
Let  a , b , c  be non-negative numbers. Prove that 
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Proof.  Suppose, without loss of generality, that },,max{ cbac . The inequality is 

equivalent to 

0)
2

()
2

()
2

(
44

5

44

5

44

5










c

ac

cb

cb

ba

ba

a
, 

or 

        0
)()()(

44

44

44

44

44

44
















ac

acc

cb

cbb

ba

baa
. 

Since 

                 0
))(()()(

44

44

44

44

44

44
















ba

baba

ba

bab

ba

baa
, 

it suffices to show that  
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we derive that the last inequality is equivalent to 

           0)]()2()[)(( 22334432234444  bccbbccbcbccbcbbabcac .   (1) 

Since 0))(( 44  bcac , it is enough to show that  

    0)()2( 223344322344  bccbbccbcbccbcbba .              (2) 

Let 
c
b

x , 10  x . We notice that (2) is true for 3223 cbccbb  , that is  

        123  xxx . 

In addition, (2) is true for 2bac . To prove this fact, it suffices to prove (2) for 
c
b
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 , that is 

                 012 2345678  xxxxxxxx . 
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 x . We have 

 0)1)(1(112 3223452345678  xxxxxxxxxxxxxxxx  
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x . Since 98 xx  , it suffices to show that 

                 0123456789  xxxxxxxxx . 

This inequality is equivalent to 
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Since 

                5)53()13(5)(27 323963  xxxxx , 

it suffices to show that 
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This inequality reduces to 
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Based on obtained results, from here on we will assume that 123  xxx  and acb 2 . 

The last condition implies ab , therefore cba 0 . By permutation, from (1) we find that 

the given cyclic inequality is also valid under the condition 

             0)]()2()[)(( 22334432234444  caaccaacacaacaccbcaba .   (3) 

Since 0))(( 44  caba , it is enough to show that  

               0)()2( 223344322344  caaccaacacaacaccb .        

Since acb 2 , it suffices to prove this inequality for acb 2 , that is 

                   012 345  xxxx . 

Indeed, we have 

              0)1)(1(12 232345  xxxxxxxx , 

and this completes the proof. Equality occurs only if cba  . 

 

 

 


