8.7 SYSTEMS OF NON-LINEAR EQUATIONS AND INEQUALITIES 675

8.7.1 EXERCISES

For a link to all of the additional resources available for this section, click OSttS Chapter 8 materials.

For help with Exercises 1 - 15, click one or more of the resources below:

e Solving a system of non-linear equations graphically

e Solving a system of non-linear equations using substitution

In Exercises 1 - 6, solve the given system of nonlinear equations. Sketch the graph of both equations
on the same set of axes to verify the solution set.

) 22—y = 4 5 ?+y? = 4 3 2?2 +y? = 16
Tl 2?2+ = 4 ' 22—y =5 1622 +4y> = 64
4 22+ = 16 5 22 +9y? = 16 6 22 +9y> = 16
T 922 —16y? = 144 s = 1 ' r—y = 2

In Exercises 9 - 15, solve the given system of nonlinear equations. Use a graph to help you avoid
any potential extraneous solutions.

7{$2—y2:1 8{W—y=0 9{w+2y2=2

244y = 4 2+ 4y = 4 2+ 4y = 4
_9\2 .2 2., .2 _ 2.,,2 _
10. (x 22) —|—y2 1 10 4Tty 25 12, , x +y2 25
x*+4y* = 4 y—z = 1 z*+(y—3)° = 10
2, .2
_ 3 2 _ x*+y* = 25
13 { A 14. { LW 15.{ 42?-9y = 0
vyo= vome= 3>~ 16z = 0

16. A certain bacteria culture follows the Law of Uninbited Growth, Equation 6.4. After 10
minutes, there are 10,000 bacteria. Five minutes later, there are 14,000 bacteria. How many
bacteria were present initially? How long before there are 50,000 bacteria?

Consider the system of nonlinear equations below
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If we let u = % and v = % then the system becomes

du+3v = 1
u+2v = -1


http://www.ostts.org/PreCalc8.html
http://www.ostts.org/resourcedisplay.php?objid=866
http://www.ostts.org/resourcedisplay.php?objid=867
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This associated system of linear equations can then be solved using any of the techniques presented

earlier in the chapter to find that u = —5 and v = 7. Thus z = % = —% and y = % = %

We say that the original system is linear in form because its equations are not linear but a few
substitutions reveal a structure that we can treat like a system of linear equations. Each system in
Exercises 17 - 19 is linear in form. Make the appropriate substitutions and solve for x and y.

3 — T -y 2 _
17 4:/33 + 3y 1 18, 461 + 387 1 19, 4In(z) + 3y2 1
3842, = —1 3% +2Y = —1 3ln(z) +2y2 = -1

20. Solve the following system

2+ VY + logy(2)
322 — 2/y +2logy(2) =
—52% + 3,/y + 4logy(z) = 13

In Exercises 21 - 26, sketch the solution to each system of nonlinear inequalities in the plane.

24,2
22'{ e +y* < 25

27. Systems of nonlinear equations show up in third semester Calculus in the midst of some really
cool problems. The system below came from a problem in which we were asked to find the
dimensions of a rectangular box with a volume of 1000 cubic inches that has minimal surface
area. The variables x, y and z are the dimensions of the box and X is called a Lagrange
multiplier. With the help of your classmates, solve the system.’

2y + 2z A\yz
2x + 2z Arz
2y + 2z Azy

xYz 1000

SIf using X\ bothers you, change it to w when you solve the system.
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28. According to Theorem 3.16 in Section 3.4, the polynomial p(z) = x* +4 can be factored into
the product linear and irreducible quadratic factors. In this exercise, we present a method
for obtaining that factorization.

(a) Show that p has no real zeros.

(b) Because p has no real zeros, its factorization must be of the form (224 az+b)(2?+cx+d)
where each factor is an irreducible quadratic. Expand this quantity and gather like terms
together.

(c) Create and solve the system of nonlinear equations which results from equating the
coefficients of the expansion found above with those of z* + 4. You should get four
equations in the four unknowns a, b, ¢ and d. Write p(z) in factored form.

29. Factor g(x) = 2* + 62% — 52 + 6.
Checkpoint Quiz 8.7

v 44 = 9

1. Consider the system: { 24y’ = 5

(a) Make a rough sketch of each equation in the system.

(b) Solve the system and check your answers algebraically.

2?4+y? > 9

2. Sketch the region in the plane described by the system: 2 P
—+= < 1
25 * 9

For worked out solutions to this quiz, click the links below:

e Quiz Solution Part 1

e Quiz Solution Part 2



http://youtu.be/eEJtedCSd1M
http://youtu.be/_Q2DhwsbGpU
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8.7.2 ANSWERS

1. (£2,0), (£v3,-1) 2. No solution
)

4. (£4,0)

7. (i@,i%) 8. (0,1) 9. (0,41), (2,0)

10. (%,i% 11. (3,4), (—4,-3) 12. (£3,4)

13. (—4,-56), (1,9), (2,16) 14. (-2,2), (2,-2) 15. (3,4)

16. Initially, there are 252800 ~ 5102 bacteria. It will take 5112((?%)5 ) ~ 33.92 minutes for the colony

to grow to 50,000 bacteria.
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17. (=+/5,49)
20. (1,4,8), (~1,4,8)

21, {

$2_y2 <
x2+4y2 > 4

—_

r4+2y%2 > 2
2+ 4y < 4

27. =10, y =10, z =10, A =

28.

18. No solution
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y > 10z —22

y—x

IN IV

25

2
5

(c) 2t +4 = (22 — 22 + 2) (22 + 22 + 2)

29. 2% 4622 — 52 +6 = (22 — 2+ 1)(z? + 2 + 6)



