/ e have a good knowledge of the exponential

function
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\!\\ Pl‘el‘eqUISlteS e have knowledge of odd and even functions
Before starting this Section you should . .. e have familiarity with the definitions of

tan, sec, cosec,cot and of trigonometric

\ identities
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Hyperbolic Functions
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These two functions, when added and subtracted, give

coshx +sinhz = &* and coshax —sinhax =e™*

The graphs of cosh z and sinh = are shown in Figure 4.

Figure 4: sinhx and coshx

Note that coshx > 0 for all values of x and that sinh x is zero only when = = 0.
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The fundamental identity relating hyperbolic functions is:
cosh?z —sinh?r =1

This is the hyperbolic function equivalent of the trigonometric identity: cos? z +sin®x = 1
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\_\\ Key Point 5

Hyperbolic Identities
e cosh’—sinh* =1
e cosh(xz + y) = coshx coshy + sinh z sinh y
e sinh(x +y) = sinhwcoshy + cosh sinhy

e sinh 2z = 2sinhx coshy

e cosh2r =cosh’z +sinh?>z or cosh2z =2cosh® -1 or cosh2zr =1+ 2sinh?z




3. Related hyperbolic functions
Given the trigonometric functions cos x, sinx related functions can be defined; tan z, secx, cosec
through the relations:

sin & 1 1 cos T

secr = cosec r = — cotx = —
Ccos.xr Ccos.r sin & S .

tanr =

In an analogous way, given cosh z and sinh  we can introduce hyperbolic functions tanh z, sech u,
cosech r and cothz. These functions are defined in the following Key Point:

Ay
") Key Point 6

Further Hyperbolic Functions

sinh x
tanhx =
cosh
1
sech t =
cosh
1
cosech t = —
sinh
cosh
cothr = —
sinh x

e explain how hyperbolic functions are defined
in terms of exponential functions
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\E\i Learning Outcomes

On completion you should be able to ...

e obtain and use hyperbolic function identities

e manipulate expressions involving hyperbolic
functions




