
Inverse Hyperbolic Functions. 
 

If ,sinh xy   then y is called the inverse hyperbolic sine of x and it is written as xy 1sinh . 

Similarly xxxco 111 tanh,cosh,sech   etc. can be defined. 

(1) Domain and range of Inverse hyperbolic function 

Function Domain Range 

x1sinh  R R 

x1cosh   [1, ) R 

x1tanh   )1,1(  R 

x1coth   R – [–1, 1] 0R  

x1hsec   (0, 1] R 

x1cosech   0R  0R  

 

 

 

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

Method: Let yx 1sinh  

 yx sinh = )sin(iyi  )sin(iyix   )(sin 1 ixiy   

 )(sin 1 ixiy   )(sinsinh 11 ixix    

 
Therefore we get the following relations 

(i) )(sinsinh 11 ixix      

(ii) xix 11 coscosh      

(iii) )(tantanh 11 ixix    

(iv) xix 11 sechsec      
(v) )(cosecosech 1–1 ixixc   

 
(3) To express any one inverse hyperbolic function in terms of the other inverse 
hyperbolic functions 
To express x1sinh  in terms of the others 



(i) Let yx 1sinh  yx sinh 
x

y
1

cosech   





 

x
coy

1
sec 1  

(ii)  22 1sinh1cosh xyy   

 21 1cosh xy    211 1coshsinh xx    

(iii) 
y

y

y

y
y

2sinh1

sinh

cosh

sinh
tanh


  = 

21 x

x


 


2

1

1
tanh

x

x
y


  

2

11

1
tanhsinh

x

x
x


   

(iv) 
x

x

y

y
y

22 1

sinh

sinh1
coth





  


x

x
y

2
1 1

coth


   
x

x
x

2
11 1

cothsinh


   

 

(v) 
22 1

1

sinh1

1

cosh

1
hsec

xyy
y





  

 

2

1

1

1
hsec

x
y


  

2

11

1

1
hsecsinh

x
x


   

(vi) Also, 
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From the above, it is clear that 
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Note:  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 yx 1sinh  
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But ye y  ,0  and 12  xx  

  xe y 12 x  )1log( 2  xxy  

 )1log(sinh 21  xxx  

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

(i) )1log(sinh 21  xxx   )(  x   

 

(ii) )1log(cosh 21  xxx   )1( x  
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Note:  Formulae for values of   xx –1–1 hsec,cosech  and x1coth   may be obtained by replacing x by 
x

1
 

in the values of xx 11 cosh,sinh   and x1tanh   respectively. 

 


