HOSSAM GHANEM

(11) 7.6 Hyperbolic functions (A)

Definition
sinhx = e g cschx = #
P e* —ez%
e*+e™* 2
coshx = 5 sechx = prpp—
tanhx = Sill oM cothx = M
e +eX eX¥ —e™*

cosh?x —sinh?x =1

1
cosh? x = > (cosh2x + 1)

sinh 2x = 2 sinh x cosh x

1 — sech? x = tanh? x

cosh 2x = cosh? x + sinh? x

1 4 csch? x = coth? x

1
sinh? x = = (cosh 2x — 1)
2

2tanh x

tanh2x = ———
AEX 1 + tanh? x

Limits

lim sinhx = oo

X—00

lim sinhx = —o0

X——00

lim coshx = o

X—00

lim coshx = o

X—>—00

lim cschx =0

X—00

lim cschx =0

X——00

lim sechx =0

lim sechx =0

X—00 X—>—00
lim tanhx =1 lim tanhx = —1
X—00 X—>—00
lim cothx =1 lim cothx = —1

= OO0

p o100




(11) 7.6 Hyperbolic functions(A)

e
Example 1 Simplify tanh (In . ) 25 August 2005 A
Solution
e e e X e X
MioeE fog e(G) -
tanh(ln—)— % elcile e NI 2
I { 1.
Example 2 Simplify cosh (E In(x +1) —In 2) 18 July 2005 A
and find its value in arationa form.
Solution
1 Vvx +1
cosh (Eln(x +1)—1In 2) = cosh 1n< > )
1 1n(Vx2+1> 0 -1n<Vx2+1> 1 l\/x + L 2 l 1 x+1+4 x+5
= = & = — =] —_r =
2 2 Vx+1] 2 2Vx+1 4x+1

sec (tan_1 (g)) + tanh(In 2)

9 October 1998

Example 3 Find the exact value of
Solution
=9 d 1
Let tan (§> =0 Ao ) eln2 _ ,~In2 2 — 5 T (el
an n = = == = —
. _ eln2 4 g-In2 1 44+1 5
~ tanf = = 2+ 5
5 _— \
4 i i
9 Hossam
g _ﬁhaney
4 5
f -1(_ = = —
. sec (tan (3)) sec(0) 3
. (t ‘1<4))+t h(l 2)_5_{_3_25+9_34
~ sec| tan 3 anh(ln2) = 3 TES T T
65168855 ale alua




(11) 7.6 Hyperbolic functions(A) P3

Example 4 Solve, for x, the equation coth(lnx) = 3 22 July 2007

Solution
coth(lnx) =3 -> x>0

elnx+e—1nx

=
==
K|
-
Illlj..,._
i |'

x—= VR HE
X AR A SeaLL
.
e it |
x2_1:3 5 u

4

x2+1=3x*-3

AR _‘_L‘_‘ Ty -
x?=2 -
x =2
Example 5 Prove that zztig 12 3 i 1 — 25 April 2008
Solution

cothInx) +1  coth(Inx®?) +1 _ sin(Inx?) (coth(Inx?) +1) _ cosh(Inx?) + sin(Inx?)

L.HS = = & =
coth(2Inx) =1 coth(Inx?) —1  sin(Inx?) (coth(Inx?) — 1) coch(In x?) — sin(In x2)
_% (el 4 e~Inx?) +% (eln? — g=Inx?) A olnx? 7 B, O
1 In x2 —Inx2 1 In x2 —In x2 a g~ Inx? -1 o= RS
? (e + e ) - Z (e — e ) X_Z
. . sechx
Example 6 Prove the identity: — cosh x + sinh x 12 July 2000 A
— tanh x
Solution
LH.S = sech x _ cosh x sech x _ 1 _ coshx + sinh x
""" 1—tanhx coshx(1—tanhx) coshx —sinhx  (coshx — sinhx)(coshx + sinhx)
_ coshx +sinhx iz IR R
L CNIS e Ml L e
3
Example 7 Prove that sech(Inx) + csch(lnx) = fx 21 March 2007 A
x _—
Solution
2 2 2 2 2x 2x
sech(Inx) + csch(Inx) = T ST VT g + e
x+= x—=
X X
C2x(x* -+ 2x(x*+1)  2x(x*—14+x7+1) 2x(2x?%) _Ax?
N x2+1)(x2-1) 2+ 1D(x2-1) (2 +1D2-1) x*-1
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(11) 7.6 Hyperbolic functions(A) P4

Example 8 Prove that for al real numbers x 2 March 1993
hZ i 2 sech2x
Seih By 1 + sech 2x
Solution

2sech 2x 2 2 4

R'H'S=1+sech2x=cosh2x+1= 1 T e fe2x 1)
E(ezx +e2¥)+1
2 Z 4
L.H.S =sech?x = ( _) = — =R.H.S
eX +e* e +e72% 42
. n2 5= 2sech 2x
iy 1 + sech 2x
Example 9 Prove the identity 30 January 2008
T
2tan!e* — tan"(sinhx) = A —<x <™
Solution
Lt = 2lthn-?e¥
2e”*
\ — W
fr) e?* +1
Let g(x) = tan"!(sinhx)
\ cosh x cosh x 1 2 e*-2 2e ]
g\(x) = -

sinh2x +1 cosh2x coshx e*+e* e¥(e*+e*) e2¥41

£\ =g\
f@) = g@x) +c

flx) —gx) =c
Z-TAnn el 1 (sinh ik
ax=0

2tan" (1) — tan (sinh 0) = ¢
/5

2 i tan"1(0) = ¢

s

E —0=c
il
=¥
s
~ tan~!e* — tan"!(sinhx) = >
Example 10 Given that x = In(csc 8 + cot8) 20 November 2006 A
Show that csc8 = coshx
Solution
x = In(csc O + coth) ~e* =lcsch + cotd

1 1
R.H.S = coshx = E(ex +e™*) = E(csc@ + cotf +

1 csc B — cot 9)

1
_E(CSCB il o84 +csc0 +c0t9.csc9 — cotd

_1( 0+ cotd + cscH—cotH) 1
2 es¢ €0 csc2 0 + cot2 0

= %(2 cscf) =cscf =L.H.S
65168855

. 2

cscO + cot 0)

= —(cscO + cot + cscH — coth)




(11) 7.6 Hyperbolic functions(A)

Homework

23 November 2007 A

; Cdculate COth(ln 2) 27 June 2006 A

Verify the following identities: 7 July 1997
2 1

cosh(Inx) — sinh(Inx) = " for , x>0

Show that 28 April 2009 A

3
s
cosh(In(tanx)) = csc(2x) , for 0<x< 3

Statewhether each of thefollovyl ng 23 January 2005 A

statements is true or false-explain your answer
4

cosh4x — sinh4x = e™**

5 Prove that cosh 2x = cosh? x + sinh? x 29 July 2009 A
Q Prove that cosh2x = coth x -IZ_ tanh x 1 May 1994
7 Solve the equation e3* + sinhx = 0 [2 mark] 31 10July 2010

(2 pts.) Provethat 36 June 6, 2010
8

cosh(x + y) = cosh(x) cosh(y) + sinh(x) sinh(y) for al x and y in R.
x2/1n3 -1
9 (3 pts.) Provethat tanh(logs x) = = et 38 Jan. 22, 2011
Hossam
han
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