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Proposed by Daniel Sitaru – Romania 

Solution by proposer 

𝒙𝟖 + 𝟒𝒙𝟕 + 𝟐𝟐𝒙𝟔 + 𝟓𝟐𝒙𝟓 + 𝟔𝟗𝒙𝟒 + 𝟓𝟔𝒙𝟑 + 𝟐𝟖𝒙𝟐 + 𝟖𝒙 + 𝟏 = 𝟎 

𝒙𝟖 + 𝟖𝒙𝟕 + 𝟐𝟖𝒙𝟔 + 𝟓𝟔𝒙𝟓 + 𝟕𝟎𝒙𝟒 + 𝟓𝟔𝒙𝟑 + 𝟐𝟖𝒙𝟐 + 𝟖𝒙 + 𝟏 − 𝒙𝟖 − 𝟒𝒙𝟕 − 𝟔𝒙𝟔 − 𝟒𝒙𝟓 − 𝒙𝟒 + 𝒙𝟖 = 𝟎 

(𝒙 + 𝟏)𝟖 − 𝒙𝟒(𝒙𝟒 + 𝟒𝒙𝟑 + 𝟔𝒙𝟐 + 𝟒𝒙 + 𝟏) + 𝒙𝟖 = 𝟎 

(𝒙 + 𝟏)𝟖 − 𝒙𝟒(𝒙 + 𝟏)𝟒 + 𝒙𝟖 = 𝟎 

(
𝒙 + 𝟏

𝒙
)
𝟖

− (
𝒙 + 𝟏

𝒙
)
𝟒

+ 𝟏 = 𝟎 

(𝟏 +
𝟏

𝒙
)
𝟖

− (𝟏 +
𝟏

𝒙
)
𝟒

+ 𝟏 = 𝟎 

Denote 
𝟏

𝒙
= 𝒚 

(𝟏 + 𝒚)𝟖 − (𝟏 + 𝒚)𝟒 + 𝟏 = 𝟎 

Denote (𝟏 + 𝒚)𝟒 = 𝒖 

𝒖𝟐 − 𝒖 + 𝟏 = 𝟎 

𝒖𝟏 =
𝟏 + 𝒊√𝟑

𝟐
= 𝐜𝐨𝐬

𝝅

𝟑
+ 𝒊 𝐬𝐢𝐧

𝝅

𝟑
 

𝒖𝟐 =
𝟏 − 𝒊√𝟑

𝟐
= 𝐜𝐨𝐬

𝟓𝝅

𝟑
+ 𝒊 𝐬𝐢𝐧

𝟓𝝅

𝟑
 

(𝟏 + 𝒚)𝟒 = 𝒖𝟏 

(𝟏 + 𝒚)𝟒 = 𝐜𝐨𝐬
𝝅

𝟑
+ 𝒊 𝐬𝐢𝐧

𝝅

𝟑
 

𝟏 + 𝒚 = √𝐜𝐨𝐬
𝝅

𝟑
+ 𝒊 𝐬𝐢𝐧

𝝅

𝟑

𝟒
= {𝒛𝟎, 𝒛𝟏, 𝒛𝟐, 𝒛𝟑} 

𝒛𝒌 = 𝐜𝐨𝐬

𝝅
𝟑 + 𝟐𝒌𝝅

𝟒
+ 𝒊 𝐬𝐢𝐧

𝝅
𝟑 + 𝟐𝒌𝝅

𝟒
; 𝒌 ∈ 𝟎, 𝟑 

𝒛𝒌 = 𝐜𝐨𝐬
𝝅 + 𝟔𝒌𝝅

𝟏𝟐
+ 𝒊 𝐬𝐢𝐧

𝝅 + 𝟔𝒌𝝅

𝟏𝟐
; 𝒌 ∈ 𝟎, 𝟑 

(𝟏 + 𝒚)𝟒 = 𝒖𝟐 



 

𝟏 + 𝒚 = √𝐜𝐨𝐬
𝟓𝝅

𝟑
+ 𝒊 𝐬𝐢𝐧

𝟓𝝅

𝟑

𝟒

= {𝒛𝟎
′ , 𝒛𝟏

′ , 𝒛𝟐
′ , 𝒛𝟑

′ } 

𝒛𝒌
′ = 𝐜𝐨𝐬

𝟓𝝅
𝟑 + 𝟐𝒌𝝅

𝟒
+ 𝒊 𝐬𝐢𝐧

𝟓𝝅
𝟑 + 𝟐𝒌𝝅

𝟒
; 𝒌 ∈ 𝟎, 𝟑 

𝒛𝒌
′ = 𝐜𝐨𝐬

𝟓𝝅 + 𝟔𝒌𝝅

𝟏𝟐
+ 𝒊 𝐬𝐢𝐧

𝟓𝝅 + 𝟔𝒌𝝅

𝟏𝟐
; 𝒌 ∈ 𝟎, 𝟑 

𝒚𝒌 = −𝟏 + 𝒛𝒌; 𝒚𝒌
′ = −𝟏 + 𝒛𝒌

′ ; 𝒌 ∈ 𝟎, 𝟑 

𝟏

𝒙𝒌
= −𝟏 + 𝒛𝒌;

𝟏

𝒙𝒌
′ = −𝟏 + 𝒛𝒌

′ ; 𝒌 ∈ 𝟎, 𝟑 

𝒙𝒌 =
𝟏

−𝟏 + 𝒛𝒌
; 𝒙𝒌

′ =
𝟏

−𝟏 + 𝒛𝒌
′ ; 𝒌 ∈ 𝟎, 𝟑 

The solutions are: 

𝒙𝒌 =
𝟏

−𝟏 + 𝐜𝐨𝐬
𝝅 + 𝟔𝒌𝝅

𝟏𝟐 + 𝒊 𝐬𝐢𝐧
𝝅 + 𝟔𝒌𝝅

𝟏𝟐

; 𝒌 ∈ 𝟎, 𝟑 

𝒙𝒌
′ =

𝟏

−𝟏 + 𝐜𝐨𝐬
𝟓𝝅 + 𝟔𝒌𝝅

𝟏𝟐 + 𝒊 𝐬𝐢𝐧
𝟓𝝅 + 𝟔𝒌𝝅

𝟏𝟐

; 𝒌 ∈ 𝟎, 𝟑 


