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Hyperbolic functions

coshx =
ex + e−x

2
, sinhx =

ex − e−x

2

tanh x =
sinh x

cosh x
=

ex − e−x

ex + e−x

sechx =
1

coshx
=

2

ex + e−x

cosechx =
1

sinh x
=

2

ex − e−x

coth x =
cosh x

sinh x
=

1

tanh x
=

ex + e−x

ex − e−x

Hyperbolic identities

ex = cosh x + sinh x

e−x = cosh x− sinhx

cosh2 x− sinh2 x = 1

1 − tanh2x = sech2x

coth2x− 1 = cosech2x

sinh(x± y) = sinhx cosh y ± cosh x sinh y

cosh(x± y) = coshx cosh y ± sinh x sinh y

sinh 2x = 2 sinhx coshx

cosh 2x = cosh2 x + sinh2 x

cosh2 x = cosh 2x+1

2

sinh2 x = cosh 2x−1

2
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Inverse hyperbolic functions

cosh−1 x = ln(x +
√
x2 − 1) for x > 1

sinh−1 x = ln(x +
√
x2 + 1)

tanh−1x = 1

2
ln

(

1+x
1−x

)

for −1 < x < 1

The Greek alphabet

A α alpha I ι iota P ρ rho

B β beta K κ kappa Σ σ sigma

Γ γ gamma Λ λ lambda T τ tau

∆ δ delta M µ mu Υ υ upsilon

E ǫ epsilon N ν nu Φ φ phi

Z ζ zeta Ξ ξ xi X χ chi

H η eta O o omicron Ψ ψ psi

Θ θ theta Π π pi Ω ω omega

Written by Tony Croft and Geoff Simpson

for the Mathematics Learning Support Centre

at Loughborough University

Typesetting and artwork by the authors

c© 1997

www.mathcentre.ac.uk c© mathcentre 2009


