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SYSTEAS OF HON~-LINIAR FRUATIONS

Dehavioral Objectives:

I, Civen a non-linear egquation: .

A. By inspaction, identify its graph

‘B, Graph the equation. .
II. Given a system ol two non-linear equations (or one linear and cne nen-
linear equatien): ‘
“A. Determine the maximum numbzr of real roots by inspection.
B. Solve the systcm algebraically. - -



SYSIEMS or NON-LINEAR 'P}J,UATIONS.
7. Non-lincal eouations are
+van gtraight 1ines. '
etcujmayqutem of such equataons may have more then
thercforo'{hére'may~~be_mulxiplg common TOOLS.

The graphs of thnis
L .this. )

Since there are four
{four ccmmon rootse

NOTE: It 38 pascible\ﬁhat gone of
Complex rcots Jo vcl (letetmite poiats of
we shall focws onkg @D intersection pcintsSe
witl. find Lees Unan {our roots when we salve
ellipse ard a circle, An example would be &
this: -

In this systen there are only

With this 1n micd, 3t will ve of help
¥ind of graph 20 equetion will make, even il
The basic ‘Kincs of non=linecal graphs are:

g

§guation §9w to recognize Grggg
r
,A) .y = %2+l one variable of second ‘\/Z;

degree, the otnher of
girst -degres -

sum of two variables,

B) x4y~ = i i
R both of second aegree

C) ox2+ly? = 8  same as circle, bub

witn different ¢OO=

fficients
. \
D) xy =1 two variables of
(:ransfirms to> dgegree One, multiplied
X = = '

Y

Because ULhey grarh ad circles, ¢©
on

two points of‘intersection.
solved,this sysvcmy We would f£ind onl two real rootse.
J 5 :

to us if we lear

those gquat ions whose graphs are figures olher
11ipses,
e intersccbicrs

,
porrabolald,

system jock like

~ . 5
points of intersectiqn,'the system may have up to

’

the four root§ will be compleXe .
i ntercecticns

Tnerefore;
a systuem containing an
system that

II". thls L..A.P.’
sometines’we

graphed like

hen we

n to recognize what
we are not going to grarh thede

/

o

parabola

circle

ellipse

hyperbola
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£ Xy = 05 ¢iTfrrence of tuwe - .
e ‘ ‘ Y hyperbcla
F) x2=3° two squares -
. wawal irntercecting
lines
(cegenerate
hyperbela }

Now let’s practice recognizing the kind of graph an egquation will give.
Do not bhe surprised il you meet a line graph along the way.

E{ERCISE I i ;
Look at the eouatienc in each of these systems:
1) Sizte wiat K14 of graph will result from each eguation.
2) Give the maxiuum number of intersection points of the grophs.

-

3) Do not graph. : .«
EXAMPLE: . - ANSWER
' (a) 2x + 3y = 7 ) (a) line
(b) 2N byz ) o (b) glﬁéggible inter-
sectlon§
1) (a) y=x*+3 oo ik)  (a) 2x o= 3yR 45
(b) '2+y2=h (b) _3y=5y.~+2
2) . fa’ ym=2z+ 5 : T8) (a) xP o+ = 5
(b) 2x* + Zy* =20 : (b) 2x2 + 5y2 = 250
3 (@) =3 6) (a) 2x% - 57 - IS
~(b) x+2y=8 : ' . () xR+ y° =
7) (a) 3x* +5y° =75 '
(b)) 124 + 2y? =18
8) (a) 3x =552 - L
: (b) 2x.= 37+ L
9) (2) x*-y*=0
(b) x=2y+1
b Now'let’s do more Lasn-Just Meeccgnize®*the graphs. Lotis—ao—the

actval graphing, Most of these can be prap&cdfver casily now that you
have learncd to recognize the shapes. If we just find the 4 and I -
intercepts_and recognize tie shape, that’s all vo need,

ReMEMBeR: -
The value of y on the » - axis is zero
The value of x on the y - axis is zero
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~ Therefore to iind the x - intercepts of this equatiocn:

DR s :

we substitute the value of O for }

P a8
2+ 0= . :
® X =+2 Plot these intercepts T EIN
W

To find the y - intercepts, substitute O for x

v

0+y* =

“ ¥y =312 Plot these

Since you can now recognize that x2+y® = | will
" graph as a CIRCLE, and you already have -four points of
the circle, it is e simple matter to find the graph.

We graph an ELLIPSE the same way:

.14::2+9y2=36 - ) . :
To find the x - intercepts: To find the y - intebcepts:
' TS +9£o)=36 : )4(0)+9J = 36
36 , _ 9y% = 36
x:? . N y = U
x-;g, . ¥y =22

Graph these four points snd then draw your ellipse:
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~ We_can sometimes use the intercepts alone- to graph a PAIABOLA:

. y=x% -}
if x = 0: y=0 <4
. g yn-,h
if y = 0: 0=x%-)
L = x?
T 2=x

. graph these:

You can finish the
graph easily >

Sometimes ve need more points for a PARKBOLA;

y=x%4+2 2
Yy ~ intercept: y = 0 2 =
y=2 : y
X ~ intercept: O = x® + 2
-2 = x*
g=x

7o no x-intercépts. So we try some other points;
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v

In the graph xy = U, we wror we haue.a.é}ﬁgggggé, and we know also
that the grepn is limited by two facts: :
(1) neither X nor 7 can ever equal zero
(2) either Loti variables must represent positive numbers, ar bouh
must be negcative (in order to gei a pPositive proeduct)
Therecfore tae grapt looks like this:

You may want to plot more roints:
x |y L
2 | 2
=2 1-2
1|4
b |2
<1 ek
=L |-

PE

Another iyre of HYPERBOLA :is rormea by the difference of two squares,
In the case x*® - y® = [T ve can find the intercepts: ’

y-intercepis: %2 -y =l
(0)% - y2 = -}
7® =
=g

x—interceﬁbs: - . (0)2 = | o

X = %2 -

Therefore tre nyperbola giaphs like tiis §; . A
S V. -- N o

-
—

Rerr.lember-thatix2 ='72 always iorms a DEGENEIATE HYPERBQLA:

]




III., Solving sws

7

Since ve

be an approximati
apriyr tiie same metnods we learned in Systems of Linsar-equations.

To do this we
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YSTEMS O il0-L

S TR EGUA TIONS
EXFRCISEH I3,
Graph the xrolloing equablons
1) x*+y* =9
P 2) 9x® +257° = 225
3) yax® -9
- L) xy =6
| 5) x2 =
6) y* -5 =9
1) 2 =]
8) x=y*-L ‘
9) ks + ¥y =14
10) y = z® (take othsr poinis)

teas oi non-linear equavions:

knou that soliving systems oi- equations by graphing can orﬂ./
ion, we Have to learn how to sclve these sysiems alpebraically.

EXAMPLE: (a) 22 -v2 =9 hyperbola
‘ . ’ (b) x® + 9% = 169 ellipse
: & Tl possible roots . -
SUBSTITUTIGN METECD: ILDD-—SUB. MITTIOD g
- Trans-om (a) to solve for x? (a) x2-y2 n?
' 2294+ y? (b) x*+3y® = 169
. ' Subtract
' Substitute 9+;.»2 for x*® in (b) -107° = <160
: ’ x2+9y° = 169 v = 16
~ 9ay249,2 = 169 A
9 +10y%= 169 Sabsta.tutp for v in (a)
10y®= 160 - 16 =9
: yz""’ 16 2 . 25
y-» 5l x = +
Solution Set

- Substitute tuese

<

"}

values for y in (a)

§ (5,00, (-5,L)(5,-4), (=5,-1)]



It .=k X2 -3 =9 .
g2’ h )= g
2 lé = 2
> Pk L
. o oB 45
.. 2xoots: (£4) (-5 4
o e
- %% 216 =9
x® = 25
= +5

S« 2 more roots:
Solution setv:

((\) 'j

Be Sure ‘fo c.,eclx

5065 4)

(s,-49) &5, ‘?)("U}

Page B

“ol’ roots in both orlamal equations.

EXAMPLE: (a) Ay hyperbela
" (b)) x +y2 13 circle
Solve {a) for x o'« I possible

xy =¢6
Y% =3
Substitut 6 ot x in (b)
chw“:f‘g =13
(é)"w‘* = 13
Y/ .
%g # g~ =13
Multiply by y2: 36 + y* = 13y2
Put in standard form: y*-13y% + 36 = 0
(Y%-9)(y*L) = ¢
-9=0 yo=L=0
ya = 9 y2 = b.
yzt 3 gE2e

&Jbstltute these values in

Xy = o

P =§ .

' y .

X n‘%:?
=0 =22

S P
x-g"3
X *-,%' -3
Solution set: {

(’2,3,_)<-2,-3)(3,2)(-3,-'2)}

-

roots

Be sure to check your roots in both original equations.

Now it’s time for

sou to try the *big stuff”:

Pe-surc-to_determine the

maximum number of roots befors you do the algebra.

-
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ECACIST I

1) (a) rererolz (v) cixrcle (¢) b
©2) (a) line (b) ellipse. (c) 2
V--(a) hyperbcia. (b) 1ins (¢) 2
c4) (a) werzbela (b) parebola (e)- L
7 5) (a) ecircle (b) ellipse (¢) L
~'6) (a) nyoertola (b) circle (c) L
.7) (a) ellipse (o) elipse (c) L
B) (z) paraboia (b) line (c) 2
. 9) (a) dintersecting lines (b) line (c) 2 -

EXERGISE I

Colm3 thnse Gyston3 algebraicad Ayt

6)

‘1)

6)

N ERNSE!

:|‘ll\7 e

PACE 9

{

y = 2 X

y=Xx
xa*_yz'fl}.
x+y=>

x? + Ly® =17
3X2-y2=-1
X?+ 2:17
XY"',. f 3
x2-y° =




A AN\
S R AN
NN/ P > (41
‘ . AN
Y B L \bL]
V/

1) §(4,3) (-3,-L)]

2) £@,-5) (L,10)} .

3) §(6,3)(=6,-3)}

u)-z?ao§(0r5§’

5) §(2,1) (-2,197(1,~2) \-1,-2)}

6) 5(8,0) (2,2)7 -

7 §(2L3>(3,2);

§oenEmen
10) {("33\/é) ("' \/L‘) (31 3‘) (JJ F).}

For more practice, .ee Dolciani, pp. LoL - L67.
Then try Trial Run,

N J
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. ALGIBRA 2 . NON-LIITAR SYSTEMS . _
| TRIAL FUN R E RS

. e o - — —"

By in-oection defcrnine (1) Tho type of g*”“C" deter: ained by cach equation

B ' " s (2) The naxinun nuwiter of points of irntersection
’ } for twe s,uch gra.phu.
i B 2 ‘
10.)'"3{ +8 P X +y"16 3.3)("3(—2
5 Shts . o i Nty e SR B o
x+2y-? N~ xy=17 X+ 2y =9

5 = 2 : *‘, 5 ‘ Lol
oo ?‘_? Lo il YD S50 x % 2y2 =8 . ___._.6s x2 -k.y%.'?_!k_,..
- ' .x.,?. _' __5x2,_r3y2530 e T

8. 3)(2 _"’ 5y2 -5 . . S S SRR I ‘

: % 15"2 + sye = k5 P+ 297 = 14 wRdey b

II, Solve each of the following systems algebraicallys
fl.'xz-!-‘yz; 25 2, xy =6 V : .3b.' 5x2-y2=3.

( . ; ; :
. X+y2=5 S 2y = 3x - 16 ' x2+2y2‘=55_

b. x? 4 3% =8 5, bx® o+ 957 = 35 6. X2+ y> = U

'1- xy = b

e I T : | E g, apd eard

i S x2+y2--13 A e % -

_III. Graph each of the ‘following equationsi . g ™
i.‘ >c-2.~l"y2 =9 2, Xy = l+ 3, x = yz -9 b, l&xz + 25y2 = 100

"_5.x.2=_y2 .‘ . 6.y2-xz=9 7-»y-=-'x?' : 8.”x-=y+l;

"
t .
' .
. ‘
L. -
,
K
' ' ‘
i ~ 4

e sy ——
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. ALGEBRA 2 - BYSTEHS OF NON-LINFAR EQUATIONS : -
TRIAL HUN sNSWERS
1s 1s (2) Barabola 2 (1) Circle 3.(1) Line - 4, (1) Eyportols e
Linc 5 }_{ypertola Kllipse 1‘{_\;;@1\\.-; A
" (2) 2 (2) 4 ~ (2) 2 (2) &
5. (1) Parabola 6. (1) circle g (1) Intersecting 8, (1) Ellipse
> - Ellipse Cir le lines Ellipse
2) 4 Circle
! (2) | (2) 2 (@ (2) &
I1, '105(5; 0)' (*Lhi’J))} ) 2~5(6!l): (" %"‘9)3 3' Z(ll i‘»}E) ! ("l’ = \YE)\?)
-h" 5(202)" ('2!"2>)5 5'5( " %g) %)l ('3!’0)3 ' .

el 1), (72D 262, & -0 sl el
B (RPN C -3 S TN T O N e /)%
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