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Instruction Manual: Lesson 12 - Quadratic Formula

Quadratic Formula

.. . . . . 2
A quadratic is an equation that has an unknown or variable raised to the second power, as in Y~ or

2 . . . . . .
A”. In factoring and in completing the square, we have been dealing exclusively with
quadratic equations. So far, we can find the solution to a quadratic equation by factoring it, or if

this fails, by completing the square. In this lesson we are going to complete the square with
variables in order to discover a formula to solve all quadratics. If you’ve mastered the previous
lesson, try solving the following equation by completing the square, and then compare your

solution with mine.

AX2 +BX+C=0

Divide by the coefficient of X2.

AX2 BX C
Ea ANV A )
A A A
X2+ﬁ+£=0
A A

Add the opposite of the third term to both sides.

BX
+_
A

X2 .
A

Take one-half of the coefficient of the middle term, square it, and add the
result to both sides.

x2 B (B € By
A 2A A 2A
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Factor the left side.

B 2 _C B?
2A A 4A2

( X+

Combine terms on the right.

2
(X+ B j2__4AC B

2A 4A%  4A°?

Take the square root of both sides.

x. B _ | 4AC | B2 _, V-4AC+B?
2A a2 4p2 2A

Subtract B/2A from both sides, and combine.

x__ B | \V-4AC + B?

2A 2A

The quadratic formula! This is the form in which it is usually written.

w . ~B=V B?-4AC

2A

Example 1
Let’s try an equation that we can answer by factoring, and “plug in” the values for A, B, and

C. Remember that to find A, B, and C, the equation

2

must be in the form AX +BX+ C=0.

X2+5X+6=0

A=1,B=5andC=6

w . BV B*-4AC

2A

. 5xV5’-4-16

2-1
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We can also solve X 2 + 5X + 6 = 0 by factoring,.

X2 +5X+6=0
(x+2)(x+3)=0
X+2=0 X+3=0
X=-2 X=-3

For this problem, it would have much easier to solve by factoring. Try
factoring first, and if it doesn’t work, use the quadratic formula. Here is another

problem to try.

Example 2
2
Find the factors of 2X =-7X-4.

To find A, B, and C, the equation must be in the form AX2+ BX +c=0.

2X2 47X +4 =0

A=2,B=7,andC=4

w . BV B*-4AC

2A

X o _7:\7°-4-2-4

2:2

X = -7++49-32 _ -7=N17
4 4

X = -7 =+17

4
. -7+4\/F or -7-4\/F
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Practice Problems 1

Solve for X. Try factoring first, and then use the quadratic formula if necessary.

1. X2-25=0 2. X2 - 18X =-81
3. 2X2+7X+6=0 4. 3X2 +X-4=0
5. 4A%-36=0 6. X2 +5 =-3X
7. 7X% = 22X + 1 8. 2X2 +2X-5=0
5 2 2
9. =5 (x==23) 10. 4x%=09
X+3 @ X-3 (x==3)
11. 4X% + 20X = -25 12. 3Q%2=-4Q-2
Solutions 1
1. (X+5)(x_5)=o 2. (x-9)(x-9)=o
X+5-0 X-5=0 X-9-0 X-9-0
X=-5 X=5 X=9 X=9
3. (2X+3)(X+2)=o 4. (3X+4)(x_1)=o
2X+3=0 X+2=0 3X+4=0 X-1=0
2X = -3 3X = -4
X=-3/2 X =2 X=-4/3  X=1

5. (2A-6)(2A+6)=0
2A-6-0 2A+6=0

2A =6 2A = -6
A=6/2 A=-6/2
A=3 A=-3
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6. o
w_ =3=V-11 _ 3+l 3ol
2 2 2
;2224701 2242 _ 14202y -1-22
' 2-7 14 7 7
2
g . 2:N2-4:2.-5 2211 _ 1\l -1-V11
22 4 2 2
2
o 5 . 2 _. «_ D=7 45236
X+3 X-3 2:5
5(x_3)+2(X+3)=5(x2-9) x - 72769
10
7X -9 = 5X* - 45 X=7+\/ﬁ orX=7-\/ﬁ
5X2-7X-36=0 10 10
10. (2X—3)(2X+3)=0 11. (2X+5)(2X+5)=0
2X-3=0 2X+3=0 2X+5=0 2X+5=0
2X =3 2X = -3 2X = -5 2X = -5
X =3/2 X = -3/2 X=-5/2 X=-5/2
2
12. 3Q2+4Q+2-0 X=_—A)= (‘2‘)‘3‘4'3'2
w_ —4:\16-24 _-4:y-8
23 23
w_ A=iN24 _ Ax22
23 X3

www.mathsaustralia.com.au

2
X= —3i 3 —4]5

X - —2 +3|'\/E OI’ _2 _3i\/5
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Student Text: Lesson Practice 12A

Find the roots, using the quadratic formula when necessary.

1. X24+6X+2=0

2. X2-5X+4=0

3. 3X24+7X-1=0

4. A2-10A=11

5. 2Q%+2=17Q
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Student Text: Lesson Practice 12A

6. 5XZ+15X+10=0

7. 1/4R%-1/2R+3/2=0

8. 16X%=2X+4

9. 2Xx2+3X-8=0

10. Y2 =3/4Y+2
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Student Text: Lesson Practice 12B

Find the roots, using the quadratic formula when necessary.

1. 8X%2-X-3=0

2. 7=2X2+X

3. Q2-6Q+3=0

4. 2+3X+4X2=0

5. P=P°-2
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Student Text: Lesson Practice 12B

6. X2+1/5X+5=0

7. 20X% + 40X = 30

8. 5A2+2A-1=0

= -5X

10. AX° +BX+C=0
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Student Text: Systematic Review 12C

Find the roots, using the quadratic formula when necessary.

1. X?-5X+6=0 2. X2 4+4X+2=0
2 2

3. X% -3X+1=-6X 4. X2+4x-12=0

5. 2X% 4+ 2X+5=0 6. X2 +8X=-16

Complete the square.

7. X% - 26X+ 8. 2X% + OX +

+ + 400 10. X2- +14

Solve for X. Complete the square when necessary.

1. X%+ 1/3X-4/3=0 12. Check the answers to #11 by placing them

in the original equation.
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13.

14.

15.

16.

Student Text: Systematic Review 12C

Expand (X - A)6.

What is the second term of (1/2 X - 3A)4?

Expand (5 - 2A)3.

Find the cube root of X3 - 6X2Y + 12XY2 -

Put in standard form.

17

6+5i
3i-2 18.

Simplify, and combine like terms when possible.

19.

2

3_\/7 20.
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8y3.
2++V-49
2-4-49
2+\/5_
N5 -4
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Student Text: Systematic Review 12D

Find the roots, using the quadratic formula when necessary.

1. 2X2-9X-7=0 2. X245X-2=0

3. 3X%+ 7X+4=0 4. X2-6X+12=0
2 2

5. 5X2-3X-2=0 6. 4X% + 1 = 4X

Complete the square.

7. X% 45X + 8. X2-1/2X+

9. 25X% + +1 10. 49X - +4

Solve for X. Complete the square when necessary.

1. X2-12X+ 20=0 12. Check the answers to #11 by placing them

in the original equation.
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Student Text: Systematic Review 12D

13. Expand X + 1%,

14. What is the fifth term of (1/2 X - 3A)%?

15. Expand (10 - 1/X)°.

16. Find the cube root of X3 + 6X2 + 12X + 8.

Put in standard form.

17. A=3i 18.

2i

Simplify, and combine like terms when possible.

9

19. m 20.
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10-v-A

MATHS AUSTRALIA SAMPLE PAGES



Test Booklet: Lesson 12 Test

Circle your answer.

1. Which of the following cannot be solved 5. The solution to 7X2 +2X 1 =0 can be

using the quadratic equation? written as:

22:422-(4)(2)(<1)

2(7)

A X2 -64=0
B. X3+3Y+1=0

+ 2 - _
C. 4A2+8A =16 B. X=2-\/2 ZE;))(?)( 1)
D. Y2 =2Y+4
2
2. The part of the quadratic formula C. X= _23\/2 2"‘((7‘;)(7)(—])

written under the radical is:

oy . 2:{(2P-(@))
2

A. B? + 4AC
B. B? - 4AC
C. -B® + 4AC
D. A2 4 4BC For #6-10, solve using the best method.
3. All quadratic equations can be solved by: 6. X>-36=0

A. factoring A. X=6, -6
B. both factoring B. X=4,9

and the quadratic formula C. X=0,6

D. X=+9

C. the quadratic formula

D. none of the above

4. In order to find values of A, B, and C in

the quadratic formula, an equation

should be in the form: A X< —3:\/§
2
A AX2 =BX + C B. X=%
B. X2+ AX=B-C 73
C. AX2 +BX+C=0 C. X=3123
2
D. AX? + BX = -C
D X=#
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Test Booklet: Lesson 12 Test

8. 5X%=-2X + 1 12. A quadrilateral with only one pair
of parallel sides is a:

A. rhombus
> B. trapezoid
C. parallelogram
B. X= —115\/5 D. regular polygon
C. X= % 13. Two sides of triangle A are
> congruent to the corresponding
sides of triangle B. The angle
D. X= ]t‘/g formed by the corresponding
> sides is 25° in both triangles. What
postulate may be used to prove
9. 4X% +20X =-25 triangles A and B congruent?
A. X=x5/2 A. SSS
B. X=4,5 B. SSA
C. X=5/2 C. SAS
D. X=-5/2 D. cannot be proved congruent
10. 4X%2+4X-10=0 14. Each angle of triangle ABC is
RISVE] congruent.to the corresponding
A X= 5 angle of triangle DEF. What
postulate may be used to prove
B. X =i, -2i AABC and ADEF congruent?
c. x-l=d11 A. SSS
2 B. AAA
D. x - —1£3i C. SAS
2 D. cannot be proved congruent
11. AABC is congruent to AEDC. 15. Five yards are a little less than:
AB corresponds to:
A. 5 meters
A. BA B e B. 10 meters
B. AC C C. 2 meters
C. ED A D. 6 meters
D. BC D
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Solutions 12A-12B

I-=d 2=d
0=L+d 0=2-d
ve oL 0=(L+d)(2-d)
ovv - a\F g 0=2-d-zd (5
- 8
£/5-‘0=X
egh 1 F ¢
0=G+Xe 0=X =
0=(g+Xe)X 8 )z
0=XS+zXe (6 g e @y - )= (-
0=2+XE+Xv (¥
S _ 0l
9rF - 9hzFe-
oL _ (8)2 [ yp—
B S R (B ) N greFo

0=¢-Xvr+zXe (£

ob  _ (9)2
66 F L (s2)(Q)y - ABDMF (1)-

aclt

14

0=8-AE-zAY (O}

@)z

ef7e

@) - )+ (e)- (6

0=9+4Hg-zd (£

=X b-=X

0=2+X 0=1+X
0=@E+X)(L+X)
0=2+Xe+zx (9

0=2+0.LL-z02 (S

I-=v L=V

0=IL+VY 0=1LI-V
0=(+Ww)(LL-V)
0=1LL-Y0lL-gv (¥

L=X r=X
0=%-X
0=(-X-X (

vel
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Solutions 12C-12D

8¢
9vs+ 2yMe-0z- ek

_ ge - (2)6
T 9hg+ zyhe-oz-Lel

_(s-4Me)(s +4Me)
TG e 9M-)

gl 68
olMe- 12 0K6-£9

_ o6y _ (oM A0+ 2)
0lM6-€9 (o1M-2) (6)

v + 00k
V - 102 + 00}

(v-) - 00}
V- VMoeg + 00k

(wM+ou)(v-o1)
(v+o( v+ o01)

_ ¢

c+ly
__e 0
(g -v)

2€-y
glg+X)

eX/1 - gX/0€ + X/00€ - 000}
e(X/1-) + 2(x/1-)(01)E + (X/1-)z(01)E + 0L

V18 = 1(VE)o(X 2/1)
"¢ €v

L+ XV +2X9 + eXv + X

vec

0=02+V2-¥

0=02+ ()2l - z(2)

0=02 + 02l - 001
0=0z+ (0Lt -z01) (2L

2 ‘0L=X
0=(@-x)0L-X) (1t

(o2
¥ + X82 - gX6¥

BY/v + X LIV - 2X
Bviv+7  -gX
v+~ -gxev (0L

(61 L+ X0k + gXSe
G2/L +X G2+ gX
Ga/L+7 +gX

L+ +zXSe (6

aL/L (8

viSe (L

0=(1-x2)(1 - X2)
0=1L+Xv-2Xv (9

(81 2/L=X

L ‘s/e-=X
0=(-X)(2+X9) (s

(91 =

- ‘S =X
(G 0=(+X)y+xe) (¢

dct

_c __ ¥
6+gM sL+gMe
9L-G-¥
gMy+g-g+g+ gy
?+m\(N?|m\rm_
(v+5r2)(g +2)

14
4 re=7xzvg

-6 (4r+efr-9)

TS [peeke
€5
182 + G-
€5 (6v-)-¥

u_h.v+mvllmv|mv\rv+¢
6v*+c)l6v-/*—¢

(6r+2)(6rr +2)

Sk _ v -2l6
10 + 2L +2ISE+18L

€-18¢

(g+1€) (2-1€)
(z+1€) (15 +9)

g(AZ-X)

€V8 - ZV09 + V0S| - 521
= ¢g(Ve) + z(ve-)(Q)e + (V2-)z(9)e + ¢S

VeX 2/e-
= (ve-)g(Xs/)y = ((ve-)e(Xe/h) iy

oV *+ gVX9 - VXSt
+gVeX02 - gVyXSh + VX9 - oX

= 9(V-) + g(v-)X9 + p(V-)zXSt
+e(V-)eX02 + 2(V-)pXSE + (V-)gX9 + oX

(02

(61

(81

(]

(¥

0=6/2l - 6/7 - 6/91

0= ¢/ - (e/v-)e/L + z(€/v-)

0=¢/v -y
o=¢-(e/L+z1 (2L

E/p-=9/8-=X L=99=X
9L-9/k-=X AL+ 9N-=X
ULF =9k +X

9 /6¥M= NG: + X)

9¢/1 +9¢/8% = z(9/1 + X)

9E/L + €/ = 98/L + X €/1 + gX
0=¢H-Xe/l+zX (Il

X vivz (oL

Xov (6

8/18 + X6+ gX¢c
91/18 +X /6 +2X

+X2/6+egX
+ X6 + gXe

—
©

691 (£

0=(F+X(r+X)
0=9 + X8+ gX

r-=X

—
©

_° __v
IEF - 19F g-

0=1+Xe+X (¢

4 L-¢

w\(um-um\(NnTu (e

Ocl
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Solutions 12E-13B

4! (9)

4
L6M% 5 T L6hF (9)-

[enbaun ‘feuone. ‘eal

16 =()9Q) - z(5) (S

=X p-=
0=L+X 0=L+Xp
0= (1 +X)(I + Xp)
[fenbaun ‘reuone. ‘[eal
6= (WY - 25
0=FL+XS+Xy (¥

ek 9z
SlgM .-~ SleMF £
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0=(e+4)(I-He)
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6y = (€)@ - 2§

0=€-4HS+zde (I

a€l

v (L)z

695t ¥ € - 699+ (6

[enbaun ‘leuone.u ‘[eas

695 = (02-)(L)¥ - 2z(€-)

0=02-Xe-zX,L (S

e 9 _ (€)2
pHMFL T opMEZFET 9GMF (2)-
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95-=(9)E) - 2(2)
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LSfFe- LG[Fe-
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$9 - (€)001
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ml
-z —
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9-1
gL+gre+ghec+e

(9M+ (M- 1)
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L1 8
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(o2

(614

(81
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0=Vl -SE-6V

0=pL-(L)5+2(2) (2t
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0=(@E-X)(+Xx) (Lt

X861 (01

X09 (6
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¥+ Xy - 2X

____6 6
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v v
+X82+ Xy (L
€ 's-=X
0=(e-X)N(s+Xx) (9
2 _ ()2
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Honors Booklet (Extra Practice): Lesson 12

You have used the binomial theorem to find the terms when a binomial is raised to a power. Here is another

method that uses factorials. It was discovered by a man named Leonard Euler in the 18th century.

It is based on the version of Pascal’s triangle shown below. If you remember that 0! equals one, you can
reduce each fraction so that this becomes a regular Pascal’s triangle. Also notice that this is similar to the triangle
shown in Lesson 10 in your Teacher Manual.

0!
0! 0!
it it
0! 1! 110!
of an expanded binomial. It is read as “n choose r -1”. 2! 2! 2!
0! 2! 111! 210!
3! 3! 3! 3!
0! 3! 112! 211! 3! 0!

The notation ( "'y ) is used in this new formula for terms

The formula for the rth term of (a + b)"is ( _n1 ) an-r+1 pr-1. “n” tells you what row of the triangle you

are on and “r” tells what term in that row is chosen. Remember that we start counting rows with 0. We can start
counting terms with one because the formula has already subtracted one from “r”.

This is not as difficult as it looks! Study the examples and compare what you are doing here to the method
you have already learned.

Example 1: Find the 2ndterm of (a + b)3. “n”=3 and “r" =2
(;M'q) an-r+lpr-1 = (2‘?1) a3-2+1p2-1 = (%3) a2 bl  Simplify terms

I
% a2 bl Change “n”to “n!” In this case, 3to 3! Look at the 2Nd term (counting from 1) of row 3
o (counting from 0) to find the factorials for the denominator.

1372{ a2 bl =3a2b  Simplify.

Notice that the numbers in the factorial form of the denominator are the b and a exponents, and that they add
to the number in the numerator. This is always true! If you remember this, you do not need to use the triangle.

Example 2: Find the 3"d term of (a + b)6. “n”=6and “r" =3

(;M'q) an-r+lpr-1 = (36_51) ab-3+1p3-1 = (g) a4 b2 Simplify terms
14 @ be = > A a*bc = 15a% b Change to factorials and simplify.

Use factorials to find the requested term.

1) Find the 5th term of (X + Y)8. 2) Find the 2"d term of (A + 2)4.

3) Find the 3'd term of (P + Q). 4) Find the 4th term of (2X - 1)7.
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Lesson 12

Honors Booklet (Extra Practice) Solutions
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