
Roots of Quadratics 
 
 
This… 

(𝑥 − 𝛼)(𝑥 − 𝛽) = 𝑥2 − (𝛼 + 𝛽) + 𝛼𝛽 = 0 
 
Leads to… 

𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 ⇔ 𝑥2 +
𝑏

𝑎
𝑥 +

𝑐

𝑎
= 0 

 

Sum of roots = 𝛼 + 𝛽 = −
𝑏

𝑎
 

Product of roots = 𝛼𝛽 =
𝑐

𝑎
 

 
 
Some common related roots 
 

New Roots New Sum New Product 

𝛼2,  𝛽2 𝛼2 + 𝛽2 = (𝛼 + 𝛽)2 − 2𝛼𝛽 𝛼2𝛽2 = (𝛼𝛽)2 

1

𝛼
,
1

𝛽
 

1

𝛼
+

1

𝛽
=

𝛼 + 𝛽

𝛼𝛽
 

1

𝛼
×

1

𝛽
=

1

𝛼𝛽
 

𝛼3, 𝛽3 
𝛼3 + 𝛽3 = (𝛼 + 𝛽)3

− 3𝛼𝛽(𝛼 + 𝛽) 
(𝛼𝛽)3 

5𝛼 +
1

𝛼
, 5𝛽 +

1

𝛽
 

5𝛼 +
1

𝛼
+ 5𝛽 +

1

𝛽
= 5(𝛼 + 𝛽)

+
𝛼 + 𝛽

𝛼𝛽
 

(5𝛼 +
1

𝛼
) (5𝛽 +

1

𝛽
) 

= 25𝛼𝛽 +
5(𝛼 + 𝛽)2

𝛼𝛽
− 10 +

1

𝛼𝛽
 

  
 
  



For a cubic with roots , ,  … 
 
This… 

(𝑥 − 𝛼)(𝑥 − 𝛽)(𝑥 − 𝛾) = 𝑥3 − (𝛼 + 𝛽 + 𝛾)𝑥2 + (𝛼𝛽 + 𝛼𝛾 + 𝛽𝛾)𝑥 − 𝛼𝛽𝛾 = 0 
 
Leads to… 
 

𝑎𝑥3 + 𝑏𝑥2 + 𝑐𝑥 + 𝑑 = 0 ⇔ 𝑥3 +
𝑏

𝑎
𝑥2 +

𝑐

𝑎
𝑥 +

𝑑

𝑎
= 0 

 

Sum of roots = 𝛼 + 𝛽 + 𝛾 =
𝑏

𝑎
 

Sum of pairs = 𝛼𝛽 + 𝛼𝛾 + 𝛽𝛾 = −
𝑐

𝑎
 

Product of roots = 𝛼𝛽𝛾 =
𝑑

𝑎
 

 
 
 
What about a quartic, quantic etc? 
  



How to get from… 
 

𝛼 + 𝛽 and 𝛼𝛽 
 
To… 
 
1) 

𝛼2 + 𝛽2 and 𝛼2𝛽2 
 
2) 

𝛼3 + 𝛽3 and 𝛼3𝛽3 
 
3) 

1

𝛼
+

1

𝛽
 

and 1

𝛼
×

1

𝛽
 

 
4) 

5𝛼 +
1

𝛼
+ 5𝛽 +

1

𝛽
 

and 
(5𝛼 +

1

𝛼
) (5𝛽 +

1

𝛽
) 

 
 


