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THE LOG LOG VECTOR SLIDE RULE

The Log Log Vector S1ide Rule has in addition te the
Usual scales found on the K & B Log-Log rule, acales of cir
cular and hypesrbolic functions, which makes 1t well a1
to practically all wecter salculstisns ordinarily met
ginsaring problems.

The slide rule vestor calculstlons ars vary almpla
the relationship betwsen the various scales and the vonm
are properly understood.

THE CTRCULAR TRIGONOMETRIC SCALES

1. The scale marked 3 in conjunctlon with soale D gl
the sine of any srgle betwsen 5.75% and 507, and obvibusl:
the angles whosa sines are between 1002 snmd 1. Thus sver
109 on 5 read .17%5 on D.

2. Scale marked 3Is red in sonjunctlon with CI scale on
the opposite aide is ?ﬂfly identical with scale 5. It is
marked from right to laft. Hence Iin zonjunctien with scals

L glves the reciprocals (cosecants) of angles hetweasn 300

and 5,750,

| 3. Suale marked SI, red In conjunction with scale CI on
the opposite side, gives The sines of angles batween 0.5AC
and 5.£5° (.01 to .1). When read from right to laft, and in
conjunctlon with scals D it gives 1/ sin 5.759 to 1/ ain 0,580
(10 to 100) on the D scals,

4. Scale marked 51y black in comjunction with scals CI
gives the cosine of un.gias Trom 84.26% to B9.420 (.1 ta .01}
on CI. 1In conjunctlon with scale [ 1t glves the mecants

1/ cos B4.289 to 1/88.42% {10 to 100) on scale D,

| 5. Sealw SIp black in conjunction with scale CI glves

|  the cosine of any angle from 0° to 84.25° {1 to .17, and in

| Ennjun:t.lun with scale [ the secants 1/ cosl® to 1/ cos B4.250
1 ta 10).

| 6., Scale TI red read from right to left and in eonjunc-
tion with scale CJ gives the tangents of arigles heatween
5.75% and 457 (.Tto 1). In conjunction with scals D it
?i‘l"ﬂﬂ ‘L?; cotangents of any angle hetwesn ths stated waluss
Q ta .

T. Soale marked T in confunctien with scales o gives the
tangents of angles between 5.75% and 4509,

8. Scale TI black in conjunetion with scals L, gives
the tengents of angles from 459 to B84.268° (1 to 1T) and in
conjunction with scale [ on the opposite side, ths cotan-
gents of angles within This rangs.

9. The slne or tangent of a small angle 19 or less, is
practicelly equal to the radian values of the given angle.

The C-D scales on the reverse side have thras constante,

marked, H, ', and ®, for giving the sine or tangsnt of small
angles expressed in :’hg:r-u. minutes or seconds, respectively,
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alss the radian valus of any si®s angle, when 80 expressed.

GBNERAL RULES, FOR USING THE CORSTANTS

1. To given angles expressed in degrees, minutes, or
seoconds, on scalss D, set thas corrsaponding constant R, °,
or ®, respectively. On scale C, at index of slide read the
valus in radians, for any slze angle, or 1f the angle ia
small, its sine or tangent may be read, or multiplied by any
factor taksn on scals Q.

| £. To the sine, tangent, or radian valus, of an angls,

| on scals D, met an index of the sllide. 4t the constant R, ',

| or ", on scales C read the corrssponding sngle, in degreas,
minutes, or seconds, respectively, on scale D.

| For locating the decimal point by inspection, it ls
| gonvenient to remember that the
Radian, Sine or Tangent of l9=approximately .018 or roughly .0OE
" " " l'= " L0003

- " . 1*a . .00000%

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

Example, Solve 540 sin E28°,
To B8 on scale D st minuts conatant , on seals C,
At 540 on scale C read 4.4 on scale D.

Example, Convert 1.5 radians to degress,
Set left index of elids to 1.5 on scale D. A&t R on
stales C read 869 on scale D.

PLANE VECTOR CALCULATIONS

Veotor computations invelve frequent changes from
pelar to rectangular coordinates and vice veras.

The solving of right triangles by ordinmary methods, us-
ing log. and trig. tables ia tedious and time consuming,
hence a special Vector S1lide Ruls has been devised to abbre-
viate this work.

Vectoras and their components are conveniently expressesd
llg-hruull{ in complax notatlon, thus a4lb=Aele=A/§ . In
this expression l.+.‘|'b r-pr'!?ts the rectangular nupnn-nt-
of tha weotor A , and As i= an exponential expresslon of
the wvector in pd r coordinates.

GENERAL RULES, FOR SOLVING RIGHT TRIANGLES

Given a+ib, rind Asl® (3ee Fig. 1)

Fule: To the smallest side & (or b) on scale D, set &n
index of the slide, Over the other side b (or a) on scale D
read sngle © on scale TI, Move indicator to angle @ on scale
51, and read A4 on scals D.

If side g 1a the smaller, then angle B is greatesr than
459, and must be so read using the co-number in black, on
soales TI and SI.




Given a0, fing a+in,

Fuls: To A on scals D sst angle @ on scals SI. it in-
dex "1* of the =lide read the smeller side L (or a) on scale
D. :t engle @ on acale TI read the other side a (or b) on
scale .

Seals D here represzents the mmerical value of sach af
the three sides. Howsver inatead or denoting the sides by
their numerical walue they may be expressed in terms of any
funotion, the scale of which is referred to scele 0. Thus
any slde may he axpressed ms sin<, tans, sinh=, tanhd,
loge x etc., and # triangle solved at a single setilng of
the slide.

Lonversion of complex numbers of the form a+jb inte ex-
ponentlals of the form

Al w ay8 (1)

whars Alm ml" (2]

snd @~ tan -1 E (3)

Figure (1) shows heow thase quantities are related ge-
ometrically to one another.

A
Flg. 1

From this figure we note that the angle @ may also he
¢btained by

Bu cot-1 g (4}

&nd the vector equivalent of the complex number by

A= —r—g-’ : {53
- A
or by A " (&)

Expressions (4) and (3) are the operatlons smbodied in
the slide rule for the conversion of a4ib into A/8 for the
cese when a>h, i.e., when 8<459, and 8xpressions (3) and (&)
mr:nnt the operations for the coss vhen a{h, i.e., when

=,

CASE I. ash 8450

1. Set right or left index as necessary, of scales TI
@pposits b on scals D,

2. Move lndicator to A& on scale D, and

3. Read 8 Ur]:ll:lll'l‘.l 2 on TI red.

4. Move indlcator to © on 5T red, and read A opposite §
on D.
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Examples:
Find the vector valus of 4+i3.

1. 3et left index of TI opposits 3 on D.

2. Move indlcator to 4 on D, and read @ = 356.839 oppo-
glte 4 on TI red.

. Move indlcator to 35.83% on SIp red, and read A = §
eppesits 3£.837 on D.

Heanoa

44 43 =5 f36.830
Bxmmple: 9.68 %+ j 6.9

Zat left index of TI on 6.9 soale D.

Move indicator to 9.68 scale D, and read B=25,5% on TI
red.

Sinoe 35.5° SIp red is beyond thes right end of ruls,

l. Repet right index of TI over 6.%.

£. Move indicator over 35.5° SIp red, and read A=1l.9
on D.

Henoe
5.68LJ6.9 = 11.9,/435.50

Another method:

By using the folded scale DF, on the raverse side, in-
stead of the D scale, resetting of the alide iz obviatsd.

Thus set indicateor to &£.9 on scale DF. 3Set laft index
of slide to indicator. Mowve Indicator te 9.68 on DF and read
@35 52 on TI, red. Set indicator to 35.50 red, on 58Iz, and
read 11.9 on DF.

Example: Find the wvector walus of 1E+34.5

1: 3¢t right index of TI on 4.5 scale D.
. :. Move indicator to 12 scals D, and read @=20 850 on
red.

3: Move indicator to BO.55% 5Ip red, and read A=1E.8
on D,

Hence
12+ 4.5 = 12,8/20.550

Example: Find the weotor valus of 1.91+3.08
l. Set right index of TI oppomite .05 on scale D.
£. Move indiecator to 1.91 escale D, and read O=1.50

Sinoe .05 is very smmll compared with 1.91, it follows
that 1.91+).06=1.91/1,8° for all practical purposes.

CASE II. alb: Bo>48° |

The opsrations are identical to those given for Case I,
uging gcales TI black and 351 black.

1. Set left or right index of TI, as necessary on a
Seals D.
£, Move indicator to b scale D, and resd @ on TI black.
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%, Wove indicator to @ on SI tlack and read A-opposl
B en L.

Example: Find the wector wvalue of J+]4.

1. Sat left index of TI on 3 geale L.

2. Move indicator io 4 scale D, anil read 8=53.17% an

TI black.
3. Move indicator to 53,179 51z black, and resd A=3 on

o.
Hancae
3ty =808, 179
Similarly:
Il Yor 4,.51)12
| 1, Sat right Index of TIL cpposite 4.5 seale [.
1 2. Move Indicmtor to 12 scale D, and resd B=69.43° on
| T1 blanck.
3. Move indlcator to 69.45° 5Iz black, and read A=1E.82
en D,

For .065+11.49

1. Set right {ndex of TI opposite .065 on Scale L.
2. Nove indicator to 1.49 on scele D, read 87,57 en 5Ty
black.
Since 1.49 is comparstively largs with reapact to (065,
it follows that for all practlcal purposes
LOES+) (.49 = 1.49 J87.59

ILLUSTRATIVE APFLICATIONS

1. A eirsult consists of a resiztance of 7.46 olma, in
seriss with an inductive reactancs of 3.4 ohms. What is the
yactor lmpedance of the circuit?

2 = T,464) 3.4 = 8.2 /B4.5° vector obms

2, feleulate the wector impedance of a circult which
consists of a reslstance of .795 ohms In series with a
capacitive reactance of 1.E5 obhms.

7 = .795-] 1.2% = 1.48/57.5° vector ohms

1, A circult consists of resistance in parallal with a
| capacltance. The measured currant Lo the resiatance iz 10.°
ampares, and that in the capacitance is 5.7 amperes. ‘What
{a ths total current inm the circoult? What 13 1ts time phase
with respect to the differoence of petential impréessed iupor
the oireuit? What la the powsr factor?

T = 10.5+4 5.7 = 11.35/28,50 vactor amperes

The time phase is BE6.5°
The power factor is €os
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4. A cirouit consists of a conductance of .068 mhos in
parallel with a practically pure inductive susceptance of
+OBTE mhos. What 13 the vector admittance of the circult?

Y » .066+1.087 = .1105/52° vector mhos

5. The sttenuation constant and the wave length sconstant
of No. 10 A.W.G. dry core cable at 800 g¢ycles frequence ars
&=, 0366 and 32,0559 hyperbolie and eircular radlana, respacg-
tively. What is ths propagation constant of the 1line?

P = atib = ,0366+4.0559
= 067 /56,80

gonverafon of Aed® = A/8 into complex mumbers of the
form atib.

The complex mumber sguivelent to AS8 1s A cos B+3A ain®

Jince the D acale gives the reciprocals of cos 8for
values of @ on the SI black scales, and the rsclprocals of
#in @ for values of © on the 5T red scales, the slide ruls

épsration for 4 cos§ 1a v.ﬂ._e. and for A sinB@ ig 7_!4_
coa 1/8in @

To find A cos D and 4 sin 8

Set @ SI black opposits A on scale D. Hemd 4 cos @ on D
at index of TI.

Set @ 831 red opp-::si'..a A scale T. Read A s5in © on D at
indax of TI.

Examples:
Find the complex number sguivslsnt to 1.45/87,59

1. Set 87.5%, 511 black opposite 1.49 scals D, and read
gosf = .065 on D at right indsx of TI.

£, Set 87.59 51; red opposite 1.49 scale D, and read
1.485 on D left index of TI,

Henze
1.49/87.5° = 06544 1,488

Find the complex mumber squivalsnt ta 11.9/-54 .59

1. et 54.50 SIE black opposite 11.9 on D, and read
6.1 = 11.9 cos 4.5 on D at right index of TI.

£. Set 54.859 SI% red npimnlta 11.9 on D, and read
9.69 % 11.9 win 54.5% opn D & right index of TI.

Hemca 11.9/-54.5° = §.9-1 9.69
Find the complex numbar squivalent of 12.8/B0,.80

1. Set 20.5° SIp black opposite 12.8 om D, and read
12.8 cos 20.5% ® 11,98 on D at left index of TI.

£, Set 20.80 SIE red cpposite 12.8 on D, and read
4.48 = 12.8 sin 20,55 on D at left index of TI.




ILLUSTRATIVE APPLICATICNS

1. The vector impedance of a circult 1s 7.9/25.50 ohms.
Caleulate its resistive and reactlve componentis.

T.9/85.50 = T.1EH 3.4

2 obms

Hence T.1
3.4 obms

r
X

[ |

£. The admittance of & parallel cireuit is .0955/-31.50
vectar shms. Calculate the conductance and susceplance o
the circult.
The conductance is
g = .0955 cos (-Z1.5°) = .08l5 mhos,
and the suscepiance ls
b= 0855 sin (=-21.59¢) = -,0458 mhos
The squivalent complex mamber 1=

g=jb = .0B13-4.0498

3. The vector propagation constant of a certaln trans-
migzion line is

P = .065/56.3%9
Caloulatas the attenuation and phase constant.
The atteruation constant la

a = 065 cos 56.59 = 03585 hyperbolic radians.
B3 .065 sin 56.59 = ,0542 radlans

The wave length constant is {dentical 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 [ scales for the conversion of radians to degrees).

HYPERBOLIC FUNCTICHS

The Hyperbolic Scales

1. Since sinh x = %X, and tanh x = x, for all practical
poses, when x<C0.1, scale D gives the sinh x and tanh X
irsctly for any valus of x<0.1.

2. Scals Shi In conjunction with scales D, gives the
h}'gurhnli: sines of hyperbolle angles x of any value between
JACx<.8828: Thus for x = ,515 set Indicator om .515 scale
2h: and read .537T5 = sinh .515 on scals D.

Slmilarly: sinh .645 = .69
ginh .1945 = .1958
sinkh 272 = .BYé
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It also glves the hyperbollc angle x when the hyperbolie
gine (sinh x) is known, between values of .1 and .B888. Thus
for ainh x = .T58 on D, read X = .7 on Sh} scale. For
siph x = .249 on D, read x = ,E47 on 3h].

3. Scale Shz In conjunction with scale O, givesa the
hypsrbolic sines of hyperbeolie angles x of valuss between
L BB2{x<3, and the values of x when airh x 15 knewn and ia
within .B82 and 10, Thus for x = 1.245 on Shg, read
1.592 = ginh 1.B45 on D,

similarly: sinh 1.466 = £.00
ginh 1.875 = 3.18
sinh 2.24 = 4.64
aink 2.98 = §.53

x =" 5,1 onD read x = 2.332 on 3hp
sinh x = 4.35 on D read x = E.1T6 on Shg
x = 1.8 on D read x = 1.37 on Shg

4. Scals Th gives in conjunctlon with scale D, the
hyperbolic tangents of hyperbollc angles x betwean the va-
lues 1{x<3, and u?pruxintily for all values of x>3.5, since

| tﬁ.ha: for x33.5 is 1, Thus for x = .175 on Th, resd
L1733 on D

sipilarly; tanmh .EB24 = .BEOE
tanh .435 = 409

tanh .94 = .T35
tanh 1.45 = .B8956
tanh Z. = 968
tanh 3. = 995

For: tanh x = .795 on D, Tead x = 1.08E on Th.
tanh x = .52 on D, read x = .576 on TH.
ph x = ,137 on D, read x = 1372 on Th.

The Hypsrbolic Cosine, Cosh X

The hyperbolic cosine of any real mumber x, may be ob-
talnsd by any of the folloring formulas:

« 3imh x

cosh x * —— (1}
= Vitsinh®x (e)
- 8l

o sin ol ginh x A8}

Foroula (1) is best sulted for slide rule galoulation,
gnd ths valus of cesh x, can be obtained at & singls setiing
of the slide,

RULE: =et an index of the slide to x on scale Th.
l Yove indicstor to x on scale Shy or She and read cosh x
gr scale [, on the reverse side of the ruls.

Examples: Find cosh .862,
set left index of slide to .562 on scale Th.

MWove indicator to .66E on scals Sh) and read 1.BE4 =
gogh x, on scale C.

R




Find cosh 1.57.

Sst right index of slide to 1.57 on scale Th.
Move indicator to 1.57 on scale Shg, and read E.508 =
épsh x, on soale C.

Formula (%) is also sulted for slide rule calculatlion,
ard in certaln cases may be usaful. This formula may obvi-
gusly be written.

gosh x = EH%'B!' whers O = tan-1 (sinh x)

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

When .l<x<.B82, sinh x<l, bence tan-1 (sinh x)<430,

1t follows therefore that for walues of x within this
range:

1. Set right index of TI opposite x on Sh) amd read
8z tan-1 (sinh x) on scale T, opposite index of D.

£. Move indicator %o @ on 3Ig red, and, read cosh x
on D, under hair line.

Example: Find cosh .B9E.

1. Set right index of TI oppesite .292 Sh; and read
8= 15.5° opposite index on scale D.

2. Move Indicator to 16.5° on scals SIg red, and read
1.043 = gosh x, on D under hair line.

When .B82cx<3, sinh x>1, and tan-1 (sinh x)» 450, it
follows, iherefore, that for valuss of x within this range:

1. Oppesite x on She scale read 8 = tap~l (sinh x) on
TI black.

£, Set left indax of TI opposite x, scals Shg.

3, Move indicstor hair 1line over &, scals 5Tz red, and
read cosh x on D, under halr line.

Bxample: Fimnd cosh E.34.

1. Opposite 2.34 scale Shz, read 83 79° an TI black.

2, Sst laft index of TI opposite E.34, scale Sha.

i, Nove ipdicator hair line over 79°, scale Slg Ted,
and read 5.Bd = cosh 2.3 on D, under hair line.

COMPLEX HYPERBOLIC FUNCTION3

Vectoer Equivelent of the Hyperbolic Sine of Complex Numbers

The complex mumber equlvalent of the bypstbolle func-

tion
gint (x+ 10 1»
ginh x cos B "I-jcuahxaine (1)
The wector wvalus of this sxpression may, therafors, be
written
pink (x+j@ 1%% Jtan-1{tan@/tanh x)

s A /B , (2)



whare /
i = tan-1 _tan@ (3)

tar'.l- W
and A w ii-fﬂ;.gj ? i4)

Bxpreassions (1) and (4) repressnt the operations to be
earrlsd out to evaluate the vector walue of simh (x + § @).
Thiz may be dons by mctual substitutlon of waluas [abtained
thru slide ruls) in the equatlons, and carrying out the cal-
eulations involved by slide rule operation, or by the rules
explained and fllustiratsd halow.

Since the wvalus of Fis frejuently expresssd ‘n radians
wher used in conjunction with complex hyperbollie functionm,
it 1s flrst necessary to canvert it ta degrees, by the uss
of the mark "R" on the C-D scales.

':‘-:(Tressinn {3} in
tanh x in thelr relsti
sldes of a right tria

licates that we may think of tan 8 and
eiship to the veector angle @, as ths
ngle as shown In the figure.

tan &

A

e
tanh x

=

It follows, therefors, that wo may write
tanh x+] tan@ = a+jb,

and the nllde rule method for determining thes wester nn.gla@
becomes identical with that dsscribed in sectlon "B* for
plane vector caloulation, The valwe of X i{s on scale Th and
tanh x = s ia on scals D opposits The value of @ (s on
seale T when 5.759% 8 {459 and o # TI black when i » 459,
shile corresponding valuss of b are on scale D.

Te cbtaln the vector angle |.

1. Determine first whether tan & or tanh x is smaller.
For 8)45%, tanh x is always smaller than tar O. The angle 3
in such a case is larger than 459, and is read on TI black.
For valus= of B{45°%, set indlcator hair 1ins over & an scale
T, If x on scale Th is on the right of the hair | %, than
fanh x)tanf; the angls () will be smaller than 45° = should
be read on scale TT red. If, on the other band, x on scals
Ir is to the loft of the hair line, then tanh x<{tan®. TIn
Such & case, the angle $745% and =hould be read on TT black.

2. St laft or ri
I;Pﬂl-”.l @ scale T,
If tanh x{tan B:

ght Index (as necassary) of socale TI
if tan®{ tanh x, or opposite x, scale Th,

3. Move indicater to x if tanh x is larger, and read {5
on T1 r:d; or overd, when tan B is larger, and read 3 on
TT black.

-



Example:

Determine the vector angle of sinh {.2564] 10.50

| 1. 88t indlcator over 10.5° scale T. It shows that
| tanh ,E5&tan 10,59
£. Set left index of TI opposite 10.57 meale T:
3. Wove indlcator to ,256 scale Th, and read Be 36.50
en TT red.

Similarly for sinp{l.28+3 30.59)

- 38t Indlcator over 30.5%, scale T: 1t shows that
tanh 1.287tan 30.5°. Hence:
£. 3et left lndex of TI opposite 30.5° scale T;
3. Move indicator to 1.28 scale Th, and read B= 345
on TI red.

(=]

For sinh (.505+4] g0®)

1. Set indicator over 207 scale T} 1t shows that tanh
.50%8)tan 209, Hence:

£. Set left index of TI opposite 207 scale T:

3. Mowe indlcator to .50%5 scale Th, and read 1-’! = 380,

Find the wector angle of sinh (.434 30.50%

l. Set indicator over 30.59 scals T; it shows that tanh
A3tan 30.59, Henos:

2. set left index of TI opposite .43 seale Th.

3. Move indicator ower 20.5% scale T, and read [} = =5, 50
on TI blaczk.

Similarly, for sinoh (.17+) 359)

l. Set indlcator on 389 scals T; it showas that tanh
AT8tan 389, Hance:

E. Set left index of TI on .17 scale Th:

3. Move fndlcator to 350 seale T, and read @ « 74.86 un

- 3

Pl DAACK .

For sinh ([.2B4+) 27.F

tanh .E24Stan 27.5, ﬁ = §T.08°

Find Vector angle of sinh (.5B8+] &29

Note that B = 629 (larger than 45°). Hence tanh
.68¢tan &20,

1. Set indlcator aver 8EC TI black:

2. Set right index of TI (51 opposite .&8 on Th scals,
and read T = 72.559 on TT black.

Similarly, For sinh (.243+] S53.59

. indicator hair line over 53.5% TI black

1
£. Got right index of 511 opposite .24F scals Th, and
read 3 = BOD on TT bilack

| If the angle & of tha eomplex hypsrbolie functlisn sinh
(%43 8) 12 less than 5.759, we have to use scals 58 red in-
atead of scale T. GSince scale STyred in conjunctisn with
scale T glves cotangent va lues, we may use the following for-
fmila in calculating the vector angle (3.

. —S———————————S————S




= i =

P_} = oot-l t:““ X =« gpot=l (tanh x cot @)
an

In accordance with this formula, when B4{s.785%,

1. Sst left index of TI opposite x on Th scalse

g. Mowve indicator over @, scals SIjred,

8, Reseat index of TI on 1 scale D, and read ﬂ on soals
1 red, under Bairline.

Example: Find the vector angle of sinh (.Bl5+] 3.59)

1, Sst left index of TI opposlte .216 scales Th;

g. Move indicator to 3.5° scals 5I] red;

% Resst index of scals TI opposite index of D, and
read B = 16° on TI red.

similarly, For Sinh (.339+3 4.59) (= 13.5°

Ths rumsrical valus of the function sinh (x+4 @), 1s
ghtained in accordance with expresaion (4).

1. sat O, soale 5T black opposite x scale 3hy or Shp aa
necessary .

2, Nove indicator to (b (obtained as outlined above)
geals 3T black, and read A under balir line on scale D.

Example: Find the vector welue of sinh (.EBE®) 10.59)

1. Pind 3

Set left index of TI on 10.5° scale T, move lndjcator
gvar .BSE Scals Th, and read (3 = 35.5%, which should be writ-
tan down.

B, Set 10.5° scale SIp black opposite .256, scale Shy;

gove indicator to 356.%0 scale 3l black, and read
A ® 316 on D scals under halr line.

Fance
sinh (.256+) 10.5°) = .318/36.50

gimilarly: ¥For Simh (1.28+) 10.5¢}

1. Find 3

St laft index of TI on 30.59 scales T;

Nove indicator over 1.28 mcale Th, and read A= 34,50
on T1 red.

g. Sat 30.5° 5Ip black opposite 1.E8 scale 3hp.

Move indicater to 34.5° SIp black, and read A = 1.738
b mrder hair line.

noe
Sinh (1.E8+] 30.5%) = 1.735/34.85°

similarly: For Sinh (.174] 359)
1, Find D = 76.59
ginh .17 cos 35°

8. s .
Find A = Sos 76.50 .

noe
sinh (.17+] 389 = .6/76.5°
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JLLUSTRATIVE AFFLICATION

A 25 mile No. 10 A.W.G. line, whops charactsristie lm-
pedance at 800 cycles frequency ia

Zg = TE3/-11.1° weotor ohms, and whose propagation con-
stant ?n Pe, 1.89 is short circulted at the recelving
#nd. Caleulate the short circult current under the assump-

tion that the difference of poteantial impressed at the send-
ing end 1= 100 woltis.

The sxpression for the desired current is
Va

S

For the values glven above, this expression becomss
10040

I * 955/-11.1° X sinh (0.0892 X 25/71.8°)

Caleulations:

LOB9E X BS/TL.B° = .PEB4] .694
694 (radians) = 39,50

Hence
Sinh (.0292 X B5/71,8%) = slnh {-BEB+] 35.80)
= 6TT/T4.830
Substituting in the expresgion for I, we get
. 100
TEY/ - 0 % .E7T o

= m% = ,B045/-63.T2° vector amperess

with reference in tims phase to the lmpressed voltage.

¥aotor Equivalent of the Hyperbolle Cosine of Complex Mumbers

The complex rumber equivalent of the hyperbolle func-
tion

cosh (x+1 8) 18
Cosh x :uaﬂf; sinh sin® {5)

The vector valus of thls sxpression may, therefore, be
witten

e (x4 O3 sinh x sin @ LA ol o s Y
psh (x Jﬂf‘ﬂlﬂttlﬂ'j'l:tﬂnh % tan07] ﬁ“-_.-!.n_LL_._.E_!E_m

» B/L

whars
&= tan-l (tanh x tan€) (7

and § = 2inh x sin © (8)

ain
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Expression {7) represents the cperation to be carried
out in evaluating the vector angle<l, and (B) the operation
to be carried out-to determine the value of E.

To obtaln the value of <, whenB<5.750

l. Set @, scals 51 red opposits x on scale Th, and
read < on 5711 red appcnafl.a right index of D.

Example: Find the wector angls cosh (.347+H) 4.59)

1.

Set 4.5° scale SIy red opposite .347 scale Th, and
road o

= 1,59 on 5T] red opposite right index of D.
Similarly: For cosh (.49149 5,59)

1. Set 5.5% me

ale 311 red opposalte .491 scale Th, and
read o = 2,50

51y red cppesite right index of D.
Similarly: For cosh (.278+1 3,79 of= 10,

To obtain the value of, when 5.759(0(450.

1. Set @ scale TI red opposits x scals Th, and read &£

¢n 513 red opposite left index of D or on TI red at ths right
index of TI red a= neceasary.

Examples:

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

Set @ acale TI red cpposite .282 geale Th, and read
o(® 2.5° on 511 red oppesite left index of D.

Jimilarly: For cosh (.178+j 16.59)

1. 58t 16.5° scals TI red opposite .178 scale Th, and
Faad « = 30 on SI) red cyposite E-ﬂ index of D.

Pind the vector angle of cosh (.41+) 219)

1. Set 21° scale TI red oppoeite .41 scale Th, and read
ils B.50 on T1 red opposite right index of D, or on T at
index of TI.

Similarly: For cosh {.635+] 35.49) £a 21,750
For cosh (1.16+] 429) = 35, 480

To obtain the valus of £ when @} 459,

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

2, Move indicator over ©@on TI black, and read £ on
T under hair line.

Emmple: Find the vector angle of cosh (.18554) 56.50)
l. Sat left index of TI npguuit- .1855 gscale Th, =
2, Move indicator over 56.5° scala TI black, and read
8 15.5% on scels T under hair line.

dimilarly: For cosh (.231+) 68.60) o= IO
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If after setting left index of TI apEnulu x on Th, we
find that @ 1s beyond the right index of D, the angle{iis
larger than 45°9. TIn such a case:

1. Set right index of Tl cpposite x on scale Thj
2, Move indicator over © on TI black;

%, Reset index of TI opposite index of D, and read «
en T1 black under halr line.

Example: Find the wactor angle of cosh (.282+) TA.508)

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

£. Move indicetor over TB.5% scale TI black.

%, Resat index of TI cpposite index of D, and read=<
53 55 gn TI black, under hair llne.

similarly: For cosk (.915+} 80.59) am TTC
For cosh (1.05+] 720 o & 57.59
' Ts d the rumerjcal walue B of the funcilon

tosh LX

1. Determine firat the vector angle«, as cutlined above.
g. In mccordance with sxpression (8) set © scale 51
red ocpposits x on Sh scale;

2 YWovs indlcator over 8 scale SI red and read E on
goals D under hair line.

Examples:
Find the vector walus of cosh (.Z2BE+] 78.59)

1. ocbtain the vector angle «f ;-
Zat right index of Tl opposits .EEBEZ scale Th;
Move indlcator over TE.59 scale TT black, and read
L2 53,50 pn TT black under halr 1line after resstting index
of T1 opposite index of D.
£. Set 78,5 scale SIp red cpposite .2BE scale 3h)
Movs indicator over 5%.59 scals 5Ip red, and read
B .38 on D under halr linoe.

Hencw
cosh (.282+4 78.5°%) = _34B8/52.50

Similarly: For cosh |[1.05+) TE)

1, Pind o = 6T.457

2. Set 72° scals S5Iz red opposits 1.05 3Shp
N Move indicator over 67.459 scale 3Ip red and read
‘E= 1.89 on scale D undar halr line.

Hence
Cosh (1.05+3 T29) = 1.29/67.45°

Find the wector value of cosh (.34T+] 4.59)

1. Obtain first the value of=l:-

sSet 4.5° scale 5I; red opposite 347 Th.

Aoad «£ = 1.5% on &11 red oppesite right index of D.
2, Zet 4.50 scale Sy red opposite .347 scals Sh;.

Move indicator over }.50 51; red

Note that 1.5° is beyond scale index. Henes reset rlght

imn. of TI at position of left index, move indicator over
5% scals ST; red, and resd B = .1061.




Henoa
Cosgh E.H"-'+j 4.59) = .1d£l{l.55‘

Find the vector walues af cosh (.2B8+)] 3%

1. Obtain first the vector angla«{:=
2et 352 scale TI red upi\uﬂita .28 peals Th, and read
30.09° on scale TI red np;
T opposite laft index of
2. Set 367 scals 3lp rad. opposlte .25 scale 3hy
k Move indicator aver 10.09 seale 5Ig red, and read
.!' LB47 on scals D under hair line.

te right index of B, or on scale

Cosh (.B5+3 36°) = ,.847/10.090
Similarly: Cosh [.4143 21%)

1. Obtain «{ = B.5°

2. Sat 219 scale SIg red opposite .41 scale Shy

Move indicator ower B8.59 scals SIp red

Mote that it is beyord right index of D, hence =at
Fight index of TI at position of left Index (1513 on O)

Move lndlcator over 8.5Y on Slg snd read 1.021 on D
iinder halr line.

THenca
Cash (.41+j 219} = 1.021/8.59
ILLUSTRATIVE AFFLICATIONS
Calculate the open cirocult receiwing-end voltage of 8
B0 mils Mo. 10 A.%W.G. line, whosa characteristic impedanca
at BOO cycles freguency is TE3/-11,P vector obms, and whose
H.?;nuun constant 1s O.O0BSE . under the ua:-umpttnn
the Impressed difference o ph sntial at the sending
i 1a 10C woltas.

The axpreszsion by means of which this may be calculated

= 008387180
= 50

tituting In the above sxpresslion, we get
e 100/g°
cosh (.0292 X $0/71.8° |

Cosh (.0292 ¥ S0/71.8%)= eosh (1.46/71.80)

= cosh {.456+§ 1.385)
= cosh (.4561] T9.40)
» .507/56,3%9
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Hance
v e 1040 ., 197 .5/-66.3% vector volts lagging
| .507/86.30

the sending snd voltage in time phase by 65,930,

Bvaluatlion of the Hyperbolie Tangent of & Complex Functlion

Since 1 i,
Taith . 8inh (xt+] @) . &8 o
S ARO) cosh (x+] 8 BA -

it follows that the valus of the tanh of such a funotion
miat be obtalned by evalusting the sinh and cosh as otlinad
in the preceding two sectlons and taking the ratic as indi-
ocated.

angle 5 asscciated with the vector valus of the
function 1a 5 sf -, where B 15 the angls assccistsd with
the veotor walue of the sine function, and the angle «f with
the cosine function, and whose valuss are obtained as out=
lined in the preceding two sections.

ILLUSTRATIVE APPLICA.ION

Caloculats the sending end impedance of an opan oir-
eulted 50 mile No. 10 A.¥.G. line, whoss charscteristic im-
dance is Z, = T23,/11.1° and whose propagation constant ias

= . QBGE/T1.8°.
| The wvalus of the sending end impedance is given by the
sxpresslion
Z
s G T

Tanh PS5 = tanh (.0292 x 507189
-0298 x 50/71.80 = .456+31.385 radians
AA4561] T9 .40
{.456+] T9.47)
aoa «206+] TI.4Y]
sinh (.456+) T9.4°) = 1.087/85.429
cosh (.486+) 79.42) = .508/66.20
Honce 1.0 Q

tanh (.456+] 79.49) Y TR

= E.14/19,1E°

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

Ty * porrbrhhide = 337/20.220

T tanh (.456+] 79.49)
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£, Calculate the impedance at ths input termimals of
the above line when terminated with an impedance of
£50/30° wector ohms.

The “{runion by means of which this impedance may be
calculated is
7 = IpZp cosh PS+2of sinn Ps
. o sosh PS+Zp sin PS
cosh P8 = .508/66.3°
Zo2r cosh PS = 723/-11.1° X 250/30° x .508/66.30
= 91800/B5.80

2B sinh PS = (723/-11,100E ¥ 1.087/85.420
o
= SE3000/-BE.80 x 1.087/85.420

= S568000/63,£880
I, cosh P8 = TB3/-11.10 X .S08/66,30
= 368/88.2°

Zr sinh PS = 250/30° x 1.087/85.420
= BT1.T/115.420

Substituting in the expresslion for Z; ws get

N + B&B000 o
= S = A
91800 - TETOH+] 91000
558000, 0 = BS5000+43 507000

sun = EEIEVOF] SOBO00 = 6£54000/66.030
BT1.7/115.489 = BT71.7/90°125.420
= -271.T 8in 25.480 § ET1.7 cos 25, 420

= -116.7+] 245
“68/54.83° = £10.3+] 30B.5
sum = 33.6+) 547.5 = 555/80.35°

Substituting these values in the equation for Z, we
get

E54000 2
555

= 1179/-24 .08° vector ohms

What would be the 1ins current at the sending snd if
the {mpressed difference of potentisl is assumed 100 volta?

Ts = 3 * R

= 0.0848/84,05° wector amperss
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leading the wvoltage by B24.08°,
¥hat would be the receiving end wvoltage?

The receliving end voltage may be caloulated by the ex-
pression

1£7/96.3° = -127 sin 6.30+4 127 cos 6.30
= -13.95+) 126.8

W'W:w

Substituting in the squation for Vr we get

Vr -{% . 27.7/-47.25° vector volts

What would be the recelving end current?

m .1107/=77.25% vector amperes
lagging the sending end woltage by 77.2%9.



Decibel Computations

In Radic or Communication engineering, power, current and

voltage ratios are often expressed in decibels {db]).

For power ratios:
P

db = 10 log,, ?i
The quickest solution of this formula ls obtained with
the aid of the log log scales as follows:
To 10 (the base of the common lcgarithms} on LL% set 10
(the factor) of the C scale; then opposite any power ratio
on the log log scales, the corresponding decibel wvalue can

be read on the C scale.

P
Example 5. How many db correspond to a power ratio ?l = ¢,35?
2

Solution: With slide set as explained.
Opposite 4.36 on LL3 scale
read 6.4 on C scale. (The decimal point is easily

placed by remembering that the index, set to 10 on

LL3, is 10).
Example 6 Pl
it ~ 5= = 20,000,
2
Solution: Slide set as explained.

Opposite 20,000 on LL3 scale

read 4%5. on C scale.




