
 

 

 

EJUA-BA Vol. 3 No. 3 (2022) 

https://doi.org/10.47372/ejua-ba.2022.3.177 

ISSN: 2708-0684 

 

 EJUA-BA 124 | سبتمبر 2022
 

Electronic Journal of University of Aden for Basic and Applied Sciences 

RESEARCH ARTICLE 

SOME POLYNOMIAL INEQUALITIES IN THE COMPLEX DOMAIN 

WITH PRESCRIBED ZEROS 

Adeeb Tawfik Hasson Al-Saeedi1,* and Dhekra Mohammed Mohsen Algawi1 

1 Department of Mathematics, Faculty of Education - Aden, University of Aden, Yemen 

*Corresponding author: Adeeb Tawfik Hasson Al-Saeedi; E-mail: saeediadeeb@gmail.com 

Received: 15 May 2022 / Accepted: 12 September 2022 / Published online: 30 September 2022 

Abstract 

In this paper certain polynomial inequalities with restricted zeros are given, which generalize and refine some 

well-known polynomial inequalities due to Ankeny and Rivlin, Dewan, Singh and Mir, Mir, Wani and 

Hussain and others. 
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1. Introduction. 

𝐿𝑒𝑡 𝑃(𝑧) 𝑏𝑒 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒 𝑛  , 𝑀(𝑃, 𝑅)

= max
|𝑧|=𝑅>0

|𝑃(𝑧)|. 

Then it is well known that    

𝑀(𝑃, 𝑅) ≤ 𝑅𝑛 𝑀(𝑃, 1)          𝑓𝑜𝑟       𝑅 ≥ 1              (1.1) 

And 

𝑀(𝑃, 𝑟) ≥ 𝑟𝑛 𝑀(𝑃, 1)          𝑓𝑜𝑟   0 < 𝑟 ≤ 1            (1.2) 

Inequality (1.1) is a simple deduction from Maximum 

Modulus Principle (see [1]), whereas inequality (1.2) is 

due to [2]. Both the above inequalities are sharp and an 

equality in each holds for the polynomials having all their 

zeros at the origin. 

For polynomials not vanishing in |𝑧|

< 1 , the above inequalities have been 

replaced by [3] and [4] repectivly   

𝑀(𝑃, 𝑅) ≤ (
𝑅𝑛 + 1

2
) 𝑀(𝑃, 1)       𝑓𝑜𝑟   𝑅 ≥ 1         (1.3) 

And 

𝑀(𝑃, 𝑟) ≥ ( 
𝑟 + 1

2
 )

𝑛

𝑀(𝑃, 1)     𝑓𝑜𝑟  0 < 𝑟 ≤ 1    (1.4) 

As generalization of (1.4), Govil [5] proved that 

𝑖𝑓 𝑃(𝑧) ℎ𝑎𝑠 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| < 1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟 0 < 𝑟 ≤ 𝑅 ≤ 1  

𝑀(𝑃, 𝑟) ≥ ( 
1 + 𝑟

1 + 𝑅
 )

𝑛

  𝑀(𝑃, 𝑅)                                  (1.5) 

Aziz and Dawood [6] further improved inequality (1.3) 

under the same hypothesis and Proved that  

𝑀(𝑃, 𝑅) ≤ (
𝑅𝑛 + 1

2
) 𝑀(𝑃, 1) 

                  − (
𝑅𝑛−1

2
) min

|𝑧|=1
|𝑃(𝑧)|        𝑓𝑜𝑟  𝑅 ≥ 1     (1.6) 

As an extension of (1.6) Dewan et al. [7] proved that 

 if 𝑃(𝑧) is a polynomial of 

 degree n having no zeros  in |𝑧| < 1 , then for  𝑅 ≥ 1 

𝑀(𝑃, 𝑅) ≤ (
𝑅𝑛+1 

2
) 𝑀(𝑃, 1) − (

𝑅𝑛−1 

2
) min

|𝑧|=1
|𝑃(𝑧)| −

2

𝑛+1
{

𝑅𝑛−1

𝑛
− (𝑅 − 1)} |𝑃ʹ(0)|  

− {
(𝑅𝑛−1)−𝑛(𝑅−1)

𝑛(𝑛−1)
−  

 (𝑅𝑛−2−1)−(𝑛−2)(𝑅−1)   

(𝑛−2)(𝑛−3)
 } |𝑃ʹʹ(0)| ,  

provided   𝑛 > 3               (1.7) 

   𝑎𝑛𝑑 

𝑀(𝑃, 𝑅) ≤ (
𝑅𝑛+1 

2
) 𝑀(𝑃, 1) − (

𝑅𝑛−1 

2
) min

|𝑧|=1
|𝑃(𝑧)|   

−
2

𝑛+1
{

𝑅𝑛−1

𝑛
− (𝑅 − 1)} |𝑃ʹ(0)|  

−
(𝑅−1)𝑛

𝑛(𝑛−1)
|𝑃ʹʹ(0)| , provided   𝑛 = 3  (1.8)  

Recently, Govil 𝑒𝑙 𝑎𝑡. [8] generalized inequality (1.5)  

under the same hypothesis and Proved that    

   𝑀(𝑃, 𝑟) ≥ ( 
1+𝑟

1+𝑅
 )

𝑛
  [𝑀(𝑃, 𝑅) + 𝑛 min

|𝑧|=1
|𝑃(𝑧)| ln (

1+𝑅

1+𝑟
 )] ,  

𝑓𝑜𝑟   0 < 𝑟 < 𝑅 ≤ 1            (1.9)  
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In this paper we prove the following generalization of 

(1.3), (1.7) (1.8) and (1.9). 

2. Main Results. 

Theorem 2.1. If 𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣 , 1 ≤ 𝜇 <n
v=μ

𝑛, 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒   

𝑛 ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠  𝑖𝑛 |𝑧| < 𝑘,   𝑘 ≥ 1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟 𝑅

≥ 1 𝑎𝑛𝑑  every positive   

integer s , 

{𝑀(𝑃, 𝑅)}𝑠

≤ [
(𝑅𝑛𝑠 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑅𝑛𝑠𝑘𝜇+1 + 𝑘2𝜇)

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ] {𝑀(𝑃, 1)}𝑠  

(2.1) 

On taking  𝑠 = 1 , 𝑡ℎ𝑒 𝑎𝑏𝑜𝑣𝑒 𝑡ℎ𝑒𝑜𝑟𝑒𝑚 𝑟𝑒𝑑𝑢𝑐𝑒𝑠 𝑡𝑜 

Corollary 2.1. 𝐼𝑓 𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣 , 1 ≤ 𝜇 <n
v=μ

𝑛, is a polynomial of degree 

𝑛 ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜 𝑖𝑛 |𝑧| < 𝑘,   𝑘 ≥ 1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟  𝑅

≥ 1  

𝑀(𝑃, 𝑅)

≤ [
(𝑅𝑛 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑅𝑛𝑘𝜇+1 + 𝑘2𝜇)

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ] 𝑀(𝑃, 1) 

                 (2.2) 

Taking  µ = 1, 𝑖𝑛 𝑇ℎ𝑒𝑜𝑟𝑒𝑚 2.1, we get  

Corollary 2.2. 𝐼𝑓𝑃(𝑧) = ∑ 𝑎𝑣𝑧𝑣𝑛
𝑣=𝑜  𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙  

𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒  𝑛  ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| < 𝑘, 𝑘 ≥

1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟  𝑅 ≥ 1 𝑎𝑛𝑑   every positive integer s ,   

{𝑀(𝑃, 𝑅)}𝑠

≤ [
(𝑅𝑛𝑠 + 𝑘2)𝑛|𝑎0| + |𝑎1| 𝑘2(𝑅𝑛𝑠 + 1)

(1 + 𝑘2)𝑛|𝑎0| + 2𝑘2|𝑎1|
 ] {𝑀(𝑃, 1)}𝑠  

             (2.3) 

𝑆𝑒𝑡𝑡𝑖𝑛𝑔 𝑘 = 1, 𝑖𝑛  𝐶𝑜𝑟𝑎𝑙𝑙𝑎𝑟𝑦  2.2  , gives  

𝑪𝒐𝒓𝒐𝒍𝒍𝒂𝒓𝒚 𝟐. 𝟑. 𝐼𝑓 𝑃(𝑧) 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒  

𝑛  ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| < 1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟 𝑅

≥ 1  𝑎𝑛𝑑   every positive integer   s ,  

{𝑀(𝑃, 𝑅)}𝑠 ≤ [ 
𝑅𝑛𝑠 + 1

2
] {𝑀(𝑃, 1)}𝑠                                (2.4) 

Remark 2.1. 𝐹𝑜𝑟 𝑠 = 1 in inequality (2.4) reduces to 

inequality (1.3). 

𝑬𝒙𝒂𝒎𝒑𝒍𝒆 𝟐. 𝟏. 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑃(𝑧) =

1000 + 𝑧2 − 𝑧3 − 𝑧4. 𝐶𝑙𝑒𝑎𝑟𝑙𝑦,  

 ℎ𝑒𝑟𝑒  𝜇 = 2  𝑎𝑛𝑑 𝑛 =

4. 𝑆𝑖𝑛𝑐𝑒 𝑤𝑒 𝑓𝑜𝑢𝑛𝑑 𝑛𝑢𝑚𝑒𝑟𝑖𝑐𝑎𝑙𝑙𝑦 𝑓𝑜𝑟 |𝑧| <

5.43003  𝑎𝑛𝑑  

𝑡ℎ𝑢𝑠 𝑤𝑒 𝑡𝑎𝑘𝑒 𝑘 = 5.4 . 𝐼𝑓 𝑤𝑒 𝑡𝑎𝑘𝑒 𝑠 = 2, 𝑅 =

3 𝑎𝑛𝑑   𝑀(𝑃, 1) = 1003.   

 𝑈𝑠𝑖𝑛𝑔 𝑇ℎ𝑒𝑜𝑟𝑒𝑚 2.1, 

{𝑀(𝑃, 𝑅)}𝑠  ≤ 45788667.52 

Theorem 2.2. 𝐼𝑓 P(z) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣 , 1 ≤ 𝜇 ≤n
v=μ

𝑛, is a polynomial of degree  

𝑛 ≥ 3  ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| < 𝑘 , 𝑘

≥ 1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟  𝑅 ≥ 1 

𝑀(𝑃, 𝑅)

≤ [
𝑅𝑛 (𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1) + (𝑛|𝑎0|𝑘𝜇+1 + 𝜇|𝑎𝜇|𝑘2𝜇)

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
] 𝑀(𝑃, 1) 

−
(𝑅𝑛 − 1)

𝑘𝑛  [
𝑛|𝑎0| 𝑘𝜇+1 + 𝜇|𝑎𝜇| 𝑘2𝜇

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ] min

|𝑧|=𝑘
|𝑃(𝑧)|  

−
2 |𝑎1|

(𝑛 + 1)
{ 

𝑅𝑛 − 1

𝑛
− (𝑅 − 1)}  

– |𝑎2|  {
(𝑅𝑛 − 1) − 𝑛(𝑅 − 1)

𝑛(𝑛 − 1)

−
 (𝑅𝑛−2 − 1) − (𝑛 − 2)(𝑅 − 1)   

(𝑛 − 2)(𝑛 − 3)
} , provided   𝑛 > 3  (2.5) 

  𝑎𝑛𝑑   

𝑀(𝑃, 𝑅)

≤ [
𝑅𝑛 (𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1) + (𝑛|𝑎0|𝑘𝜇+1 + 𝜇|𝑎𝜇|𝑘2𝜇)

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
] 𝑀(𝑃, 1) 

−
(𝑅𝑛 − 1)

𝑘𝑛  [
𝑛|𝑎0| 𝑘𝜇+1 + 𝜇|𝑎𝜇| 𝑘2𝜇

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ] min

|𝑧|=𝑘
|𝑃(𝑧)|  

−
2 |𝑎1|

(𝑛 + 1)
   { 

𝑅𝑛 − 1

𝑛
− (𝑅 − 1)}  

−|𝑎2|
(𝑅 − 1)𝑛

𝑛(𝑛 − 1)
 , provided    𝑛 = 3    (2.6) 

If we take µ = 1, 𝑖𝑛 𝑇ℎ𝑒𝑜𝑟𝑒𝑚 2.2, we get  

𝑪𝒐𝒓𝒂𝒍𝒍𝒂𝒓𝒚 𝟐. 𝟒. 𝐼𝑓𝑃(𝑧) =
∑ 𝑎𝑣𝑧𝑣𝑛

𝑣=𝑜 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒 𝑛 ≥

3 ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜  

𝑧𝑒𝑟𝑜𝑠 in |𝑧| < 𝑘, 𝑘 ≥ 1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟  𝑅 ≥ 1, 

𝑀(𝑃, 𝑅)

≤ [
𝑅𝑛 (𝑛|𝑎0| + |𝑎1|𝑘2) + (𝑛|𝑎0| + |𝑎1|)𝑘2

(1 + 𝑘2)𝑛|𝑎0| + 2|𝑎1|𝑘2 ] 𝑀(𝑃, 1) − 

(𝑅𝑛 − 1)

𝑘𝑛  [
(𝑛|𝑎0|  + |𝑎1|) 𝑘2

(1 + 𝑘2)𝑛|𝑎0| + 2 |𝑎1|𝑘2 ] min
|𝑧|=𝑘

|𝑃(𝑧)|  

−
2 |𝑎1|

(𝑛 + 1)
{ 

𝑅𝑛 − 1

𝑛
− (𝑅 − 1)}  − 

|𝑎2|  {
(𝑅𝑛 − 1) − 𝑛(𝑅 − 1)

𝑛(𝑛 − 1)

−
 (𝑅𝑛−2 − 1) − (𝑛 − 2)(𝑅 − 1)   

(𝑛 − 2)(𝑛 − 3)
} , provided   𝑛 > 3   

     (2.7) 

  𝑎𝑛𝑑 
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𝑀(𝑃, 𝑅)

≤ [
𝑅𝑛 (𝑛|𝑎0| + |𝑎1|𝑘2) + (𝑛|𝑎0| + |𝑎1|)𝑘2

(1 + 𝑘2)𝑛|𝑎0| + 2|𝑎1|𝑘2 ] 𝑀(𝑃, 1) − 

(𝑅𝑛 − 1)

𝑘𝑛  [
(𝑛|𝑎0|  + |𝑎1| )𝑘2

(1 + 𝑘2)𝑛|𝑎0| + 2 |𝑎1|𝑘2 ] min
|𝑧|=𝑘

|𝑃(𝑧)|  

−
2 |𝑎1|

(𝑛 + 1)
{ 

𝑅𝑛 − 1

𝑛
− (𝑅 − 1)}

− |𝑎2|
(𝑅 − 1)𝑛

𝑛(𝑛 − 1)
 , provided     𝑛

= 3    (2.8) 

Remark 2.2. 𝐹𝑜𝑟 𝑘 = 1 in inequalities (2.7), (2.8) 

reduces to inequalities (1.7), (1.8) respectively due to 

Dewan et al [7]. 

𝑻𝒉𝒆𝒐𝒓𝒆𝒎 𝟐. 𝟑. 𝐼𝑓 𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣 , 1 ≤ 𝜇 ≤n
v=μ

𝑛, 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒 𝑛 ℎ𝑎𝑣𝑖𝑛𝑔 𝑎𝑙𝑙 𝑖𝑡𝑠 𝑧𝑒𝑟𝑜𝑠  

𝑖𝑛 |𝑧| ≤ 𝑘 , 𝑘 ≤ 1 , 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟   1 ≤ 𝜆 < 𝜌  

𝑀(𝑃, 𝜌)  ≥

(
𝑘𝑛𝜌𝑛𝜆𝑛(1+𝜌𝜇 )

𝑛
𝜇⁄

𝑘𝑛𝜆𝑛( 1+𝜌𝜇)
𝑛

𝜇⁄ +𝜌𝑛( 𝑘𝜇+𝜆𝜇 )
𝑛

𝜇⁄ −𝜆𝑛(𝑘𝜇+𝜌𝜇 )
𝑛

𝜇⁄
) {

1

𝜆𝑛
𝑀(𝑃, 𝜆) +

1

𝑘𝑛 𝑚 ln (
𝜌𝜇(𝑘𝜇 +𝜆𝜇)

𝜆𝜇(𝑘𝜇+𝜌𝜇)
)

𝑛
𝜇⁄

 } ,   

𝑤ℎ𝑒𝑟𝑒  𝑚 = min
|𝑧|=𝑘

|𝑃(𝑧)|             (2.9)  

𝑇𝑎𝑘𝑖𝑛𝑔 𝜇 = 1 𝑖𝑛 𝑎𝑏𝑜𝑣𝑒 𝑇ℎ𝑒𝑜𝑟𝑒𝑚 , 𝑤𝑒 𝑔𝑒𝑡  

𝑪𝒐𝒓𝒐𝒍𝒍𝒂𝒓𝒚 𝟐. 𝟓. 𝐼𝑓 𝑃(𝑧) =
∑ 𝑎𝑣 𝑧𝑣𝑛

𝑣=0  𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒  𝑛  ℎ𝑎𝑣𝑖𝑛𝑔 𝑎𝑙𝑙

  

  𝑖𝑡𝑠  𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| ≤ 𝑘 , 𝑘 ≤ 1, 𝑡ℎ𝑒𝑛  𝑓𝑜𝑟   1 ≤ 𝜆 < 𝜌  

𝑀(𝑃, 𝜌)

≥ (
𝑘𝑛𝜌𝑛𝜆𝑛(1 + 𝜌 )𝑛

𝑘𝑛𝜆𝑛(1 + 𝜌 )𝑛+𝜌𝑛(𝑘 + 𝜆 )𝑛 − 𝜆𝑛(𝑘 + 𝜌 )𝑛
) {

1

𝜆𝑛
𝑀(𝑃, 𝜆)      

+
1

𝑘𝑛 𝑚 ln (
𝜌(𝑘 + 𝜆 )

𝜆(𝑘 + 𝜌)
)

𝑛

   }, 

where 𝑚 = min
|𝑧|=𝑘

|𝑃(𝑧)|                    (2.10) 

   We take λ=1 in inequality (2.9), we get 

𝑪𝒐𝒓𝒐𝒍𝒍𝒂𝒓𝒚 𝟐. 𝟔. 𝐼𝑓 𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣   , 1 ≤ 𝜇 ≤n
v=μ

𝑛, 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒   

 𝑛 ℎ𝑎𝑣𝑖𝑛𝑔 𝑎𝑙𝑙 𝑖𝑡𝑠 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| ≤ 𝑘 , 𝑘 ≤ 1, 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟   1

< 𝜌 

𝑀(𝑃, 𝜌)

≥ (
𝑘𝑛𝜌𝑛(1 + 𝜌𝜇 )

𝑛
𝜇⁄

𝑘𝑛( 1 + 𝜌𝜇)
𝑛

𝜇⁄ + 𝜌𝑛( 𝑘𝜇 + 1 )
𝑛

𝜇⁄ − (𝑘𝜇 + 𝜌𝜇  )
𝑛

𝜇⁄
) {𝑀(𝑃, 1)

+
1

𝑘𝑛 𝑚 ln (
𝜌𝜇(𝑘𝜇 + 1)

(𝑘𝜇 + 𝜌𝜇)
)

𝑛
𝜇⁄

},  

where 𝑚 = min
|𝑧|=𝑘

|𝑃(𝑧)|           (2.11) 

𝑇𝑎𝑘𝑖𝑛𝑔 𝑘 = 1 𝑖𝑛 𝑇ℎ𝑒𝑜𝑟𝑒𝑚 2.3 , 𝑤𝑒 𝑔𝑒𝑡  

𝑪𝒐𝒓𝒐𝒍𝒍𝒂𝒓𝒚 𝟐. 𝟕. 𝐼𝑓 𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣  , 1 ≤ 𝜇 ≤n
v=μ

𝑛, 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒   

  𝑛 ℎ𝑎𝑣𝑖𝑛𝑔 𝑎𝑙𝑙 𝑖𝑡𝑠 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| ≤ 1 , 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟   1 ≤ 𝜆 < 𝜌 

    𝑀(𝑃, 𝜌) ≥  ( (
1 + 𝜌𝜇

1 + 𝜆𝜇 )

𝑛
𝜇⁄

) {𝑀(𝑃, 𝜆)

+ 𝜆𝑛𝑚 ln (
𝜌𝜇(1 + 𝜆𝜇)

𝜆𝜇(1 + 𝜌𝜇)
)

𝑛
𝜇⁄

},    

where   𝑚 = min
|𝑧|=1

|𝑃(𝑧)|      (2.12) 

Setting  λ=1 in corollary 2.7, gives  

𝑪𝒐𝒓𝒐𝒍𝒍𝒂𝒓𝒚 𝟐. 𝟖. 𝐼𝑓 𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣 , 1 ≤ 𝜇 ≤n
v=μ

𝑛, 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙  𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒 𝑛  ℎ𝑎𝑣𝑖𝑛𝑔 𝑎𝑙𝑙 𝑖𝑡𝑠 𝑧𝑒𝑟𝑜𝑠  

 𝑖𝑛 |𝑧| ≤ 1 , 𝑡ℎ𝑒𝑛 𝑓𝑜𝑟   1 < 𝜌  

  𝑀(𝑃, 𝜌) ≥    ( (
1+𝜌𝜇

2
)

𝑛
𝜇⁄

) {𝑀(𝑃, 1) + 𝑚 ln (
2𝜌𝜇

(1+𝜌𝜇)
)

𝑛
𝜇⁄

 },  

where   𝑚 = min
|𝑧|=1

|𝑃(𝑧)|      (2.13)  

3. Lemmas. 

We need the following Lemmas. 

𝐋𝐞𝐦𝐦𝐚 𝟑. 𝟏. [9] 𝐼𝑓𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣 , 1 ≤ 𝜇 <n
v=μ

𝑛, 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒 𝑛  ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠   

𝑖𝑛 |𝑧| < 𝑘 , 𝑘 ≥ 1 , 𝑡ℎ𝑒𝑛   

max
|𝑧|=1

 | 𝑃ʹ(𝑧) | ≤

𝑛 (
𝑛|𝑎0|+𝜇|𝑎𝜇|𝑘𝜇+1

(1+𝑘𝜇+1)𝑛|𝑎0|+𝜇|𝑎𝜇|(𝑘𝜇+1+𝑘2𝜇)
) max

|𝑧|=1
|𝑃(𝑧)|   (3.1)  

𝐋𝐞𝐦𝐦𝐚𝟑. 𝟐. [10] 𝐼𝑓𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣 , 1 ≤ 𝜇 <n
v=μ

𝑛, 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒   

𝑛  ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜 𝑖𝑛 |𝑧| < 𝑘 , 𝑘 ≥ 1 , 𝑡ℎ𝑒𝑛  

max
|𝑧|=1

 | 𝑃ʹ(𝑧) |

≤ 𝑛 {
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
} max

|𝑧|=1
|𝑃(𝑧)| 

−
1

𝑘𝑛
{1

−
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
} min

|𝑧|=𝑘
|𝑃(𝑧)|  (3.2) 

𝐋𝐞𝐦𝐦𝐚𝟑. 𝟑. [11] 𝐼𝑓𝑃(𝑧) 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒 𝑛 , 

𝑡ℎ𝑒𝑛 𝑓𝑜𝑟   𝑅 ≥ 1   

𝑀(𝑃, 𝑅) ≤ 𝑅𝑛 𝑀(𝑃, 1) − 
2(𝑅𝑛 − 1)

(𝑛 + 2)
|𝑃(0)|

− [
𝑅𝑛 − 1

𝑛
−

𝑅𝑛−2 − 1

(𝑛 − 2)
] |𝑃ʹ(0)|,  

provided    𝑛 > 2   (3.3) 

  𝑎𝑛𝑑 
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𝑀(𝑃, 𝑅) ≤ 𝑅𝑛 𝑀(𝑃, 1)  

−
(𝑅 − 1)

2
[(𝑅 + 1)|𝑃(0)|

+ (𝑅 − 1)|𝑃ʹ(0)|] ,              

    provided    𝑛 = 2   (3.4) 

𝑳𝒆𝒎𝒎𝒂𝟑. 𝟒. [12] 𝐼𝑓 𝑃(𝑧) = 𝑎0 + ∑ 𝑎𝑣𝑧𝑣  , 1 ≤𝑛
𝑣=𝜇

𝜇 < 𝑛 , ℎ𝑎𝑣𝑖𝑛𝑔 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| < 𝑘,  

𝑘 ≥ 1 ,then  for   0< 𝑟 < 𝑅 ≤ 1   

    𝑀(𝑃, 𝑟)

≥
(1 + 𝑟𝜇 )

𝑛
𝜇⁄

( 1 + 𝑟𝜇)
𝑛

𝜇⁄ + ( 𝑅𝜇 + 𝑘𝜇  )
𝑛

𝜇⁄ − (𝑘𝜇 + 𝑟𝜇 )
𝑛

𝜇⁄
 { 𝑀(𝑃, 𝑅)       

+ 𝑚 ln (
𝑅𝜇  + 𝑘𝜇 

𝑟𝜇 + 𝑘𝜇 )

𝑛
𝜇⁄

  } , 𝑤ℎ𝑒𝑟𝑒   𝑚

= min
|𝑧|=𝑘

|𝑃(𝑧)|                         (3.5) 

4. proof of Theorems. 

𝐏𝐫𝐨𝐨𝐟 𝐨𝐟 𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟐. 𝟏. 

Since 𝑃(𝑧)  ℎ𝑎𝑠 𝑛𝑜 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| < 𝑘,   𝑘 ≥ 1. 𝑈𝑠𝑖𝑛𝑔   

Lemma 3.1, we have 

max
|𝑧|=1

 | 𝑃ʹ(𝑧) |

≤ 𝑛 [
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
] max

|𝑧|=1
|𝑃(𝑧)| 

     Appling inequality (1.1) to the polynomial 

𝑃ʹ(𝑧) 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒 (𝑛 − 1) ,     

𝑓𝑜𝑟  𝑅 ≥ 1 𝑎𝑛𝑑  0 ≤ 𝜃 < 2𝜋 , 

| 𝑃ʹ(𝑅𝑒𝑖𝜃) | ≤ max
|𝑧|=𝑅

 | 𝑃ʹ(𝑧) | ≤  𝑅𝑛−1  max
|𝑧|=1

 | 𝑃ʹ(𝑧) | 

≤  𝑅𝑛−1 [ 𝑛
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
] max

|𝑧|=1
|𝑃(𝑧)| 

(4.1) 

Now , 𝑓𝑜𝑟  𝑅 ≥ 1  𝑎𝑛𝑑  0 ≤ 𝜃 < 2𝜋 , 

|{𝑃(𝑅𝑒𝑖𝜃}𝑠 − {𝑃(𝑒𝑖𝜃}𝑠 | = |∫
 𝑑

𝑑𝑡
 {𝑃(𝑡𝑒𝑖𝜃}𝑠 

𝑅

1

|

≤ 𝑠 ∫ |𝑃(𝑡𝑒𝑖𝜃)|𝑠−1 |𝑃ʹ(𝑡𝑒𝑖𝜃)|𝑑𝑡
𝑅

1

 

    This implies that  

|𝑃(𝑅𝑒𝑖𝜃)|
𝑠

≤ |𝑃(𝑒𝑖𝜃)|
𝑠

+ {𝑀(𝑃, 1)}𝑠−1  ∫ 𝑠 𝑡𝑛𝑠−𝑛 |𝑃ʹ(𝑡𝑒𝑖𝜃)|𝑑𝑡
𝑅

1

 

Which clearly gives      

{𝑀(𝑃, 𝑅)}𝑠 ≤ {𝑀(𝑃, 1)}𝑠

+ {𝑀(𝑃, 1)}𝑠−1  ∫ 𝑠 𝑡𝑛𝑠−𝑛 |𝑃ʹ(𝑡𝑒𝑖𝜃)|𝑑𝑡
𝑅

1

 

On applying (4.1) and noting that  𝑅 ≥ 1 , 𝑤𝑒 𝑜𝑏𝑡𝑎𝑖𝑛       

{𝑀(𝑃, 𝑅)}𝑠

≤ {𝑀(𝑃, 1)}𝑠[1

+
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
∫ 𝑛𝑠𝑡𝑛𝑠−1𝑑𝑡]

𝑅

1

 

  Which implies  

{𝑀(𝑃, 𝑅)}𝑠

≤ [1

+
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 (𝑅𝑛𝑠

− 1)] {𝑀(𝑃, 1)}𝑠 

  The above is clearly equivalent to  

{𝑀(𝑃, 𝑅)}𝑠

≤ [
(𝑅𝑛𝑠 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑅𝑛𝑠𝑘𝜇+1 + 𝑘2𝜇)

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ] {𝑀(𝑃, 1)}𝑠  

𝑎𝑛𝑑 this completes the proof. 

𝐏𝐫𝐨𝐨𝐟 𝐨𝐟 𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟐. 𝟐. 𝑈𝑠𝑖𝑛𝑔 𝑖𝑛𝑒𝑞𝑢𝑎𝑙𝑖𝑡𝑦 (3.3) 𝑜𝑓 𝐿𝑒𝑚𝑚𝑎  

3.3 , 𝑤𝑒 ℎ𝑎𝑣𝑒  

 𝑓𝑜𝑟 𝑅 ≥ 1          

 𝑀(𝑃, 𝑅) ≤ 𝑅𝑛  𝑀(𝑃, 1) − 
2(𝑅𝑛 − 1)

(𝑛 + 2)
|𝑃(0)|

− [
𝑅𝑛 − 1

𝑛
−

𝑅𝑛−2 − 1

(𝑛 − 2)
] |𝑃ʹ(0)|,    

  𝑓𝑜𝑟 𝑛 > 2.    

  𝐹𝑜𝑟 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑃ʹ(𝑧) 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑜𝑓 𝑑𝑒𝑔𝑟𝑒𝑒  (𝑛 − 1)

> 2, 𝑓𝑜𝑟 𝑡 ≥ 1 

 max
|𝑧|=𝑡

|𝑃ʹ(𝑧)| ≤ 𝑡𝑛−1 max
|𝑧|=1

|𝑃ʹ(𝑧)|   −  
2(𝑡𝑛−1 − 1)

(𝑛 + 1)
|𝑎1|

− [
𝑡𝑛−1 − 1

(𝑛 − 1)
   −

𝑡𝑛−3 − 1

(𝑛 − 3)
] |𝑎2| 

(4.2) 

Now, using Lemma 3.2 in inequality (4.2) and Let  𝑚 =

min
|𝑧|=𝑘

|𝑃(𝑧)|, for 0  ≤ 𝜃 < 2𝜋   

𝑎𝑛𝑑 𝑅 ≥ 1 , 𝑤𝑒 𝑔𝑒𝑡 

|𝑃(𝑅𝑒𝑖𝜃) − 𝑃(𝑒𝑖𝜃)| ≤ ∫ |  𝑃ʹ(𝑡𝑒𝑖𝜃)  |
𝑅

1

 𝑑𝑡  

            

≤ [(
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
) 𝑀(𝑃, 1)

−
1

𝐾𝑛
{1

−
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
} 𝑚] ∫ 𝑛 𝑡𝑛−1𝑑𝑡

𝑅

1

− 
2

(𝑛 + 1)
|𝑎1| ∫ (𝑡𝑛−1 − 1)𝑑𝑡

𝑅

1

− |𝑎2| ∫ [
𝑡𝑛−1 − 1

(𝑛 − 1)
−

𝑡𝑛−3 − 1

(𝑛 − 3)
]

𝑅

1

  dt  
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         𝑀(𝑃, 𝑅)

≤ 𝑀(𝑃, 1)

+ { [
𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
] 𝑀(𝑃, 1)   

−
1

𝑘𝑛  [1 −
𝑛|𝑎0| 𝑘𝜇+1 + 𝜇|𝑎𝜇| 𝑘2𝜇

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ]  𝑚 } (𝑅𝑛

− 1)  

−
2 |𝑎1|

(𝑛 + 1)
{ 

𝑅𝑛 − 1

𝑛
− (𝑅 − 1)}  

−|𝑎2|  {
(𝑅𝑛 − 1) − 𝑛(𝑅 − 1)

𝑛(𝑛 − 1)

− 
 (𝑅𝑛−2 − 1) − (𝑛 − 2)(𝑅 − 1)   

(𝑛 − 2)(𝑛 − 3)
}   

𝑀(𝑃, 𝑅)

≤ [1 +
(𝑅𝑛 − 1)(𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1)

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
] 𝑀(𝑃, 1)  

−
(𝑅𝑛 − 1)

𝑘𝑛  [
𝑛|𝑎0| 𝑘𝜇+1 + 𝜇|𝑎𝜇| 𝑘2𝜇

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ]  𝑚    

−
2 |𝑎1|

(𝑛 + 1)
{ 

𝑅𝑛 − 1

𝑛
− (𝑅 − 1)}  

−|𝑎2|  { 
(𝑅𝑛 − 1) − 𝑛(𝑅 − 1)

𝑛(𝑛 − 1)

−
 (𝑅𝑛−2 − 1) − (𝑛 − 2)(𝑅 − 1)   

(𝑛 − 2)(𝑛 − 3)
 }   

Which is equivalent to 

𝑀(𝑃, 𝑅)

≤ [
𝑅𝑛 (𝑛|𝑎0| + 𝜇|𝑎𝜇|𝑘𝜇+1) + (𝑛|𝑎0|𝑘𝜇+1 + 𝜇|𝑎𝜇|𝑘2𝜇)

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
] 𝑀(𝑃, 1)

− 

(𝑅𝑛 − 1)

𝑘𝑛  [
𝑛|𝑎0| 𝑘𝜇+1 + 𝜇|𝑎𝜇| 𝑘2𝜇

(1 + 𝑘𝜇+1)𝑛|𝑎0| + 𝜇|𝑎𝜇|(𝑘𝜇+1 + 𝑘2𝜇)
 ] min

|𝑧|=𝑘
|𝑃(𝑧)|  

−
2 |𝑎1|

(𝑛 + 1)
{ 

𝑅𝑛 − 1

𝑛
− (𝑅 − 1)}  − 

|𝑎2|  {
(𝑅𝑛 − 1) − 𝑛(𝑅 − 1)

𝑛(𝑛 − 1)

−
 (𝑅𝑛−2 − 1) − (𝑛 − 2)(𝑅 − 1)   

(𝑛 − 2)(𝑛 − 3)
} , provided   n > 3. 

The inequality (2.6) follows on the same lines as that of 

inequality (2.5) but instead of using inequality (3.3) of 

Lemma 3.3, we use the inequality (3.4) of the same 

Lemma, and hence Theorem (2.2) is proved. 

𝐏𝐫𝐨𝐨𝐟 𝐨𝐟 𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟐. 𝟑.  

Since  𝑃(𝑧) ℎ𝑎𝑠 𝑎𝑙𝑙 𝑖𝑡𝑠 𝑧𝑒𝑟𝑜𝑠 𝑖𝑛 |𝑧| ≤ 𝑘 ,   𝑘 ≤ 1,     

 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒, 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 𝑞(𝑧) =

 𝑧𝑛 𝑃(1
𝑧⁄ ) 𝑎𝑙𝑠𝑜 has all its zeros in |𝑧| ≥

1

𝑘
 .  

On applying inequality (3.5) of Lemma 3.4 to the 

polynomial 𝑞(𝑧) , 𝑤𝑒 𝑜𝑏𝑡𝑎𝑖𝑛 

 max
|𝑧|=𝑟

|𝑞(𝑧)| ≥

(
(1+𝑟𝜇 )

𝑛
𝜇⁄

( 1+ 𝑟𝜇)
𝑛

𝜇⁄ +( 𝑅𝜇+1
𝑘𝜇⁄  )

𝑛
𝜇⁄ −(1

𝑘𝜇⁄ +𝑟𝜇 )
𝑛

𝜇⁄
 ) {  max

|𝑧|=𝑅
|𝑞(𝑧)| +

min
|𝑧|=1

𝑘⁄
|𝑞(𝑧)| ln (

𝑅𝜇 𝑘𝜇 +1

𝑟𝜇𝑘𝜇+1
)

𝑛
𝜇⁄

     }                          (4.3)  

Since 

  |𝑞(𝑧)| = |𝑧𝑛𝑃(1
𝑧⁄ )|,   max

|𝑧|=𝑟
|𝑞(𝑧)| = 𝑟𝑛  max 

|𝑧|=
1 
𝑟 

|𝑃(𝑧)|   𝑎𝑛𝑑  

min
  |𝑧|=1

𝑘⁄
|𝑞(𝑧)| =

1

𝑘𝑛 min
|𝑧|=𝑘

|𝑃(𝑧)|                              (4.4) 

Using (4.4) in (4.3), we get 

𝑟𝑛 max
|𝑧|=1

𝑟⁄
|𝑃(𝑧)| ≥ (

𝑘𝑛(𝑟𝜇+1 )
𝑛

𝜇⁄

𝑘𝑛(  𝑟𝜇+1)
𝑛

𝜇⁄ +( 𝑅𝜇𝑘𝜇+1 )
𝑛

𝜇⁄ −(𝑟𝜇𝑘𝜇+1 )
𝑛

𝜇⁄
 )  

{𝑅𝑛 max
|𝑧|=1

𝑅⁄
|𝑃(𝑧)| +

1

𝑘𝑛 min
|𝑧|=𝑘

|𝑃(𝑧)| ln (
𝑅𝜇 𝑘𝜇 +1

𝑟𝜇𝑘𝜇+1
)

𝑛
𝜇⁄

    }        (4.5)  

Replacing  𝑟 by 1 𝜌⁄     and   𝑅 by 1 𝜆⁄   , we obtain from 

(4.5)         

𝑀(𝑃, 𝜌) ≥

[
𝑘𝑛𝜌𝑛𝜆𝑛(1+𝜌𝜇 )

𝑛
𝜇⁄

𝑘𝑛𝜆𝑛( 1+𝜌𝜇)
𝑛

𝜇⁄ +𝜌𝑛( 𝑘𝜇+𝜆𝜇 )
𝑛

𝜇⁄ −𝜆𝑛(𝑘𝜇+𝜌𝜇 )
𝑛

𝜇⁄
 ] {

1

𝜆𝑛 𝑀(𝑃, 𝜆) +

1

𝑘𝑛 𝑚 ln (
𝜌𝜇(𝑘𝜇 +𝜆𝜇)

𝜆𝜇(𝑘𝜇+𝜌𝜇)
)

𝑛
𝜇⁄

   }  

and this completes proof of Theorem (2.3).   
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 مقالة بحثية 

 بعض المتباينات لمتعددة الحدود في النطاق المركب بأصفار محددة 

 1ذكرى محمد محسن الجاوي و *،1أديب توفيق حسن السعيدي

 اليمن ،ن، جامعة عدعدن -كلية التربية  ،قسم الرياضيات 1

 saeediadeeb@gmail.com الباحث الممثلّ: أديب توفيق حسن السعيدي؛ البريد الالكتروني:* 

 2022سبتمبر  30 / نشر في 2022سبتمبر   12  قبل في: /  2022  مايو 15 استلم في:

 المُلخّص 

نقدم بعض   المتباينات المعروفة لمتعددات  في هذا البحث  المقيدة ، والتي هي تعميم و تحسين لبعض  المتباينات لمتعددة الحدود مع الأصفار 

 الحدود لكل من أنكيني وريفلين ،ديوان ،سينغ ومير، مير،واني وحسين وآخرين. 

 . المتباينات، الأصفار المقيدة، متعددة الحدود، المقياس الأقصى :المفتاحيةالكلمات 

How to cite this article: 

A. T. H. Al-Saeedi and D. M. M. Algawi, “SOME POLYNOMIAL INEQUALITIES IN THE COMPLEX DOMAIN 

WITH PRESCRIBED ZEROS”, Electron. J. Univ. Aden Basic Appl. Sci., vol. 3, no. 3, pp. 124-129, Sept. 2022. DOI: 

https://doi.org/10.47372/ejua-ba.2022.3.177 

 

Copyright © 2022 by the Author(s). Licensee EJUA, Aden, Yemen. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY-NC 4.0) 

license. 

https://doi.org/10.47372/ejua-ba.2022.3.177

