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Completing the Square

What is the purpose of completing the square?
The purpose of completing the square is to factor and solve a prime qu

a conic section.

adratic equation or to more easily graph

When an equation does not contain a perfect square trinomial, you will sometimes need to add a term to make the

trinomial a perfect square in order to solve it.
Consider a trinomial in general form: A+Bx+C=0

The steps to make a trinomial a perfect square are listed below:
Step 1: Divide the equation by A so that the leading coefficient is 1

Step 2: Subtract C from both sides of the equation

Step 3: Divide B by 2 and square the result. Then add to both sides of the equation

Step 4: Factor the left side of the equation.

Step 5: Take the square root of both sides of the equation.

Step 6: Solve for x
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Example 1: Solve the following quadratic equations by finding the square root.

a. x2-8x+16=25 b. 2x2-24x+8=0

mfu_m—s a(x*- 2+ 4)=0
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Your Turn!!!:)

a xt-8x-128=0 b. 3xt- 36x- 14420
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Conic Sectlons are often written in the general form: Ax2 + Bxy + Cy* + Dx + Ey + F=0. In order to write them in
the more "user-friendly” Standard Form, you must complete the square to create Perfect Square Trinomials

for both x and y.

P——
Example 2: Write the equation ir{ Standard Form for each Conic Section.

a. 4x +y-8x-8-0 b. 16x2 - 9y2- 96x + 36y -36 =0

4y*-8x 4\/ =& lQ\‘ “QCx-qY f?"y IR
‘l’(y\ 9\"“'3"'\/ 81-4-} I (™ Q“"’q) QC\{ 47"‘"6 Kor1aq-¥
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4(x*2) +3g=8 l0(x*>6x) = (y* 1y)- 30
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Example 2 (continued): Write the equation in Standard Form for each Conic Section.

]
31 F
Y -4y-2%+6=0 .S':j-(\:f:! E .xt-16x-8y+80=0
gon. X
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General to Standard Form of Conic Sections

Date Period

Use the information provided to write the standard form equation of the conic section.

1) x*+4y? —20x+ 80y + 400 =0

(x-10) . () + 10)? :j
100 25

X-20% + 4y + oy = Y40

X -20%+ o + 4 (y zwoyﬂoo) = -{o+l0

(X-1b 2ed{y+1n)®=100

/o0 (oo

3) x2+4y* —16x+8y-76=0
(- 8)° N (_\’+ 1)2

3
144 36

xZlox +4 (yz+o’27) =70
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B\F (\2= 144
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—4x* —24x+y—-35=0
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7) —x+ v —8x-4y-76=0

(y— 2)° 3 (x+4)° B 7
64 ____/
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1 (4 Ex416) Yy =y 4 =610+
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2) —x*+y*—10x+14y-12=0

(v+ 7 (x+5)° B
L 36 36 —D
-1 [x*H0X) * J 214y 212
bHU00 ) (xiox+de) + Y iy 4 §F 212+ Las)er]
(x +s)* +(y+2)*= 30
7
Be EX4

4) 4x* +y* —64x+ 6y +249=0
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. _q)?
('X b) =]
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Ll (Xz—l(lx) + yz-f'(py: -2(/7
Y(x o) + Yeay e =249 2850+
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6) —4x* +9y* — T2x + 144y —324 =0

l:y+ 8 (k49 _ 1—\

64 144

=4 (x*+19x)+9 (4% luy) =324

A (Xl 1)+ Gy oy #q) =32 =324 4570

-4 (x +‘I>1'+ 9(y+ff_: 570
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)‘ch—lzx+4y+56=o
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b’\f+6.'c+12y+45=0 10) x2—4y* - 10x + 56y —315=0

| )
p==—dx+ 3 -3
"

11) 16x*+ y* —64x—14y-31=0 12) 4x* +5y* +24x+30y—119=0

3) x2 -4y +20x+ 16y +68=0 \ﬂ\2x2+32x+y+131=0

v+ 10) B i
16 4

0x2 —180x+ y +807=0
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Ellipses

Graph

PFy + PF; = k, where k > FF,.
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The standard form of the equation of an ellipse with center (h,K) is:

( Virhees Gre

BTGl T et

1 Ul
0 J .!{ Key Concept Properties of Ellipses with Center [0, 0]
m Horizontal Ellipses Vertic?li Ellipses
v . 3 - b ¥ _ - -
M\ﬁ Standardﬁqu‘atlon(,jﬁ&»ﬁ:,l.a::b,o §+?-l,axb«»o
Major Axis = haorizontal vertical
Vertices (£a,0) (0, ta)
Ca-vertices {0, b} (£5,0)
Foci (£, 0) on x-axis (0, £¢) on y-axis
‘The length of the major axis is 2a and the length of the minor axis is 2b.
For any point P on an ellipse, PF, + PF, = 2a.

(’:h)z + 0,_]02&1
& b

Direction of Major Axis horizontal vertical
foy, ® Fodi '+ +
/; w\. Foci (h gy 4 k} fﬁ; k= C)

Since the co-vertex P(0, b} is on the ellipse, PF; + PF, = 2a.
Ifyou denote the distance from each focus to the center of the
ellipse by ¢, then a, b, and ¢ are the lengths of the sides of a right
wriangle, as shown in the eflipse at the right. Thus, the distances
from the center to each vertex, to each co-vertex, and to each focus
are related by the Pythagorean Theorem: a = b2 + ¢2.

If (xa 0), {0, £b), and {*¢, 0) are the vertices, the co-vertices, and
the foci of an ellipse, respectively,

(o, 9)
X, 4*
/{'/

a
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Example 12: What are the foci of the ellipse with the equation ;BXZ"‘% = 9’35 ? Graph the foci and the
ellipse.

B X2 +90,.2 = 66 ({
05 2% 2% ZoAN

2 / \
/7)( ' E% ) 35 iy
b:9 35>1 " sothe MQjOv O \ertia)
02022 < as-cr b C=*f
foci ave (0,-4)and (0’4)

<
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Example 13:

Whispering Gallery A room with an elliptical ceiling (called an ellipsoid, sirice it is
3-dimensional) forms a “whispering gallery” Thanks to the reflective property of the
ellipse, a whispered message at one focus can be heard clearly by someone standing

across the room at the other focus. If the elliptical ceiling has a major axis of 120 feet
and a minor axis of 72 feet, how far apart are the foci?

Qg of mayor &S = Ao
So(gfga \ 2.0 @
Moy Q*B/ gb SOQbJ?a b %
Q‘ 02 bl (OOQ -
0= V@26 -
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Example 14:

What is the standard form equatlon of the elhpse shown?
C*=0%2 |2 C a?— b
3h= 0l -b? 15 8

b*=(4-35 =31 4. b‘/ b

Z
Lol e
- . A
(0 m Jb/
/R
Identify the center, vertices, co-vertices, foci, length of the major and minor axes.
X

) vuheal (c+5) -1 .9 vt
a ol bed 81 o b .

Carrer (0, ) T Corrh!r(*s . :
Jieh Lom)o)(“)““ \&N o (5-;,) -5,143) (-5, 1-12)

L = (}'—6)2 0"

(o-w 5,@ (o) 070 (- 5,u) \Fé (-14, P (-5+9,1) (-5-9,1)
YFoca (O (ﬁ\rﬁ.ﬂj(b 57) M&_\ C\NS --834 3)}-7 _
;(lml % fmmbusall(g PN oY QXS = [
Identify the center, vertices, co- -vertices, foci, length of the major and minor axes and graph the ellipse.
2 2 i} - ,
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C€W|3€1 (0|0)
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Use the infc.)tr tion provided to write the standard form equation of each ellipse. a g ,h [1¢ C* VK g

7. Foci: W17, 0), (417, 0) S I 8. Foci: (W115,0), (115, 0)
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Hyperbolas

Hyperbola\j " OL C{M @Olﬂ?‘ﬁ p ”’) Q_.
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~ The standard form ﬂpthe equafon df a parg?ola with vertex (h k)

(x = h)?

(y — k)?

az b2 =

Focus of the hyperbola: dh_(? "_ILWQ +ixed Q’))/T5 M. trawlvae AaNS

Vertex:

'H)ewmma pontt of each_bra )

“0 value

Transverse axis: “LQ g%[”ﬁ“t ”ﬁ[““{ +h€m V@)?L/(AS

xis of symmetry: e (s ON WRIch +he ﬁmm&z RYS 1ids

Center of the hyperbola: MId.wHT{: b‘ﬁwfﬂ +h€ +W/) Wﬁ'}cf_s .

Key Cancept _Propertios of Hyperbalas with Ceer 0, 0 | +

Horizontal Hyperbola

Vertical Hyperbola

slope Q
° wJocus (0, ¢) ':J"—/
slope —} edaxag ] ] slope
foeus (¢, 0) fccus(c, 0) [ b~ /b 1 X
- | =
vertex{=a. 08 P\ | VBT (2, 0) J_!// vefth, i -a)
L P i
~ ffocus 0, -c}
slope 3
o ;
Equation: P iE =1 Equatitm-ﬁ2 - % =1

Transverse axis: Horizontal

Vertices: (Za, 0)

Foci: (it ¢, 0], \\rher

Asymipeotes: v o= T oo

Transverse axis: Vertical
Vertices: (0, ta)

Fuci: (0, £¢), where @ = g2 + B2

Asvinplotes: y - i:L—‘A:

S 1 v e :
Standard Form of Equation o ;2;,)2 i bzk)z 1 Y-t o'fh)z =1
Direction of Transverse Axis horizontat vertical
Equations of Asymptotes y—k=28_p) ~ k=2~
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Example 15: A hyperbola centered at (0,0) has vertices (+4,0) and one focus (5,0) write the standard form
equation of the hyperbola and graph it.

$°
QZ_ ;_-_a?.+b2 9 2 ﬂwf‘g*‘u i
b*=c2_g2 ___7&_2 — _¥_ s | ‘5"'/'47' (‘h‘:“‘;; vl
b?= 25 - ' & ST
bché o 4 3JL ._ﬁz:,::}‘
b= 3 _ﬁ _ _%:3 ‘ ) i ¥ "‘\‘.u
| I E

Example 16: What are the vertices, foci and asymptotes of the hyperbola with equation q 1'7)(2:@

Graph the hyperbola. AL = 0.'-(‘7 Vortiss :(o,sﬁg -(:é- ;; vy
Qu* _ T b= 3 | p
& (s S

> - _Yf:': | i /’q".
O | e

¢*:9+7 Foci: (0114) P R

Ctzl‘l , +

. (syme-otes: g v

c4 G 3

Identify the vertices, foci, and direction of opening of each.

22 4-9 (:-:;S' tlw 2 2 &.. (
¥ X 2 3 -

SRk LT BT TR N v 1 D~
werhces (02 9)- CA yorhes (X10) 77 a0
o (0, 1) foct (1VB7,0) " i
OpENS LR/ down oxns  1—f_ (:1F7

3. (v+2)? (y+8)° Q:(—Z.-?) C{(y+8)?F  (x+2)7 v (-2,-&

gty O b2 W TRl al )m.'ifg
o \|Q1')flCe5:( “)—%5 Vertiees . ("a)'a) ('Q)'H') el
b B FocL (-8, %4161 (-3,-3-101)
d« ' I‘_'B - ®) Idow
(2-Va3, - 1) S CRigoan
ns L-p I
ODQ (1': 73

)(—24}:3,—8) (—2-|3,- 8) (-3



Do 'k Stress @bout 974phing |

Identify the vertices and foci of eac ke ich the graph H" t f5.-1
¢: ()

\*”“ 2 (v+1)? 0%\ C((" (x- 3)2_(y+1)1m1
- ((: 6. 4 Q9 a..a b;g C'—ﬁé

A =1
0 10 b*
g~

(‘90?:0 - 4y e | 1 (5 )
¢% PR \JQ SNNNENSsRRmmEEEn (5,1
bt (-QB ) \Nevias Foa(s*r 1)
-.\t _':p&L EEEIERE I il 4 % (3 u’g ,,>
O (@;") !?V \ % 4
ER) I so SENASYE'
S
NN C: ()
b -
/ \lll’h(ﬂﬁ- (213)

s (973)

T, S (2, 3\f'

\ |
¥ 1
1.
C
Use the information provided to write the standard form equation of each hyperbola.
9. —x’ 4y —18x—14y—-132=0 10 9x% —4y* —90x + 32y 6 =0
-2 2 L (
M-D%  (xq) - | (Y\-b) % sl
b — =
(6O 1 0O
Vertices: (8, 14), (§ -10) 5 Vertices: (4, 9+ /30 ) (4,9- \/30)
Conjugate Axis is 6 units long Conjugate Axis is 2V 195 units long

(207 (A 4o e
144 9 20 95 =
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Conic Sections Review

Name ID: 1

served.

Date Period

Given the graph, identify the center, the foci and the vertices. Then write the equation for the

ellipse
1) -
/ .:\ a:l‘
3 C:_ JZ?_
N/ e 1o
L =3 — C e 12

(v+1)° (y-2)°
4 16

Cerver (-1, 2)

VUﬁas:(“-'Z)(",“)

fa 2 (42400@) (1, 2 72)
3)

=1

€Y

'S
\

e \f (=9

Ce+2)r (p-3)°
e'i( 4) +)]6 =x

(onitr (-2.2)
Vybces = (2 7y (21)

g)(u ; (-‘QI 3*472) ('}’ 3'{2)
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2)
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! G
== ) -4
Sal = C:\/‘Tf
EREAE ” Cz-'L/y"l
Cl_' "/3'
x* (.,_5)2
€4~ E+L4—-—=1
Cens *.(0,5%)
Verﬁces:(.-,,s)(-!.s)
boci "(ﬁg‘s') (-vis,$)
4) -
= f—%\ (=5
)yl TN h'.'(I
7/ TN
=TI (A 1 +"}(:3
N\ Iy
NS “3/,/

(as-10
(-9

E-f x+2 y 1 C:

16
CMK/- (-2,0)
Vuhees (1,0)(3:0)
faci - (110) (-s,0)
D L

-243 -2-3
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Given the graph, identify the center, the vertices and the foci. Then write the equation of the

hyperbola.
5) ,
N7/ 0
\‘ / b * I
\/ T
) C
“F R /\\ ‘icz.'q{"
[ 2
11/ \ ¢:10
TN
Eq ()"‘92)0 _( 3)7 ]
Gy (32) P (3,20)
Vuhaes 3,7
) @9)
NaEEEYSkd ll
AN 7 <
. \ C*\z
)74 L
3 '3/_1 j L\‘ *—;CL:/-H
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N A
3 & 3 — ; :
‘// ; \\» 6'5
1 o laetd
(%20
e{.. (x - 1)2 (y + 3)2 -1

Foc: .'(l t 3)

6 4
e (1,-3)
Verids: (5, ?)

8) ,(-3,3)
SN -
A 0
\if b:5

T
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01\l
H:}f \ c’:/fgf
2 2,20
g (-2~ o= (
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Use the information provided to write the standard form equation of each ellipse.

9) 4x> +81y% +32x+ 324y +64=0 10) x*+4y* +16x-36=0
0 2 2 2
(x+4) +(y+2) _q (x+8) +z_=‘
81 4 100 25
(A z z-@
U(xCepx+ 1)+ 81 (42 dy +4 ) -Gy +0d 4324
( X ) (ﬂ +4y ;/) (XZ-H(!K-I'U‘I)"‘/?L’?""’a‘I
T? - . 0
7 24 324 L;)_(;_;...— ,ﬂ;g’ ﬁ
(xed)*  (y12)" )y
e T AR _(_f..:-i-— "(-L‘ : l
T Y /20 2¢
Use the information provided to write the standard form equation of e P&.S,.ﬁy(
11) ~4x? + y* + 56x + 12y - 176 =0 12) x* —y*—18x -6y +56=0 F/.ﬁ
(v+6? =7"_, (=9 (3P |
16 4 16 6

Clhsopkyp e XAyl
A= Mty lsinge Yoo X7 y*oy+)
et (x-2)-(y+2) =1

(f)‘u;zgf%) "((1x1—1¢/x+¢/4)=”"+%+(-”") Lﬁ—@: B (31»5)2 )
(oY~ 1(x-1)= e o e
It l4 N

1 2017 Kuta S oftware LLC All rights reservcd's‘ Mad e with T nfinite Precalculus



"

Bl ——

£



hy \L‘S‘-\

Use the information provided to :vrlte the standard form equation of each ellipse. \ (

Jorritt of

13) Endpoints of major axis: (16, —7), (-6 ,—7)“'" 14) Foci: (6, 8), (6, ~16) :
Endpoints of minor axis: (5,—1), (5,—13) o-vertices; (11,—4), (1, -4 end {aKS
(=5 (7 s o oo Gedl
ox=5)7 Wy+7)” ‘L e (53— y+4)
€ e EQ 25 6
Q=11 b=C a;’§ b=5 (=12
ey . (5,-1
(3Q) s L 7

\ Canter (o,-4) P
W e < Nend wy-0449

4,4-\}1 -(5+(pb ) a5

Use the information provided to write the standard form equation of each hyperbola. 440 |
,-—'———_'-l—a ;

-~ ‘ e — 47
15) Vertices: (0, 22), (0, *2; =01k 16) Vertices: (13,2), (11, 2)
Foci: (010, v/265), (0, {0)- V265 Foci:w’- 265, 2)
. (y-10) x* ~ et . (x—l) (h t( \4-)
€€- VYRR E‘i‘ 144 m

Gela beil (e (S Q-2 bell ce S

(2 z
o A N R W”/(‘
265 <144 +b* ’LWL s yuer
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s U W /,’LI . b 2
c‘-'a”’wz

b
Cf z 2 , 7
Ay Ol o e

I -b
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