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Abstract: The expected number of maxima of the curve representing the algebraic polynomial of the form given below
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Here   1,2,................., 1ja j n  are independent standard random variables. This paper is an attempt to provide an asymptotic 

estimate for the expected number of maxima for non-zero mean 
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and variance
2 . The result shows a significant 

difference in mathematical behavior between our polynomial and the one which was previously studied.  
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1 Introduction 

Let us consider the random algebraic polynomial as: 
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Where  0,1,2,............ja j n is a sequence of 

independent normally distributed random variables with 

mean 0 and variance 1. Let ( , )EN    be the average 

number of maxima of ( )P x in the interval ( , )  . For 

the above polynomial first of all Das [1] obtained that the 

average number of maxima is asymptotic to 
 3 1

log
2

n



 

for n sufficiently large. Subsequently Farahmand [4] 

obtained for non-zero mean, the expected number of 

maxima is asymptotic to
 3 1

log
4

n



, when n is large. 

However little is known about random polynomials with 

non-identical coefficients. Motivated by their close relation 

with physics, reported by Edelman and Kostlan [2], we 

assume that the coefficients 
ja  have non-identical mean 
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and variance
2 . It is same as considering the 

polynomial of the form  
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For the above coefficients as standard normal random 

variables, Farahmand [3] has shown that the average 

number of maxima is asymptotic to 1n  . Again 

Farahmand [5] has shown that for sufficiently large n, the 

expected number of maxima which occurs below the x-axis 

is asymptotic to  1 . Therefore our paper emphasizes on 

the average number of maxima for the above polynomial

 Q x , when the coefficients are independently normally 

distributed with mean 

1
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and variance
2 , 

which is a mere generalization of the results of the above. 

Hence we have the following theorem.  

Theorem 1: If the coefficients of  Q x  in (2) are 

independently normally distributed random variables with 
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 and variance
2 , then for sufficiently 

large n, the mathematical expectation of the number of 

maxima of  Q x  satisfies, 
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2A Formula for the Expected Number of 

Maxima 

Let  
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Then by using the formula for the expected number of 

maxima given by Cramer &Leadbetter [P.242], the 

polynomial  Q t  can be written  

Let: 
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From (3) and    
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We have the following formula  
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Where  
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3Proof of the Theorem 

To find out the expected number of maxima, we divided the 

real line into two parts i.e.  
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Next for, 1- < x < 1, proceeding as in above for the case 

0 < x < 1- , we obtain: 
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2
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Where 

exponential part tends to be 1 as both 
1m  and 

2m  

equal to zero. 
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And 
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As
1m and 

2m both equals to zero 

So,  
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2

n 


      (47) 

Next for, -1 < x < -1+ , proceeding as in above for the 

case -1+ < x < 0, we obtain 
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At the end for the interval 1x  ,  

Let 
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x
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Where exponential part tends to be 1 as both 
1m and 

2m  

equal to zero.  
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                As both 
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Where (1-y) < 1 
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From (67) and (77) we obtain 
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Now using (24) and (27) we get,

http://www.naturalspublishing.com/Journals.asp


162       M. K. Pal, S. Bagh: The Expected Number of Maxima of … 

 

 

 

© 2015 NSP 

Natural Sciences Publishing Cor. 
 

   (0,1) 0,1 1 ,1EN EN EN      

       1 11 1
tan 1 tan 1

2 2
n n 



  
      

 
 

     1 11
tan 1 tan 1

2
n 



        

     1 11
tan 1 tan 1

2
n   

       
 

     1 11
2 tan 1 tan 1

2
n 



      

     1 11
2 tan 1 tan 1

2
n   

       
 

 

=      1 1 1 1
2 tan 1 tan 1

2 2
n



   
      

 
 

 

     1 12 1
2 tan 1 tan 1

2
n






 
 

       
 

 (79) 

Using (47) and (57) we obtain, 
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Lastly using (37) we obtain, 

     
1 1

1,
2 2 2

EN n n


      

 
1 2 1

2 2
n





 
  

 
 

  , 1EN    (81) 

References 

[1] M. Das, The average number of maxima of a random 

algebraic curve,Proc. Amer. Math. Soc. Vol.65 

(9),Page741 -753, (1969). 

[2] A.Edelman, and E. Kostlan, How many zeros of a 

random algebraic polynomial are real? Bull. Amer. 

Math. Soc.32, Page 1-37, (1995). 

[3] K. Farahmand, On algebraic polynomials, Proceedings, 

Amer. Math. Soc. Vol.127, Page 3339-3344, (1995). 

[4] K. Farahmand and P. Hannigan, The expected number 

of local maxima of a random algebraic polynomial, J. 

Theoretical. Prob., Vol.10 (4), Page 991-1002, (1997).   

[5] K. Farahmand, On algebraic polynomials with random, 

coefficients, Proc. Amer.Math.Soc. Vol.129(9), Page 

2763-2769, (2001).    

 

Manas Kumar Pal is an 

Associate Professor at the 

Institute of Management and 

Information Science, 

Bhubaneswar, Odisha, India. He 

holds his Master degree from 

Utkal University, M. Phil. and 

PhD from Sambalpur University. 

He has over 18 years of experience in teaching, 

research and consulting. His teaching interest includes 

quantitative methods, operation management, 

operation research, research methodology and 

marketing research. His published research is in the 

area of probability & statistics. He has published 

papers in both national and international referred 

journals.  

 

S. Bagh is at present Professor 

and Head of the Department of 

Statistics at Sambalpur 

University. He has been teaching 

P.G. classes since 1979 in 

Sambalpur    University. He has 

been Postdoctoral fellow in the 

University of Ulster, U.K. & 

Abo Akademy University, Finland. He has also visited 

Prague, Singapore & Istanbul, Turkey. Dr. Bagh has 

obtained his M. Scand PhD Degree in Statistics from 

Sambalpur University. He has to his credit several 

research publications in Probability Theory & its 

Applications .He is a member of a number of 

professional organizations. He is a reviewer of 

American Mathematical Society & a referee of a 

number of journals. He is a member of the Editorial 

Board of the journal: Research & Reviews: Journal of 

Statistics & the International Journal of Statistics & 

Analysis. 

 


