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Polynomials – Q8 (26/6/23)  

 

If the roots of the equation 𝑥3 + 𝑥2 + 𝑥 + 1 = 0 are 𝛼, 𝛽 & 𝛾, find 

the equation with roots  𝛼 + 1, 𝛽 + 1 & 𝛾 + 1 
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Solution 

Method 1 (quicker) 

Let 𝑢 = 𝑥 + 1.  

Then 𝑥 = 𝑢 − 1, and (𝑢 − 1)3 + (𝑢 − 1)2 + (𝑢 − 1) + 1 = 0, 

so that  𝑢3 + 𝑢2(−3 + 1) + 𝑢(3 − 2 + 1) + (−1 + 1 − 1 + 1) = 0 

and  𝑢3 − 2𝑢2 + 2𝑢 = 0 

 

Method 2 (good exercise) 

Let the required eq’n be 𝑢3 + 𝑏𝑢2 + 𝑐𝑢 + 𝑑 = 0 

Then  −𝑏 = (𝛼 + 1) + (𝛽 + 1) + (𝛾 + 1) 

= 𝛼 + 𝛽 + 𝛾 + 3 = −1 + 3 = 2  

And 𝑐 = (𝛼 + 1)(𝛽 + 1) + (𝛼 + 1)(𝛾 + 1) + (𝛽 + 1)(𝛾 + 1) 

= (𝛼𝛽 + 𝛼𝛾 + 𝛽𝛾) + (𝛼 + 𝛽 + 𝛼 + 𝛾 + 𝛽 + 𝛾) + 3  

= 1 + 2(−1) + 3 = 2  

And −𝑑 = (𝛼 + 1)(𝛽 + 1)(𝛾 + 1) 

= 𝛼𝛽𝛾 + (𝛼𝛽 + 𝛼𝛾 + 𝛽𝛾) + (𝛼 + 𝛽 + 𝛾) + 1  

= (−1) + 1 + (−1) + 1 = 0  

So the required eq’n is  𝑢3 − 2𝑢2 + 2𝑢 = 0 

 

 

 


