General Mathematics A

Non-linear Simultaneous Equations
Applicaton Task

Part A: Intersection of a line with a parabola

a.

Algebra method

Use an algebraic method to find the points of intersection between the line with equation y = 6x+ 22 and

the parabola with equation y =3x? —6x+ 7 . Show how the ‘discriminant’ of an appropriate quadratic

equation indicates that two solutions are expected and thus, that the graphs have two intersection points.
Technology check: Use Solve to confirm your solutions.

3x2 —6X+7 =6X+22 3x2 -12x-15=0
3x2 -12x-15=0 A=b%-4ac
3(x+1)x~5)=0 —(-12)2 —4x3x-15
x=-lord =144+ 240
y=-6+22 =384
=16 two solutions as discriminant is positive
y=30+22
=52

Solve(3x? —6x+7 =6X+22, X ) enter

I‘Fi ]’ Fev Tr:v]’ruv]’ FE ]’ FE™ T]
- E AlgebralCalc|Other|PrgmId|Clean Up

lsnlue[S-xz—E-x+?=E~-x+22,x:|
®=35 or x=-1

1ue C3x™2—bx+P=6x+22 %D

IN KAD AUTO FUNC 1730

thus points of intersection are (~1,16)and (5,52)

Graphing Method

Using an appropriate Window, draw the graphs on the calculator and confirm intersection points using
Intersection. State the x and y values used for the graph window.

¢ Window
in — 1 Fzr
X min = —6 v [zhom
in=-&.
Xmax =6 e
==cl=1,
xscl=1 umin=-10.
y min =10 gLl
ymax =70
yscl =10
MAIM RAD AUTO FUMEC
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oY =

+Graph

yl=6x+22
y2 =3x2 —6x+7

Y

1 Fex | F3 FEv(_ FET N
TEZDDN Edit| «|A1]l[Style]s: :-:?.5..T ]

FLOTS
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FLUHC
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S:Distance
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C
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HMAIN KAD AUTO

F5; 5(Intersection); enter; enter; Lower bound x=-2;
Upper bound x=0; enter
Intersection point is (—1,16)

F5; 5(Intersection); enter; enter; Lower bound x=0;

Upper bound x =6 ; enter
Intersection point is (5,52)

-Intersectior
®c -1,

FAIN EAD AUTO

Fz

F*
Zoonm|Trace|Regraph|Math|Draw |~

-Intersection
Wil

g i 52,

[RLIL] EAD AUTO

FLUHC

Use the Table of values from the calculator to further confirm results.

* TblSet
ThiStart....... -2

enter;enter
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¢ Table N s
Identify points of intersection = [al [T
. B, [31.
Ed E.  [1E.
. ZZ.  |v.
1. 28, [+
Z. -
. 4E, (16,
EN 4E, |1,
5. 52, [oe.
»="1.
Al FAD AUTO FLUHC
1 Fe i R B Fie
hd E Setup il i fHe i T F TI’* :l
® 1 g
=, B, [31.
-1, E.  [iE.
. 22, [v.
1. 8. [4.
=z, Z4. [v.
. 46, (16,
4, 45, [,
5. o
x=5.
| AN EAD AUTO FLUHC

Sketch the graph of each equation on the same set of axes and mark the points of intersection. With the
graphs, display an appropriate table of values that show intersection points, as found from the calculator.

See above for table of values
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b. Perform the same procedures as a. to find and confirm:
i one point of intersection between the line with equation y =—-16x+2 and the parabola

with equation y =5x? —6x+7.

5x% —6x+7 = —16X+2 5x% +10x+5=0
5x% +10x+5=0 A=h?-4ac
5(x+1)\x+1)=0 =10% —4x5x5
5(x+1)* =0 =100-100
x=-1 =0
y=18 one solution as discriminant is zero

1 Fzv FEr | Fuv FE FE™
SO|V€(5X2 —6X+7=-16X+2, X) enter vﬂ Algebra|Calc Dther‘lF‘r‘ngD Clean Llpm

lsnlue[ﬁ-xz—ﬁ-x+?= '16-x+2,><] = -1

Eflue(Ex*2—6x+?=‘16x+2,x)

IN EAD AUTO FUNC 1/30

¢ Window

Xxmin = -8 i S ]
X max =8 Nz

xscl=1 umm;-iEl.

ymin =-10 e

ymax =70
yscl =10

HMAIN EAD AUTO FUHC

— 1™ Fzr Fz 4 7 FEw FE* BN
*Y = - f—|Zoom|Edit| < |A11|5tule|s :-:.>.5..T ]
= — SFLOTE
yl=-16x+2 Falo 16 %+ 2

- 2
y2=5x2 —6Xx+7 e
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=
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HMAlMN ERD AUTO FUHC
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¢ Graph

F5; 5(Intersection); enter; enter; Lower bound x=-2;
Upper bound x=0; enter
Intersection point is (-1,18)

¢ TblSet
enter;enter

¢ Table
Identify point of intersection

60 1

[
N
w
N
(&1
o
x
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1 Few | _FF |F4 JFET|_ FBT N
vﬂ Joom|Edit] « ALl [Style] :-:.>.5..T ]

FLOTE
vyl=-16-=+2

oy2=5nf —fw+ 7
u2=l

HMAlM EAD AUTO FUHC

-Intersection -
#ot -1, gci18.
TTRIN FAD AOTO FUNC

HMAIN EAD AUTO FUNC

See above for solutions
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ii. no intersection points between the line with equation y =2x—4 and the parabola

y=3x2 —6x+7.

3x2 —6x+7=2x-4
3x2 —8x+11=0

no real solutions

no points of intersection

Solve(3x% —6x+7 = 2x—4, x) enter

¢ Window
Xxmin =-8

Xmax =8
xscl=1

y min = -40
y max =120
yscl =20

*Y =
yl=2x-4

y2=3x2—6x+7

©2004 Brian Morphett

3x2 —8x+11=0

A=b? —4ac
=(-8)" —4x3x11
=64-132
= -64

no solutions as discriminant is negative

rfi T Fev TrgvTruvT FE T T~ T]
- E Algebra|Calc|Other|PrgmI0|Clean Up
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¢ Graph

HMAlM EAD AUTO FUHC

F5; 5(Intersection); enter; enter; Lower bound x=-8;
Upper bound x =8 ; enter
No solution found

ERKIF -

Mo solution found

CESC=CAHCEL »

HMAIN EAD AUTO FUNC

¢ ThlSet
ThiStart....... -2 NN
Athl........... 1
enter; enter o S
1. T2, 4.
+Table P o—
No intersection points g: g- gé
E. & 73,
»="1_
MAIM RAD AUTO FLUMC

7 See above for table of values
1204

100
80 -
60
40-

20
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c. Summarise the findings in an appropriate table, including how the “discriminant’ indicates the number of
intersection points between the parabola and the line.

Line Parabola Quadratic equation Discriminant Points of
for points of intersection
intersection
y=6x+22 | y_3x2 6x+7 | 3x%-12x-15=0 A=324 (-116),(5,52)
positive — 2 sols
y=-16x+2 | y_5x? _6x+7 | 5x®+10x+5=0 A=0 (-118)
zero — 1 sols
y=2x-4 y =3x% —6x+7 3x2 _8x+11=0 A=-20 No real solutions
negative — 0 sols

Part B: Intersection of a line with a circle

a. Algebra method

Use an algebraic method to find the points of intersection between the line with equation y =2x+4 and

the circle with equation x? +y? =9 . Show how the ‘discriminant’ of an appropriate quadratic equation

indicates that two solutions are expected and thus, that the graphs have two intersection points.
Technology check: Use Solve to confirm your solutions.

x2 +(2x+4)* =9 5x% +16x+16=0
5x2 +16x+7=0 A=b? —4ac
~16+4/(16)* —4x5x7 =(16)* —4x5x7
X= 2%5 = 256140
_g:y2 ~116
h 5 two solutions as discriminant is positive
-8+
substitute x = S_T@ in y=2x+4

solutions are

[—8+@ 4+2\@J (—8—@ 4—2@}

5 5 5 5

2 2 i Fer Fir Fyr FE& FEr
XS +y° = 9|y =2X+4 - A1 gebra[csic other Praniofc1ean Up

l><2+l=|2=9|'=|=2->c:+4

Solve(5x% +16x+16 =9, x ) enter 552+ 16 %+ 16=9
lsnlue[ﬁ-x2+16-x+16=9,x:|

+ -
[Jz_g 8l ><=E5 8

1ue Cans(1),x)
FMAIW

EAD AUTO FUHC 2/20

2x+4x:M
5
2x+4x:@
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I‘Fim]’ Fev Tr:v]’ ruv]’ FE T FE™
* g=—|Algebra|Calc|0ther|PramId|Clean Up
IEDIUE[S'}{2+16'X+16=9,X]
-llze+a -
_ ) X=J295 &

3
-2-x+4|x='8+m E'mea
.2.x+4|x=-8+ﬁ 4/5_2'—?

2+ | x=("8-JC(29>35

HAlN KERD AUTO FUHC 420

—8++/29 4+2\@J {—8—@ 4—2\@]
= , , .

thus points of intersection are
5 5 5
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Graphing method

Using an appropriate Window, draw the graphs on the calculator and confirm intersection points using
Intersection. State the x and y values used for the graph window.

+Window
xmin=-4
xmax =4
xscl=1
y min = -4
ymax =4
yscl =1
*Y =
yl=2x=4
y2=+9-x2
y3=—-v9-x2
¢ Graph; F2, 5,
Enter

F5; 5(Intersection); enter; cursor to third curve; enter;

©2004 Brian Morphett
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Lower bound x =-3; Upper bound x =-2; enter
(gives decimal approximation) F2

FE* 7

4
Zoom|Trace|Regraph|Mat.h|0raw (-~

Intersecti DHK/

wod "2 ETTHE uct -1. 35407
HRIN FAD AUTO FUNLC

F5; 5(Intersection); enter; enter; Lower bound x=-2;

Upper bound x=0; enter
(gives decimal approximation) %\

Intersection
HoE ~. S229ET g 2. A54E7
HAIN FAD AUTO FUNC

The Table of values from the calculator can only confirm approximate solutions.

¢ TblSet
ThlStart....... -2.67703
Atbl.......... 0.00001

enter;enter

atBlivassnnnsas L E-D
Graph <-% Table OFF =+
Independent.. ... AUTO+

Enter=SAVE ESC=CAMCEL » )

ISPl W 1 T ¥ i BT I
x="2.67703

TYFE + CEMTERI=OK AMD [ESCISCAMCEL

¢ Table S - [ S
. . . . -1. 31, 41]-1. E

Identify points of intersection N I E PR S T

~Z. 77| 1. 3941, 3941] -1, 354

"2, 677| 1. 3541, 3541] -1, 354

“2. 677| ~1. 3541, 3542] -1, 354

~Z. 67| 1. 594 1. 3942] -1, 304

~Z. 77| 1. 3941, 3942] -1, 354

"2, 677] 1. 3541, 3542] 1, 354

x=-2.67703

HAlH EAD AUTO FUHC
¢ ThiSet

i B S =

ThiStart....... -0.0522967 B fr e e ]
Atbl........... 0.00001 TRELE ZETUF

enter;enter

Graph <-3% Table OFF =+
Independent.. ... AUTO+
Enter=SALE ESC=CAMCEL » )

ISPl P T WP ¥ i WS I
x="2.67703

[RLIL] EAD AUTO FLUHC
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¢ Table : s
Identify points of intersection 4
Z. 2.
Z. .
Z. Z.
Z. z.
R
T .
- 52297, 95422, 9541[ -2, 95
x=-.52296
Al FAD AUTO FLUHC

Sketch the graph of each equation on the same set of axes and mark the points of intersection. With the
graphs, display an appropriate table of values that show intersection points, as found from the calculator.

b. Perform the same procedures as a. to find and confirm:
i one point of intersection between the line with equation y = x+6 and the circle with

equation x> +y? =18.
ii. no intersection points between the line with equation y = x—4 and the circle with
equation (x—1)> +(y—2)* =9.

c. Summarise the findings in an appropriate table, including how the “discriminant’ indicates the number of
intersection points between the parabola and the line.
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Part C:

a.

Part D:

Intersection of a straight line with a rectangular hyperbola
Use an algebraic method to find the points of intersection between the line with equation y =4x-7 and
the hyperbola with equation y = iz . Show how the ‘discriminant’ of an appropriate quadratic equation

indicates that two solutions are expected and thus, that the graphs have two intersection points.
Technology check: Use Solve to confirm your solutions.

Using an appropriate Window, draw the graphs on the calculator and confirm intersection points using
Intersection. State the x and y values used for the graph window.

Use the Table of values from the calculator to further confirm results.

Sketch the graph of each equation on the same set of axes and mark the points of intersection. With the
graphs, display an appropriate table of values that show intersection points, as found from the calculator.

Perform the same procedures as a. to find and confirm:
i one point of intersection between the line with equation x =6 and the hyperbola with

equation y b
k

ii. no intersection points between the line with equation y =—x—4 and the hyperbola with

equation y = Ls .
X+

Summarise the findings in an appropriate table, including how the “discriminant’ indicates the number of
intersection points between the parabola and the line.

General Case for the points of intersection between a line and a parabola

Use an algebraic method to find the points of intersection between the line with equation y = px+q and
the parabola with equation y = ax? +bx+c , where a=1. Show that the ‘discriminant’ of an appropriate
quadratic equation to determine the number of points of intersection is A = (b - p)2 —4(c - q).

If b=3;c=2and p=1, find the values of g that would allow i. one point of intersection; ii. two points of

intersection; iii. no points of intersection. Give an example of each.
Technology check: Use Solve to confirm your solutions.

For i. and ii., use an appropriate Window, draw the graphs on the calculator and confirm intersection points
using Intersection.

Sketch the graph of each equation on the same set of axes and mark the points of intersection. With the
graphs, display an appropriate table of values that show intersection points, as found from the calculator.

If b=3;c=2andq=1, find the values of p that would allow i. one point of intersection; ii. two points of

intersection; iii. no points of intersection. Give an example of each.
Technology check: Use Solve to confirm your solutions.

For i. and ii., use an appropriate Window, draw the graphs on the calculator and confirm intersection points
using Intersection.

Sketch the graph of each equation on the same set of axes and mark the points of intersection. With the
graphs, display an appropriate table of values that show intersection points, as found from the calculator.

Give a brief discussion of the findings between Part D, b. and c.
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