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Section 3.11 - Hyperbolic Functions

- Definition of the Hyperbolic Functions

h e —e
sinhx =
2
h e*+e™*
coshx =
2
sinh x
tanhx =
cosh x

Example 1

Ch.3 - Differentiation Rules

1
cschx =
sinh x
b 1
sechx =
cosh x
cosh x
cothx = —
sinh x

Use the definitions of the hyperbolic functions to find each of the following limits.

(a) lim tanh x (b) lim tanhx
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Solution
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Section 3.11 — Hyperbolic Functions @

- Hyperbolic Identities
sinh(—x) = —sinhx cosh(—x) = coshx
cosh? x —sinh?x = 1 1 — tanh? x = sech? x
sinh(x + y) = sinh x coshy + cosh x sinh y

cosh(x + y) = coshx coshy + sinh x sinhy

Example 2

Prove (a) cosh? x — sinh? x = 1 and (b) 1 — tanh? x = sech? x.

Solution
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o) From the identily  cosh™a _sinhBe=s
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| _ tanh x = seckh
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@ Ch.3 - Differentiation Rules

- Derivatives of Hyperbolic Functions

d d

— (sinh x) = coshx — (cschx) = —cschx coth x
dx dx

d ] d

— (coshx) = sinhx — (sechx) = —sechx tanh x
dx dx

d(t hx) = sech? d(th)— h?
7, (tanhx) = sech®x 7 (cothx) = —csch®x

Example 3

d , .
Prove — (sinhx) = coshx

Solution

S = o U<

Example 4

Find the derivative of the following function

(a) y = cosh/x
(b) y = cscm + cosh x°

Solution
L siwkx
() 9 = 2 5
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Section 3.11 — Hyperbolic Functions @

Problems

- Find the numerical value of each expression.

(a) tanh O

(b) tanh 1

(c) sinh 4

(d) sinh(In 4)
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@ Ch.3 - Differentiation Rules

- Prove the identity

(a) cosh(—x) = cosh x

(b) coshx — sinhx =e™*
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Section 3.11 — Hyperbolic Functions @

- Differentiate

(a) y = coth(%) + sinh(x) tanh(4x?)

(b) y = sinh(x? + 1)*
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