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23. Use the definitions of the hyperbolic functions to find each of
Definition of the Hyperbolic Functions the following limits.
’ . (a) lim tanh x (b) lim tanh x
) e’ — e * 1 x—>o x>0
sinhx = ——— csch x = — (c) lim sinh x (d) lim sinh x
2 sinh x v o
(e) lirr} sech x (f) lim coth x
et +e " 1 . .
coshx = ——— sech x = (® lim coth x (h) lim coth x
2 cosh x o . sinhx
(i) lim csch x (j) lim -
. x—>—c0 - e
sinh x cosh x
tanh x = coth x = —
cosh x sinh x
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y =sinhx = %e* — ™ y =coshx = fe* + Le y = tanh x

Hyperbolic Identities
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sinh(—x) = —sinh x cosh(—x) = cosh x DNectid Fom  The

/ cosh’x — sinh’x = 1 1 — tanh*x = sech’ Deruafiusy ARove
sinh(x + y) = sinh x cosh y + cosh x sinh y

cosh(x + y) = cosh x cosh y + sinh x sinh y \ More  Inestifies
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20. If tanh x = 12, find the values of the other hyperbolic func- NeED 16 KR

tions at x. i .
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i (sinh x) — cosh x i (CSCh x) — —csch x coth x 30-45 Find the derivative. Simplify where possible.
dx dx 30. f(x) = e¢*coshx
d d 31. f(x) = tanh \/x 32. g(x) = sinh’x
Ix (cosh x) = sinh x Ix (sech x) = —sech x tanh x 33. h(x) = sinh(x?) 34, F(1) = In(sinh 1)
4 4 35. G(t) = sinh(In 1)
— (tanh x) = sech’x — (coth x) = —csch’x 36. y = sechx (1 + In sech x) ‘
dx dx ) 1 + sinh ¢
37, y = ey 38. f(1) = :
1 — sinh ¢
61. | Si";_ﬁ dx 62. | tanh xdx
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FIGURE8 y = sinh 'x FIGURE9 y = cosh™'x FIGURE10 y = tanh 'x
domain = R range = R domain = [1,) range = [0, ) domain = (—1,1) range =R
Deruarfions + AedMNE  Deruwrion St
y=sinh"'x < sinhy=x 3] % silhx=Ilx+x+1) xeR
y=cosh'x < coshy=x and y=0 4 coshx=In(x + V> = 1) x=1
y=tanh 'x <> tanhy=x |+
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@ Derivatives of Inverse Hyperbolic Functions
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