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7.7 HYPERBOLIC FUNCTIONS

7.7#s1-6,8,10, 18, 19%, 20, 24a, 26, 28c, 34, 40, 46, 52 (Class
project - show all steps, everyone get involved.) e* _ o*
#s 1 — 6 (and 'most all the assignment), think in terms of >

Also remember that an often-practical way to evaluate an inverse
hyperbolic/trigonometric function is to solve a hyperbolic/trigonometric
equation, and check your domains (off a cheatsheet). We will
collaborate on a cheatsheet for the class to use.

#s 11, 12 are not assigned, but look like good cheatsheet material.

#19 is a nice bonus problem. Answer's in the back. Looks like it oughta
have a nice, clean induction proof.

DEFINITION OF THE HYPERBOLIC FUNCTIONS

sech x =
cosh x

sinh x / cosh x
tanh v = colh v =

cosh A sinh x
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v = tanh x
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HYPERBOLIC IDENTITIES
sinh(—x) = —sinh x cosh(—x) = cosh x
cosh’y — sinh’x = | | — tanh’y = sech’x
sinh(x + ¥) = sinh x cosh y 4 cosh x sinh v

cosh{x + v} = cosh x cosh y + sinh x sinh ¥

0 sinfx+ y) =sinx cosy + cos x siny

. 1 v
\in- 050 = . -
sin“@ + cos”0 ! cos(x + v) = cos x cos ¥y — sin x sin v

lan‘f + | = sec’d sin{x — v) = sin X cos ¥ — cos X sin ¥
' Cosly — ¥) = cos.x cos y + S X siny
1 + cor’d = csc’d lanx + tan y
an(x + y) = ————
; : I —lan x tany
sin(=f) = —sin & . 3
lan x — tan y
P t:II![.l' = ‘] - —
cos(—f) = cos 8 1 + tan x lan ¥

sin2x = 2sin x cos x

sinf@ + 2w) = sin @ cos(f + 2w) = cos B : 2
COS8 2X = Cos*x — Sin°x

cos 2x = 2 cos’x — |

cos 2y = | — 2 sin’x
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[T] DERIVATIVES OF HYPERBOLIC FUNCTIONS
" e (
— (sinh x) = cosh x — (¢sch x) = —c¢sch x coth x
dx dx
d i
— (¢osh x) sinh x {sech x) -sech x tanh x
d : d .
— (tanh x) = sech x — {coth x) = —csch'x
dx dx
2] y=sinh™'x <& sinhy=x
y=cosh™x & coshy=x and v=0
v=tanh™'x < tanhy=ux
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FIGURE 3 FIGURE 10 y=tanh "4
¥ = tanh.x domain=(—1,1) range=R
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3] sinh"'x=Inlx+x?+1) xeR

4] cosh™x=In(lx + yx*—-1) x=1

: -3 | | 4+ x

5| tanh™'x = 3 In I =S
—x

The proof of the first of these identities is given in Example 3. This is

worth_goi with a slightly different way of getting started.
AP 92 e b
%= Sv _'J .7
g;.,‘\ '7 = ¥
Y_ ¥
e,__e.. = ¥
2
e"-— e” 7= 2x
e’l-a1x-e’ =0 wse’
% Y =
= O

u"-— 2x U = | es—'
Y - L+ \‘ p=¥ad b= Yal =
€="" —aa 2 ¥ G )

2% + ‘l ‘O'll:-l-"lv - qx'b.'.'f

>

ﬂ

Die zene) = axtalatd
— 2

)
= @ = x4\(n¥l

y = L (3 +\(x71 )= sohx

x T x4
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6| DERIVATIVES OF INVERSE HYPERBOLIC FUNCTIONS ('F‘.>(x\ =
d F(F- G‘ﬂ

i |
— (sinh™ 'x) 7— — (csch™x) = T
dx s | + x*¢ dx |x|v/x2 + 1
( (cosh~"x) | d T 1
— (cosh™ 'x) = —— — (sech™ x) = ————
dx vxi—| dg 0l —x
d ) I ( ) 1
— (tanh™ 'x) = ————— — (coth™'x) = ————
dx | — x° dx f | — x°
—

See Example 4. It's the sort of argument one might be expected to
make for the derivative of the inverse hyperbolic cosine.

= Notice that the formulas for the denvatives of (J = S'C.M-'X
tanh™'x and coth™'x appear to be identical. But _

the domains of these functions have no numhers 5 ‘.-é dia #
in common: tanh™"x is defined for | x| < d L %
whereas coth™"x is defined for [ x| > | e

To remember this or to help keep it straight, look at the

definitions of sinh x and cosh x and notice that — 1 <tanh x <1,
whereas | coth x | > 1.
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Something you won't see in the textbook:

o _ i To read more on this, Google
SINX=——— "exponential form of sine" and
2 follow the Wolfram link.

| | e ¥ é-)‘

v —ix ) - - =~
cosx = 2 +2€ gw'ﬂc— 2

e ¥ + e
coshx = —
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(Cosl. x ¢ Sunh x) M‘th) +sah(n x)

n e
Let Sl’ {"“ 'N[ n"-\lwm-‘ Pln) ho/ql;?
re '|“~n | € S'
z'k: show That t £ KGS‘:.}““ "y ‘,S:
"’l‘:"o S'=™ ¢ PGn) holds Y neiN,

amel ,
5‘/.‘“4-‘1&34-“.&'\— “_.S—‘.‘-.) ?G‘)

! s

1d S=fnenl Pc..) :..14,3

M |€ S’ s=<e ..—.-!-.)5 {

= [,
Sqwou KGS‘ Kz s
Thor (#2434 o F KEF —-—J-,_ Tt
th‘d-ﬁ W & ek = Y=

= KCK«N) 4 el
l(&#l) 2( )
et ) (i42)
Rk 2k +2 L3 +2 (____T_
Lo I - =

—_— Kkt GSI
o (=N by PTE

d —_—
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2

@osk x a-;-u.lnc)= Cosh x + 2 coshwsah x + seh X

(e +¢") L o (teT(ez=") r(c"-e )"-
() se” ¥+2(": ""‘) . m‘é!.,,e
‘¢

lf
2
e Y el o Qe V_ne ¥ L™ re™

ax |, 2
Y e re
. - ===
e g, + == e —e
g,st\(a.:) + sw“(‘l—x)

-

Sep 2-12:46 PM



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

