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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

(”) \;W\ E“hl\z. = |im sinhz

P —> 5O PO CpSh e

= l\r"\

\/ZCC_"‘_'_ <>

7T (& T
A Z —’ —
—\m @ —=< &
o — - __
©
Sl =T
(%

N> o~ \'\‘f

aa033673

Azha.education J II X o



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
() o S >~.——S\V\\r\>t.=kc‘\'e' ) — (===
r =
22 -*x 27 — 2=
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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
— (€ -< )/;z’ I =

(Q°+60Y//Z U=\

(b) tanh 1
_ (2‘ _< ) [

I
< < '
Le‘—-\—z“)/}/ e & Le. <

\|

= 2"7-"'\
% 4\
(c) sinh 4
I -4
— < —<
A
(d) sinh(In 4)
wa =l
i
-1
ln 4 .
_ 4 —e -y
4 2
= L.- -—-—l; i— = \6 ~\ = 1S
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@ Ch.3 - Differentiation Rules

- Prove the identity

(a) cosh(—x) = cosh x

- 2z —("k\
cosh (=) = e’_“‘/e——
=
-2 >¢
— < < — <coesh
2
(b) coshx — sinhx =e™*
. e -2 7z —
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Section 3.11 — Hyperbolic Functions @

- Differentiate

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

3’ B ,C$<—"‘1(_\7:> + Sinh G 82 SQC‘r\zLﬂvf\)

2
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& <osh » ~an (H—’*Z)

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

\

>
Y = 2 Kx.z—%r\‘)x C cash ()

=
r =(>~L+\\x
W= ¢ ln (3~
I_/_ . e B T )
Y 1+

2+ \
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