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If the real functions u(x,y) and v(x,y) are continuous
and have continuous first order partial derivatives
in @ neighborhood of z,

and if u(x,y) and v(x,y) satisfy

the Cauchy-Riemann equations at the point z,

then the complex function f(z) = u(x,y) + iv(x,y)
Is differentiable at z

and f'(z) is as belows.
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Hyperbolic vs. Trigonometric Functions

Trigonomeiric Function Hyperbolic Function
I x X
e = cosx+isinx - " = coshx + sinh x
e’ = cosx —isinx - ¢ = coshx — sinhx
— 1 #ix i — 1 E -
CosSx = E[-f_' +e " - coshx = E[E +e
sinx = L{e"—e - gnhx = (e —e )
21 2
tanx = lie._f:x_e .hj — tanhx = %
Pfe™+e ™) [e +e 7|
Hyperbolic Function (1A) 10 e e

Trigonometric functions with imaginary arguments

cosx = %[e""+e “ & coshy = %[e"+e “]

ix 2 x slnx:%[ “_e™ 4= ginhx = %[e”‘—e‘]
tan x = IIEM_ELJ “ tanhxzu
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cosix = coshx cosix = %[E "+ coshx = L{e"" +e o
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sinix = isinh x sinix = (e —e* ginhx = L(e" "
T x = sle—e

_ ) . 1fe"—e" (e — e "

tani x = i tanh x tanix = — = = &

Ple " +e™) tanh x (e +e ")
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Hyperbolic functions with imaginary arguments

Cosx = E[e""‘+e “ ™ coshx = ll[e”‘+e *
shx:%[ “_ g™ 4  ginhx = l[e”‘—e*] X € ix
tanx = TI};;:J - by = M
Ple™ +e ] e +e "
CosSx = %[e”"+e & coshix = ;—[e""+e""] coshix = cosx
siny = —Ljg" _ g sinhix = L(e"— e sinhix = isinx
2§ z
tanx = ll'e".*—e ) tanhix = % tanhix = itanx
i IIE'.M‘FE .'xJ [E + e ]
Hyperbolic Function (1A) 12 o
With imaginary arguments
. l L £
COSX = %[e'”‘+e ‘| 4w coshx = E['? +e’
. . | . ¥
siny = %[e"“—f Y] e sinhx = Sfe e X
tanx = ll’e'”‘——e”‘j ) tanhx = [E.:_—E:-J
j[eh’x+euj [E' + & J
cosix = coshx coshix = cosx
sinix = isinhx sinhix = isinx X

tani x = itanh x

tanhix = itanx




Euler Formula

Erler Formula
Ccos X + i sin x

cos x — 1 sinx

COSIX = cns@x

i sir@x

itan@x

sini x =

tani x =

Euiler Formiula
e = coshix + sinhix

e = coshix — sinhix

COS X
Isinx

sir@i X =
tan@i X =

itan x

Hyperbolic Function (1A)

Modulus of sin(z) - (1)
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sinlz] = sin|x+iy|

sin(x)cos i y| + cos|x|sinli ¥
= sin| x)cosh |y ]|+ icos|x|sinh|y|
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(of (ot p)= Cosol (080 —~Sn o Sinfp
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Sn(d) = (o5(2)

(oS () = -Sin(t)
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