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I. INTRODUCTION 
On the location of zeros of a polynomial with real coefficients Enestrom and Kakeya proved the following 

theorem named after them as the Enestrom - Kakeya Theorem [9,10] : 

Theorem A: all the zeros of a polynomial 
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The above theorem has been generalized in different ways by various authors [2-11]. 

Recently Gulzar et al  [7] proved the following result 

Theorem B: Let 
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Then all the zeros of P(z) lie in 
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II. MAIN RESULTS 
In this paper we prove the following generalization of Theorem B: 

Theorem 1: Let 
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ABSTRACT 
In this paper, restricting the coefficients of a polynomial to certain conditions, we locate a region 

containing all of its zeros. Our results generalize many known results in addition to some interesting 

results which can be obtained by choosing certain values of the parameters. 
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Then all the zeros of P(z) lie in 
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, where  R is any positive number and 
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Remark 1: For 
1

21
 kk

, Theorem 1 reduces to Theorem B. 

Taking  1
2
k  in Theorem 1, we get the following result: 

Corollary 1: Let 
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Taking  0   in Theorem 1, we get the following result: 

Corollary 2: Let 
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Similarly for other  values of the parameters in Theorem 1, we get many other interesting results. 
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III. LEMMAS 
For the proof of Theorem 2, we make use of the following lemmas: 

Lemma 1: Let f(z) (not identically zero)  be analytic for 0)0(,  fRz  and ,0)( 
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Lemma 1 is the famous Jensen’s Theorem (see page 208 of [1]). 

Lemma 2: Let f(z)  be analytic , 0)0( f  and Mzf )( for Rz  . Then the number of zeros of f(z) in 
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Lemma 2 is a simple deduction from Lemma 1.  

 

IV. PROOF OF THEOREM 1 
Consider the polynomial  

        )()1()( zPzzF    

                 







zaazaazaaza

azazazaz

n

nn

n

n

n

n

n

n

)()(......)(

)......)(1(

1

1

11

1

01

1

1
















 

                          
001

)(...... azaa        

                 ......)()()1(
1

211111

1






 n

nn

n

nn

n

n

n

n
zkzkzkza   

                             
0011

1

11
)(......)()( 















zzzk            

                                  ).......)(1(
1

1

2

2

1

11

















 zzzk

n

n

n

n
                          

                                 

})(......

)()......)(1()(

......)()1(){(

001

1

1

1

1

12

1

12

1

212212











































z

zzzkzk

zkzkzki

n

n

n

nn

n

n

n

nn

   

For 1z so that nj

z
j

,......,2,1,1
1

 , we have, by using the hypothesis      

  ......[)1()1()(
1

2111121






n

nn

n

nn

n

nnn
zkzkzkikzazF      

                      

)]......)(1(

............

)......)(1(

......

1

1

1

12

0011

1

12

1

21212

1

1

1

11

0011

1

11









































































zzk

zzzk

zkzkzzk

zzzk

n

n

n

nn

n

nn

n

n

 

               
2

321211

1121
[)1()1([

z

k

z

k
kkikzaz

nnnn

nnnnn

n 










  



Location of Zeros of Polynomials 

www.ijceronline.com                                        Open Access Journal                                          Page 13 

                        

)]......)(1(......

......)

......)(1(............

1

11

2

0

1

01

1

1

12212

121

1

1

1

0

1

011

1

11

























































































n

n

nn

nn

nn

nnn

n

nnnn

zz
k

zz

zz

k

z

k
k

z

z
k

zzzz

k

 

                 
3212111121

[)1()1([



nnnnnnnnn

n

kkkkikzaz   

                         

)]......)(1(......

......)

......)(1(............

112001

112212121

11001111

























n

nnnn

n

k

kkk

kk

 

                 
3212111121

{)1()1([



nnnnnnnnn

n

kkkkikzaz   

                             .....)(1(............
11001111


 n
kk 


 

                           

)}]......)(1(......

......)

112001

112212121

















n

nnnn

k

kkk

 

                    
3212111121

{)1()1([



nnnnnnnnn

n

kkkkikzaz 
 

                          )}]......)(1(......

)......)(1(......

11212212

1211111

















nnn

nnn

kMkk

kkLk

 

                   




n

j

jjnnnnn

n

kkikzaz

1

121
)()1({)1()1([




 

                              
}])1()1()()1(

21

1

2 



  


MLkkk
nn

n

j

jj  

                     
0

 
if

 

       




n

j

jj

n

j

jjnnnnn
kkkikza

1

2

1

121
)()1()()1({)1()1(




 

                                                                  
}])1()1(

21 
  MLkk

nn  
i.e.if

 

  







n

j

jj

n

j

jjnn

nn

nn
kk

aa

kik
z

1

2

1

1

21
)()1()()1([

1)1()1(






 

                                                                  
].)1()1(

21 
  MLkk

nn  
This shows that those zeros of F(z) whose modulus is greater than 1 lie in                      
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Since the zeros of F(z) whose modulus is less than or equal to 1  already satisfy the above inequality and since 

the zeros of P(z) are also the zeros of F(z) , it follows that all the zeros of P(z) lie in  
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That proves Theorem 1 completely. 
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