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N ECRIPER TSR]

GRS (Definition)

B O & b gdre ga xZ+yi=1 R A g &
yraferd  fACRN®  (parametric co-ordinates) (cos #,sind) B &
AT A B I Wi dedld & IR gHle AR

0 4

XIoy?_1 W fh A B P [e“e‘ e _e-aj

2
Jqtq  (cosh @,sinh @) BIA & AT S == cosd,sing iR
SIS g H 2 I8 W cosh 6,sinh @ &1 3HTE AfTRIST 4 &

il BRU 39 Bl B ARTRIARTE BT (hyperbolic function)

PEd T |

foreft =R IR & (arafasw a1 AffAs & forg,
(1) sinhx =%, [ JRAARID sine x HEA %}
(2) cosh x = e e , [ AIRAARID cosine x DB %}
sinhx e*-e™
tanh x = =
®) coshx e*+e™®
coshx e*+e™
coth x = =
@ sinhx e*—e™*
(5) cosechx =— = 2 —
sinhx e*—e™*
2

(6) sec hx

~coshx  eX+e*

e sinh0=0, cosh0=1 tanh0=0

STRaqRE Bl & q

(Domain and range of hyperbolic functions)

AT x PS dRdfdd IeT &

AR 130

Tl Skl o
sinh x R
cosh x [1, =)
tanh x -1,1)
coth x R-{o} R-[-11]
sech x R 0,1]
cosech X R- {0} R - {0}

RS SIIRaae Bl B ST

(Graph of real hyperbolic functions)

(1) sinh x Y (2) cosh x Y
© /
0 X = X
(3) tanh x Y (4) cothx
= \\
[ y=1
0 al %
fr T yea
(5) cosech x v (6) sech x %
k _/ S
\ 9 o 0\ 5

FRTREE Tl D G

(Formulae for hyperbolic functions)
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ARAARNE Bl d gRAT | ITH WER T g
AT | Ifid fhy o Fad 2 |
(1)  obH FA (Reciprocal formulae)
(i) cosech x = — L (i) sech x = !
sinh x cosh x
(iii) coth x = 1 (iv) tanh x = sinh x
tanh x cosh x
() coth x = SN X
sinh x

2
iii)
3)
i)
ii)

(i)

=

(2)
(i
(
(
(
(

@)
(i)
(iii)

(iv)

)
vi)

~ S~ o~ o~
Ut
=

multiple
()
(i)

T G (Square formulae)

cosh? x —sinh? x =1 (i) sech®x +tanh?x =1
coth? x —cosec h®x =1 (iv) cosh? x +sinh? x = cosh 2x
AT g R & RIT FA (Sum and Difference formulae)
sinh(x £y) = sinh x cosh y + cosh x sinh 'y

cosh (x £y) =cosh x cosh y £ sinh x sinh y

tanh x £ tanh y
l+tanh x tanh y

Waﬁﬁwmwﬁﬁaﬁamﬁmﬁw
+Y oen XY
2

tanh (x £y) =

sinh X +sinhy =2 smh cosh —=

sinh x —sinhy = 2 cos h sm h —y
2 2

Ty X-y

cosh

cosh x +cosh y = 2 cosh X

cosh x —cosh y = Zsmh 5 smh —y

2 sinh x cosh y = sinh (x +y)+sinh (x —y)
2 cosh x sinh 'y = sinh(x +y)—sinh(x —y)

vii) 2 cosh x cosh y = cosh (x +Yy)+ cosh (x —y)
viii) 2 sinh x sinh y = cosh (x +y)—cosh (x —y)

AEE HOT BT AT (Trigonometric ratio of

of an angle)

sinh 2x = 2sinh x cosh x = w
—tanh © x

cosh 2x =cosh? x +sinh? x = 2cosh? x —1

1+tanh? x

- 1+2sinh?x = —
1-tanh“ x

(i) 2cosh? x =cosh 2x +1 (iv) 2sinh? x = cosh 2x —1

\)

(vii

(viii) tanh 3x

(6)

(i)

tanh 2x :M (vi) sinh 3x = 3sinh x + 4 sinh® x
1+tanh < x
) cosh 3x =4 cosh® x — 3 cosh x
3tanh x +tanh ®x
1+3tanh? x
(i) cosh x +sinh x =e* (i) cosh x —sinh x =e~

X

(cosh x +sinh x)" = cosh nx + sinh nx

SAfTIRATAE B B SR

(Transformation of a hyperbolic functions)

gfd, cosh? x —sinh °x =1

. . 4/1-sech?x
= sinhx=+cosh?x-1 = sinhx=Y—"""

sec h x
:sinhx—&:sinhx—;
v1-tanh? x veoth? x -1
sinhx:;
cosech x
39 UHR  cosh x, tanh x,coth X ,....dT 3T IAfqRIARID
Bl B el § Fad B Thd B |
STIREAE B B TE@R
(Expansion of hyperbolic functions)
X _ =X 3 5 7
) sinhx=2""% _x X X X
2 31 51 71
X —X 2 4 6
(2) coshx:i:l_;_x_ X X
2 21 41 6!
eX —e™* x3 s 17 4
3) tanh X =——=X—-——+2X> ———X' +.....
®) e +e7* 3 315

coth X, cosech x @ YR &7 IR Tl &, difh
coth (0) = oo, cosech (0) = .

Al T gdd beml § gy

(Relation between hyperbolic and circular functions)

MR (Euler) G &, €™ =cosx +isinx .. (i)
qe e ™ =cosx —isinx ... (i)
I‘ﬁaiqﬂ(ﬁ?ﬂ n?ﬁ}fa@ﬁ@‘aaﬁq—{
e +e —ix eIX _e—lx
COS X = ————— T sinX = ————
2 2i

T H 2D WM W TR e |,
cos(ix):#:cosh X

". cos(ix) = cosh x
=X _ X X _ —X
sin(ix) = 2_e —i [e ¢ ]

", sin(ix) =isinh x

. .y sin(ix) _ isinh x
I tan(ix) = cos(ix)  cosh x

- tan(ix) =itanh x

) X aX X La™X
4 YBR, sinh x :%F&H coshx:%ﬁx‘cﬁ

I W ix TR BT W,

CoegeT™
cosh(ix) = — - oS X

T tanh (%)= ) sinh (ix) _isin x isinx .o s
cosh (|x) COS X

39 UPR INTIRIIId Td Hpofada vl § 9 aw
NI & S & |




(1) sin(ix) = isinh x (2)
sinh (ix) = isin x

cos(ix) = cosh x
cosh(ix) = cos x
sinh x = —isin(ix) cosh x = cos (ix)

sin x = —isin h (ix) cos x = cosh(ix)

(3) tan(ix)=itanh x (4)
tanh(ix) = itan x
tanh x = —itan(ix)
tan x = —itanh (ix)

cot(ix) = —icoth x
coth(ix) = —icot x
coth x =icot(ix)
cot x = icoth(ix)

(5) sec(ix) = sechx (6) cosec (ix) = —icosech x
sec h(ix) = sec x
sec hx = sec(ix)

sec x = sech(ix)

STfARaaRs el & STEdHiSh

(Period of hyperbolic functions)

Ife el B\ f(x) & fow f(x+T)=f(x) &, @ f(x)
A AT HEAT B Td 7 HT ATH GFIHSG AN Bl Bl
3 HEerd B |

sinh x =sinh(27 + x),
tanh x = tanh(z + x)
3T o BolAl @ SfacHh HAM 27,27 TAT i | cosech x

sech x3IR coth x & TP HA: 27, 271 U4 A gl
o I f(x) BT 3MacHid 78 a1 f(nx) BT MAID (Tj‘zﬁml

cosech (ix) = —icosecx
cosech x =icosec (ix)
cosec X = icosech (ix)

cosh x = cosh(2z + x) T2

n
o IfARAARID B MM Bl =8l BT AR T 8 396
dh 3l G BRI © | Wlfbd I§ ATl Werdl b dloid T Bl
YT BRA © IR BIcuf-d AMad WA & |

BISKILICISEICK RE VST
(Inverse hyperbolic functions)

afg sinhy=x &, @ y=sinh?x 5 fRaafds <
(hyperbolic sine) <hT gfIa™ Bead ded ol S UBR I
JNfTRIARNE Bl cosech *x,cosh  x,tanh * x S & wferarrs
Bl a9 €1

m M STiuRaae Bel & 9T (Domain) 4 qRE (Range)

AR ;132
Bl ATl IRER
sinh ™! x R R
cosh ™" x [1, o0) R
tanh ™ x (-11) R
coth * x R-[-1,1] R - {0}
sech® x (0,1] R
cosech * x R— {0} R- {0}

(2) d@H guE @ gfaE sfiaaie Gl H g
HEMR . AT sinhx =y

= x =sinhy= —isiniy) = ix=sin(iy) = iy =sin(ix)

= y=—isin?(ix) = sinh™* x = —isin7(ix)

ara: ot g U B 2

(i) sinh™* x = —isin"(ix) (ii) cosh™ x =—icos™* x
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(iv) sech™x = —isec ™ x

(i) tanh ! x = —itan }(ix)
(v) cosec h™x = icosec ~(ix)

(O IRE ARG S | M S G | D = B o B [
AfTIREqE Bl & &l § e BOT ¢ sinh l x B 3T UGl #
gdd HIAT |

() ¥ sinhtx=y = x=sinhy

1 _{1)
= cosechy=— = y =cosec | —
X X

G - coshy:\/lwusinhzy:\/ler2

- y=cosh™y1+x% = sinh?x =cosh™y1+ x2

Gi) - tanhy = sinhy _ sinhy ) X
coshy \[14sinh?y 1+ x2
40X I 40X
. y=tanh? =sinh™ x = tanh
1+x2 V1+x2
() - cothy = J1+sinh?y _ V1+x?
' sinhy X
’ 2 ’ 2
Ly —coth P Y2 X inhtx = coth T YEE XD
X X
1 1 1
(v) -+ sechy= = =
coshy \[14sinh?y 41+ x2
y=sech = sinh ' x =sech™' —~
1+x2 1+x2

(vi) sinh™ x = cosech ’{ij ; coth™x =tanh™ lj
X X

sec h™*x = cosh ’l(lj ; cosech * = sinhfl(lj
X X

o I X ATRAfA® &, T SIWRIGT T4 6 U™ Bl BT Yo
(single)qﬁgﬁ—"ﬂ|

(4) Sy SfRaAyE M T g Gl b a9
TR HEEN A sinh i x =y

y -y

= e _2xe¥ -1=0

= X =sinhy =

= €

YZZXi— “;XZ-H]':)(iﬂxz_i_l

wRg e¥ >0,vy U x<vx®+1
e =x+ VYx?+1 = y=log(x +Vx? +1)

sinh ™! x = log(x + Vx? +1)
S fafyr | uftam siicaRaefie werdl & qa AFl &
=1 ST WU H e aR W € |

() sinh™tx =log(x +Vx?+1), (~00 < X < 0)
i) cosh™x =log(x +vVx?-1), (x >1)
(i) tanh’lx:llog(1+xj, | x|<1

2 1-x
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ﬁl]

(iv) coth™ Iog(x +1] | x|>1
| 2
(v sech™x= Iog[uJ , 0<x<1
X
/ 2
(vi) cosech*x = Iog{u] , (x #0)
X

G I
sinh ™ x,cosh™ x Td tanh ™ & I § & W W % forem
| UTe 81 O 2 |

giq  PepiiE Tl gfadd AfduEdies Sl @l

YRR (Separation of inverse trigonometric and inverse
hyperbolic functions)
I sinf@+if) = x+iy B, @ (@+if), (X +iy) B sine BT
U™ HEalal & |
sint(x +iy)=a +i8
AfafaRaa ufda™ wemi @1 el 9 Renfud fear o
AT B |

(1) cosH(x +iy) = %cos’l[(x2 +y?)- \/(17 x2+y?)? + 4x2y2}

e cosech *x,sech™x @em coth™x

+%cosh’1[(x2 +y2)+\/(1—x2 +y?)? +4x2y2}

(2) sin(x+iy) = %—cos’l(x +iy)

- %—%cos’l[(xz + yz)—\/(l -x2+y?)? + 4x2y2}

—%cosh’l[(x2 +y3)+ \/(1 —x2+y?)P? 4+ 4x2y2}

- . 1, _ 2X i _ 2y
(3) tan'(x+iy)==tan{ ——— |+—tanh Y —=L—
x+W) 2 1-x%-y?) 2 1+x% +y?

e
(4) sin"}(cos @ +isin 8) = cos " (v/sin @) +isinh L(/sin 0)
a1 cos L(/sin @) + ilog(Wsin & + 1 + sin§)
(5) cos '(cos @ + isin @) = sin"*(v/sin &) — isinh *(\/sin 6)
a1 sin(Wsin 6) - ilog(¥/sin 6 + /1 + sin )
i [1 +sin@
i

(6) tan‘l(cos¢9+isin9):£+zlog . 9) , (cos ) >0

1+sin@
1-sin

TAT tan *(cos @ +isind) = ( 4] % [ ) (cos6) <0

4fF udd Ufied RIS BT Bl AYIAUDBI Bl
P Uql H »dd BY A %\'l sfory s wwamett & ufdam
IRIARS He & IRAAd Td PlAId AR H GAEHRol
PR afie fafey &1 ST ARa B |

o TftreiM i vd ufde SifRadfia weml & e A

B 8

T Tips & Tricks

RIS Bl B Dl A I UK A b oy

i Bt & HTd g § A ufoRentd w2 |

sin X ———isinh x
€0S X —> cosh x
tan x ——itanh x
sin? x —>—sinh? x
cos? x —>cosh? x

tan? x ——>—tanh 2 x
IR & forg,
cosh2x T tanh x @& Ul # A =G I & oIy,

B & w99 g3 cost—mﬁtan X @I

1+tan?

2
—tanh? x ¥ yfoRenfid ®== W, cosh 2X—w

1—tanh? x

T Ordinary Thinking

Objective Questions

FATREAAD BT
sinhx —sinhy
cosh x —coshy
(a) 2coth (x+y) (b) tanh [X ;y]

X+Yy X —
(c) coth[ 3 j (d) coth[ 3 j

I tanh? x =tan? 9, T cosh 2x =

[EAMCET 1998]
(a) —sin26 (b) sec 26
(¢) cos36 (d) cos26
cosh 2 +sinh 2 = [EAMCET 2000]
(@) 1/e (b) e
() 1/e? d) e’
IfT cos(x +iy)= A+iB, T9 A= [RPET1994]
(a) cosxcoshy (b) sinxsinhy
(¢) —sinxsinhy (d) cosxsinhy
sec h(iz) &7 A9 2 [RPET 1999]
@ -1 (b) 7
(c) .0 o (d) 1
cos ix +isinix =
@ e (b) e™
(c) ef (d) e



A

fe)

@@ -il2 (b) /2
3 3
(c) 'T (d) —|T

(@ 1-i (b) —1+i

(@ -1-i d) 1+i

cosh — T 3Mac-id &

(@) 67 b) 27

() (d) 9

sinh %J EalSICRRICE

@) 27 (b) 27

() 4z d) 4r

A x =log(y +4y? +1), 9 y= [EAMCET 1995]
(a) tanh x (b) coth x

(¢) sinhx (d) coshx

Ife cosh ™ x = log(2 +/3), @9 x = [EAMCET 2000]
@ 2 (b) 1

() 3 d s

log(3 + 2\/5 )= [RPET 1990]
() sinh™3 (b) cosh™*3

() tanh™'3 (d) cosh™3

sech™ [%} - [RPET 1998]
(@ log(3 +v2) (b) log(y3 +1)

© log(2++/3) d) 3 & Big G
sinh1(23/%) - [EAMCET 2002]
@) log(2++/18) ) log(3++/8)

() log3-+8) (d) log(y/8 ++/27)

Ifg —%<x<%,ﬂ’sr logsec x T A BT
(a) 2coth ’{coseczg—lj (b) 2coth ’{coseczgﬂj

(c) 2cosech ‘{cotz %— 1] (d) 2cosech ‘{cotz %+ 1}

cosh ~Y(sec x) &T A &

@) IOg[1+sinxj b) Iog[l—sinxj
€OS X COS X

© Iog[1+_cosxj @ Iog[l—_cosx)
sin x sinx

]ao‘rm:r%

sinhl[ X

V1-x2
(a) tanh'x (b)
(¢) sinh™(2x) (d)

coth * x
cosh ™ (2x)

20.

21.

22.

23.

24.

25.

27.

29.

=———
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[
If% cosacosh =1, T S =
(a) log sec(%) (b) logtan
(c) log(sec a +tan ) (d) log sin(%j
sinh(sinh ! @) -
(a) i@ (b) 6
) -io d) z+i6
& sinh ™ x =cosech 'y dd &I HUH &
@@ x=y (b) xy=-1
() xy=1 (d) x+y=0
tan L (1 +i) BT IRAAD 9T &
(a) —%tan 2 (2) (b) %tan 22
lian(L
(c) > tan [2) d) o
cosh (1) &I Iafad ANT B
@ -1 (b) 1
(e o d) T ¥ PIS T
sinl[s*/;_gi] BT BIAD AT ©
(@) log2 (b) —log2
() o (d) 37 & BIg T
cosl[§+%J BT ARAAD AT §
(@) #/3 (b) #l4
() Iog[*/gz_lJ d) STH | BIS T8I
cosh 2x = [RPET 1985; 86; 88; 90; 2002]
(a) cosh? x —sinh? x (b) 1+ 2cosh?x
() 1+ 2sinh?x d) T | IS T
sinh 3z - [RPET 1990, 92]
(a) 3sinhz —4sinh®z (b) 4sinh®z —3sinhz

(¢) 3sinhz+4sinh®z d) STH A BIS T3l

1 & 9 9T w9 [RPET 1988, 94]
(a) sinh?x —cosh?x =1
b) sinh?x +cosh®x =1
¢) sech’x—tanh?x =1
(d) coth?x —cosech?x =1
tanh(x +y) = [RPET 1990, 91,92]

tanh x + tanh y
1-tanh xtanhy

@ tanh x + tanh y

a ATy
1+tanh xtanh y
tanh x —tanh 'y

1—tanh xtanh y

tanh x —tanh y

()
1+ tanh x tanh y
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)
30. sinh?x - [RPET 1991]
(a) cosh2x -1 (b) cosh?x +1

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

() %(cosh 2x —-1)
x =0 & T B a1 B R =8 2

(d) %(cosh 2x +1)

(a) tanh x (b) cosech x
(c) sinx (d) sechx
(cosh @ + sinh §)" &T A BT
(a) eno (b) e—nU
(c) eino (d) e—ino

20
ezg—l BT AM &
e +1
(a) coth @ (b) coth 26
(¢) tanh @ (d) tanh 260
l1+tanhx
1-tanh x
(a) e2)( (b) —2X
() 7 (d) -1

If< u = log tan [%+§) Gl tanh% BT AM T [RPET 1997

X X
(a) cotE (b) - cotE
X X

() —tan Py (d) tan >

cosech x B
Jeosech?x +1
(a) tanhx (b) coth x
(¢) sechx (d) cosh x
af& f(x) = cosh x +sinh x TG f(p) = f(x).f(y), TN p BT AT
@ xy (b) x-y
(© x+y (d) TH A PIg LN

If& f(x) = cosh x —sinh x, T@ (X, + Xy +... + X,,) =
@  fxq)-f(X2)oooon F(X,)

(b)  f(xp)+ f(x)+..... +f(x,)
(c) ©
(d) 1
cosech (ﬂ] =
6
@ -2 (b) 2
(¢ —-27 (d) 27
sinh[x +ﬂj =
2
(a) icoshx (b) —icosh x
(¢) cosx (d) —cosx
cos(i®x) = [RPET 1989]
(a) icosh x (b) —icosh x
(¢) coshx (d) —cosh x
I sin(x +iy)= A+iB, T9A = [RPET 1994]

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

(a) sinhxcosy
(¢) cosxsinhy

(b)
(d)

sin x cosh y
cosh x siny

cosh(a +if8) — cosh(a — i) &1 HIAD 9T ©

(a) 2sinhasinh g

(¢) coshacos

cosh(a +iB) aafdd T 2

(a) coshacos
(¢) cosacosh g
sinh(x + 2zni) &1 719 &

ef +e™*
(@) >

ef—e™
©) 2i

sin?(ix)+cosh? x =
(@ 1

(c) 2cosh?x

coth (%) BT ATIAID B

i
(@) 'y
nri
(c) e
e’ @I ATacID 8
(@) 2«
() 2n

cosh(4x) T MacI® &
(@) 2rzi

i
(c) >
sinht x =

@) log(x +v1-x?)
() log(x ++/x%-1)

cosht x =

@) log(x ++/x%+1)
() log(x —vx?—1)

tanh 7 x =

1 Xx+1
(a) Elog(x_lj

sinh (1) &1 A9

(@) o
() log(t-+2)
coth™t x =

(b)
(d)

[RPET 2000]
2sinhasin g

2cos acosh 8

[RPET 1995]
CosS @ Cos S
sina sinh g

e” —¢€

ef+e™*

2i

-1

cosh 2x

2

[RPET 1987, 93, 96, 2000]

log(x + m)
ST W Bl AL
[RPET 1988, 90, 92, 2002]
log(x — m)
log(x + M)

[RPET 1988, 91, 92, 99]

lIog x-1
2 X+1

llo 1+X
2 g 1-x

[RPET 1989]

log(v/2 +1)
ST & Bl T8

[RPET 1990]



55.

56.

57.

58.

59.

60.

61.

62.

1 1+x 1 X+1
(a) EIOgtl—xj (b) EIog[—X _J
1 x-1 . .
(c) —|09[ j (d) 3T A BIg el
2 X+1
cosech *x = [RPET 1991]
/ 2 / 2
(a) |0g[%} (b) |0g[%}
/ 2 2
(c) IOg[ﬁj (d) IOg[ﬁJ
X X
—itan*(ix) =
() tanh'x (b) —tanhtx
() tanh %(ix) d) STH A BIg T8
2 tan ‘1(%] -
(a) cosh *1(%) () cosh1(v/3)
(¢) cosh™*(3) (d) cosh 1[%}
e tanh x =%,a—eixaa‘r A BT
@ 7 b -7
(c) logv7 (@) —logy7
sinh’l(lj -
2
(@) tanh 1(/5) (b) tanh 1[%}
(© tanh'(/3) d) tanh 1[%]
IfT sinH(A+iB) = x +iy, T4 % - [RPET 1987]
@ tan x b tanh x
tanh y tany
© tanh x oS X
<" Tanh y coshy

cosh™ x &7 &mOd 99 2

(@) 2ari+log(x + Vx? +1)

(b) 27ri+log(x + M)
ati+ (1) log(x + VX2 +1)
@) 2ari+ (1) log(x + VX2 —1)

e x=|og{l+ fiz+1)aay -
y y

(a) tanhx (b)
(e) sinhx (d)

T

—
N
~

cosh x
cosech x

Critical Thinking

Objective Questions

=———
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If< u :Iogtan[%+%j, T cosh u =

[EAMCET 199%; RPET 1999]

(a) secx (b) cosec x
() tanx (d) sinx
IfE cosh o = sec x, d9 tan? % = [RPET 1998]
20 24
cos? = b) sin?—=
(a) > (b) >
cot2 < 4 tanh2<
(c) 2 (d) 5
I cos(U +iv) = X +iy, T8 X2 +y2+1 =
[RPET 1999]
(a) cos®u+sinh?v (b) sin®u+cosh?v
() cos?u+cosh?v (d) sin®u+sinh?v
sin~*(cosec #) BT BIAH W &
17 Vs
log| cot— b)) —
(@ 9[ 2] ®)
1 0 . :
(©) Elog(cotgj d) $TH A BIg T8
Ife coshz =secd, @9 sinhz -
(a) cosecéd (b) cotd
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log cot — b) logtan —
(@ log > (b) log >
(¢) logcot x (d) T A PIg TEI
13. IS cosech (1) = x +iy, T = [RPET 1986]
@ 1 (b) o
() logl++2) () -1
. tanh R HFH AF R
(@) log2 (b) log 27
() logv3 (d) T F P T
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(b)

INNECRIREA T
X+y . X-y
sinh x —sinh y 72C0m Smhzcmh(x+yj
cosh x—coshy 5 ion XY giop X =Y. .
2 2

l1+tanh?x 1+tan®@

cosh 2x = = 5
l-tanh“x 1-tan“@
1 1
= = =sec 26.
1-tan“@ cos20
1+tan?6
2, 42 2 -2
cosh 2 +sinh 2 = £ Ze +& 2e =e?

cos(x +iy)= A+iB
= cos x cos(iy)—sin x sin(iy) = A+iB
= cos x cosh y —isinx sinhy = A+iB

.. A=cosxcoshy.

sec h(iz):% =secr=-1.

e”+e™
cos ix +isinix = cosh x + iisinh x
X —X X =X
. et +e —e" +e _
=cosh x —sinh x = 5 -e %,

. .\ .. x .1 i
o sinh| =i |=isin==i—=—.
[6 j 6 2 2

sec h(i) + cosech (%I] = sec z —icosec % =-1-i.

dfdh cosh @ @1 AMEAAIG 274 B, ¥k cosh% Eal
3faciId 3.271 = 670 BRI |

4fF sinhx & IMad+id 27 ©, o sinh[%) Ea)
IS 4z BRI |

x=|og(y+M):sinh’ly:> y =sinh x .

cosh L x = log(x +vx2 —1)=log(2 + v3)

X =2,

log(3 + 2\/5) =log(3 + Jg) =log(3++9-1)
=log(3 +v3%-1)=cosh 3.
sech™ (%j =cosh 1(2) = log(2 + V22 —1) = log(2 + v/3).

sinh™2(2%/2) = log(2%/2 +(2%/%)* +1)=log(3 + /8) .
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(@) #TT logsec x =y

1 ey/2

“cosx ev/?

AR 7R g,

1+cosx eY/24e7V/2 X
=————— = cot’| = |=coth y
l-cosx e¥'c—e? 2 2

= y=2coth ‘{coseczg—l)

(a) JEl, cosh *(sec x) = log(sec x +/sec? x —1)
1+sinx J

= log(sec x + tan x) = Iog[
€0S X

x  tanhy

(@) AT x =tanhy, @9 =
1_x2 sechy

=sinhy

sinhl[ X
() cosa.cosh g =1=cosh g =seca
= B =cosh*(sec &) = log(sec a ++/sec® a —1)
= log(sec « + tan &)

(b) sinh7*(sinh™ @) = —isin(isinh™ )

= —isin[i(-isin(i9)] = -i.ig = -i%0 = 0.

21.

22.

23.

24.

25.

(¢) f&am 8, sinh™ x = cosech 'y

T sinh 7 x = sinhl(lJ
y

qr x =sinh{sinh‘1(1]} Mx=t = xy =1.
y y
(@) arafd® 9T = ltan’lﬂ:—ltan’l(Z).
2 1-1-1 2
() &9 994 & f, cosh™ x = Iog(x +x2 —1)

. cosh(1) = Iog(1+\/12 —1) = log1=0.

(b) |sint ﬂ_g_i BT BIcU(~H T
16 16

= —Iog{\/%+‘/l+%} =-log(2).

(b) - &SH =cos(cosd +isinb)

=sin"ty/sin@ —ilog(/sin@ + 1 +sing), ST& 0 :%

J: sinh™(sinhy) = y = tanh }(x).
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. cost £+l BT IRAAD AT =sin‘1\/I= z.
2 2 2 4
IE W T
sinh 3z = —isin 3(iz) = —i[3sin(iz) - 4 sin®(iz)]
= —i[3isinhz — 4i®sinh®z] = 3sinhz + 4sinh3z.
IE W B
I W 2|
- 2 1
sinh X:E(cosh2x—1).
cosechx @I x =0 TR IRVINT T&f & Thd & |
SR YA ¥, (cosh & +sinh@)" =e"’ .
20 _
#:sinha
2e
260
€ Zl:coshe
2e
20 _
=tanh 4.
e?’ 11
eX —e*
1+tanh x| 1+ex+efx el t+e 4t —e
1 —tanh x 1 gX —eX ef +e ™ —eX e
ef +e7*
_[ 2 et
2e™*
1+tan£
T X
u=log tan(—+—] =log .
4 2 1-tan —
2
—2tanh Y tan 2| = tanh [ L |=tan X
2 2 2

cosechx cosechx  cosech x
Jeosech?x +1  ycoth? x coth x
1
= M =sech x

cosh x ’

sinh x
f(x)=¢”
f)f(y)=e ey = = f(x +y) = f(p)
X+y=p.
f(x)=e™*

= fxp+ X+ +X,) = @~ (X1+Xg ot Xp)

=e e "2 = f(xp). f(xp)... f(x,) -
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; )
(c) cosech (%} = icosec[%] =i cosec(%] =-i2=-2i.

(a) sinh(x +%i) = —isin(ix —%) = isin(%— ixj

=icos(ix) =icosh x .
(c) cos(i’x) = cos(ix) = cosh X .
(b) sin(x +iy)= A +iB
sin x cosiy + cos x siniy = A +iB
sinx cosh y +cos x sinhy = A+iB
sinxcoshy =A.
(b) cosh(a +iB)—cosh(a —iB) = 2sinh a sinh(if)
= 2sinh a.isin g = 2isinh a sin g
. PIAMDB WRT = 2sinh asin g
(@) - cosh(a +iB) = cosh a cosh if +sinh a sinhig
=cosh a cos S +isinh asin g
. cosh(a +if) &1 IKAE 9RT = cosh arcos 3 .
(b) sinh x T AP =27

e¥—e7*

31 sinh(X + 2nzi) dT |9 =

(@) &1 994 & P, sinix = isinh x
sin(ix) = (isinh x)? = —sinh? x

- sin?(ix)+ cosh? x = cosh? x —sinh?x =1.
(b) coth DX _ coth| i+ ™| = coth 2 4—m+x]
4 4 4\ n

.'.Wﬂ%\'l

n

(c) e? BT ad+id 27 B |

(c) cosh(4x) = cosh(27 +4x) = cosh 4(% + xj

(b) I8 W< 7|
(d) I8 W< 7|
(d) I8 W< 2|
(b) sinh 1 =1log(L++v1+1) = log(l ++/2).
(b) I8 W< 7|

(a) I8 W< §|

58.

59.

60.

61.
62.

(a) I8 W< ¥

2
() -~ 2tanh ™t x =cosh™ [“—X]

1-x?
_ 4(1+@/2) _
2tanh 1 (1/42)=cosh | === | = cosh 1(3).
= @r2) [1_(1/2)j @3)
1 1+3/4 1
c) x=tanh 1(@3/4)==lo ==log7 =log+7 .
() (3/4) =2 9(1_3/4] 51097 = log 7
1
(b) sinh’l(l]:tanh’1 —tanh | —2__
2 1+ x2 ’ 1}2
1+ =
2
1

(@) sinH(A+iB)=x+iy = A+iB =sin(x +iy)
= A+iB =sinxcoshy +icos xsinhy

A sinxcoshy  tanx

" B cosxsinhy tanhy

(b) I8 W< ¥ |

(d) I8 W Bl

Critical Thinking Questions
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a) u=logtan| —+—
(a) g (4+2j

X
v l+tan—
e T
L2
2
2
1+tan—
+1
elpet ey (17N
coshu = = —=
2 2e 1+tan—
2.
1-tan—
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= 1 1 eex. sinh?z=tan? 6
2 X cosXx
1-tan®> = sinhz=tan§.
1+tan2§ 6. (b) cosecd = coth x
) () cosha - sec x - 1 1 1+cot? @ =coth?x
COSX 9 _gan2 X cot? @ = coth? x —1 = cosech °x
1+tan2 X cot & = cosechx
+tan? >
2 tan 6 = sinh x .
X
1+tan? > . 2 2
cosha _ 2 7. (a) W tanX-tann X = 20 (x/2) _tanh~(x/2)
U e 2 2 1 1
2 I+tan®x/2 1+tanh?x/2
2tan2 X 1-tan?x/2 1-tanh ?x/2
coshar -1 _ 2 _an2X
cosha +1 2 2 = =cosh x = cosxcoshx =1
CoS X
2sinh? & . y 8. (0 ¥ T 9=w & o axa wiled W,
> ——~ —tan?> = tanh?==tan?—. ) _
2c0sh? % 2 2 2 sin? x cosh? y +cos® x sinh?y =1
3 © = sin? x(L+sinh? y)+cos *xsinh?y =1
. Cc) cos(u+iv)=x+iy

L . = sinh?y =1-sin® x =cos? x .
= cos u cos(iv)—sinu sin(iv) = x +iy

= cosucoshv—isinusinhv = x +iy 9. (d) itan(%J”CO{%j:Zi'

. x=cosucoshv, y=-sinusinhv
10. (d) 2sin?(x +iy)=1-cos2(x +i
at, x%+y? =cos?u.cosh?v+sin?u.sinh?v @ (x+1) (x+1)
=1—[cos 2x cos 2iy —sin 2x sin 2i
=(1 —sin? u)cosh 2 v + sin? u(cosh * v — 1) [ y y]

) S, =1-cos 2x cosh 2y +isin 2x sinh 2y
=C0s“V-sin“u

. . 1. .
. x2+y2+1=cosh?v+1-sin?u = cosh?v+cos?u. <. siN? (X +iy) T BIeAlTH HHT :Esm2xsmh2y.
4. (a) 9T sin}(cosec d) = X +iy <+l
11. (d) &9 9 & fb, 2coth L x = Iog( j
", cosec @ =sin(x +iy) = sin x cosh y +icos x sinh 'y x-1
gt T PR W, sinxcoshy=cosecd .. (i) Z.
; ; . ~ 2coth[ £ |=log| 2 —log[ 22 )= _jog[ 222
Td cos xsinhy=0 (ii) - 5= 9 z_ =log S g —
. 2
FHHROT (i) 9, cosx =0 = x:%
P 1—(sinx)? 1+cosx
- TR (i) 9, sin%.coshy:cosec@ 12. (a) sech™(sinx)= Iog[ sin x sin x
T y = cosh *(cosec 6)
2c0s? =
0 =log ———%— Iog cot—
= log(cosec @ + cot &) = log| cot —
=Y o " ) g[ 2] 25|n—cos—

. 4
. sin"Y(cosec §) HT ARKfAD FTT = Iog(cot—].
2 13. (b) cosech'x = Iog[%

5. (d) 81 9Md € %, cosh?z —sinh?z =1

sinh?z =cosh?z-1 cosech 11 Iog[lJM/_]
= sinh?z =sec?6-1
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X+iy = Iog(ﬁ+1)+0

T A R, y=0.

1+x

14. (c) =9 9a © f&, tanh ’1x=llog[ J
2 1-x
1 3
1+— —
(1) 1 1. |2 1
~tanh Y= |=Z1o 2 _Zogl 2| ==10g(3
[ijgl_l 219 1| =30
2 2

1
= Iog(3)E = Iog\/g.

(c) B 9 & fab,
tan *(cos @ +isin@) =2 + —
47

T4 tan ' (cos @ +ising) BT HIUH WRT
1+X
1-x))°

15.

1+sing
,(cos @) >0
g(l—sine] ( )

L tanh (sing) 2, ( tanh L x = ; | (
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IfT tan Ha+if)=x +iy, T x =

Liant —22a 5
l-a*-p

2

(© tan 1[ 2a

1-a? - g

tan @ = tanh xcoty  TIT

)

()

2. 2sinh () -
(@) sinh(20v1+6?)
(¢) sinh ™ (@V1+6?)
s (1+tanh 0)5 )
' 1-tanho)
(a) e109
() 1
4. IfC coshy=secx,dd tanh
2[ X
(@) tan (2)
- 2 i
(c) sin (2]
5. Afe
sin 26 B
sin2g

cosh 2x + cos 2y

cosh 2x —cos 2y

C0S 2X + cosh 2y

€0s 2x — cosh 2y

(d) 3T A BIg el

(b) sinh1(20y1-62)

(d) T A BIg

(b 50

o

X
b) cot?=
(b) 5

X
d) cos?=
(d 5

(b)

cosh 2x + cos 2y

(d) T ¥ BIg Tl

[RPET 2002]

) tant 2%
2 l+a®+p

tan ¢ = tanh x tan y,

cosh 2x —cos 2y

g7 Self Evaluation Test 13

6.

IfE tan( + ig) =sin(x +iy) , T8 coth y sinh 2¢ -
(a) tan x.cot 26

(b) tan xsin26
(

¢) cotxsin26

(d) 3T & B¢ 7
IfT cos(a +if) = p(cosy +isiny), TE@ tan y & A &
(a) tanhatan g ) —t@hatnf
P
(¢) —cotacoth g (d) —tanatanh g
tanh ’{l}r tanh ’{lJ -
2 3
-1 E -1 1
(a) tanh [J (b) tanh [5]
-1 l -1 5
(¢) tanh [Ej (d) tanh [Ej

afe cosh ‘(p+ig)=u+iv, 99 T& FHHRU o o
cos’u ©d cosh’v %, &

(@ x*-x(p*+q*)+p®=0

(b) x%-x(p?+q?+1)+1=0

(© x*+x(?+q?+1)+1=0

(d) x2-x(*+q®+1)+p?=0

logtan| = + X | 1 w7
4 2

(a) itant(sinhx) (b) —itan (sinh x)
(¢) itant(cosh x) d) 3TH | PIE B

g Answers and Solutions

(SET-13)



2.

(@) tanYa+if)=x+iy; tan(a—if)=x —iy

2X = X +iy+x —iy = tan (a +if) +tan H(a —if)

X = ltan -1 [Mj
2 1-—(a+if)(a—-ip)

o)
(a) = T ¥ 5, 2sintx =sin@xy1-x?)
X =i &7 W,
25in"L(i0) = sin 1 2igy/1 - 26%)
2isinh1(9) = sin 1 (2i64/1 + 67)

a1 2isinh (0) = isinh (2041 +6?)

(s sint(ix)=isinh ' x )

= 2sinh(9) =sinh 2 (20V1 + 6?).

5

el —e?

1+tanh @ > 1+e'9+e"g

(a) = 0.0
1-tanh @ 1 e’ —e

el e

5 5
ef +e ¥ +ef% - 2e¢ sons 100
= ; ; = =) =e .

e? +e? —e? ye" 2e7?

1 1
(a) coshy=secx = =
cosX 1-tan?(x/2)

1+tan?(x/2)

coshy 1+tan?(x/2)
1 1-tan?(x/2)

coshy-1 _ 2tan?(x/2)

=tan?(x/2)
coshy +1 2

2sinh2 Y.

—2 = tan 2[1)
2cosh? ¥ 2

= tanh Z[XJ =tan Z[LJ )
2 2

sin20 ( 2tand \(1l+tan’¢
sin2¢ \1+tan?0)| 2tang

=]
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_coty 1+tanh?xtan’y
tany 1+tanh 2 xcot?y

_coty cosh? xcos®y +sinh? xsin?y sin’y
tan'y cosh? xsin®y +sinh? xcos® y cos®y

_ (cosh 2x +1)(cos 2y +1) +(cosh 2x —1)(1 - cos 2y)

B (cosh 2x +1)(—cos 2y + 1)+ (cosh 2x —1)(cos 2y +1)

6. (c)

_ cosh 2x +cos 2y
cosh 2x —cos 2y

HET p +ig = tan(@ + ig) = sin(x + iy)
s p=sinxcoshy TAT q=cosxsinhy

T cothy = Bcot X 0
q

tan @ +itanh ¢

, —————— = i
1-itan @tanh ¢ Pl

_ 2
_ fan 6?(12 tanh 2¢) -
l+tan“ @tanh“ ¢

e B:( 2tan 0 ] 1—-tanh? ¢
g \1+tan?¢9)| 2tanh ¢

q sinh 29 =(q/ p)sin2¢ .. (i)

_ tanh ¢(L+tan? @)
1+tan’®@tanh? ¢

FHIBROT (i) TAT (i) DI TOM PR W,

coth y sinh 2¢ = cot x sin 26 .

cos(a + 1) = p(cos w +isiny)

= ¢0s a cos(if)—sina sin(i) = pcosy +i(psiny)
= (cos acosh B)—i(sinasinh f) = pcosy +ipsiny
3 cosecosh g=pcosy L 0]
—singsinh g = psiny .. (ii)
TG (i) BT (1) F AT o7 TR,

tan y = —tan o tanh 5.

8. (a) tanh ' x+tanh 'y =tanh * [uj

1+xy
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9. (d)

1 1
7+7
- tanh [lj +tan 7t (lj - tanh ¢ %
2 3 L1
2 3
3+2
5
—tanh | -8 | —tanh 12 ].
6+1 7
6

s cos(u +iv)=p+iq

= cosucoshv —isinusinhv = p +iq

= p=cosucoshv AT g =-sinusinhv Td
p2+q% =cos?ucosh?v+sin?usinh?v

=cos2ucosh?v+(L—cos?u)(cosh?v—1)

. p2+q2+1l=cos?u+cosh?v
g FHIBROT S { cos’u UG cosh?v &, ©
x% —(cos?u +cosh?v)+cos?ucosh?v =0

ax2=x(?+q?+D)+p?=0.

iX
ix 1+tan[2)
T
10. logtan| =+ — | = logd —— =<
(@) log (4 2) g

=
-vaften ) -]
= xowmpn(3)

=orp (gl

T

ix - ..
sologtan| —+—|=2-7 =2ilm(z
oun 2% 8

o)

2tanh [%)
—itan H— 227

1—tanh 2[£j
2

= itan *(sinh x).
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