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❋✉♥❝t✐♦♥s
❈♦♥❝❡♣ts✱ ✇♦r❦❡❞ ❡①❛♠♣❧❡s✱ ❛♥❞ ♣r❛❝t✐❝❡ s♣❛❝❡✳
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❲❤❛t ✐s ❛ q✉❛❞r❛t✐❝❄

❆ q✉❛❞r❛t✐❝ ❢✉♥❝t✐♦♥ ❤❛s t❤❡ ❢♦r♠ f(x) = ax2 + bx + c ✇❤❡r❡ a ̸= 0✳ ❚❤❡ ❣r❛♣❤ ✐s ❛❧✇❛②s ❛

♣❛r❛❜♦❧❛✳ ❚❤❡ s✐❣♥ ♦❢ a ❞❡❝✐❞❡s ✇❤❡t❤❡r ✐t ♦♣❡♥s ✉♣ ♦r ❞♦✇♥✳
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❑❡② ✈♦❝❛❜✉❧❛r②

❼ ❱❡rt❡① ❚✉r♥✐♥❣ ♣♦✐♥t✳ ▼✐♥✐♠✉♠ ✇❤❡♥ a > 0✱ ♠❛①✐♠✉♠ ✇❤❡♥ a < 0✳

❼ ❆①✐s ♦❢ s②♠♠❡✲
tr②

❱❡rt✐❝❛❧ ❧✐♥❡ t❤r♦✉❣❤ t❤❡ ✈❡rt❡①✿ x = − b

2a

❼ ❘♦♦ts ✴ ③❡r♦s ❲❤❡r❡ t❤❡ ❣r❛♣❤ ❝r♦ss❡s t❤❡ x✲❛①✐s ✭f(x) = 0✮

❼ y✲✐♥t❡r❝❡♣t ❲❤❡r❡ t❤❡ ❣r❛♣❤ ❝r♦ss❡s t❤❡ y✲❛①✐s✳ ❆❧✇❛②s ❛t (0, c)✳

❚❤r❡❡ ❢♦r♠s ♦❢ ❛ q✉❛❞r❛t✐❝

❙t❛♥❞❛r❞ f(x) = ax2 + bx+ c ●✐✈❡s t❤❡ y✲✐♥t❡r❝❡♣t✿ (0, c)

❱❡rt❡① f(x) = a(x− h)2 + k ●✐✈❡s t❤❡ ✈❡rt❡①✿ (h, k)

❋❛❝t♦r❡❞ f(x) = a(x− p)(x− q) ●✐✈❡s t❤❡ r♦♦ts✿ x = p✱ x = q

❊①❛♠♣❧❡ ♦❢ ❡❛❝❤ ❢♦r♠ ❛♣♣❧✐❡❞ t♦ t❤❡ s❛♠❡ ❢✉♥❝t✐♦♥✿

❙❛♠❡ ❢✉♥❝t✐♦♥✱ t❤r❡❡ ❢♦r♠s

❙t❛♥❞❛r❞ f(x) = x2 − 6x+ 5 y✲✐♥t❡r❝❡♣t✿ (0, 5)

❋❛❝t♦r❡❞ f(x) = (x− 1)(x− 5) ❘♦♦ts✿ x = 1 ❛♥❞ x = 5

❱❡rt❡① f(x) = (x− 3)2 − 4 ❱❡rt❡①✿ (3,−4)✱ ❛①✐s✿ x = 3

❊①❛♠ t✐♣✿ ▼❛t❝❤ t❤❡ ❢♦r♠ t♦ t❤❡ q✉❡st✐♦♥✳ ❱❡rt❡① q✉❡st✐♦♥❄ ❯s❡ ✈❡rt❡① ❢♦r♠✳ ❙♦❧✈❡ ❢♦r r♦♦ts❄

❯s❡ ❢❛❝t♦r❡❞ ❢♦r♠✳ ❉♦♥✬t ❝♦♥✈❡rt ✉♥❧❡ss t❤❡ q✉❡st✐♦♥ ♥❡❡❞s ✐t✳

❨♦✉r t✉r♥ ❲r✐t❡ f(x) = x2 − 4x+ 3 ✐♥ ❛❧❧ t❤r❡❡ ❢♦r♠s✳ ❙t❛t❡ t❤❡ r♦♦ts✱ ✈❡rt❡①✱ ❛♥❞ y✲✐♥t❡r❝❡♣t✳
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■❇ ▼❛t❤ ▼❛st❡r ◗✉❛❞r❛t✐❝ ❋✉♥❝t✐♦♥s

❈♦♠♣❧❡t✐♥❣ t❤❡ sq✉❛r❡

❚❤✐s ❝♦♥✈❡rts st❛♥❞❛r❞ ❢♦r♠ → ✈❡rt❡① ❢♦r♠✱ s♦ ②♦✉ ❝❛♥ r❡❛❞ ♦✛ t❤❡ ✈❡rt❡① ❞✐r❡❝t❧②✳

❲♦r❦❡❞ ❊①❛♠♣❧❡

❲r✐t❡ f(x) = 2x2 − 12x+ 7 ✐♥ ✈❡rt❡① ❢♦r♠✳

✶✳ ❋❛❝t♦r ♦✉t ✷ ❢r♦♠ t❤❡ x t❡r♠s✿ f(x) = 2(x2 − 6x) + 7
✷✳ ❍❛❧❢ ♦❢ −6 ✐s −3✳ ❙q✉❛r❡✿ (−3)2 = 9✳ ❆❞❞ ❛♥❞ s✉❜tr❛❝t✿

f(x) = 2
(

(x− 3)2 − 9
)

+ 7

✸✳ ❊①♣❛♥❞✿ f(x) = 2(x− 3)2 − 18 + 7 = 2(x− 3)2 − 11

❱❡rt❡①✿ (3,−11) ❆①✐s ♦❢ s②♠♠❡tr②✿ x = 3
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✈❡rt❡① (3,−11)

y✲✐♥t (0, 7)

x

y

◆♦t❡✿ ❚❤❡ ✈❡rt❡① ❢♦r♠✉❧❛ h = − b

2a
✇♦r❦s ❡✈❡r② t✐♠❡✱ ❜✉t ❝♦♠♣❧❡t✐♥❣ t❤❡ sq✉❛r❡ s❤♦✇s ②♦✉ ✇❤② ✐t

✇♦r❦s✳ ■❇ ♦❢t❡♥ ✇❛♥ts t❤❡ ♠❡t❤♦❞✱ ♥♦t ❥✉st t❤❡ ❛♥s✇❡r✳

❨♦✉r t✉r♥ ❲r✐t❡ f(x) = x2 + 6x+ 2 ✐♥ t❤❡ ❢♦r♠ (x+ a)2 + b✳ ❙t❛t❡ t❤❡ ✈❡rt❡①✳

❚❤❡ q✉❛❞r❛t✐❝ ❢♦r♠✉❧❛

❲❤❡♥ ❢❛❝t♦r✐♥❣ ❞♦❡s♥✬t ✇♦r❦✱ ✉s❡ t❤❡ ❢♦r♠✉❧❛✿

x =
−b±

√
b2 − 4ac

2a

❈♦♠♠♦♥ ❡rr♦r✿ ❋♦r❣❡tt✐♥❣ t♦ ❝❤❛♥❣❡ t❤❡ s✐❣♥ ♦❢ b✳ ■❢ b = 6✱ t❤❡♥ −b = −6✱ ♥♦t +6✳ ❆❧✇❛②s ✇r✐t❡

♦✉t t❤❡ s✉❜st✐t✉t✐♦♥ st❡♣ ✜rst✳ ■❇ ❛✇❛r❞s ♠❡t❤♦❞ ♠❛r❦s ❢♦r t❤✐s✳

❨♦✉r t✉r♥ ❙♦❧✈❡ 3x2 + 2x− 5 = 0✳ ❙❤♦✇ ❢✉❧❧ s✉❜st✐t✉t✐♦♥ ✐♥t♦ t❤❡ ❢♦r♠✉❧❛✳

✐❜♠❛t❤♠❛st❡r✳❝♦♠ ✸ ♦❢ ✾
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❚❤❡ ❞✐s❝r✐♠✐♥❛♥t

❚❤❡ ❡①♣r❡ss✐♦♥ ✉♥❞❡r t❤❡ sq✉❛r❡ r♦♦t✱ ∆ = b2 − 4ac✱ t❡❧❧s ②♦✉ ❤♦✇ ♠❛♥② r♦♦ts t♦ ❡①♣❡❝t ❜❡❢♦r❡

②♦✉ s♦❧✈❡✳

∆ > 0✿ t✇♦ r♦♦ts ∆ = 0✿ ♦♥❡ r♦♦t ∆ < 0✿ ♥♦ r❡❛❧ r♦♦ts

❲❤❡♥ t♦ ✉s❡ ✐t✿ ■❇ ♦❢t❡♥ ❛s❦s ✏s❤♦✇ t❤❛t t❤❡ ❡q✉❛t✐♦♥ ❤❛s t✇♦ ❞✐st✐♥❝t r❡❛❧ r♦♦ts✑ ♦r ✏✜♥❞ t❤❡

✈❛❧✉❡s ♦❢ k ❢♦r ✇❤✐❝❤✳ ✳ ✳ ✑ ❨♦✉ ❡✈❛❧✉❛t❡ ∆ ❛♥❞ st❛t❡ t❤❡ ❝♦♥❞✐t✐♦♥✳ ❨♦✉ ❞♦♥✬t s♦❧✈❡✳

❲♦r❦❡❞ ❊①❛♠♣❧❡

❚❤❡ ❡q✉❛t✐♦♥ 2x2 + kx+ 8 = 0 ❤❛s ❡①❛❝t❧② ♦♥❡ r❡❛❧ r♦♦t✳ ❋✐♥❞ k✳

❖♥❡ r❡❛❧ r♦♦t ♠❡❛♥s ∆ = 0✳ ∆ = k2 − 4(2)(8) = k2 − 64 = 0

k2 = 64 ⇒ k = 8 ♦r k = −8

❨♦✉r t✉r♥ ❚❤❡ ❡q✉❛t✐♦♥ x2 + 4x+ p = 0 ❤❛s ♥♦ r❡❛❧ r♦♦ts✳ ❋✐♥❞ t❤❡ r❛♥❣❡ ♦❢ ✈❛❧✉❡s ♦❢ p✳

✐❜♠❛t❤♠❛st❡r✳❝♦♠ ✹ ♦❢ ✾
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❚r❛♥s❢♦r♠❛t✐♦♥s ♦❢ q✉❛❞r❛t✐❝s

❙t❛rt✐♥❣ ❢r♦♠ y = x2✱ ❡❛❝❤ ♣❛r❛♠❡t❡r ✐♥ ✈❡rt❡① ❢♦r♠ f(x) = a(x− h)2 + k tr❛♥s❢♦r♠s t❤❡ ❣r❛♣❤✿

❼ a ❱❡rt✐❝❛❧ str❡t❝❤✴❝♦♠♣r❡ss ❘❡✢❡❝ts ✐♥ x✲❛①✐s ✐❢ a < 0

❼ h ❍♦r✐③♦♥t❛❧ s❤✐❢t ❘✐❣❤t ✐❢ h > 0✱ ❧❡❢t ✐❢ h < 0

❼ k ❱❡rt✐❝❛❧ s❤✐❢t ❯♣ ✐❢ k > 0✱ ❞♦✇♥ ✐❢ k < 0
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y = x

2

y = (x − 2)2 + 1

y = −

1

2
(x + 2)2 + 8

❲❛t❝❤ t❤❡ s✐❣♥ ♦❢ h✿ ■♥ f(x) = 3(x + 4)2 − 7✱ r❡✇r✐t❡ ❛s 3(x − (−4))2 + (−7)✳ ❚❤❡ ✈❡rt❡① ✐s

(−4,−7)✱ ♥♦t (4,−7)✳ ❚❤❡ s✐❣♥ ✐♥s✐❞❡ t❤❡ ❜r❛❝❦❡t ✐s ♦♣♣♦s✐t❡ t♦ h✳

❨♦✉r t✉r♥ ❚❤❡ ❣r❛♣❤ ♦❢ y = x2 ✐s tr❛♥s❧❛t❡❞ ✸ ✉♥✐ts r✐❣❤t ❛♥❞ ✺ ✉♥✐ts ❞♦✇♥✳ ❲r✐t❡ t❤❡ ❡q✉❛t✐♦♥ ✐♥

✈❡rt❡① ❢♦r♠ ❛♥❞ st❛t❡ t❤❡ ✈❡rt❡①✳

■♥t❡rs❡❝t✐♦♥s

❚♦ ✜♥❞ ✇❤❡r❡ ❛ ♣❛r❛❜♦❧❛ ♠❡❡ts ❛ ❧✐♥❡✱ s❡t t❤❡♠ ❡q✉❛❧ ❛♥❞ s♦❧✈❡ t❤❡ r❡s✉❧t✐♥❣ q✉❛❞r❛t✐❝✳

❲♦r❦❡❞ ❊①❛♠♣❧❡

❋✐♥❞ ✇❤❡r❡ y = x2 − 2x− 3 ♠❡❡ts y = x+ 1✳

❙❡t ❡q✉❛❧✿ x2 − 2x− 3 = x+ 1 ⇒ x2 − 3x− 4 = 0
❋❛❝t♦r✐s❡✿ (x− 4)(x+ 1) = 0 ⇒ x = 4 ♦r x = −1

❙✉❜st✐t✉t❡ ❜❛❝❦✿ (4, 5) ❛♥❞ (−1, 0)

−2 −1 1 2 3 4 5

−4

−2

2

4

6 (4, 5)

(−1, 0)
x

y

❨♦✉r t✉r♥ ❋✐♥❞ t❤❡ ♣♦✐♥ts ✇❤❡r❡ y = 2x− 1 ♠❡❡ts y = x2 − 3x+ 5✳

✐❜♠❛t❤♠❛st❡r✳❝♦♠ ✺ ♦❢ ✾
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■❇ ▼❛t❤ ▼❛st❡r ◗✉❛❞r❛t✐❝ ❋✉♥❝t✐♦♥s

❖♣t✐♠✐s❛t✐♦♥ ♣r♦❜❧❡♠s

◗✉❛❞r❛t✐❝s ❛♣♣❡❛r ✐♥ r❡❛❧✲✇♦r❧❞ ♣r♦❜❧❡♠s ✇❤❡r❡ ②♦✉ ♥❡❡❞ t♦ ✜♥❞ ❛ ♠❛①✐♠✉♠ ♦r ♠✐♥✐♠✉♠ ✈❛❧✉❡✳

❚❤❡ ✈❡rt❡① ❣✐✈❡s ②♦✉ t❤❡ ❛♥s✇❡r✳

❲♦r❦❡❞ ❊①❛♠♣❧❡

❆ ❜❛❧❧ ✐s t❤r♦✇♥ ✉♣✇❛r❞✳ ■ts ❤❡✐❣❤t ✐♥ ♠❡tr❡s ❛❢t❡r t s❡❝♦♥❞s ✐s h(t) = −5t2 + 20t+ 2✳

✭❛✮ ❋✐♥❞ t❤❡ ♠❛①✐♠✉♠ ❤❡✐❣❤t✳ ✭❜✮ ❋✐♥❞ ✇❤❡♥ t❤❡ ❜❛❧❧ ❤✐ts t❤❡ ❣r♦✉♥❞✳

❙♦❧✉t✐♦♥ ✭❛✮✿
❈♦♥✈❡rt t♦ ✈❡rt❡① ❢♦r♠✿ h(t) = −5(t2 − 4t) + 2 = −5(t2 − 4t+ 4− 4) + 2
= −5(t− 2)2 + 20 + 2 = −5(t− 2)2 + 22

▼❛①✐♠✉♠ ❤❡✐❣❤t✿ 22 ♠❡tr❡s ❛t t = 2 s❡❝♦♥❞s✳

❙♦❧✉t✐♦♥ ✭❜✮✿
❙❡t h(t) = 0✿ −5t2 + 20t+ 2 = 0

t =
−20±

√
400 + 40

−10
=

−20±
√
440

−10
t = 4.10 s❡❝♦♥❞s ✭✸ s✳❢✳✮ ✭r❡❥❡❝t✐♥❣ t❤❡ ♥❡❣❛t✐✈❡ r♦♦t✮

◆♦t❡✿ ■♥ ♦♣t✐♠✐s❛t✐♦♥✱ ❛❧✇❛②s st❛t❡ ✇❤❛t t❤❡ ✈❡rt❡① ♠❡❛♥s ✐♥ ❝♦♥t❡①t✳ ❉♦♥✬t ❥✉st ✇r✐t❡ (2, 22)✳ ❲r✐t❡

✏t❤❡ ♠❛①✐♠✉♠ ❤❡✐❣❤t ✐s ✷✷ ♠❡tr❡s✱ r❡❛❝❤❡❞ ❛❢t❡r ✷ s❡❝♦♥❞s✳✑

❨♦✉r t✉r♥ ❆ ❢❛r♠❡r ❤❛s ✹✵♠ ♦❢ ❢❡♥❝✐♥❣✳ ❍❡ ❜✉✐❧❞s ❛ r❡❝t❛♥❣✉❧❛r ♣❡♥ ❛❣❛✐♥st ❛ ✇❛❧❧ ✭t❤r❡❡ s✐❞❡s ♦❢

❢❡♥❝✐♥❣✮✳ ■❢ t❤❡ ✇✐❞t❤ ✐s x ♠❡tr❡s✱ t❤❡ ❛r❡❛ ✐s A = x(40− 2x)✳ ❋✐♥❞ t❤❡ ♠❛①✐♠✉♠ ❛r❡❛✳

✐❜♠❛t❤♠❛st❡r✳❝♦♠ ✻ ♦❢ ✾
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■❇ ▼❛t❤ ▼❛st❡r ◗✉❛❞r❛t✐❝ ❋✉♥❝t✐♦♥s

■❇ ❊①❛♠✲❙t②❧❡ ◗✉❡st✐♦♥s
Pr❛❝t✐❝❡ ✉♥❞❡r ❡①❛♠ ❝♦♥❞✐t✐♦♥s✳ ❙❤♦✇ ❛❧❧ ✇♦r❦✐♥❣✳ ▼❛r❦s ❛r❡ ✐♥❞✐❝❛t❡❞ ❢♦r ❡❛❝❤ ♣❛rt✳

❙❡❝t✐♦♥ ❆

❙❤♦rt r❡s♣♦♥s❡ ❼ ❈❛❧❝✉❧❛t♦r ❛❧❧♦✇❡❞

◗✉❡st✐♦♥ ✶ ❬▼❛①✐♠✉♠ ♠❛r❦✿ ✻❪

▲❡t f(x) = x2 − 8x+ 12✳

✭❛✮ ❲r✐t❡ f(x) ✐♥ t❤❡ ❢♦r♠ (x− h)2 + k✳ ❬✷❪

✭❜✮ ❍❡♥❝❡ ✜♥❞ t❤❡ ✈❡rt❡① ♦❢ t❤❡ ❣r❛♣❤ ♦❢ f ✳ ❬✶❪

✭❝✮ ❋✐♥❞ t❤❡ x✲✐♥t❡r❝❡♣ts ♦❢ t❤❡ ❣r❛♣❤ ♦❢ f ✳ ❬✷❪

✭❞✮ ❲r✐t❡ ❞♦✇♥ t❤❡ ❡q✉❛t✐♦♥ ♦❢ t❤❡ ❛①✐s ♦❢ s②♠♠❡tr②✳ ❬✶❪

◗✉❡st✐♦♥ ✷ ❬▼❛①✐♠✉♠ ♠❛r❦✿ ✻❪

❚❤❡ ❡q✉❛t✐♦♥ 3x2 − 2x+ p = 0 ❤❛s t✇♦ ❞✐st✐♥❝t r❡❛❧ r♦♦ts✳

✭❛✮ ❋✐♥❞ ❛♥ ❡①♣r❡ss✐♦♥ ❢♦r t❤❡ ❞✐s❝r✐♠✐♥❛♥t ✐♥ t❡r♠s ♦❢ p✳ ❬✷❪

✭❜✮ ❋✐♥❞ t❤❡ r❛♥❣❡ ♦❢ ✈❛❧✉❡s ♦❢ p✳ ❬✷❪

✭❝✮ ❊①♣❧❛✐♥ ✇❤② p = 1 ❞♦❡s ♥♦t s❛t✐s❢② t❤❡ ❝♦♥❞✐t✐♦♥✳ ❬✷❪

✐❜♠❛t❤♠❛st❡r✳❝♦♠ ✼ ♦❢ ✾
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■❇ ▼❛t❤ ▼❛st❡r ◗✉❛❞r❛t✐❝ ❋✉♥❝t✐♦♥s

❙❡❝t✐♦♥ ❇

❊①t❡♥❞❡❞ r❡s♣♦♥s❡ ❼ ❈❛❧❝✉❧❛t♦r ❛❧❧♦✇❡❞

◗✉❡st✐♦♥ ✸ ❬▼❛①✐♠✉♠ ♠❛r❦✿ ✶✺❪

❆ ❝♦♠♣❛♥② ♠❛♥✉❢❛❝t✉r❡s ♣❤♦♥❡ ❝❛s❡s✳ ❚❤❡ ♣r♦✜t P ✭✐♥ ❞♦❧❧❛rs✮ ❢r♦♠ s❡❧❧✐♥❣ x ❤✉♥❞r❡❞ ❝❛s❡s ♣❡r ♠♦♥t❤
✐s ♠♦❞❡❧❧❡❞ ❜②

P (x) = −2x2 + 24x− 54

✭❛✮ ❲r✐t❡ P (x) ✐♥ t❤❡ ❢♦r♠ a(x− h)2 + k✳ ❬✸❪

✭❜✮ ❙t❛t❡ t❤❡ ♠❛①✐♠✉♠ ♠♦♥t❤❧② ♣r♦✜t ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢ ❝❛s❡s t❤❛t ♠✉st ❜❡ s♦❧❞ t♦ ❛❝❤✐❡✈❡ ✐t✳ ❬✷❪

✭❝✮ ❋✐♥❞ t❤❡ ✈❛❧✉❡s ♦❢ x ❢♦r ✇❤✐❝❤ t❤❡ ❝♦♠♣❛♥② ♠❛❦❡s ❛ ♣r♦✜t ✭✐✳❡✳ P > 0✮✳ ❬✸❪

✭❞✮ ❚❤❡ ❝♦♠♣❛♥② ❛❧s♦ s❡❧❧s ❛ ♣r❡♠✐✉♠ ❝❛s❡✳ ❚❤❡ ♣r♦✜t ❢r♦♠ t❤❡ ♣r❡♠✐✉♠ ❧✐♥❡ ✐s ♠♦❞❡❧❧❡❞ ❜② Q(x) = 5x+2✳

❋✐♥❞ t❤❡ ✈❛❧✉❡s ♦❢ x ✇❤❡r❡ P (x) = Q(x)✳ ❬✸❪

✭❡✮ ❋♦r ✇❤❛t r❛♥❣❡ ♦❢ x ✐s t❤❡ st❛♥❞❛r❞ ❝❛s❡ ♠♦r❡ ♣r♦✜t❛❜❧❡ t❤❛♥ t❤❡ ♣r❡♠✐✉♠ ❝❛s❡❄ ❬✷❪

✭❢✮ ❙❦❡t❝❤ t❤❡ ❣r❛♣❤s ♦❢ P (x) ❛♥❞ Q(x) ♦♥ t❤❡ s❛♠❡ ❛①❡s✱ ❝❧❡❛r❧② ❧❛❜❡❧❧✐♥❣ t❤❡ ✈❡rt❡①✱ ✐♥t❡r❝❡♣ts✱ ❛♥❞
✐♥t❡rs❡❝t✐♦♥ ♣♦✐♥ts✳ ❬✷❪

✐❜♠❛t❤♠❛st❡r✳❝♦♠ ✽ ♦❢ ✾
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■❇ ▼❛t❤ ▼❛st❡r ◗✉❛❞r❛t✐❝ ❋✉♥❝t✐♦♥s

❙♦❧✉t✐♦♥s

❨♦✉r t✉r♥ ❛♥s✇❡rs ✭❢r♦♠ t❤❡ ♥♦t❡s✮

P❛❣❡ ✶✿ f(x) = (x − 1)(x − 3)✳ ❘♦♦ts✿ x = 1✱ x = 3✳ ❱❡rt❡① ❢♦r♠✿ (x − 2)2 − 1✳ ❱❡rt❡①✿ (2,−1)✳
y✲✐♥t❡r❝❡♣t✿ (0, 3)✳

P❛❣❡ ✷ ✭❝♦♠♣❧❡t✐♥❣ t❤❡ sq✉❛r❡✮✿ f(x) = (x+ 3)2 − 7✳ ❱❡rt❡①✿ (−3,−7)✳

P❛❣❡ ✷ ✭q✉❛❞r❛t✐❝ ❢♦r♠✉❧❛✮✿ x = −2±
√
4+60

6
= −2±8

6
✳ ❙♦ x = 1 ♦r x = − 5

3
✳

P❛❣❡ ✸ ✭❞✐s❝r✐♠✐♥❛♥t✮✿ ∆ = 16− 4p < 0 ⇒ p > 4✳

P❛❣❡ ✹ ✭tr❛♥s❢♦r♠❛t✐♦♥s✮✿ y = (x− 3)2 − 5✳ ❱❡rt❡①✿ (3,−5)✳

P❛❣❡ ✹ ✭✐♥t❡rs❡❝t✐♦♥s✮✿ x2 − 3x+ 5 = 2x− 1 ⇒ x2 − 5x+ 6 = 0 ⇒ (x− 2)(x− 3) = 0✳ P♦✐♥ts✿ (2, 3)
❛♥❞ (3, 5)✳

P❛❣❡ ✺ ✭♦♣t✐♠✐s❛t✐♦♥✮✿ A = 40x− 2x2 = −2(x− 10)2 + 200✳ ▼❛①✐♠✉♠ ❛r❡❛✿ 200 ♠2 ✇❤❡♥ x = 10✳

❊①❛♠ ◗✉❡st✐♦♥ ✶

✭❛✮ f(x) = (x2 − 8x+ 16)− 16 + 12 = (x− 4)2 − 4 ✓✓

✭❜✮ ❱❡rt❡①✿ (4,−4) ✓

✭❝✮ ❙❡t f(x) = 0✿ (x− 4)2 = 4 ⇒ x− 4 = ±2 ⇒ x = 6 ♦r x = 2 ✓✓

✭❞✮ x = 4 ✓

❊①❛♠ ◗✉❡st✐♦♥ ✷

✭❛✮ ∆ = (−2)2 − 4(3)(p) = 4− 12p ✓✓

✭❜✮ ❚✇♦ ❞✐st✐♥❝t r♦♦ts✿ ∆ > 0 ⇒ 4− 12p > 0 ⇒ p < 1

3
✓✓

✭❝✮ ❲❤❡♥ p = 1✿ ∆ = 4− 12(1) = −8 < 0✳ ❙✐♥❝❡ ∆ < 0✱ t❤❡r❡ ❛r❡ ♥♦ r❡❛❧ r♦♦ts✱ s♦ p = 1 ❞♦❡s ♥♦t s❛t✐s❢②

t❤❡ ❝♦♥❞✐t✐♦♥ ❢♦r t✇♦ ❞✐st✐♥❝t r❡❛❧ r♦♦ts✳ ✓✓

❊①❛♠ ◗✉❡st✐♦♥ ✸

✭❛✮ P (x) = −2(x2 − 12x)− 54 = −2(x2 − 12x+ 36− 36)− 54

= −2(x− 6)2 + 72− 54 = −2(x− 6)2 + 18 ✓✓✓

✭❜✮ ▼❛①✐♠✉♠ ♣r♦✜t✿ ✩✶✽ ✭❤✉♥❞r❡❞✮ ❂ ✩✶✽✵✵✱ ✇❤❡♥ x = 6 ✭✻✵✵ ❝❛s❡s✮✳ ✓✓

✭❝✮ P (x) > 0✿ −2x2 + 24x− 54 > 0 ⇒ x2 − 12x+ 27 < 0

(x− 3)(x− 9) < 0 ⇒ 3 < x < 9 ✓✓✓

✭❞✮ −2x2 + 24x− 54 = 5x+ 2 ⇒ 2x2 − 19x+ 56 = 0

x = 19±
√
361−448

4
= 19±

√
−87

4

❲❛✐t✿ ∆ = 361− 448 = −87 < 0✳ ❚❤❡ ❧✐♥❡s ❞♦ ♥♦t ✐♥t❡rs❡❝t✳ ✓✓✓

✭❡✮ ❙✐♥❝❡ P (x) ❛♥❞ Q(x) ♥❡✈❡r ✐♥t❡rs❡❝t ❛♥❞ P (6) = 18 > Q(6) = 32✳✳✳ ❆❝t✉❛❧❧② Q(6) = 32 > 18✳ ❙♦ t❤❡
♣r❡♠✐✉♠ ❝❛s❡ ✐s ❛❧✇❛②s ♠♦r❡ ♣r♦✜t❛❜❧❡ ✇❤❡♥ ❜♦t❤ ❛r❡ ♣♦s✐t✐✈❡✳ ❚❤❡ st❛♥❞❛r❞ ❝❛s❡ ✐s ♥❡✈❡r ♠♦r❡ ♣r♦✜t❛❜❧❡✳
✓✓

✭❢✮ ❙❦❡t❝❤ s❤♦✉❧❞ s❤♦✇✿ ❞♦✇♥✇❛r❞ ♣❛r❛❜♦❧❛ ✇✐t❤ ✈❡rt❡① (6, 18)✱ x✲✐♥t❡r❝❡♣ts ❛t 3 ❛♥❞ 9❀ str❛✐❣❤t ❧✐♥❡

Q = 5x+ 2 ♣❛ss✐♥❣ ❛❜♦✈❡ t❤❡ ♣❛r❛❜♦❧❛✳ ◆♦ ✐♥t❡rs❡❝t✐♦♥s✳ ✓✓

■❇ ▼❛t❤ ▼❛st❡r ❼ ✐❜♠❛t❤♠❛st❡r✳❝♦♠ ❼ ❝♦♥t❛❝t❅✐❜♠❛t❤♠❛st❡r✳❝♦♠

✐❜♠❛t❤♠❛st❡r✳❝♦♠ ✾ ♦❢ ✾
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