
The goal is to have our usual parabola function which takes tightness, phaseShift, and verticalShift 

but also have another function which can generate a wave by providing a period and peak height. 

𝑦 = 𝑎(𝑥 − ℎ)2 + 𝑘 

𝑎 𝑖𝑠 𝑘𝑛𝑜𝑤𝑛 𝑎𝑠 ′𝑡𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠′ 

ℎ 𝑖𝑠 𝑘𝑛𝑜𝑤𝑛 𝑎𝑠 ′𝑝ℎ𝑎𝑠𝑒𝑆ℎ𝑖𝑓𝑡′ 

𝑘 𝑖𝑠 𝑘𝑛𝑜𝑤𝑛 𝑎𝑠 ′𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑆ℎ𝑖𝑓𝑡′ 

Given period 𝑝 and peak 𝑞, we want to calculate 𝑎, ℎ, 𝑘 with assumptions that we are passing 

through origin and are peaking at 
𝑝

2
. 𝑘 is the vertical shift, which is also the peak height for parabolas. 

We know 𝑘 is 𝑞. ℎ is the phase shift, but if we know the distance between the intercepts (𝑝), and 

that one of the intercepts is at 𝑥 = 0, then the phase shift must be half of the period, 
𝑝

2
. We know ℎ. 

We only need to find 𝑎 

𝐶𝑜𝑛𝑣𝑒𝑟𝑡 𝑡𝑜 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑓𝑜𝑟𝑚 

𝑦 = 𝑎(𝑥2 + ℎ2 − 2ℎ𝑥) + 𝑘 

𝑦 = 𝑎𝑥2 − 2𝑎ℎ𝑥 + 𝑘 + 𝑎ℎ2 

𝑇ℎ𝑖𝑠 𝑖𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚 

𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 

∴ 

𝑎 = 𝑎 

𝑏 = −2𝑎ℎ 

𝑐 = 𝑘 + 𝑎ℎ2 

First assumption: We pass through the origin, meaning one of the roots of this quadratic equation is 

𝑥 = 0. We can solve for quadratic roots using the quadratic equation: 

𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

𝑊𝑒 𝑎𝑟𝑒 𝑠𝑡𝑎𝑡𝑖𝑛𝑔 𝑡ℎ𝑎𝑡 𝑥 = 0 

0 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

0 = −𝑏 ± √𝑏2 − 4𝑎𝑐 

𝑏 = ±√𝑏2 − 4𝑎𝑐 

𝑆𝑞𝑢𝑎𝑟𝑒 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒𝑠. 𝐼𝑡 𝑜𝑏𝑠𝑐𝑢𝑟𝑒𝑠 𝑡ℎ𝑒 ± 𝑏𝑢𝑡 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑜𝑘 𝑎𝑠 𝑤𝑒 𝑜𝑛𝑙𝑦 𝑤𝑎𝑛𝑡 𝑜𝑛𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

𝑏2 = 𝑏2 − 4𝑎𝑐 

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑒 𝑜𝑢𝑟 𝑣𝑎𝑙𝑢𝑒𝑠 𝑓𝑜𝑟 𝑎, 𝑏, 𝑐 

4𝑎2ℎ2 = 4𝑎2ℎ2 − 4𝑎(𝑘 + 𝑎ℎ2) 

𝑎ℎ2 = 𝑎ℎ2 − 𝑘 − 𝑎ℎ2 



𝑎ℎ2 = −𝑘 

𝑎 = −
𝑘

ℎ2
 

𝑎 = −
𝑘

𝑝2
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𝑎 = −
4𝑘

𝑝2
 

∴ 

𝐺𝑖𝑣𝑒𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑝, 𝑝𝑒𝑎𝑘 𝑞 

𝑎 = −
4𝑞

𝑝2
, ℎ =

𝑝

2
, 𝑘 = 𝑞 

 


