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Quadratic Equations – Outcomes Use graphic, numeric, algebraic, and mental strategies
 to:
 Solve equations of the form 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 𝑘
 Construct a quadratic equation from its roots.
 Solve a linear equation and an equation of order 2 with
 two unknowns.
 1
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Use Graphic Strategies1. Draw a table showing the values of 𝑥2 + 5𝑥 + 4 between
 𝑥 = −6 and 𝑥 = 1.
 2. Use the answers from your table to draw a graph of
 𝑥2 + 5𝑥 + 4 for −6 ≤ 𝑥 ≤ 1.
 3. Use your graph to find the approximate value of 𝑥2 +5𝑥 + 4 when 𝑥 = −1.5
 4. Use your graph to find the values of 𝑥 for which 𝑥2 +5𝑥 + 4 = 0
 5. Use your graph to find the values of 𝑥 for which 𝑥2 +5𝑥 + 4 = 4
 2
 pg 77-81
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Use Graphic Strategies3
 1. Draw a table showing the values of 4𝑥2 − 16 between
 𝑥 = −3 and 𝑥 = 3.
 2. Use the answers from your table to draw a graph of
 4𝑥2 − 16 for −3 ≤ 𝑥 ≤ 3.
 3. Use your graph to find the approximate value of 4𝑥2 −16 when 𝑥 = 0.5
 4. Use your graph to find the values of 𝑥 for which 4𝑥2 −16 = −12
 5. Use your graph to find the values of 𝑥 for which 4𝑥2 −16 = 0
 pg 77-81
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Use Graphic Strategies A small rocket is fired into the air from a fixed position on
 the ground. Its flight lasts ten seconds. The height, in
 metres, of the rocket above the ground after 𝑡 seconds
 is given by ℎ = 10𝑡 − 𝑡2
 1. Draw a graph of the height of the rocket for the first ten
 seconds of its flight.
 2. Use your graph to estimate the height of the rocket
 after 2.5 seconds.
 3. Use your graph to estimate the next time the rocket will
 be at this height.
 4. Use your graph to estimate the highest the rocket
 reaches.
 4
 pg 77-81
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Use Numeric Strategies For a quadratic of the form 𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐, when the 𝑥
 changes by 1, the change in 𝑦 value changes by 2𝑎.
 5
 𝒙 𝒙𝟐 + 𝟓𝒙 + 𝟒 𝒚 𝚫𝐲 𝚫𝚫𝐲
 -6 −6 2 + 5 −6 + 4 10
 -5 −5 2 + 5 −5 + 4 4 -6
 -4 −4 2 + 5 −4 + 4 0 -4 +2
 -3 −3 2 + 5 −3 + 4 -2 -2 +2
 -2 −2 2 + 5 −2 + 4 -2 +0 +2
 -1 −1 2 + 5 −1 + 4 0 +2 +2
 0 0 2 + 5 0 + 4 4 +4 +2
 1 1 2 + 5 1 + 4 10 +6 +2
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Use Numeric Strategies For a quadratic of the form 𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐, when the 𝑥
 changes by 1, the change in 𝑦 value changes by 2𝑎.
 6
 𝒙 𝟒𝒙𝟐 − 𝟏𝟔 𝒚 𝚫𝐲 𝚫𝚫𝐲
 -3 4 −3 2 − 16 20
 -2 4 −2 2 − 16 0 -20
 -1 4 −1 2 − 16 -12 -12 +8
 0 4 0 2 − 16 -16 -4 +8
 1 4 1 2 − 16 -12 +4 +8
 2 4 2 2 − 16 0 +12 +8
 3 4 3 2 − 16 20 +20 +8
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Use Algebraic Strategies Recall quadratic trinomial expressions. In many cases,
 they are factorisable.
 e.g. 𝑥2 + 5𝑥 + 4 = 𝑥 + 4 𝑥 + 1
 If instead, we have an equation, with that expression
 equalling zero:
 𝑥 + 4 𝑥 + 1 = 0
 Recall that if two numbers multiply to get zero, one of
 those numbers must be zero. Thus:
 7
 𝑥 + 4 = 0
 ⇒ 𝑥 = −4
 𝑥 + 1 = 0
 ⇒ 𝑥 = −1
 or
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Use Algebraic Strategies The same is true for all types of factorisation questions.
 e.g. 4𝑥2 − 16 = (2𝑥 − 4)(2𝑥 + 4)
 If instead, we have an equation, with that expression
 equalling zero:
 2𝑥 − 4 2𝑥 + 4 = 0
 One of the two brackets must equal zero for this
 equation to be true. Thus:
 8
 2𝑥 − 4 = 0
 ⇒ 𝑥 = 2
 2𝑥 + 4 = 0
 ⇒ 𝑥 = −2
 or
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Use Algebraic Strategies Not all quadratics are factorisable easily.
 In these cases, a formula exists. For a quadratic in the
 form 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0,
 𝑥 =−𝑏 ± 𝑏2 − 4𝑎𝑐
 2𝑎
 e.g. 2𝑥2 + 3𝑥 = 7 ⇒ 2𝑥2 + 3𝑥 − 7 = 0
 𝑎 = 2; 𝑏 = 3; 𝑐 = −7
 ⇒ 𝑥 =−3 ± 32 − 4 2 −7
 2 2
 9
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Use Algebraic Strategies
 ⇒ 𝑥 =−3 ± 9 + 56
 4
 ⇒ 𝑥 =−3 ± 65
 4
 The ± sign means there are two answers: one where we
 use a + sign and another where we use the − sign.
 10
 ⇒ 𝑥 =−3 + 65
 4⇒ 𝑥 ≈ 1.27
 ⇒ 𝑥 =−3 − 65
 4⇒ 𝑥 ≈ −2.77

Page 11
                        

Use Algebraic Strategies Solve the following quadratic equations:
 1. 3𝑥2 + 𝑥 − 4 = 0
 2. 𝑥2 − 5𝑥 − 3 = 0
 3. 2𝑦2 + 6𝑦 = 5
 4. 2𝑝 2𝑝 + 1 = 2
 5. −3𝑡2 + 15𝑡 − 8 = 0
 6. 3𝑘 − 2 = −2𝑘2
 11
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Use Mental Strategies All quadratic equations are symmetric.
 If we know the 𝑥 value along the line of symmetry, the 𝑦values will be symmetric about it.
 12
 𝒙 𝒙𝟐 + 𝟓𝒙 + 𝟒 𝒚
 -6 −6 2 + 5 −6 + 4 10
 -5 −5 2 + 5 −5 + 4 4
 -4 −4 2 + 5 −4 + 4 0
 -3 −3 2 + 5 −3 + 4 -2
 -2 −2 2 + 5 −2 + 4 -2
 -1 −1 2 + 5 −1 + 4
 0 0 2 + 5 0 + 4
 1 1 2 + 5 1 + 4
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Use Mental Strategies13
 𝒙 𝟒𝒙𝟐 − 𝟏𝟔 𝒚
 -3 4 −3 2 − 16 20
 -2 4 −2 2 − 16 0
 -1 4 −1 2 − 16 -12
 0 4 0 2 − 16 -16
 1 4 1 2 − 16 -12
 2 4 2 2 − 16
 3 4 3 2 − 16
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Construct a Quadratic Equation Recall a previous quadratic equation 𝑥2 + 5𝑥 + 4 = 0:
 𝑥 + 4 𝑥 + 1 = 0
 ⇒ 𝑥 = −4 or 𝑥 = −1
 -4 and -1 are called the roots of the equation.
 Graphically, where the equation crosses the 𝑥 axis.
 We can create a quadratic equation from given roots if
 we work backwards.
 14
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Construct a Quadratic Equation e.g. 𝑥 = −4 or 𝑥 = −1
 ⇒ 𝑥 + 4 = 0 or 𝑥 + 1 = 0
 ⇒ 𝑥 + 4 𝑥 + 1 = 0
 ⇒ 𝑥2 + 𝑥 + 4𝑥 + 1 = 0
 ⇒ 𝑥2 + 5𝑥 + 1 = 0
 15
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Construct a Quadratic Equation e.g. Construct a quadratic equation with roots 𝑥 = 6 and
 𝑥 = 1
 Construct a quadratic equation with roots 𝑥 = 5 and 𝑥 =− 4
 Construct a quadratic equation with roots 𝑥 = −8
 5and
 𝑥 =1
 2
 16
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Solve Simultaneous Equations Graphically
 Plot the following equations for 0 ≤ 𝑥 ≤ 7 on a single
 graph.
 𝑦 = 3𝑥2 + 4𝑥
 𝑦 = 30𝑥 − 48
 Use the graph to determine the intersection point(s) of
 the two equations.
 17
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Solve SEs Graphically Solve the following simultaneous equations by drawing a
 graph:
 𝑥 − 𝑦 = −4
 𝑥2 + 5𝑥 + 4 = y
 Using −6 ≤ 𝑥 ≤ 1
 3𝑥 + 2𝑦 = −5
 3𝑥2 − 9 = 𝑦
 Using −2 ≤ 𝑥 ≤ 2
 18
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Solve SEs Algebraically Elimination is almost useless for solving non-linear
 simultaneous equations – substitution always works.
 𝑦 = 3𝑥2 + 4𝑥
 𝑦 = 30𝑥 − 48
 Substitute the linear equation into the quadratic through
 𝑦:
 30𝑥 − 48 = 3𝑥2 + 4𝑥
 ⇒ 3𝑥2 − 26𝑥 + 48 = 0
 19
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Solve SEs Algebraically 3𝑥2 − 26𝑥 + 48 = 0
 Solve through factorisation or quadratic formula:
 3𝑥 − 8 𝑥 − 6 = 0
 𝑥 =8
 3or 𝑥 = 6
 Substitute back into an original equation to get the 𝑦s
 20
 𝑦 = 30𝑥 − 48
 𝑦 = 308
 3− 48
 𝑦 = 80 − 48
 𝑦 = 32
 𝑦 = 30𝑥 − 48
 𝑦 = 30 6 − 48
 𝑦 = 180 − 48
 𝑦 = 132
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Solve SEs Algebraically Solve the following pairs of equations:
 𝑦 = 𝑥2 − 5𝑥 + 7
 𝑦 = 2𝑥 + 1
 𝑦 − 𝑥2 = 7 − 5𝑥
 4𝑦 − 8𝑥 = −21
 21
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Solve Other Non-Linear SystemsCircles, ellipses, parabolas, and hyperbolas all have
 second-order equations and need to be solved with
 lines.
 e.g. solve:
 𝑥2 + 𝑦2 = 52
 2𝑥 + 𝑦 = 8 ⇒ 𝑦 = 8 − 2𝑥
 As usual, substitute the line into the other equation.
 ⇒ 𝑥2 + 8 − 2𝑥 2 = 52
 22
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Solve Other Non-Linear Systems 𝑥2 + 8 − 2𝑥 2 = 52
 ⇒ 𝑥2 + 64 − 16𝑥 − 16𝑥 + 4𝑥2 = 52
 ⇒ 5𝑥2 − 32𝑥 − 12 = 0
 ⇒ 5𝑥 − 2 𝑥 − 6 = 0
 ⇒ 𝑥 =2
 5or 𝑥 = 6
 Substitute back into the original equation to get the 𝑦s.
 23
 𝑦 = 8 − 2𝑥
 𝑦 = 8 − 22
 5
 𝑦 = 8 −4
 5
 𝑦 =36
 5
 𝑦 = 8 − 2𝑥
 𝑦 = 8 − 2 6
 𝑦 = 8 − 12
 𝑦 = 4
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Solve Other Non-Linear Systems Solve the following systems:
 𝑥 + 𝑦 = 7
 𝑥2 + 𝑦2 = 25
 3𝑥 − 𝑦 = 1
 𝑥2 + 4𝑥𝑦 = 9
 2𝑥 − 3𝑦 = 1
 𝑥2 + 𝑥𝑦 − 4𝑦2 = 2
 24
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Solve Rational Equations If a quadratic does not start in the form 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0,
 it needs to be rearranged to be solved.
 Recall the rules for manipulating expressions and
 equations.
 25
 𝒙 + 𝟐
 𝟐𝒙 − 𝟏+𝟐𝒙 + 𝟑
 𝒙 + 𝟏=𝟏𝟏
 𝟐
 Multiply by denominators
 ⇒𝑥 + 2
 2𝑥 − 1× 2𝑥 − 1 𝑥 + 1 2 +
 2𝑥 + 3
 𝑥 + 1× 2𝑥 − 1 𝑥 + 1 2
 =11
 2× (2𝑥 − 1)(𝑥 + 1)(2)
 ⇒ 𝑥 + 2 𝑥 + 1 2 + 2𝑥 + 3 2𝑥 − 1 2 = 11(2𝑥 − 1)(𝑥 + 1)
 ⇒ 2𝑥2 + 6𝑥 + 4 + 8𝑥2 + 8𝑥 − 6 = 22𝑥2 + 11𝑥 − 11
 ⇒ 0 = 12𝑥2 − 3𝑥 − 9
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Solve Rational Equations 0 = 12𝑥2 − 3𝑥 − 9
 0 = 4𝑥2 − 𝑥 − 3
 0 = 4𝑥 + 3 𝑥 − 1
 ⇒ 𝑥 = −3
 4or 𝑥 = 1
 26
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Solve Rational Equations Solve the following equations:
 1.2𝑥+1
 𝑥+2= 𝑥 − 1
 2.𝑥
 𝑥+4= −
 3
 𝑥−2+
 18
 𝑥−2 𝑥+4
 3.2
 𝑥+1−
 1
 𝑥−2= −1
 4. 2 −6
 𝑥−2 2 = −2
 𝑥−2 2
 5.𝑥
 𝑥−2+
 1
 𝑥−4=
 2
 𝑥2−6𝑥+8
 27
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