R e RSSO A 3 palall

Trigonometric Functions Inverse 4w sSaall 4l J) gal)

. ailadl)
T T
l.cos tx = 5 sin"tx 2.cot™tx = 5 tan" ! x
3.cos }(—x)=m—cos tx 4.tan"1(—x) = —tan"tx
1
5.sec }(—=x) =m —sec lx 6.sec lx = cos1—
X
7.csc tx =sini—
X
: dcSal) A0 1Al Ciliiiia
ld('_l) 1 du Zd( 1) -1 du
—(sin"ty) = —.— —(costu) = ——.—
dx \,‘1_'“'2 dx dx \.l'l_uz dx
d 1 du d -1 du
3.—(tan"tu) = ——.— 4,—(cot™u) = —
dx( ) 1+ u? dx dx( ) 1+ u? dx
Sd( 1) 1 du 6d( 1) -1 du
—(secTtu) = ———.— —(csctu) = ———.—
dx lulVuz —1 dx dx lulVuz —1 dx
Example:-
-4l Jhsall pt oas (V) Jle
-1
1 y=tan_1i+1 2. y=xsin"'x +41—x2
1
3.y=+x2—1—seclx 4.y=xcos_12x—i-\f1—4x3
sl
\ 1 x+1—(x—1) 1 x+1—x+1
1. y' = = X . = * .
x—1 (x + 1)° G+rP+@E—12 (x+1)7
1+(x+1) (x+1)°
_ 2 _ 1
x4+ 2x4+1+2x2—2x4+1 x241
2.y’ = * +sin"tx +_—2x—sin_1x
Vv1—x= f 2
2/1—x
- 2x 1 x 1 x*—1 x2—1
V= - = —_ = =
2vVx2—1 xWxT—1 Vx?T—-1 xxZ—1 xvxZ2-—-1 x

2x —8x

4.y =————+cos ' 2x ————
V1 —4x? 441 — 4x2

= cos ! 2x
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Hyperbolic Functions

X —X x —x
1)sinh x = % Z2)coshx = %

et—a ¥ et +e™ ¥
3]tﬂﬂhx=m 4]60thx=m
5) coshx + sinhx = * 6) coshx — sinhx = e™*

sinh x cosh x
7) tanh x = osh 8) coshx = e

i 2 1 2

9) sechx = coshx  e*+e = 10) csch x = sinhx e*—e ¥
11)cosh?x — sinh? = 1
12)sinh?x = cosh?®x — 1 13) cosh®x = 1 + sinh?
14) 1 — tanh®x = sech®x 15)coth®x — 1 = esch?®x

16) sinh{x + ¥) = sinh x cosh y + sinh ¥ cosh x
17) cosh(x ¥ ¥) = cosh x cosh ¥ + sinh x sinh y

18) sinh 2x = Zsinh x cosh ¥

19) cosh 2x = cosh? x + sinh? x

- h2x—1

2“} 51]1&2;‘: — u
2

21) coshZx = cosh 2x+1
2

L]

coshx +sinhx=e* &l /Y
gf+e* pf-g ¥ 26°

cosh x 4+ sinh x = =e*
+ 2 + 2 2
coshx —sinhx =™ ) ol /Y
. e*+e* - 207 _
coshx —sinhx = — = =

2 2 2
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Prove that

‘ cosh®r —sinh®r = 1.

To prove this, we start by substituting the definitions for sinh = and cosh x:

2 2 e e *\° e — a2
cosh® r — sinh® ¢ ( 5 ) —( 5 ) .

If we expand the two squares in the numerators, we cbtain

(e + e %) e’ + 2(e)(e7F) + e "
e + 24 e
and
(6= —e~*)? e — 2e)(e7F) + e =

e —24e %,

. . PR - : .
where in each case we use the fact that (e%)(e™) = ™17 = " = 1. Using these expansions in

our formula, we obtain

5 R
cosh®t —sinh” = I 1

Now we can move the factor of % out to the front, so that
Y . oy . . L _
cosh® r — sinh™ x %-{I\eEI F24e ) — (e -2 46 21:]} .

If, finally, we remove the inner brackets and stmplify, we obtain

cosh® r — sinh® ¢ pe T _ et o)
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Derivatives of Hyperbolic Functions
d du
— sinh u« — cosh u
das da
e
—coshu = sinhwu
das da
e
— tanh u« = sechZu
das dax
d » (fu,
— coth « e — csch”w
da da
d due
— sechaz — — sechwu tanh 2
da ‘ ‘ da
d dre
— cschwue — — cschwuw coth ww——
das dax

Find &(tanh /1 +£2).

Solution. To do this we shall have to use the chain rule. Let u = /1 +¢2. Then

d .. d
E(tamh VI+12) = E(tanh-u}

d (tanh u) du
= | —(tanhu) | —
du dt

= (sech’u) 1+ t2)71/2 (21)
tsech? /1 + 12
V1+1t?
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Find the derivative.

y = 6% cosh—1 (4;?:'_)

Applying chain rule, we get

y! = —24x=° -t 280
g = 2427 — | ot | (280%)
yr = %g]_ 28"

£/ 16z14 —1

Show that itanh(:c} = sech? (x)
X

Solution We know that tanh(x) = M
cosh(x)
: . d (u ldu u dv
and using the quotient rule —| ===
dx\ v vdy v dx
we have itﬂnh (x) = N x cosh(x)— M % sinh (x)
dx cosh(x) cosh? (x)
w© cosh® (x) : sinh- (x) _ ],_ _sech?(x) O
cosh= (x) cosh- (x)

Inverse Hyperbolic Identities

_ . 1
sech ™' = cosh ' [ =
X

_q . 1 1
csch ™ x = sinh —
xT

1
coth 'z = tanh™! (—)

aC
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Derivatives of Inverse Hyperbolic Functions
. —1 . 1 clue
—sinh™ " u = —
e v 14 u? de
d _ 1 cu
—cosh™'u = —_— (2 > 1)
dx vuz —1dx
d 1 e
—tanh ™ 'u = w| <1
dax 1 —u?dx (I )
d _ —1 du _
— esch™'u = S (u == 0)
dx lu|+v'1 + w2 dx
d _ —1 kT
— sech ™ 'u = — (0 < u = 1)
dx uy'1 — u? dx
d 1 1 el "
—coth™  u = = |
dx 1 —u?dx (lel )
d 1
Prove that — (sinh™ 'x) = ——.
dx v1+ x2
SOLUTION 1 Let y = sinh 'x. Then sinh y = x. If we differentiate this equation implicitly
with respect (o x, we gel
v
hy—=]
cosh § i

y 2 ‘1 - T
Since cosh’y — sinh’y = 1 and cosh y = 0, we have cosh y = 4/1 + sinh®y, so

dy 1 1 1

dr  ecoshy 1 +sinh?y 1+ 2
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d
Find — [tanh~'(sin x)].
dx

SOLUTION Using Table 6 and the Chain Rule, we have

1
h ™ '(sin x)] — -
dx L0 sin 0] 1 — (sin x)° dx

- (sin x)

1 COS X
- ———— oS X — 5
1 — sin“x COS“X

= SEeC X




