
Expressions Related to the Roots of Polynomials 

 Sums of squares: 
• Quadratic:    𝛼2 + 𝛽2 = (𝛼 + 𝛽)2 − 2𝛼𝛽 

• Cubic:           𝛼2 + 𝛽2 + 𝛾2 = (𝛼 + 𝛽 + 𝛾)2 − 2(𝛼𝛽 + 𝛽𝛾 + 𝛾𝛼) 

• Quartic:        𝛼2 + 𝛽2 + 𝛾2 + 𝛿2 = (𝛼 + 𝛽 + 𝛾 + 𝛿)2 − 2(𝛼𝛽 +
                      𝛼𝛽 + 𝛼𝛾 + 𝛽𝛾 + ⋯ ) 

 
Sums of cubes: 

• Quadratic:  𝛼3 + 𝛽3 = (𝛼 + 𝛽)3 − 3𝛼𝛽(𝛼 + 𝛽) 

• Cubic:          𝛼3 + 𝛽3 + 𝛾3 = (𝛼 + 𝛽 + 𝛾)3 − 3(𝛼 + 𝛽 + 𝛾)(𝛼𝛽 +
                     𝛽𝛾 + 𝛾𝛼) + 3𝛼𝛽𝛾 

Reciprocals: 
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• Quartic: 
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Products of Powers 

• Quadratic:  𝛼𝑛 + 𝛽𝑛 = (𝛼𝛽)𝑛 

• Cubic:          (𝛼 + 𝛽 + 𝛾)𝑛 = (𝛼𝛽𝛾)𝑛 

• Quartic:      (𝛼 + 𝛽 + 𝛾 + 𝛿)𝑛 = (𝛼𝛽𝛾𝛿)𝑛 
 

Example 

The three roots of a cubic equation are 𝜶, 𝜷 and 𝜸. Given that 𝜶𝜷𝜸 = 𝟒, 

𝜶𝜷 + 𝜷𝜸 + 𝜸𝜶 = −𝟓 and 𝜶 + 𝜷 + 𝜸 = 𝟑, find the value of  

(𝜶 + 𝟑)(𝜷 + 𝟑)(𝜸 + 𝟑) 
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