cases may be useful. This formula may obvi=-
ously be written.

sinh x

= = -1 i
cosh x STog Where O = tan-1 (sinh x)

When x<.1, sinh x = tanh x, whence cosh x = 1.

When .1<x<.882, sinh x<1, hence tan-1l (sinh x)<450°.

It follows therefore that for values of x within this
range:

1. 3et right index of TI opposite x on Shj and read
©= tan-1 (sinh x) on scale T, opposite index of D.

2. Move indicator to 6 on SIz red, and, read cosh x
on D, under hair line.

Example: Find cosh .2Zv2.

1. Set right index of TI opposite .292 Shy and read
6= 16.5° opposite index on scale D.

2. Move indicator to 16.5° on scale SIg red, and read
1.043 = cosh x, on D under hair line.

When .882¢x<3, sinh x>1, and tan-1 (sinh x)>45°, it
follows, therefore, that for values of x within this range:

1. Opposite x on Sh2 scale read 8 = tan-l (sinh x) on
TI black.

2. Set left index of TI opposite x, scale Shg.

3. Move indicator hair line over 6, scale SI2 red, and
read cosh x on D, under hair line.

Example: Find cosh 2.34.

1. Opposite 2.34 scale Shg, read & = 799 on TI black.

2. Set left index of TI opposite 2.3%4, scale Shg.

2. Move indicator hair line over 799, scale SIg red,
and read 5.24 = cosh 2.34 on D, under hair line.

COMPLEX HYPERBCOLIC FUNCTIONS

Vector Equivalent of the Hyperbolic Sine of Complex Numbers

The complex number equivalent of the hyperbolic func-

tion
sinh (x + 3 6) is

sinh x cos © -+ Jj cosh x sin O

(1)

The vector value of this expression may, therefore, be

written

sinh  (x+36 )= Sinh _x cos © /tan-1(tan8/tanh x)

cos [tan-1{tan @ /tanh x)]

:AL@_

(2)
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where
(5= tan-1 _LQtn (3)
tanh x
and A = Sinh x cos ) (4)
cos @@

Expressions (3) and (4) represent the operations to be
carried out to evaluate the vector value of sinh (x + j 6).
This may be done by actual substitution of values (obtained
thru slide rule) in the equations, and carrying out the cal-
culations involved by slide rule operation, or by the rules
explained and illustrated below.

Since the value of ©is frequently expressed in radians
when used in conjunction with complex hyperbolic function,
it is first necessary to convert it to degrees, by the use
of the mark "R" on the C-D scales.

Expression (3) indicates that we may think of tan @ and
tanh x in their relationship to the vector angle 3, as the
sides of a right triangle as shown in the figure.

tan 6

Yl
tanh x

It follows, therefore, that we may write
tanh x+j tan© = a+jb,

and the slide rule method for determining the vector angle(B
becomes identical with that described in section "B" for
plane vector calculation. The value of x is on scale Th and
tanh x = a is on scale D opposite x. The value of € is on
scale T when 5.759(0{45°, and on scale TI black when0)450,
while corresponding values of tan © = b are on scale D.

To obtain the vector angle e

1. Determine first whether tan © or tanh x is smaller.
For ©) 450, tanh x is always smaller than tan 6. The angle (3
in such a case is larger than 459, and is read on TI black.
For values of <459, set indicator hair line over © on scale
T. If x on scale Th is on the right of the hair line, then
tanh x)tan@; the angle 3 will be smaller than 45° and should
be read on scale TI red. If, on the other hand, X on scale
Tr is to the left of the hair line, then tanh x{tan©. 1In
such a case, the angle @)450 and should be read on TI black.

2. Set left or right index (as necessary) of scale TI
opposite 6 scale T, if tan8<{ tanh x, or opposite x, scale Th,
if tanh x<tan 6;

3. Move indicator to x if tanh x is larger, and read B
on TI red; or over®, when tan © is larger, and read Q on
TI black.
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Example:
Determine the vector angle of sinh (.256+j 10.50)

1. Set indicator over 10.59 scale T. It shows that
tanh .256)tan 10.5°

2. Set left index of TI opposite 10.5° scale T;

3. Move indicator to .256 scale Th, and read @= 26.50
on TI red.

Similarly for sinh(1.28+j 30.59°)

1. Set indicator over 30.5°, scale T; it shows that
tanh 1.28)tan 30.5°. Hence:

2. Set left index of TI opposite 30.5° scale T;

3. Move indicator to 1.28 scale Th, and read (3 = 34.50
on TI red.

For sinh (.5054j 20°)

1. Set indicator over 20° scale T; it shows that tanh
.505)tan 20°. Hence:

2. Set left index of TI opposite 20° scale T;

3. Move indicator to .505 scale Th, and read {3 = 38°.

Find the vector angle of sinh (.43+j 30.590)

1., Set indicator over 30.5° scale T; it shows that tanh
.43<{tan 30.5°., Hence:

2. Set left index of TI opposite .43 scale Th.

3. Move indicator over 30.5° scale T, and read 6 = 55.59
on TI black.

Similarly, for sinh (.17+j 35°)

1. Set indicator on 36° scale T; it shows that tanh
.17<{tan 35°. Hence:

2. Set left index of TI on .17 scale Th;

3. Move indicator to 35° scale T, and read 3 = 76.59° on
TI black.

For sinh (.224+j 27.59)
tanh .224<tan 27.5, (5 = 67.080

Find Vector angle of sinh (.681j 62°)

Note that © = 620 (larger than 45°). Hence tanh
.68¢€tan 620.

1. Set indicator over 62° TI black;
2. Set right index of TI (SI) opposite .68 on Th scalse,
and read ® = 72.55° on TI black.

Similarly, For sinh (.243%j 53.50)

1. Set indicator hair line over 53.5° TI black;
2. Set right index of SI] opposite .242 scale Th, and
read ( = 80° on TI black.

If the angle O of the complex hyperbolic function sinh
(x+j ) is less than 5.75°, we have to use scale ST red in-
stead of scale T. Since scale SIjred in conjunction with
scale D gives cotangent values, we may use the following for-
mula in calculating the vector angle (3.
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= cot-1l tanh X = cot-1 (tanh x cot ©)
(5 tan ©

In accordance with this formula, when 0¢5.750,

1. Set left index of TI opposite x on Th scale

2. Move indicator over O, scale SIjred,

3. Reset index of TI on 1 scale D, and read on scale
TI red, under hairline.

Example: Find the vector angle of sinh (.216+3 3.50)

1. Set left index of TI opposite .216 scale Th;

2. Move indicator to 3.50 scale SIj red;

3. Reset index of scale TI opposite index of D, and
read 3 = 16° on TI red.

Similarly, For Sinh (.339+j 4.59) (3= 13.50

The numerical valus of the function sinh (x+j ©), is
obtained in accordance with expression (4).

1. Set O, scale SI] black opposite x scale Shy or Shp as
necessary.

2. Move indicator to 6 (obtained as outlined above)
scale SIjblack, and read A under hair line on scale D.

Example: TFind the vector value of sinh (.256+j 10.59)

1. Find (3

Set left index of TI on 10.5° scale T, move indicator
over .256 Scale Th, and read (3 = 36.5°, which should be writ-
ten down.

2. set 10.5° scale SIp black opposite .256, scale Shj;

Move indicator to 36.5° scale SIz black, and read
A = .316 on D scale under hair line.

Hence
Sinh (.256+J 10.5°) = .316/36.59°

Similarly: For Sinh (1.28+j 10.50)

1. rind f3

Set left index of TI on 30.59° scale T;

Move indicator over 1.28 scale Th, and read ﬁ = 34.50
on TI red.

2. Set 30.5° SIz black opposite 1.28 scale Shgp.

Move indicator to 34.5¢ SIp black, and read A = 1.735
on D under hair line.

Hence
Sinh (1.28tj 30.5°) = 1.735/34.5°

Similarly: For Sinh (.17+j 359)

1. Find O = 76.50

_ sinh .17 cos 35°
2. Find A cos 76.59 -6

Hence
Sinh (.17+j 35°) = .6/76.59°



- 15 -
TLLUSTRATIVE APPLICATION

A 25 mile No. 10 A.W.G. line, whose characteristic im-
pedance at 800 cycles frequency is

Zo = 723/-11.1° vector ohms, and whose propagation con-
stant is P = ,0292/71.89 is short circuited at the receiving
end. Calculate the short circuit current under the assump-

tion that the difference of potential impressed at the send-
ing end is 100 volts.

The expression for the desired current is

1 --———JEL——S
Zo sinh p

For the values given above, this expression becomes

I = 100/Q
723/-11.10 X sinh (0.0292 X 25/71.8°)

Calculations:

.0292 X 25/71.8°

= ,2284]) .694
.694 (radians) = 22.§

o
Hence (
Sinh (.0292 X 25/71.8°) = sinh (.228+j 29.60)
= .677/74.830
Substituting in the expression for I, we get
T = 100/Q0
723/=11.10 X .677/74,83°

o
=7 lgg. =5 = .2045/-63.73° vector amperes

with reference in time phase to the impressed voltage.

Vector Equivalent of the Hyperbolic Cosine of Complex Numbers

The complex number equivalent of the hyperbolic func-
tion

Cosh (x+3 ©) is
Cosh x cos ©+j sinh sin® (5)

The vector value of this expression may, therefore, be
written

. - sinh x sin © -1(t tan ©
Cosh (x+j ©) sin[tan"I(tanh x tan ©)] Ltan”-(tanh x an‘(%)
= B/
whsare
L = tan-1 (tanh x tan ©) (n
and g = sinh x sin o (8)

sin «
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Expression (7) represents the operatioen to be carried
out in evaluating the vector angle«, and (8) the operation
to be carried out to determine the value of E.

To obtain the value of L, when6<5,750

1. Set @, scale SI] red opposite x on scale Th, and
read « on SI) red opposite right index of D.

Example: Find the vector angle cosh (.247+j 4.59)

1. Set 4.5° scale SI) red opposite .347 scale Th, and
read « = 1.50 on SI] red opposite right index of D.

Similarly: For cosh (.491+4] 5.59)

1. Set 5.5% scale SIj] red opposite .491 scale Th, and
read £ = 2.5° SI] red opposite right index of D.

Similarly: For cosh (.278+j 3.79) ——«= 10,

To obtain the value ofL, when 5.750(60<450.

1. set O scale TI red opposite x scale Th, and read K
on SI; red opposite left index of D or on TI red at the right
index of TI red as necessary.

Examples:

Find the vector angle of cosh (.282+j 99)

Set @ scale TI red opposite .282 scale Th, and read
« = 2.50 on SI} red opposite left index of D,

Similarly: For cosh (.178tj 16.59)

1. Set 16.5° scale TI red opposite .178 scale Th, and
read «{ = 30 on SI] red opposite left index of D.

Find the vector angle of cosh (.41+j 219°)
1. Set 21° scale TI red opposite .41 scale Th, and read

L= 8.50 on TI red opposite right index of D, or on T at
left index of TI.

Similarly: For cosh (.635+]j 35.49) L= 21,750
For cosh (1.16+] 429) = %6.480

To obtain the value of X when@)459.

1. Set left index of TI opposite x on scale Th.
2. Move indicator over © on TI black, and read £ on
scale T under hair line.

Example: Find the vector angle of cosh (.1855+j 56.50)

1. Sat left index of TI opposite .1855 scale Th, -

2. Move indicator over 56.5° scale TI black, and read
L =2 15.5° on scale T under hailr line.

Similarly: For cosh (.231+j 68.69) <= 300
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If after setting left incdex of TI opposite x on Th, we
find that © is beyond the right index of D, the angle(3is
larger than 45°. 1In such a case:

1. Set right index of TI opposi'c x on scale Th;

2. Move indicator over © on TI b.:ck;

%. Reset index of TI opposite index of D, and read o«
on TI black under hair line.

Example: Find the vector angle of cosh (.282+) 78.50)

1. Set right index of TI opposite .282 on scale Th.

2. Move indicator over 78.50 scale TI black.

3. Reset index of TI opposite index of D, and readeC
53.59 on TI black, under hair line

Similarly: For cosh (.915%j 80.59) L= 770
For cosh (1.05+j 720) (= 67.59

To determine the numerical value B of the function

cosh gxijg

1. Determine first the vector angle £, as outlined above.
2. In accordance with expression (8) set 6 scale SI
red opposite x on Sh scale;
3. Move indicator over @ scale SI red and read B on
scale D under hair line.

Examples:
Find the vector value of cosh (.282+j 78.5°)

1. Obtain the vector angle o :-
Set right index of TI opposite .282 scale Th;
Move indicator over 78.5° scale TI black, and read
« = 52.50 on TI black under hair line after resetting index
of TI opposite index of D.
2. Set 78.59 scale SIp red opposite .282 scale Shi
Move indicator over 53.50 scale SIgz red, and read
B = .248 on D under hair linse.

Hence
cosh (.282+j 78.59) = .348/5%.5°

Similarly: For cosh (1.05+j 729)

1. Find o« = 67.45°

2. Set 72° scale SIg red opposite 1.05 Shp

Move indicator over 67.45° scale SIgz red and read
B = 1.29 on scale D under hair line.

Hence
Cosh (1.05+3 72°) = 1.29/67.45°

Find the vector value of cosh (.247+j 4.50)

1. Obtain first the value of e« :-

Set 4.50 scale SI) red opposite 347 Th.

Read € = 1.59 on 3I] red opposite right index of D.

2. Set 4.50 scale SI; red opposite .347 scale Shy.

Move indicator over I1.5% SIy red

Hote that 1.5° is beyond scale index. Hence reset right
index of TI at position of left index, move indicator over
1.5° scale SI; red, and read B = .1061.
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Hence
Cosh (.347+j 4.5°) = ,1061/1.5°

Find the vector value of cosh (.25+] 369)

1. Obtain first the vector angle «:-

Set 360 scale TI red opposite .25 scale Th, and read
10.09° on scale TI red opposite right index of D, or on scale
T opposite left index of TI.

2. Set 36° scale SIp red opposite .25 scale Shy

Move indicator over 10.09 scale SIz red, and read
B = .847 on scale D under hair line.

Hence
Cosh (.25+3 36°) = .847/10.09°

Similarly: Cosh (.41+j 219)

1. Obtain « = 8,50

2. Set 210 scale SIz red opposite .41 scale Shjy

Move indicator over 8.5° scale SIp red

Note that it is beyond right index of D, hence set
right index of TI at position of left index (1513 on D)

Move indicator over 8.5° on SIz and read 1.021 on D
under hair line.

Hence
Cosh (.41+j 21°) = 1.021/8.5°

ILLUSTRATIVE APPLICATIONS

Calculate the open circuit receiving-end voltage of a
50 mile No. 10 A.W.G. line, whose characteristic impedance
at 800 cycles frequency is 723/-11.F vector ohms, and whose
propagation constant is 0.0292/71.89, under the assumption
that the impressed difference of potential at the sending
end is 100 volts.

The expression by means of which this may be calculated

is
v = V s
T~ cosh PO
where )
Vs = 100/0°
P = 0.0292/71.8°
S = 50

substituting in the above expression, we get

- 100/Q°
" cosh (.0292 X 50/71.8° )

Cosh (.0292 X 50/71.8%9)= cosh (1.46/71.809)
cosh (.456+j 1.385)

cosh (.456tj 79.40)

.507/66.29°

1]
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Hence
v = 100402 = 197.5/-66.3° vector volts lagging
.507/66.3°

the sending end voltage in time phase by 66.930,

Evaluation of the Hyperbolic Tangent of a Complex Function

Since A
Tanh (x+ . sinh (x+§ ©) _ aZ0 _
anh (x+3 9) cosh (xrj ©) B S

it follows that the value of the tanh of such a function
must be obtained by evaluating the sinh and cosh as outlined
in the preceding two sections and taking the ratio as indi-
cated.

The angle~5 associated with the vector value of the
function is S =@ - «, where 3 is the angle associated with
the vector value of the sine function, and the angle < with
the cosine function, and whose values are obtained as out-
lined in the preceding two sections.

ILLUSTRATIVE APPLICATION

Calculate the sending end impedance of an open cir-
cuited 50 mile No. 10 A.W.G. line, whose characteristic im-
pedance is Z, = 723/11.1° and whose propagation constant is

P = .0292/71.8°.

The value of the sending end impedance is given by the
expression

Zg = —20__
S 7 tanh PS

Tanh PS = tanh (.0292 x 50/71,89)
.0292 x 50/71.80 = .456+j1.385 radians

= .456+] 79.40

sinh (.456+3j 79.4°9)
cosh (.456+] 79.49)

tanh (.4561j 79.4°)

sinh (.456+j 79.49) = 1.087/85.4z°
cosh (.456+j 79.40) = .508/66.30
Hence
1.087 .420
tanh (.456+j 79.40) =
anh ( ) 508,66 .30
= 2.14/19.12°

Substituting in the expression for the sending end im-
pedance we get

723/=11.10
= = 7/%0.220
Zs 2.14/19.12 32 —
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2. Calculate the impedance at the input terminals of
the above line when terminated with an impedance of
250/300 vector ohms.

The expression by means of which this impedance may be
calculated is

ZrZo cosh PS+20° sinh PS
Zo cosh PSt+Zy sin PS

cosh PS = .508/66 .39
723/-11.10 X 250/300 X .508/66 .30
21800/85.2°

Zg =

ZoZr cosh PS

n

Zo,2 sinh PS = (723/-11.10)% x 1.087/85.420
= 523000/-22.20 X 1.087/85.420
= 568000/63.220

Zo cosh PS = 723/-11.10 X .508/66.39

368/65.2°
Zy sinh PS = 250/300 X 1.087/85.42°

271.7/115.42°

Substituting in the expression for Zg we get
7. = 91800, 0 + 568000 220
S = T 368/55.20 - 271.7/115.420

91800/85.29 767043 91000
568000/63,22° = 256000+) 507000

sum = £63670+3 598000 = 654000/66 .03°

271.7/115.420 = 271.7/90°125.420
= -271.7 sin 25.420 j 271.7 cos 25.42°

= -116.7+] 245
%68/54.830 = 210.3+j 302.5
sum = 93.64J 547.5 = 555/80.359°

"

Substituting these values in the equation for Zg we
get

5. = 654000/66,030
S T  555/80.35°

1179/-24.059° vector ohms

What would be the line current at the sending end if
the impressed difference of potential is assumed 100 volts?

1, = Vs . __100/00
8 Zs 1179/-24.059

0.0848/24.05° vector amperes
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leading the voltage by 24.05°.
What would be the receiving end voltage?

The receiving end voltage may be calculated by the ex-
pression

V. = Vsir
T ° Zy cosh P5tZ, sinh PS
- 100/0° x 250/300
250/309%.508/66 .30+723/-11.10X1.087/85.42°
127/96 .3% = ~127 sin 6.30+j 127 cos 6.3°

~13%.95+) 126.8

784/74.320 = 212.00+] 755.
I§§.55+g 881. = 903/77.250

Substituting in the equation for Vp we get
0
v = 23990 = 27.7/-47.250 vector volts

What would be the receiving end current?

= Vr . 27.7/:47.280
Ir = =70 ® T%50,300

= .1107/-77.25° vector amperes
lagging the sending end voltage by 77.25°.
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