
Section 5.1 Polynomial functions 

1)  𝑓(𝑥) = (𝑥 − 3)2(𝑥 + 1) 

a)  (3,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 2 (𝑒𝑣𝑒𝑛)   (−1,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑) 

b)  𝑡𝑜𝑢𝑐ℎ𝑒𝑠 𝑥 − 𝑎𝑥𝑖𝑠 𝑎𝑡 (3,0) 𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑡ℎ𝑒 𝑥 − 𝑎𝑥𝑖𝑠 𝑎𝑡 (1,0) 

c)  maximum 2 turning points 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠 𝑓(𝑥) =  𝑥3 

f)  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (−∞, 0.33) ∪ (3, ∞)   𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (0.33, 3) 

 

 

 

 

 

 

 

   





3)  𝑓(𝑥) = (𝑥 − 3)3(𝑥 + 4)   

a)  (3,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 3 (𝑜𝑑𝑑) (−4,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑) 

b)  𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑎𝑡 (3,0) 𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑎𝑡 (−4,0) 

c)  maximum 3 turning points 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠 𝑓(𝑥) = 𝑥4 

f)  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (−2.25,3) ∪ (3, ∞) 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔(−∞, −2.25)   

 

 

 

 

 

 





5)  𝑓(𝑥) = (𝑥 + 3)(𝑥 − 3)(3𝑥 + 21)  

a)  (−3,0)  𝑚𝑢𝑙𝑡𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)   

(3,0)  𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)   

(−7,0)  𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)  

b)  𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑎𝑡 𝑒𝑎𝑐ℎ 𝑥 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

c)  𝑚𝑎𝑥𝑖𝑚𝑢 2 𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠  𝑓(𝑥) = 3𝑥3 

f)  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (−∞, −5.24) ∪ (0.57, ∞) 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔  (−5.24,0.57) 

 

 

 

 

 

  





7)  𝑓(𝑥) = (𝑥 + 3)2(2𝑥 − 10)   

a)   (−3,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 2 (𝑒𝑣𝑒𝑛)  (5,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑) 

b)  (−3,0) 𝑡𝑜𝑢𝑐ℎ𝑒𝑠   (5,0)   𝑐𝑟𝑜𝑠𝑠𝑒𝑠 

c)  𝑚𝑎𝑥𝑖𝑚𝑢𝑚 2 𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠  𝑓(𝑥) = 2𝑥3 

f)   𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (−∞, −3) ∪ (2.33, ∞) 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔  (−3,2.33) 

 

 

 

 

 

 

  





9)  𝑓(𝑥) =  𝑥2 + 6𝑥 − 7   

a)  (−7,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)  (1,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑) 

b)  𝑔𝑟𝑎𝑝ℎ 𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑡ℎ𝑒 𝑥 − 𝑎𝑥𝑖𝑠 𝑎𝑡 𝑏𝑜𝑡ℎ 𝑥 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠 

c)  𝑚𝑎𝑥𝑖𝑚𝑢𝑚 1 𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠 𝑓(𝑥) = 𝑥2 

f)  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (−3, ∞)  𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔  (−∞, 3) 

 

 

 

 

 

 

 

 

 





11)  𝑓(𝑥) =  𝑥2 − 4   

a)  (−2,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)  (2,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑) 

b)  𝑔𝑟𝑎𝑝ℎ 𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑡ℎ𝑒 𝑥 − 𝑎𝑥𝑖𝑠 𝑎𝑡 𝑏𝑜𝑡ℎ 𝑥 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠 

c)  𝑚𝑎𝑥𝑖𝑚𝑢𝑚 1 𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠 𝑓(𝑥) = 𝑥2 

f)  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (0, ∞)  𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔  (−∞, 0) 

 

 

 

 

 

 

  

  





13)  𝑓(𝑥) = −3𝑥3 − 3𝑥2 + 18𝑥   

a)  (−3,0)  𝑚𝑢𝑙𝑡𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)   

(0,0)  𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)   

(2,0)  𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)  

b)  𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑎𝑡 𝑒𝑎𝑐ℎ 𝑥 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

c)  𝑚𝑎𝑥𝑖𝑚𝑢 2 𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠  𝑓(𝑥) = −3𝑥3 

f)  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (−1.78,1.12)   𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 (−∞, −1.78) ∪ (1.12, ∞)   

 

 

 

 

 

 

 





 

15)  𝑓(𝑥) = 3𝑥4 − 12𝑥2   

a)  (−2,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)    (0,0)  𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 2 (𝑒𝑣𝑒𝑛)    

(2,0) 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑖𝑡𝑦 1 (𝑜𝑑𝑑)  

b)  𝑐𝑟𝑜𝑠𝑠𝑒𝑠 𝑎𝑡 (2,0)  𝑎𝑛𝑑 (−2,0)   𝑡𝑜𝑢𝑐ℎ𝑒𝑠 𝑎𝑡 (0,0) 

c)  𝑚𝑎𝑥𝑖𝑚𝑢𝑚 3 𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 

d)  Sketch a graph and approximate the turning points, also label the x-intercepts 

e)  𝑟𝑒𝑠𝑒𝑚𝑏𝑙𝑒𝑠 3𝑥4 

f)  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔  (−1.41,0) ∪ (1.41, ∞)   𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔  (−∞, −1.41) ∪ (0,1.41) 

 

 

 

 

 

 

  





 

17)  x-intercepts:  (3,0), (-4,0);  point (2, -12)   

 

 

 

 

 

Graph of  𝑓(𝑥) = 2(𝑥 − 3)(𝑥 + 4) 

 

 

 

𝑓(𝑥) = 2(𝑥 − 3)(𝑥 + 4)  

 





 

 

19)  x-intercepts:  (-3,0), (4,0);  point (5, -16) 

 

 

 

Graph of  𝑓(𝑥) = −2(𝑥 − 4)(𝑥 + 3) 

 

 

 

 𝑓(𝑥) = −2(𝑥 − 4)(𝑥 + 3)  

  





 

21)  x-intercepts:  (3,0) multiplicity 2, (-4,0);  point (4, 16)   

 

 

 

 

Graph of 𝑓(𝑥) = 2(𝑥 + 4)(𝑥 − 3)2 

 

 

 

  𝑓(𝑥) = 2(𝑥 + 4)(𝑥 − 3)2  

 

 






