HYPERBOLIC FNCTIONS

6.1 DEFINITION

We know that parametric co-ordinates of any point on the unit circle *+¢* =1 iS (cosd,sind); SO
that these functions are called circular functions and co-ordinates of any point on unit hyperbola

. e +e’ & -e’). . . .
¥-¥=1Is ( 7 3 j i.e., (coshd,sinhd). It means that the relation which exists amongst

cosf,sind and unit circle, that relation also exist amongst coshd,sinhd and unit hyperbola. Because of
this reason these functions are called as Hyperbolic functions.

For any (real or complex) variable quantity X,

(1) sinhx= e-e’ [Read as 'hyperbolic sine X]  (2) coshx= ere’ [Read as 'hyperbolic cosine
X']
(3) tanhx= sinhx _ e — e:x (4) cothx = coshx _ e+ eix
coshx & +e* sinhx e€"'—e™*
(5) coseclx= 1 2 (6) sechx= 1 2

sinhx e —-e”* coslx e +e*

Note : 1 sinh0=0, cosh0=1 tanh0=0

6.2 DOMAIN AND RANGE OF HYPERBOLIC FUNCTIONS

Let x is any real number

Function Domain Range
sinhx R R
coshx R [1,0)
tanhx R 11
cothx By R-1-11]
sech x R 0,1]
cosechx R R
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6.3 GRAPH OF REAL HYPERBOLIC FUNCTIONS

(1) sinhx Y (2) coshx

0, 1)

X
/ o X

(3) tanhx (4) cothx 1
. N,
2 X 0 X
(5) cosechx Y (6) sech x y
o
_ Py

\0 0 X

6.4 FORMULAE FOR HYPERBOLIC FUNCTIONS

The following formulae can easily be established directly from above definitions
(1) Reciprocal formulae

(i) cosechx——1 (ii) sedx——1 (iii) cothx——1
sinhx coshx tanhx
(iv) tanhy - SM0X (V) cothx— SO5h¥
coshx sinhx
(2) Square formulae
(i) cosK x—sinlf x=1 (ii) sech®x+ tanh® x=1
(iii) cotlf x— cosecix=1 (iv) cosk x+ sink’ x= cosh2x

(3) Expansion or Sum and difference formulae
(i) sinh(x+ y) = sinhxcoshy + coshxsinhy (ii) cosh(x+ ) = coshxcoshy + sinhxsinhy

tanhx + tanhy
1+ tanhxtanhy

(i) tanh(x+ g) =




(4) Formulae to transform the product into sum or difference
(i) sinhx+ sinhy= 2sinhX;ycoshX;y

(iil) coshx+ coshy= 2coshXJ2rycoshX_y (iv) coshx— coshy= 2sinhX;ysinhX_y

2

(ii) sinhx-— sinhy=2cosh X; Ysinh*—¥

(V) 2sinhxcoshy = sinh(x + y) + sinh(x— y) (Vi) 2coshxsinhy = sinh(x+ ) — sinh(x— p)
(vil) 2coshxcoshy= cosh(x+ y) + cosh(x— p) (viii) 2sinhxsinhy= cosh(x+ y) — cosh(x— 1)

(iX) coshx+ sinhx=¢€* (X) coshx— sinhx=¢e* (Xi) (coshx+ sinhx)” = cosh nx+ sinhnx

(5) Trigonometric ratio of multiple of an angle

(i) sinh2x=2sinhxcoshx = _2tanhx
1- tank x
(i) cosh2x=cosK x+ sinlf x = 2cosif x—1 = 1+ 2sinlf x = 1+ta—nl12X
1- tank’ x
(iii) 2cosK x=cosh2x+1 (iv) 2sinif x=cosh2x—1 (V) tanh2x= _2tanhx
1+ tanlf x
3
(vi) sinh3x=3sinhx+ 4sink x (Vii) cosh3x=4cosK x— 3coshx(Viii) tanh3x= 3tanhx+ tanh"x
1+ 3tankf x
(6) (i) coshx+ sinhx= & (ii) coshx— sinhx=¢e*
(iii) (coshx + sinh®)” = cosh nx+ sinhnx
Example: 1 Sinbx=sinhy 5 0qual to
coshx— coshy
(a) 2cothx+ (b) tam{ s yj ©) con{ s yj (d) con{’%yj
) . . 2cosh™ Ysinh* ¥
Solution: (c) Sinhx—sinby _ 2 - tr(—"”’j
coshx— coshy 2$ian;ysinl X;.V 2
Example: 2 If tanif x= tan’9, then cosh2x IS equal to
(a) —sin20 (b) sec20 (C) cos39 (d) cos29
Solution: (b) cosh2x = 1+tan}fx: 1+ tan’ = 1 __1 =sec2d.
1-tanlf x 1-tan’d 1-tar’9 cos2
1+ tan® 9
Example: 3 If u—logtar{%+i;} then cod  is equal to
(a) secx (b) osecx (C) tanx (d) sinx
. x o 1+ tan—
Solution: (@) u= logta.{f +—] = . £ 2
4 2 1 1-tan™
2
2
1+tan>
p +1 x .
= 2
costur et 2411 i lftanE _ 2[1+tanz 2} i 1+ tan’ 9 _ 1 . eer,
2 2¢" 1+ tan 2(1— taan [1 + tanf] 1-tan? 2 1-ta® T C€OSX
9 2 2 2 2 T2
1—tan> 1+ tan® ~
2 2
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Example: 4 cosh2+sinh2 =
(@ 2 (b) e (©) %

ezze’2+e2;e’2 - &2

Solution: (d) cosh2+sinh2 =

Example: 5 If coshx = secx, then tanz}—;:

(a) 0052% (b) sinz% (C) cof%
Solution: (d) coshy = secx = 1 = 1
cosx 4 o oX
an

2
1+ tan? X
2

2 X 2 X . a

coshy 1+ tan 2 coshy — 1 2tan 2 ) X 2sink =

= = = =tan" — =
1 1- tanzi; coshoy +1 2 2 2cosl?g

6.5 TRANSFORMATION OF A HYPERBOLIC FUNCTIONS

Since, coslf x—sinh®x=1

T J1- seh?
= sinhx=Vcosli x-1 = sinhxzﬁ

sech x
tanhx 1
= sinhx= ——— = sinhx=——
V1- tank® x Veoth® x—1
. 1
Also, sinhx=——— —
cosechx

In a similar manner we can express coshx, tanhx,cothx,..............

functions.

6.6 EXPANSION OF HYPERBOLIC FUNCTIONS

X X 3 5 7
(@) sinhy=2—¢ _x X X X |
2 3! 5! 7

— X 4
2 coshX:eXJrze :1+£+i+£+

€€ —X—£+2X5— 17

(3) tanhx= — =
e+e” 3 315

= tanzi; = tanhz% = tan’

(d) &

(d) tanlf%

in terms of other hyperbolic

The expansion of cothx, cosechx does not exist because coth(0) = «, cosech(0) = « .




6.7 RELATION BETWEEN HYPERBOLIC AND CIRCULAR FUNCTIONS
We have from Euler formulae,

€*=cosx+isinx  ........ (i) and e*=cosx-isinx ........ (i)
Adding (i) and (i) = cosx= "’*2 e”
Subtracting (ii) from (i) = sinx= < "‘2’?”‘
e*X X

Replacing x by ix in these values, we get cosgx) =

‘. cos(x) = coshx

.., e —e .[e'—-e”
singx) = oY, —1[ 2 J

*. sin(®) = isinhx

singy)  isinhx
cosfy) coshx
tan(x) = itanhx

AlsO tangx) =

ix —ix

Similarly replacing x by ix in the definitions of sinhx and coshx , we get cosh(ix) :% = CosX

sinh(iy)  isinx

— = = itanx
cosh(i) cosx

Also, tanh(ix) =

Thus, we obtain the following relations between hyperbolic and trigonometrical functions.

(1) sin@® = isinhx (2) cos@x) = coshx
sinh(ix) = isin x coshfy) = cosx
sinhx = —isin(x) coshx = cos(ix)
sinx = —isinA(ix) cosx = cosh(i®

(3) tan@® = itanhx (4) cot@® = —icothx
tanh@x = itan x coth@x) = —icotx
tanhx = —jitan(@® cothx = icot@x)
tanx = —itanh(ix) cotx = icoth{x)

(5) sec(® = sedx (6) cosedi®) = —icosechx
sech(ixy) = secx cosech(ix) = icosex
sechx=sec{® cosechx = icosec(ix)
sec x = sech(ix) casecx = iooseclin)

145




Important Tips

< For obtaining any formula given in (5)™" article, use the following substitutions in the corresponding
formula for trigonometric functions.

sinx— > isinhx cosx——>coshx tanx—— itanhx
si x—>—sinlf x cod x— >coslf x tan® x—>—tank® x
For example,

For finding out the formula for cosh2x in terms of tanhx, replace tanx by itanhx and tan® x DY tan® x
by - tani? x in the following formula of trigonometric function of cos2x :

2
1- tan2 X we get, cosh2x— 1+ tank? x

cos2x=
1+ tan® x 1- tank x

6.8 PERIOD OF HYPERBOLIC FUNCTIONS
If for any function #»,Ax+ D= Ax, then Ax is called the Periodic function and least positive value
of T is called the Period of the function.
® sinhx = sinh@r7i+ x)
coshx = cosh@ri+ x)
and tanhx = tanh(i+ x)

Therefore the period of these functions are respectively 2zi2zi and zi. Also period of cosech x,
sech x and cothx are respectively 2rzi, 2zi and ri.

Note : 1 Remember that if the period of Ax) is T, then period of Anx will be (Ij

n

U Hyperbolic function are neither periodic functions nor their curves are periodic but they show

the algebraic properties of periodic functions and having imaginary period.
Example: 6 If cos+iy=A+iB, then A equals

(8) cosxcoshy (b) sinxsinhy (C) —sinxsinhy (d) cosxsinhy
Solution: (a) cos+iy= A+iB

= cosxcos{y) - sinxsinfg) = A+ iE = cosxcoshy— isinxsinhy— A+ iB

" A= cosxcoshy
Example: 7 If cosu+iy=x+iy then »*+¢*+1 is equal to

(@) coé u+sink v (b) sir? u+cosi v (C) coé u+cosit v (d) sir? u+sinif v
Solution: (C) costr+iy= x+ iy

= cosucosf)—sinusin{y = x+ iy = cosucoshv— isinusinlw= x+ iy

" x=cosucoshv

v=—sinusinlw

X +y2 = co¢ ucoslf v+ sir® usinif v




= (1-sir? o cosif v+ sir? cosK v—11 = cosK v—sirf v
X +y2 +1=cosf v+1-sirf u = cosK v+co u.
Example: 8 The value of sech(i) IS

(@) -1 (b) i (€0

Solution: (a) sech(ir)=

- = secr=-1.

e t+e”
Example: 9 cosix-+ isinix equals

(a) & (b) e’ (C) e*
Solution: (d) cosix+ isinix

= coshx+ iisinhx = coshx- sinhx= e+ efx;exq_ e’ = 2

Example: 10 si %Ij is equal to
i i 3

(a) -2 (b) { (c) 2

Solution: (b) e gn{ﬁa:iﬁnzzilzi.
6 6 2 2

Example: 11 sech(m)+c¢secl{%ij equals

@ 1-7 (b) -1+ (c) -1-i

Solution: (C) sech(z) + casecl{%ij: sec;z—i:osec% =-1-1.

Example: 12 The period of cosh%’ is
(@) 6 (b) 27 (C) =i

(d) 1

(d) &=

(wé

(d) 1+

(d) 9z

Solution: (a) Since the period of ceshs is 2z SO the period of coshg IS 3.27i=6ri.

Example: 13 The period of sin!E'—;] is

(8) 2vi (b) 2« (C) 4ni

(d) ax

Solution: (c) Since period of sinhx IS 24, therefore period of sinl{'—;j will be 4zi.

6.9 INVERSE HYPERBOLIC FUNCTIONS

If sinhy=x, then y is called the inverse hyperbolic sine of x and it is written as y=sinh® x.

Similarly casech'x, cosh' x,tanh® x etc. can be defined.
(1) Domain and range of Inverse hyperbolic function

Function Domain Range
sinh’ x R R
cosh' x [1, ) R
tanh® x (-1,1) R
coth' x R-[-1,1] R,
seh! x (0, 1] R

cosech! x K, R,
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(2) Relation between inverse hyperbolic function and inverse circular function
Method : Let sinh! x=y

= x=sinhy= —jsin@ = ix=sin@) = jy=sin'(ix)

= y=—isin'(i®) = sinh! x=—isin'(iy

Therefore we get the following relations

(i) sinh'x=—isin'(iy (ii) cosh'! x=—icos' x (iii) tanh® x=—itan’(i®
(iv)sech'x=—isec' x (V) cmsech®x= icosec’(ix)

(3) To express any one inverse hyperbolic function in terms of the other inverse hyperbolic

functions

To express sinh® x in terms of the others

(i) Let sinh’ x=y = x=sinhy = cosecl;/:l = y= casec_l(lj
x x

(i) © coshy=1+sinl? y =1+ *®

® v=cosh'V1+x* = sinh! x=cosh'V1+ ¥*
sinhy  sinhy  _ 3.'¢

(i) ©® tanhy= = =
coshy \/l+ sinlf v 1+ #
X X
. y=tanh’ = sinh! x= tanh!
V1+ 42 V1+ &2
(iv) o cothy— \/1+-smlfy: J1+ 4
sinhy X
. y=coth! 1+ & = sinh! x= coth’® 1+ &
X X
1 1 1
(V) @ sechy= = =
coshy \/1+sinl?y J1+ ¥
_ 1 . 1 a2 1
v=sech’ = sinh” x=sech  ——
V1+ & V1+ &
(vi) Also, sinh! x= cosecﬂl[lj
X

From the above, it is clear that

X

coth! x= tanh‘l(l]

sechlx= coshl(lj
X

cosech! = sinh‘l[lj
X

Note : O If x is real then all the above six inverse functions are single valued.




(4) Relation between inverse hyperbolic functions and logarithmic functions
Method : Let sinh! x=y

e’
2 = & -2xe’ -1=0 = &' =

2Xi\/;x2+4 N

= x=sinhy=

But ¢ >0,vy and x<vx*+1
s e=x+ V¥ +1 = y=logk+Vx*+1)
. sinh! x=log(x+ v x*+1)

By the above method we can obtain the following relations between inverse hyperbolic functions
and principal values of logarithmic functions.

Q) sinh! x=log(x+ v x* +1) (o< x<o) (ii) cosh’ x=log(x+Vx* 1) (x>1)
(i) tanh’' x= llog{“—}l{j | x[<1 (iv) coth’ x= llog{ilJ | x[>1
2 1- 2 x—1
(V) sech'x= IO{M] 0<x<1 (Vi) cosech'x= IO{MJ (x=0)
b.'¢ X

Note : O Formulae for values of cosech'x; sech™x and coth® x may be obtained by replacing x by 1
X

in the values of sinh® x,cosh’ x and tanh x respectively.

6.10 SEPARATION OF INVERSE TRIGONOMETRIC AND INVERSE HYPERBOLIC
FUNCTIONS

If sin@ +i8) = x+ iy then (a + 9), is called the inverse sine of (x+ ). We can write it as,
sin'(x+i)=a+ i3
Here the following results for inverse functions may be easily established.

(1) cos™(x+ i) = %cos’l[(xz L P J1- 2+ A+ 4x2y2}+§icosh’l[(xz L)+ J1- 2+ )P+ 4%%}

(2) sin'(x+ip) = % —cos ' (x+ 1)

= %—%cosl[(xz 1 )= 1= 2% + P)? +4x2yz}——;coshl[(xz + )+ 1= 2% + )2 +4fy2}
oo 1 o 2 Y i oo 20 \_1_ o 2x ) i [#R+0+p?
(3) tan (x+1y)—2tan [—l—xz—f]+2tanh (—1+x2+yzj 2tan [—l—xz—gfzj+4lo —Xz+(1—y)2}

(4) sin’(cos9 + isinY) = cos (\/sinP) + isinh'(\/sinP) O cos'(V/sinY)+ flogl/sind +/1+ sind)

(5) cos(cosd + isind) = sin’(/sind) — isinh’(ysinY) Or sin’(v/sind)— flogh/sind +/1+ sind)
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(6) tan'(cos) + isind) = % + Ll log{l h Si:j , (cost) >0

4 1-si
and tan!(cosf + isind) = (— %) + L—ilog{?ﬁj , (cos9) <0
- si

Since each inverse hyperbolic function can be expressed in terms of logarithmic function, therefore
for separation into real and imaginary parts of inverse hyperbolic function of complex quantities use
the appropriate method.

Note : O Both inverse circular and inverse hyperbolic functions are many valued.

Example: 14 If x=1ogg+/s*+1), then g-

(a) tanhx (b) cothx (C) sinhx (d) coshx
Solution: (C) x=sinh' y = y=sinhx.
Example: 15 If cosh! x=10g2++/3), then x=

(a) 2 (b) 1 (c)3 (d)5
Solution: (a) cosh! x=logk+vVx*—1) = log@+ J3)

ox=2,
Example: 16 10g8+2/2)-

() sinn'3 (b) cosh'3 (C) tann'3 (d) cosh'3

Solution: (b) 10g8+2/2)=10g8+8) = logB++/9—1)=logB+v3%-1)
log@+ 2\/5):cosh’13.

Example: 17 sech'l[%j is

(@) 10g¢/3 +V2) (b) 10g¢/3+1) (C) 10g2++/3) (d) None of these
Solution: (C) sech’l[%j:coslil(Z):log(l+\/22—2):log2+\/§).

Example: 18 sinn'@%*?) is

(@) 10g@2+18) (b) 10g8+8) (C) 10g8-8) (d) 10g¢/8++27)
Solution: (b) sinh’(2*/2) = 10ge® 2 + (22?2 + 1) = log@+ V8) .
Example: 19 If tan(@+i5) = x+ iy then x=

() Lean® (%J (b) Lo’ (ﬁj ©) tan—l[Thﬂzj (d) None of these
Solution: (a) tan(x+ )= x+iy

tan (o - B)=x—1iy

2x= x+iy+ x—iy= tan (o + i8)+tan (o — iB)

oYyt 20 1o atiBra-if 1, o % _
1-a°-p

1
2 1-a2-p2 2 1-@+B)a-B) 2

Example: 20 If -%< x<%, then the value of 1ogsecx is

a) 2coth?| coseé X1 b) 2coth!| mwse? X+1 C) 2cosecH|cofX-1| (d) 2cosecH|co? X +1
2 2 2 2




1 ev/2

cosx eY'?

.. /2 ~y/2
By componendo and Dividendo rule, 1rcosx_e "+e”~ _, cof(’—;j:con{!j

l-cosx ¢&/2_¢e¥'2 2

Solution: (a) Let 1ogsecx=y; -

= y= 2cotlil[cose(?g— lj .

Example: 21 The value of cosh(sec® IS

(2) tog rin) (b) 1o 12| (©) tog 222 )  (d) 1og L c0]

cosx cosx sinx sinx

Solution: (a) Here cosh'(secx) =log(sear+ vVsec® x—1) = log(se(x+tanx):log{1+ixj.

COoSsx

Example: 22 2sinh'() is equal to

() sinh’@1+06%) (b) sinh'(20\1-6? (C) sink'@V1+6%) (d) None of these
Solution: (a) We know that, 2sin? x=sin’(2x/1- x?)

Putting the value of x=#

2sini’! (i) = sin 1 (2i0y1- £62)

2isinh’(6) = sin ! (2i6\/1+ 62) OF 2isinh’(6) = isinh'20V1+6%) (O sin (i3 = isinki* x)

=> 2sinh!(¥) = sinh} (20V1+6?).

Example: 23 The value of sinh-l[ X ] is

V1- #?
(@) tannh*x (b) coth! x (C) sinh'(2%) (d) cosh'2x
PR _ x  tanhy
Solution: (a) Let x=tanhy, then — ——sechy—sm}y
" sinh{ﬁ}:sinhl(sinly) = y=tanh!(») .
Example: 24 If coszcoshs=1, then s is equal to
@ loget{%) (b) 10gtanc (C) 1og(sec:+tanc) (d) logpir(%j

Solution: (C) cosx.cosh3=1=> coshj =seca = = costi’(secz)= log(sea + Vsec? 1) = log(see: + tanc)
Example: 25 sinh'(sink’0) is equal to

(@) (b) ¢ (c) - d) =+
Solution: (b) sinh’(sinh'6) = - isingsinh' 6) = — isink—isin ()] = —sin[sin' (©)] = —ii0=-FO=0.
Example: 26 If sinh! x = wsech! y,then the correct statement is

@) x=vy (b) xw=-1 (€) xw=1 (d) x+y=0

Solution: (C) Given that, sinh! x= cosechly Of sinh® x= sinhl[lJ or x= sinl‘JLsinhl[lJ} or X:l = xy=1.
14 14 14
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Example: 27 Find real part of tan'(1+4

(8) —1tan’ (2) (b) Lan') ©) _éml(;j (d)0
P 1, , 20 1, ,
Solution: (a) Real part = St T =@,
Example: 28 Find real part of cosh()
@-1 (b) 1 ()0 (d) None of these

Solution: (C) We know that cosh?! x:lo<x+\/x2—1)
cosﬁl(l):log{lﬂ/lz—lj: logl=0.

Example: 29 Find imaginary part of sin 1[5‘/_ 9’}
(@) 1002 (b) -10g2 ()0 (d) None of these
1 57 9i 9 9 |_
Solution: (b){ [I_G_RH__IO{\E . /1+1_6}__loge>.
Example: 30 Find real part Ofcosl[gvh—;)
@ % (b) £ (©) log [@] (d) None of these
Solution: (b) ® EXpression cos !(cosd + isind) = sin ! Vsind — flogk/sind + 1+ sind)
Where e:%
. (3 / T 1+V3 | _ 7 J3-1
.. cOSs (7+2J—sm \/:—110{\/74— l+—] Z_ { 2 ]—E+I1O{T]

Real part = %, Imaginary part = 10{%}

Example: 31  Find imaginary part of sin'(cose®)
() .o{cotg] (b) 2 ©) élo{cogj (d) None of these

Solution: (a) Let sinl(cosed)= x+ iy
.. cosed =sinf+iy)— sinxcoshy+ icosxsinhy
By comparing we get, sinxcoshy=cose® ...... (i) and cosxsinhy=0 ......... (i)

From (ll), cosx=0 = X:%
- from (I) sin%.coshy: cosed Ol y=coshl(cosed) =logfosed]
- - o
= v= logfosed + cotd] = IO<COtEJ
. -1 — 0
.. sin (cosed) = — + ilo{cot—j
2 2

Real part = % Imaginary part = log{cot%j.
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ASSIGNMENT

FORMULAE AND TRANSFORMATION OF HYPERBOLIC FUNCTION

Basic Level

1.

10.

11.

The value of cosh2x IS

(a) coslf x—sinlf x (b) 1+ 2cosif x (C) 1+ 2sinif x

sinh3z equals
(a) 3sinhz— 4sink z (b) 4sinK z— 3sinhz
Which of the following statement is true

(a) sinif x— coslf x=1 (b) sinf x+ cosif x=1

tani+ ») equals

(a) tanhx + tanhy

(b) tanhx+ tanhy
1- tanhxtanhy

(C) tanhx— tanhy
1+ tanhxtanhy

1- tanhxtanhy
sinif x equals
(a) cosh2x-1

(b) cosit x+1 (©) %(cosh‘lx— 1)

Which of the following functions is not defined at x=o0

(@) tanhx (b) cosectx (C) sinx
The value of (costo + sint)” iS

(@) & (b) e~ (c) &
The value of % IS

(@) cotho (b) coth2o (C) tanho
(t::::g]s is equal to

() &% (b) & (c)1
if:::hh;‘ is equal to

(a) & (b) & i

If coshz=secs, then sinhz equals

(@) cosed (b) cow (©) tan%

(C) 3sinhz+ 4sink z

(C) sedh’x— tanh® x=1

(d) None of these
(d) None of these
(d) cotlf x— coseclix=1

(d) tanhx - tanhy
1+ tanhxtanhy

(d) %(cosh‘l:w— 1)

(d) sedu

(d) e

(d) tanh29

(d) -1

(d) -1

(d) tans
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12. If cose® = cothx, then the value of tano IS

(a) coshx (b) sinhx (C) tanhx

13. If coshw=secx, then the value of tanﬁ(gj is
() tanz[gj (b) cot ¥ (©) si.e[g)
14. u:logtar{ij .then the value of tanh? is
a2 2
@) cot‘—; (b) 7cot‘—; (©) ftan'—;

15. |If tat{'—;jcotlEfj—l, then the value of cosxcoshx IS

2
@1 (b)-1 (C) coé¢x
16. % equals
cosechix+1
(a) tanhx (b) cothx (C) sech x

Advance Level

17. If Ax=coshx+sinhx and Ap = A».Ay, then the value of p is
(@) xv (b) x-v (€) x+v
18. If fiw=coshx—sinhx then Ax + x, +.....+ x,) IS equal to
(@) Ax).Ax).confix,) (D) Ax)+ Ax)+ ...t Aix) (C) O

19. |If sinxcoshy = cos’ and cosxsinhy = sind, then sinK v equals

(@) sirt x (b) cosk x (C) coé x
20. If tand - tanhxcoty aNd tang - tanhxtany, then 572 equals
si
(a) cosh2x+ cos2y (b) cosh2x - cos2y

cosh2x - cos2y cosh2x+ cos2y

(c) Cos2x: coshZy (d) None of these

cos2x— cosh2y

(d) cosechx

(d) cod X

(d) tanE

(d) sinif x

(d) coshx

(d) None of these

(d)1

(d) 1




21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

RELATION BETWEEN HYPERBOLIC AND CIRCULAR FUNCTIONS

The value of cosecl{%’j is
(@) -2 (b) 2

sinlEx+ Zz’j equals

(@) icoshx (b) —icoshx
tanl'E%ij—cotlE%ij is equal to
(a) 0 (b) 2

cosf» equals

(@) icoshx (b) -icoshx
If sin&+ip=A+iB then A equals

(a) sinhxcosy (b) sinxcoshy
The imaginary part of si?(x+ iy IS

(a) %COS"IZXCOSZ_V (b) %costcosth

Imaginary part of cosh¢ + i) — coshé — i3) =
(8) 2sinhxsinhs (b) 2sinhxsing
Real part of coshé+ ) iS

(@) coshxcosp (b) cosxcosp

The value of sinhg+2zmnj 1S

e“+e” e"-e”*
(&) < (b) <~

sir’(i9 + coslf x 1S equal to
(@1 (b)-1
The period of coﬂE”TXj is

(&) = (b) 2
The period of ¢ is

(@) 2 (b)

(c) —2i

(C) cosx

(c) V2

(C) coshx

(C) cosxsinhy
(c) %sinthsinZy
(C) coshzcosp

(C) cosz coshf3

e-e*
(C) 2i

(C) 2costf x

(c) =*

() 24

(d)2]

(d) —cosx

(d) None of these
(d) —coshx

(d) coshxsiny

(d) ésmzxsinhzy
(d) 2cosxcoshs
(d) sinzsinhg

ef+e”
(d) 2i

(d) cosh2x

(d) »i

(d) zi
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33.

The period of coshgx iS

(@) 274 (b) »i (c) = (d) 2¢

Advance Level

34. |If tan0+ )= sin@+ iy, then the value of cothysinh2s 1S

(@) tanxcot2o (b) tanxsin2o (C) cotxsin2o (d) None of these
35. If cosfy + iB) = p(cosy + isiny) ,then value of tany is

(3) tanhotans (b) —*a""+a“ﬂ (C) —cotxcoths (d) —tanc tanhg

INVERSE HYPERBOLIC FUNCTIONS

Basic Level
36. sinh!'x=

(@) 1ogk+V1-»?) (b) 10g&+V#*+1) (C) log+{x*-1) (d) None of these
37. cosh! x=

(@) 1og+yx*+1) (b) 10g&—Vx*+1) (C) logk—Vx*-1) (d) logk+V2*-1)
38. tanh'x-=

x+1 1 x-1 1 1-x 1+ x

(@ Lo { lj (b) Elo{mj ©) Elog{mj (@) Lo { j
39. The value of sinn'() IS

@~0 (b) 10at/2 + 1) (C) 10g0-+2) (d) None of these
40. coth!x equals

@ Lo {“X} (b) Lio { X+ 1) (©) Lo { +J (d) None of these
41. cosecH x equals

(a) lo {1+\/1+xz] (b) lo {1+\/1 ij (C) lo { —1- xzj (d) lo { —'\/1+X2]
a2. The value of 2coth’1(§j is

1, (Zz-1 1, (Z+1 zZ-2

(@) 1od 27| (0) 310427 ©) 31427 (@) ~tod 27}

43. sech(siny) equals

(a) Iogcotg (b) Iogtan%{ (C) logcotx (d) None of these




44.

45.

46.

417.

48.

49.

50.

51.

52.

53.

If cosech'(l)= x+ iy then the value of y IS

(@1 (b)0
The value of tanh'@?) is

(@) log 2

(C) 10gv3

If 10g@++/3)=cosh* k then K equals
(@)1 (b) 0
— itan (79 equals

() tanh'x (b) —tanh' x

2tanl(%] is equal to

(a) oh(%) (b) cosh/3)

If tanhx:%, then the value of x is
(@) ¥7 (b) -7
tanh’l(%] tan}flgj is equal to

(a) tanm(;j (b) tanﬁl(gj

sinh’l[%j is equal to

(@) tank'(/5) (b) tanh—l[%J

T 6
|ogta{z+5] Is equal to
(a) tanh_l(tan%]

(b) tanh—{ta..hg]

If sin’(A+iB= x-+ iy then % equals

tanx
(a) tanhy

tanhx
(C) tanhy

(C) logd + \/E)

(b) log 2!
(d) None of these

(c) 2

(C) tanh'(in

(C) cosh'(3)

(c) logy/7

(©) ta..m@

(C) tanh'(/3)

(c) 2tanh_l[tan%)

tanhx
(b) tany

(d) COSX

coshy

(d)-1

(d) None of these

(d) None of these

1 J2 +1
(d) cosh (\/E—IJ

(d) -1ogy7

(d) tannl(gJ

(d) tanh—l[%

(d) 2tanfl[tanh§]
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Advance Level

54. The general value of cosh!x IS

(@) 2mi+loga+Vx2+1) (D) 2mitloga+Vx*-1) (C) i+ (1 logk+Vx2+1) (d) 2zri+ 1) loga+V > —1)

55. If x:lo{l+ /i+1],then y is equal to
v &

(@) tanhx (b) coshx (C) sinhx (d) cosecix
56. The imaginary part of tan'(coss + ising) IS

() tanh(sin) (b) tanh@o) (c) %tanh‘l(sinﬁ) (d) None of these
57. If cosh'(p+ig=u+iy then the equation with roots co¢ « and cosk v

@ #-xpP+P+p=0 (D) 2-xp*++D+1=-0 (C) P+xp*+@+D+1=0 (d) 2-xp*+F+D+p*=0
58. The value of logtat{%+i—;j is

(a) itan™(sinhy) (b) - itan(sinhy) (C) itan™(coshy (d) None of these

*k*k




ANSWER

HYPERBOLIC FUNCTIONS

ASSIGNMENT (BASIC & ADVANCE LEVEL))

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
c|lc|d|b|c|b|jaljc|jala|d|blald|a|c|c|a]|Cc]|a
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
clal|/bjc|b|d|{bja|b|jla|b|lc|c|c|d|b|d|d|b]|b
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
a|ld|a|b|c|c|lalc|lc|a|b|jc|la|b|d|c|d]|a
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