MATH 20200

Definitions of Hyperbolic Functions:

. e —e* 1 sinh x
sinh x = csch X = — tanh x =
sinh x cosh x
e +e” cosh x
cosh x = sech x = coth x = —
cosh x sinh x

Important Hyperbolic Identities:

sinh(—x) =—sinh x  cosh(—x) = cosh x
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cosh? x—sinh?x=1 1-tanh?x=sech®x coth® x—1= csch?x

Derivatives of Hyperbolic Functions:

“basic 3”

“other 3”

i(sinh X) = cosh X
dx

i(csch X) = —csch x coth x
dx

i(cosh X) =sinh x
dx

i(sech X) = —sech x tanh x
dx

i(tanh X) = sech?x
dx

i(coth X) = —csch?x
dx

For the derivative of the inverse hyperbolic functions:
1) Convert into regular hyperbolic form
2) Use the implicit differentiation

3) Convert back to original form (you must use only identities to simplify your answer)

To illustrate this procedure, see the technique below to find di(tanh1 X) :
X

y =tanh™ x

U
tanhy=x = dy 1 1 1 1
dx sech’y (I—tanh?y) 1—(x)? 1-x°

sechzyﬂzl
dx

Additional examples:

e?—e® 1-1 0
2  a) tanno=SM0___2 __ 2 _2_
“cosh0 e@4+e@ T 1+1 2
2 2 2
e —e® e-—gt 1 e’-1
b) tanhl= simhl _— 2 2 =e—e’lze_g= e _€&-1
coshl eP+e® e+e’ e+e? e l €41 e+l
2 2 e e

Page 1 of 4



MATH 20200 section 5.7 Hyperbolic Functions (revised 02/12/2014) Page 2 of 4

(3) -(3) 3\2 6
4) ) cosh3:¢:1(e3+%]:l (e)3+1 _€ +31
2 2 e 2 e 2e

(In3) —(In3) (In3) (In3h)
b) cosh(n3)=>— ¢ & *°© :1(3+31):1(3+1j=£(9 1} 1(9j=§
2 2 2 2 3) 23 3) 23 3

M _ o 2 _ 2
6) a) sinhl:%:i(e—%:%(@ 1}:‘9 1

2 e e 2e
b) We cannot use the unit circle triangle to solve this because this is an inverse hyperbolic function.

sinh™*x = In(x+\/x2 +1) xeR
sinh 1= In((1)+1/(1)2 +1) =In(1++2)

16)  We can only use the identities to find the other hyperbolic functions.

tanh x = E
13
1 1 13
cothx =
tanhx 12 12

13

sech’x=1— tanhzx = sech x =+/1—tanh?® x

12 144 169 144 \/ 25 5
sech x=,/1—- - — -
\/ 13 169 169 169 V169 13

cosh? x—sinh®x=1 = sinh?x=cosh?x—-1 = sinhx=+/cosh?x—1
2
sinh x — (EJ 1= 169 1o 169 25 144 12

25 25 25 \25 &5
csch x = L —i—i
sinhx 12 12
5

26)  f(x)=tanh(l+e%)

g_f =sech?(1+e*)(e*)(2) = 2e**sech?(1+e*)
X



MATH 20200

30)

32)

34)

40)

54)

y = xcoth(1+ x°)

g—i = [1](coth(L+ x*)) + (x)[—csch?® (L+ x*)(2x)] = coth(L + x*) — 2x* csch?(1+ X°)

f (t) =cscht(l-Incscht)
df
dt
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— =[-cschtcotht](d—Incscht) + (cscht) %(—csch tcotht)
csc

=—cschtcotht{(1—Incscht)+1} = —cschtcotht{2 —Incsch t}

y =sinh(cosh x)
dy

y =sech™(e™)
y =sech™(e™)
sechy=e¢"
—sech y tanh yﬂ =e (-1
dx
dy e
dx sechytanhy

e*X
(e7)1-(e™)’
dy 1
dx 1_e’2X

—-X

[ sinh(1+4x) dx
p=1+4x dp=4dx:>%dp=dx
: , 1
'|‘S|nh(1+ 4x) dx = Ismh p(z dpj
1
==coshp+C
4 P

= %cosh(1+ 4x)+C

™ = cosh(cosh x)(sinh x) = sinh x cosh(cosh x)
X

cosh® y—sinh? y =1
1-tanh®y =sech®y
tanh® y =1—sech’y

tanh y = +/1-sech’y
tanhy = /1— (e ™*)?
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56) _[tanh X dx

p=coshx dp =sinhxdx
sinh x
cosh x

dx

Itanhxdx:j
:I%dp
=In|p|+C

= In|cosh x|+C

.[ sech®x
2 +tanh x
p=2+tanhx dp =sech’x dx

dx:I% dp

58)

J- sech?x
2+tanh x
=In|p|+C

=In|2+tanh x|+ C



