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Vincenzo Riccati
Vincenzo Riccati (1707-1775), who introduced
the hyperbolic functions, used Sh. and Ch. for
hyperbolic sine and cosine. He used Sc. and Cc.
for the circular functions.

Johann Heinrich Lambert (1728-1777) further
developed the theory of hyperbolic functions.
According to Cajori (vol. 2, page 172), Lambert
used sinh and cosh. According to Scott (page 190),
Lambert began using sinh and cosh in 1771.

|n 1902, George M. Minchin proposed using
hysin, hycos, hytan, etc.: "'If the prefix hy were put
to each of the trigonometric functions, all the
names would be pronounceable and not too long."
The proposal appeared in Nature, vol. 65 (April
10, 1902).




Hyperbolic Functions

6.1 Definition

We know that parametric co-ordinates of any point on the unit circle x? +y? =1 is (cosé,sin8);
so that these functions are called circular functions and co-ordinates of any point on unit
e’ +e? e’ —e

-0
yperbola x?-y?=1 is ( B J i.e., (cosh@,sinh ). It means that the relation which

=y

exists amongst cosd,sin@d and unit circle, that relation also exist amongst coshé,sinh § and unit

hyperbola. Because of this reason these functions are called as Hyperbolic functions.

For any (real or complex) variable quantity x,

X —-X

(1) sinh x = % [Read as 'hyperbolic sine x'] (2) cosh x =

X —X

e" +e

[Read as 'hyperbolic

cosine x']
H X _ a=X X X
(3) tanh x = sinh x _e ei (4) coth x = 095h x _e +e_
coshx e*+e™™ sinh x e*—-e™*
(5) cosechx = — ! = 2 (6) sechx = ! = 2
sinhx e* —g* coshx e* +e7*
|/Vaz’t: QO sinh0=0, cosh0=1, tanh 0=0
6.2 Domain and Range of Hyperbolic Functions
Let x is any real number
Function Domain Range
sinh x R R
cosh x R [1,0)
tanh x R (-11)
coth x Ro R-[-11]
sech x R 01]
cosech x Ro Ro
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6.3 Graph of Real Hyperbolic Functions

(1) sinh x 4 (2) cosh x
0 x o 0 X
(3) tanh x Y (4) coth x y\
Yy=2 |\  TTTTT/TTTrY- g__;_
5 X o X
Y=-1 \ v
(5) cosech x Y (6) sech x y
.
B X /\ X
\ _

6.4 Formulae for Hyperbolic Functions

The following formulae can easily be established directly from above definitions

(1) Reciprocal formulae

(i) cosech x =— (ii) sechx = (iii) coth x =
sinh X cosh x tanh x
(iv) tanh X = sinh x (v) cothx= C(_)Sh X
cosh x sinh X
(2)Square formulae
(i) cosh?x —sinh?x =1 (ii) sech®x +tanh?x =1
(iii) coth? x —cosech?x =1 (iv) cosh? x + sinh ? x =cosh 2x

(3)Expansion or Sum and difference formulae
(i) sinh(x +y)=sinh x coshy + cosh x sinh y (ii) cosh (x +y)=cosh x coshy + sinh x sinh y
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tanh x + tanh y

iii tanh (x £ y) =
(111) (x£y) 1+tanh x tanh y

(4) Formulae to transform the product into sum or difference

(i) sinh x + sinh y = 2 sinh X ery cosh 2 ;y
(iii) cosh x + coshy = 2 cosh = ;y cosh = ;y

(v) 2sinh x coshy =sinh (x +y) + sinh (x —y)
(vii) 2cosh x coshy =cosh (x +y)+ cosh (x —y)

(ix) cosh x +sinh x =e* (x) cosh x —sinh x =e™*

(5) Trigonometric ratio of multiple of an angle

(ii) sinh x —sinhy =2cosh X;Lysinh X;y
(iv) cosh x —coshy = 2sinh X ersinh X~y

(vi) 2cosh x sinh 'y =sinh (x +y)—sinh (x —y)
(viii) 2sinh x sinh y =cosh (x +Yy) —cosh (x —y)
(xi) (cosh x + sinh x)" = cosh nx + sinh nx

(i) sinh 2x = 2sinh x cosh x = M
1-tanh“ x
.. 5 - ) e 1+ tanh? x
(ii) cosh 2x =cosh” x +sinh“x = 2cosh“x -1 = 1+2sinh“x = —
1—tanh“ X
(iii) 2cosh? x =cosh 2x +1 (iv) 2sinh? x =cosh 2x —1 (v) tanh 2x :w
1+ tanh“ x
o . - .. 3 3tanh x + tanh 3x
(vi) sinh 3x =3sinh x + 4 sinh® x (vii) cosh 3x =4 cosh® x — 3 cosh x (viii) tanh 3x = 5
1+ 3tanh” x
(6) (i) cosh x + sinh x =¢e”* (ii) cosh x —sinh x =e™* (iii)
(cosh x + sinh x)" = cosh nx + sinh nx
Example: 1 sinhx =sinhy equal to

cosh x —coshy

(a) 2coth(x +Y) (b) tanh (X—;yj

Solution: (¢)

coshx—coshy 5 gnn XY gon X =Y
2 2

If tanh?x =tan®#, then cosh2x is equal to
(a) -sin20 (b) sec 26

I1+tanh?x  1+tan’0 _ 1

Example: 2

Solution: (b) cosh2x =

Xty Xy
(c) coth( ) j (d) coth[ > j

X+Y . X-y
sinhx—sinhy_2COSh 2 sinh 2 —coth(x+yj

[EAMCET 1998]

1—tanh2x 1-tan2@

1+tan?6
Example: 3 If u=log tan(%+§j, then cosh u is equal to
1999]

(a) secx (b) cosec x
X
v l+tan—
Solution: (a) u=logtan Z+i = . L 2
4 2 1 X

1-tan—
2

" 1-tan?0 cos 20

(c) cos 36 (d) cos 26
=sec 26.
[EAMCET 1991; Rajasthan PET
(c) tanx (d) sinx
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2

1+tan£
7)2( +1 X
—tan> 2|1+tan? 2 2
el re e2u+1 1-tan 2 |: Zj} 1+tan 2 1 1
coshu = 5 = —= = = = —= =Sec X .
2¢ 1+tan1 2[17tanij[1+tani] 1-tan?Z  1-tan?Z COSX
2 2 2 2 2 2
1_tan£ :I.+ta|"|2z
2
Example: 4 cosh2 +sinh2 = [EAMCET 2000]
1 1
(@ = (b) e © = (d) e?
e e
2 -2 2,2
Solution: (d) cosh2+sinh2 = e +e ¢t Ze =e?
Example: 5 If cosha =secx, then tan? % = [Rajasthan PET 1998]
20 .2 2 Q 20
a) cos® — b) sin“ = c) cot®— d) tanh°—
() 5 (b) > (© > (d) 5
. 1
Solution: (d) cosha =secx = =
COSX 4 _an2X
2
1+tan2 X
2
X X . o
1+tan? 2 2tan® = 2sinh? =
cosha _ )2( cosha -1 _ 2 a2t o 2 X o tan2 % —an2 X,
1 1—tan2 X cosha +1 2 2 2cosh2 & 2 2 2
2 2
6.5 Transformation of a Hyperbolic Functions
Since, cosh? x —sinh *x =1
. 5 _ \J1—sech?x
= sinh x =+cosh” x -1 = sihhx=———
sechx
. tanh x . 1
= SiNh X = ——x-— = simhx=—-_
V1 -—tanh 2 x veoth? x -1
. 1
Also, sinh x =———
cosech x
In a similar manner we can express coshx, tanh x,coth X,................ in terms of other

hyperbolic functions.

6.6 Expansion of Hyperbolic Functions
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X _ =X 3 5 7
() simhx=5""% _y X X X
2 3 51 71
X -x 2 4 6
(2)coshx =S¢ X X X,
2 21 41 61
(3)taﬂhx—ex_e_x—X—X3+2x5— LUV
e’ +e’" 3 315 7

The expansion of coth x,cosech x does not exist because coth (0) = oo, cosech (0) = .

6.7 Relation between Hyperbolic and Circular Functions

We have from Euler formulae,

—ix

eX =cosX+isiNX  .eeo.... (i) and e

=CcOoSX —isinX ........ (ii)
Adding (i) and (ii) = cosx = & &
. .. . . Mg
Subtracting (ii) from (i) = sinx = 5
X ax

Replacing x by ix in these values, we get cos(ix) = % = cosh x

. c0os(ix) = cosh x
=X X X —X
sin(ix) = ¢ :i[e ¢ J
2i

. sin(ix) = isinh x

sin(ix) _ isinh X

Also tan(ix) = .
cos(ix)  cosh x

tan(ix) = i tanh x

Similarly replacing x by ix in the definitions of sinhx and coshx

e qe™
cosh (ix) = —Y = COS X

sinh (ix) _isin x

Also, tanh (ix) = —~ =
cosh (ix) cos x

=itan X

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

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

sinh x = —i sin(ix) cosh x = cos (ix)

, we get
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sin x = —isin h (ix) €0s X = co0s h (ix)

(3) tan(ix) = itanh x (4) cot(ix) = —i coth x
tanh(ix) =itan x coth(ix) = —icot x
tanh x = —itan(ix) coth x = icot(ix)
tan x = —itanh (ix) cot x = icoth(ix)

(5) sec(ix) = sechx (6) cosec (ix) = —icosech x
sec h(ix) = sec x cosech (ix) = icosecx
sec hx = sec(ix) cosech x = icosec (ix)
sec x = sech(ix) cosecx = icosech (ix)

Important Tips

@ For obtaining any formula given in (5)t" article, use the following substitutions in the corresponding formula for

trigonometric functions.

sin x ——isinh x cos x —>cosh x tan x ——itanh x
sin? x——>—sinh? x cos? x——>cosh? x tan? x —>—tanh? x
For example,

For finding out the formula for cosh2x in terms of tanhx, replace tanx by itanhx and tan®x by tan®x by

—tanh 2 x _in the following formula of trigonometric function of cos2x :

1-tan?x 1+tanh? x
C0s 2X = =————— we get, cosh 2X =—————
1+tan” x 1-tanh“ x

6.8 Period of Hyperbolic Functions

If for any function f(x),f(x+T)=f(x), then f(x) is called the Periodic function and least positive

value of T is called the Period of the function.
- sinh x = sinh( 27 + x)
cosh x = cosh(27 + x)
and tanh x = tanh(7 + x)

Therefore the period of these functions are respectively 27,271 and 7zi. Also period of cosech

X, sech x and coth x are respectively 2z, 27 and 7.
@d’e : O Remember that if the period of f(x) is T, then period of f(nx) 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.
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Example: 6

Solution: (a)

Example: 7

Solution: (¢)

Example: 8

Solution: (a)

Example: 9

Solution: (d)

Example: 10

Solution: (b)

Example: 11

Solution: (¢)

Example: 12

Solution: (a)

Example: 13

Solution: (¢)

If cos(x +iy)=A+iB, then A equals
(a) cos xcoshy (b) sinxsinhy

cos(x +iy)=A+iB

= cos x cos(iy) —sin x sin(iy) = A+iB = cos xcoshy —isinxsinhy = A+iB

. A=cos xcoshy
If cos(u+iv)=x +iy, then x?+y?+1 is equal to

(a) cos?u+sinh?v (b) sin?u+cosh?v

cos(U +iv) =X +iy

= cosucos(iv)—sinusin(iv) = x +iy = cosucoshv —isinusinhv = x +iy

. X =cosucoshv
y = —sinusinhv

x2 +y? =cos?u.cosh?v +sin?u.sinh?v
= (1-sin?u)cosh? v +sin? v[cosh?v —1] = cosh®v —sin?v
" x?+y?+1=cosh?v+1-sin®u = cosh?v+cos?u.

The value of sec h(ix) is

(c) —sinxsinhy

(c) cos?u+cosh?v

(@ -1 (b) i (c) o
] 2
sech(m):m =secr=-1.
cosix +isinix equals
(@) e” () e™ (c) ¢
cos iX +isinix
- . eX +e* —eX+e™* x
= cosh x +iisinhx = coshx—smhx:f= e
sin(%i] is equal to
i i 3
a) —— b) — c) i—
(a) 5 (b) 5 (o) >
sinh| Z :|S|n—:|l:l
2 2
sec h(zi) + cosech (% ij equals
(a) 1-i (b) -1+i () -1-i
sec h(z) + cosech (%ijz sec 7 — icosec %:—1—i.
. 6 .
The period of cosh 3 is
(a) 6n (b) 2x ()

Since the period of cosh@ is 27z, so the period of cosh% is 3.27=6m.

The period of sinh[%) is

(a) 2 (b) 2x (o)

Since period of sinhx is 27, therefore period of sinh(%) will be 47 .

6.9 Inverse Hyperbolic Functions

47

[Rajasthan PET 1994]

(d) cos xsinhy

[Rajasthan PET 1999]

(d) sin®u+sinh?v

[Rajasthan PET 1999]
(d) 1

(d) e

(@ -i

(d) 1+i

(d) 97

(d) 4z
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If sinhy =x, then y is called the inverse hyperbolic sine of x and it is written as y =sinh *x.
Similarly cosech 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 (-11) R
coth ™ x R-[-1,1] Ro
sech ! x (0, 1] R

cosech™ x Ro Ro

(2)Relation between inverse hyperbolic function and inverse circular function

Method : Let sinh ' x =y

= x=sinhy= —isin(iy) = ix =sin(iy) = iy = sin}(ix)

= y =—isin1(ix) = sinh ™ x =—isin(ix)

Therefore we get the following relations

(i) sinh™* x =—isin(ix) (ii) cosh™ x =—icos™ x (iii) tanh ™ x = —itan*(ix)
(iv) sech™x =—isec™ x (v) cosech '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 sifn™*x=y = x =sinhy = cosechy = 1 =>y= cosec‘l[ij
X X

(ii) - coshy =+1+sinh?2y =1 +x>
+ y=cosh?v1+x? = sinh™* x = cosh™ V1 +x?
(iid) - tanh v = sinhy  sinhy X

S coshy [14sinn?y 1

X ) X
=sinh* x = tanh !
V1+ x2 V1+x2
JL+sinh?y  J1+x2
sinhy X

. y=tanh*

(iv) . cothy
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V1+x2

/ 2
. y=coth™ 1+X7 ., sinh*x =coth ™
X X
1 1
(v) - sechy = = =

coshy \f1+sinh%y  +1+x2

y:sech’l; = sinh *x =sech™
1+x? 1+x?

(vi) Also, sinh*x = cosechl[lj
X
From the above, it is clear that

coth™ x = tanh ‘1(1j
X

sech™'x = cosh ‘1(1j
X

cosech™ = sinh ‘1(3]
X

Wale : A If x isreal then all the above six inverse functions are single valued.
(4)Relation between inverse hyperbolic functions and logarithmic functions

Method : Let sinh *x =y

y -y

— +/ 2
:>x=sinhy=e 2e = e -2xe¥-1=0 :ey:wzxi\/x%&

But e’ >0,vy and x <vx?+1
eV =x+ Wx?+1 = y=log(x +Vx? +1)
. sinh ™ x =log(x +vx? +1)

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

(i) sinh ™ x =log(x +vx? +1) (o< x <o) (ii) cosh™x =log(x ++/x%—1) (x >1)
(iii) tanh * x =~ log (“—Xj | x|<1 (iv) coth* x = L log (X—”J I x[>1
2 1-x 2 x-1
/ 2 / 2
(v) sech™*x =log [MJ 0<x<1 (vi) cosech™x = log {uj (x #0)
X X

]/Vai’e : O Formulae for values of cosech 'x, sech'x and coth* x may be obtained by replacing x

by L in the values of sinh x,cosh™ x and tanh ' x respectively.
X
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6.10 Separation of Inverse Trigonometric and Inverse Hyperbolic Functions

If sin(a +if) = x+iy then (a+if), is called the inverse sine of (x +iy). We can write it as,
sin'(x +iy)=a+ip

Here the following results for inverse functions may be easily established.

(1) cos ™ (x +iy)=%cos’l[(x2 +y2) =L —x? +y2)? +4x2y2}+%cosh’1[(x2 +y2) 44— x? +y2)? +4x2y2]

(2) sin"L(x +iy) = % —cosH(x +iy)

= g—%cos’l[(x2 +y2) =L - x2 +y?)? +4x2y2}——;cosh’1[(x2 +y2) 4L —x2 +y?)? +4x2y2}

_ o1, 2X i _ 2y 1, 2X i X2 +(1L+y)
tan ' (x +iy)==tan | ———— |+ —tanh | — L — |= Ztant| —— |+ —log| m——LL
(3) () 2 [1—x2—y2J 2 (1+x2+yzj 2 1-x2-y?) 4 d x> +(1L-y)

(4) sin*(cos O +isin 6) = cos ™ (v/sin @) +isinh (/sin @) or cos™ (v/sin #)+ilog(+/sin & +~/1+sin H)

(5) cost(cos & +isin 8) =sin*(v/sin @) —isinh *(/sin @) or sin~*(/sin &) —ilog(+/sin & ++/1 +sin §)

(6)tan‘l(cos¢9+isin9)=£+—'Iog(l+sfn0 , (cos ) >0
4 4 1-sin@
and tan(cos@+ising)=|-= +£Iog 1+s!n0 , (cos@) <0
4) 4 1-sing

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.

Wale : U Both inverse circular and inverse hyperbolic functions are many valued.

Example:

Solution:

Example:

Solution:

Example:

Solution:

Example:

14

(c)
15

(a)

16

(b)

17

If x :Iog(y+\/yzj), then y=

(a) tanhx (b) cothx
x =sinh?y = y=sinhx.

If cosh* x =log(2 ++v3), then x =

(a) 2 (b) 1

cosh ™t x :Iog(x+m) = log(2 ++/3)
SoX=2.

Iog(3+2\/§):

(a) sinh™3 (b) cosh™3

log(3 + 2v/2) = log(3 +V8) = log(3 ++/9 —1) = log(3+ 3% -1)

log(3+2v/2)=cosh* 3.

sec h'l(%j is

[EAMCET 1995]
(c) sinhx (d) cosh x

[EAMCET 2000]
© 3 (@ s

[Rajasthan PET 1990]
(c) tanh '3 (d) cosh™3

[Rajasthan PET 1998]
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(@) log(+/3 ++/2) (b) log(v/3 +1) (c) log(2++/3) (d) None of these

Solution: (c)  sec h’l(%] =cosh}(2) = log(2 + V22 —2) = log(2 +/3) .

Example: 18  sinh1(2%'?) is [EAMCET 2003]
(a) log(2++18) (b) log(3++/8) (©) log(3—+8) (d) log(v/8 ++/27)

Solution: (b)  sinh™(2%/%) = log(2*'2 + /(22'2)2 +1) = log(3+ V8) .
Example: 19 If tan ‘(o +if)=x+iy, then x =

(a) %tan ‘l[l_;—a_ﬂzJ (b) %tan ‘1[“;—0:’82] (c) tan ‘I[L;—aﬂz] (d) None of these
Solution: (a) tan ‘(a+if)=x+iy

tan Y(a—if)=x —iy

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

Coxettnt 20l _arifrecip Lo —220’ :
l-a®-p

2 1-a2-p% 2 1-(@+if)a-if) 2
Example: 20 If f% <X <% , then the value of logsec x is
(a) 2c0th’1(cosec 2 %—1) (b) 2coth ’{cosec 2 %+1] (c) 2cosech 'l[cotz %—1) (d) 2cosech ’{cotz %+1j

1 ey/2

Solution: (a) Let logsecx=y; ..——=—75
cosx e’

. l1+cosx eV/24e7V/2 X
By componendo and Dividendo rule, hi = ki = cot? X|=coth | L
_ yl2 -y/l2
l-cosx e’'“—e 2 2

=y =200th’1[coseczg—lj .

Example: 21 The value of cosh *(secx) is

(a) Iog(1+smxj (b Iog(lfsmxj © log(lfcosxj @ Iog(17-005 xj
€0S X COS X sinx sin x
Solution: (a) Here cosh *(sec x) = log(sec x +vsec? x —1) = log(sec x +tan x) = Iog(%} .
Example: 22 2sinh1(9) is equal to
(a) sinh(20v1+6%) (b) sinh ' (260y1-6?) (c) sinh 2 (OV1+67) (d) None of these

Solution: (a) We know that, 2sin™ x =sin}(2xv1-x?2)
Putting the value of x =i6

2sin71(i0) = sin "1 (2i04/1 - i26?)
2isinh () = sin 1 (2i0/1+62) or 2isinh (@) =isinh TOV1+62) (- sin"i(ix)=isinh 1 x)
= 2sinh1(9) =sinh (201 + 62).

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

Vv1-x?2
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(a) tanhtx (b) coth™x (c) sinh?(2x) (d) cosh*(2x)

X tanhy .

Solution: (a) Let x=tanhy, then sinhy
1_x2 sechy

J— sinh*(sinhy) = y =tanh (x).

. sinh™ X
V1-x?

Example: 24 If cosacosh =1, then g is equal to

(@) Iogsec[%) (b) logtan (c) log(sec @ + tan @) (d) Iogsin(%}

Solution: (c) cosa.cosh f=1 = cosh 8 =sec a = 8 =cosh }(secar)= log(sec o +vsec? @ —1) = log(sec & +tan )
Example: 25 sinh !(sinh ™ 6) is equal to

(a) io (b) 6 (c) -io (d) ~+io
Solution: (b) sinh*(sinh ™ @) = —isin(isinh™ @) = —isin[i(-isin*(i0)] = —sin[sin(i0)] = —iig=-i%6=06.
Example: 26 If sinh™ x =cosech 'y ,then the correct statement is

(@ x=y (b) xy=-1 () xy=1 (d) x+y=0

Solution: (c) Given that, sinh™ x = cosech 'y or sinh™ x = sinh’l(ij or x =sinh {sinhl[éj} or x=% = xy =1.
y y

Example: 27 Find real part of tan*(1+i)

(a) —%tan’l (2) (b) %tan’l(Z) (© f%tan*[%j (d) o
Solution: (a) Real part = ltan a2 _ —ltan 1.
2 1-1-1 2

Example: 28 Find real part of cosh (1)
(a) -1 (b) 1 (c) o (d) None of these

Solution: (c) We know that cosh ™ x = Iog(x +x? —1)

. cosh’1(1)=log(1+\/12—lj= log1=0.

Example: 29 Find imaginary part of sin{%&gl]

(a) log2 (b) —log2 (c) o (d) None of these
(57 9 [o [ o
Solution: (b sint ==~ - ||=—log|,|— +./1+— |=—log(2).
() [ (16 16]} g{ 16 16 92
Example: 30 Find real part of cos ™ [§+%}
(@) % (b) % ©) log[ﬁz_lJ (d) None of these

Solution: (b) - Expression cos *(cos @ +ising)=sin /sin@ —ilog(v/sin@ + 1 +sin@)

Where 6 :%
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g cos{§+%}: sin”? \/%fi Iog[\/gﬂ/lJr%] =%i|og[l+2‘/§J = %+ilog[‘/§2_l]

Real part = % Imaginary part = Iog[‘/i_lj .
Example: 31 Find imaginary part of sin™*(cosec )
(a) Iog[cot %] (b) % (o) %Iog(cot %J (d) None of these

Solution: (a) Let sin™(cosec )= x +iy
", cosec @ =sin(x +1iy) = sin x cosh y +icos x sinhy
By comparing we get, sinx coshy =cosecé ...... (i) and cosxsinhy=0 ......... (ii)

From (ii), cosx=0 = x :%
- from (i) sin%.cosh y = cosec & or y = cosh *(cosec §) = log[cosec 4]
2
= y = log[cosec O + cot 8] = Iog(cot Ej
164 . sin"*(cosec 8) = % +i Iog(cot gj

Real part = % Imaginary part = log [cot gj 5 “

*k*%

ﬂssignment

( Formulae and Transformation of Hyperbolic Functions O

Basic Level

1. The value of cosh 2x is [Rajasthan PET 1985, 86, 88, 90,
2002]
(a) cosh?x —sinh? x (b) 1+2cosh?x (¢) 1+2sinh?x (d) None of these

2. sinh3z equals [Rajasthan PET 1990, 92]
() 3sinhz-4sinh3z (b) 4sinh®z —3sinhz (c) 3sinhz+4sinh®z (d) None of these

3. Which of the following statement is true [Rajasthan PET 1988, 94]
(a) sinh?x —cosh?x =1 (b) sinh?x +cosh?x =1 (c) sech®x —tanh?x =1 (d) coth?x —cosech 2x =1

4. tan(x +y) equals [Rajasthan PET 1990, 91,

92]



10.

11.

12.

13.

14.

15.

tanh x + tanh y

a _—
@ 1-—tanh xtanhy

(b)

sinh?x equals

(a) cosh2x -1

Which of the following functions is not defined at x =0

(a) tanhx (b) cosech x

The value of (cosh @ +sinh®)" is

(a) enH (b) e—nB

20 _4

The value of ezg is
e’ +1

(a) coth @ (b) coth 26
1+tanh @) .
T e is equal to

(a) el (b) e

1+ tanh x

————— isequal to
1-tanh x

(a) er (b) e—Zx

If coshz =secd, then sinhz equals

(a) cosecéd (b) cot@

If cosec @ = coth x, then the value of tan@ is

(a) coshx (b) sinhx

If coshy =sec x , then the value of tanh 2[ >

2| X
(a) tan [Zj

b) cot?X
(b) 5

u = log tan(% +%J ,then the value of tanh % is

X X
cot — b) —cot—
() 2 (b) >

If tan(%j coth(%j =1, then the value of cos xcosh x is

(a) 1 (b) -1

tanh x + tanhy
1+tanh xtanhy

(b) cosh?x +1

(c)

(9]

(c)

(9]

()

(c)

()

(9]

(9]

()

(9]

(9]

tanh x —tanhy

1-—tanh xtanhy

l(cosh 2x —1)
2
sinx

ing

tanh 6

tan —

tanh x

—tan —

cos? x

Hyperbolic Functions 165

(d)

(d)

(d)

(d)

(d)

tanh x —tanh 'y
1+tanh xtanhy

[Rajasthan PET 1991]

%(cosh 2x +1)

sechx

—in@

tanh 26

(@ -1

(d -1

(d)

(d)

(d)

(d)

(d)

tan @

cosech x

X
cos? =
2

[Rajasthan PET 1997]

tan —

sinh? x
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cosech X
16. —————— equals
+cosech 2x +1
(a) tanhx (b) cothx (c) sechx (d) coshx
Advance Level )
17. If f(x)=coshx +sinhx and f(p)= f(x).f(y), then the value of p is
(a) xy (b) x-y (c) x+y (d) None of these
18. If f(x)=coshx —sinhx, then f(x; +X, +..... +X,) is equal to
(@) f(xy).-f(xz)eomen f(x,) (b) f(xy)+ f(xy)+ ... +f(x,) () o (1
19. If sinxcoshy =cos@ and cos xsinhy =siné, then sinh?y equals
(a) sin?x (b) cosh?x (c) cos?x (d 1
sin 26
20. If tand =tanh xcoty and tan¢ =tanh xtany, then — equals
cosh 2x +cos 2 cosh 2x —cos 2
(a) SSh2x+cos2y (by ZNEXZY
cosh 2x —cos 2y cosh 2x + cos 2y
M (d) None of these
cos 2x — cosh 2y
Relation between Hyperbolic and Circular Functions()
Basic Level
m) .
21. The value of cosech (Ej is
(a) -2 (b) 2 (o) -2i (@ 2i
22, sinh(x +§j equals
(a) icosh x (b) —icosh x (c) cosx (d) —cos x
23. tanh(”—')fcoth(”—lj is equal to
4 4
(@) o (b) 2 (© V2 (d) None of these
24. cos(i’x) equals [Rajasthan PET 1989]

(a) icosh x (b) —icosh x (c) coshx

(d) —cosh x



Hyperbolic Functions 167

25. If sin(x +iy) = A+iB, then A equals
(a) sinhxcosy (b) sinxcoshy (c) cosxsinhy (d) cosh xsiny
26. The imaginary part of sin’(x +iy) is
1 1 1. . 1. .
(a) Ecosh 2X €os 2y (b) Ecos 2x cosh 2y (c) Esmh 2xsin 2y (d) Esm 2x sinh 2y
27. Imaginary part of cosh(a +iB8)— cosh(a —if)= [Rajasthan PET 2000]
(a) 2sinhasinh g (b) 2sinhasing (c) coshacos (d) 2cosacosh s
28. Real part of cosh(a +ip) is [Rajasthan PET 1995]
(a) coshacos g (b) cos acos S (c) cosacosh g (d) sinasinh g
29. The value of sinh(x + 2zni) is
e¥+e7™* e¥ —e™* eX —e™* e¥+e™*
a) ——— b) ———— c) ———— d) ——
() 5 (b) 5 © T (@) T
30. sin?(ix)+cosh? x is equal to
(a) 1 (b) -1 (c) 2cosh?x (d) cosh 2x
. nx\ .
31. The period of th[Tj is
(a) zi (b) And ©) nzi (d) ri
n n 4
32. The period of e’ is
(a) 2n (b) = (c) 2x (d) zi
33. The period of cosh(4x) is
(a) 2zi (b) i (© ”7' (d) 2r
_Advance Level
34. If tan(@+ig) = sin(x +iy), then the value of cothysinh2¢ is
(a) tanx.cot 20 (b) tan xsin26 (c) cot xsin26 (d) None of these
35. If cos(e+iB) = p(cosy +isiny) ,then value of tany is
—tanh atan g
(a) tanhatan g (b)) ———— (c) —cotacoth g (d) -tanatanh g
P
Inverse Hyperbolic Functions O
Basic Level
36. sinhtx= [Rajasthan PET 1987, 93, 96,

2000]
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37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

(a) log(x +v1-x?2)

cosh ™t x =
2002]

(a) log(x ++x%+1)

tanht x =
92, 99]

(a) %Iog(x +1j

x-1
The value of sinh~'(1) is
(a) o

coth™ x equals

1 1+x
@) 5'°g[m]

cosech 'x equals

[1+W}

(a) log

The value of ZCoth’l(%j is

e

sech™(sinx) equals

X
| t—
(a) logco >

(b)

(b)

(b)

(b)

(b)

(b)

(b)

(b)

log(x +Vx2 +1)
log(x —vVx? +1)

Liogf X2
2 g X+1

Iog(\/E +1)

L jog( 222
2 9 Z+1

X
log tan —
g 2

If cosech *(1)=x +iy, then the value of y is

(a) 1
The value of tanh *(27') is
(a) log 2

(c) log \/§

(b) o

If log(2 ++/3)=cosh* K then K equals

(a) 1
—itan(ix) equals

(a) tanhx

(b) o

(b)

—tanh 1 x

()

(9]

(c)

()

(9]

(9]

(9]

()

(c)

log(x +4/x% 1)
log(x —vx% 1)

L (—1_)(
2 g 1+x

log(1 - J2 )

log cot x

log(1 +/2)

(b) log 27!

(d) None of these

(9]

(9]

tanh 7 (ix)

(d) None of these

[Rajasthan PET 1988, 90, 92,

(d) log(x +/x?-1)

[Rajasthan PET 1988, 91,
1 1+x

d) =lo

(@ g 172

[Rajasthan PET 1989]
(d) None of these

[Rajasthan PET 1990]

(d) None of these

[Rajasthan PET 1991]

[ 2
(@ Iog(#]
Z-2
(@ - Iog(z + 2)

(d) None of these

[Rajasthan PET 1986]

(@ -1

(d) None of these

(d) None of these



48.

49.

50.

51.

52.

53.

54.

55.

56.

2tanl[i] is equal to

(a) cosh ‘{%) (b) cosh*(V/3)

If tanh x = % , then the value of x is
() V7 (b) -7

tanh‘l(l] tanh‘ltlj is equal to
2 3
(5 a7
tanh | = b) tanh | —
(a) tan (7) (b) tan [5}

sinh’{%j is equal to
(a) tanh 1(/5) (b) tanh ‘{%J

log tan[% +§j is equal to

(a) tanh ’{tan gj (b) tanh ’{tanh gj

If sin(A+iB)=x +iy, then % equals

tan x

a
@ tanh 'y

tanh x

© tanh 'y

()

()

(9]

(c)

(9]

(b)

(d)

cosh 1(3)

log J7

tanh ’{lj
6

Hyperbolic Functions 169

(d) cosh{ﬁiﬂ

(d) —log+7

a5
(d) tanh (6)

_ 2
tanh (+/3) (d) tanh7Y =
J5
2 tanh ’1(tan gj (d) 2tan '{tanh f]
2 2
[Rajasthan PET 1987]
tanh x
tany
COS X
coshy

Advance Level )

The general value of cosh™ x is

(a) 2ari+log(x +vx2 +1) (b) 2zri+log(x +vx? —1)

If x= Iog{£+ /iz+lj , then y is equal to
y y

(a) tanh x (b) cosh x

The imaginary part of tan™(cos @ +isiné) is

(a) tanh *(sin®) (b) tanh ()

(9]

(9]

()

i+ () log(x +vVx2 +1) (d) 2ari+ (1) log(x +Vx2 —1)

sinh x

(d) cosechx

%tanh “(sing) (d) None of these



170 Hyperbolic Functions
57. If cosh™(p+ig)=u+iv, then the equation with roots cos®u and cosh?v

(@) x2-x(p?+q®)+p?=0 (b) x2—x(P?+q®>+D)+1=0 (c) x®>+x(p?+q>+1)+1=0 (d) x*—x(p’>+q°+1)+p>=0

58. The value of log tan(% + %j is

(a) itan(sinhx) (b) —itan(sinh x) (c) itan(cosh x) (d) None of these

*%k%*

170
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(Hyperbolic Functions Assignment (Basic & Advance Level)()
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