FUNCIONES HIPERBOLICAS

FUNCIONES HIPERBOLICAS

[2.1] Obtener, sin utilizar calculadora , coth 2x , siendo sh x =

Solucién:

X =argsh 1 =In 1 + i+1 —In( 1 + > j—ln 6 —Inﬁ
26 26 \24 26 26 26 2

e2X | a=2X ezln(Jélz) +e—2|n(J€/2) B (6/4)+(4/6) B

coth 2x = p2X _ g 2% - e2In(\612) _ 4-2In(v6/2) B (6/4)—(416)
_B/2)+(2/3) _(9+4)/6 _ 13
(3/2)-(2/13) (9-4)/6 5
Input: Mathematica
cnth{E sinh‘][;]]
2v6

sinh™! (x) is the inverse hyperbolic sine function
cothix) is the hyperbolic cotangent function

Decimal approximation: dore digit

2.600000000000000000000000000000000000D000DD0D0DD0DD0DD00000...

Alternate forms:
13
5
sinh(2 log(2))
- cosh(2 log(2))

cosh (x) isthe hyperbolic cosine function
log (x) is the natural logarithm
sinh (x) is the hyperbolic sine function
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[2.2] Determinar X € R tal que: sh®*x-2ch?’x-1=0

Solucioén:

Teniendo presente la igualdad fundamental de la trigonometria hiperbdlica:
ch?x—-sh®x=1

sh*x—-2ch?’x—-1=sh*x-2sh?’x-3=0 =

_ 244412 214_{ 3

sh? x
2 2 -1 (absurdo)

shx=+3 = x=argsh(+3)=In(/3+2)
shx=—/3 = x=argsh(—~/3)=In(-+/3+2)

Input: Mathematica fo

. 2
sinht(x) — 2 cosh®ix)—1=10
coshix) isthe hyperbolic cosine function
sinth(x) isthe hyperbolic sine function

Root plot:

| sx10l2[ |

| 4x1nl2f

| 3x1012f

| 2x10t2 [

b |
‘ 1x=10l2f

—10 -5 5 10

T
—

Alternate form:

cosh(2 x) + 2 = sinh*(x)

Solutions: i e E s s
. i
IZIRH—?, ne &£

x=1log(2—V3)+inn, neZ

x=1logl2+V3)+inn, nekZ

£ isthe set of integers
logi(x) is the natural logarithm
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[2.3] Usando las definiciones de las funciones hiperbdlicas, simplificar la expresion:

ch(In x) +sh(In x)
ch(In x) —sh(In x)

Solucioén:
1
eInx_i_e—lnx X+— X2+l
ch(nx) = =— X
2 2 2X
Inx ,-Inx X—— 2
e —e x° -1
sh(In x) = = X_
2 2 2X
X2 +1 . x2 -1
B E 2
ch(In x) +sh(In x 2X
Por lo tanto: (In x) +sh(In x) = 22X 22X = e
ch(Inx)—sh(lnx) x“+1 x°-1 2
2X 2X
Input: athematica form
cosh(logix)) + sinh(logix))
coshilog(x)) — sinh(log(x))
cosh(x) is the hyperbolic cosine function
log(x) isthe natural logarithm
sinhix) isthe hyperbolic sine function
Exact result:
it R o L
2x 2x
e |
2x 2x
Plots:
\.\ 1.0
0.8
0.6
0.4 ix from =1 to 1)
0.2
—1.0 —0.5 ' 0.5 1.0
35k
30 b
25¢
2o
15F (x from —6 to &)
10 F
5
-6 -4 —I2 ] 2 4 &
Alternate forms:
xZ
&l . i = |
2
Ex(r2+1_r2—1) 2x(1'2+1_r'—])
2x 2x 2x 2x
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2Insh Xx+Inch x _ 4In\/5

[2.4] Resolver en R la ecuacion:

Solucion:

2Insh X+Inchx _ 4In\/5 - 2In(sh xchx) _ 22In\/5 N In(sh x-ch X) —Ine =

= shx-chx=e > 1sh2x=e = sh2x=2e =

=N 2x=argsh(2e)=In(2e+\/1+4e2) = x=%ln(2e+\/1+4e2)

Input: Mathematica form
glogisinhix)) +logcoshix)) _ 4103["".“' ]
coshix) isthe hyperbolic cosine function
loglx) isthe natural logarithm
sinhix) is the hyperbolic sine function
Result:
210gisinhtr]]+]ogicosh[x:|] —
Plotk:

35— |||[
3.[]5- ,n"

Solutions:

x = 1.19732
x=—1.19732 4+ 15708

x=—1.19732 — 1.5708i

Input:

1
510g{2£+ \.,.'l+4e‘?]

loglx) is the natural logarithm

Decimal approximation:

1.197323735800887710820200091544233901517006112948783834331129...

Alternate form:

1
—sinh Y2 e
5 (2 e)

sinh~! [x) isthe inverse hyperbolic sine function
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sh(x) +ch(y) =1
ch(x) +sh(y) =1

[2.5] Resolver en R el sistema: {

Solucién:

Elevando al cuadrado las dos ecuaciones se obtiene:

sh?(x) + 2sh(x)ch(y) +ch?(y) =1
ch?(x) + 2ch(x)sh(y) +sh?(y) =1

Restando miembro a miembro:
=1+2[sh(x)ch(y) —ch(x)sh(y)]+1=0 = sh(x-y)=0 = x-y=0 = x=Yy

Sustituyendo en la primera ecuacion:

sh(x)+ch(x)=1 = e*=1 =

Input interpretation:

[1]]
T
[1]]
= |

solve {sinh(x) + coshi{y) = 1, cosh(x) + sinh{y) = 1} fo X ¥

coshix) isthe hyperbolic cosine function
sinh(x) is the hyperbolic sine function

Result:
yYy=2imc, and x=2ixcg and {¢y |cz) e £
£ isthe =et of integers

Computed by: Waollram Mathiematica Download as: POF | Live Mathematica

[2.6] Demostrar que sh(a-+bi)=shacosb+ichasenb. A partir de este resultado,

calcular:
sh (1+£i)
2

Solucién:

Recuérdese que, en virtud de las fé6rmulas de Euler, se tiene:

ib__ -ib

sh(ib):e e :(cosb+|senb)—(cosb—|senb):isenb
2 2
ib | A-ib ; i
ch(ib):e +e :(cosb+|senb)42r(cosb 'Senb)=cosb
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sh(a+bi) =shach(bi)+chash(bi)=shacosb+ichasenb

-1 2
sh(l+£i}:shlcos£+ichlsen£:ichlze+e i= e +1 i
2 2 2 2 2e

Input: Mathematica form
sinhia + b i)
{ i=theimaginary unit
sinhix) is the hyperbolic sine function
Alternate form assuming all variables are real:

sinhia) cos(b) + i coshia) sin(b)

coshix) is the hyperbolic cosine function

Input: Mathematics Forim
mi

sinh[l + —
2

I istheimaginary unit
sinhix) isthe hyperbolic sine function

Exact result:

i coshil)

coshix) isthe hyperbolic cosine function

Decimal approximation: dore digits

1.543080634815243778477905620757061682601529112365863704737... i
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