MATH 30 - Precalculus. Homework 4. Due Tu. 03/14/2019. Professor Luis Fernédndez

SOLUTION
Write your answers in other sheets and STAPLE this one to your other sheets.

1. For each of the following functions, find

(i) The end behaviour of the graph.
(ii) The y-intercept.
(iii) For exercises a), b), c), the z-intercepts with their multiplicity and the local behaviour at the z-intercepts.
(iv) Do a sketch of the graph, in the graph paper provided, of each function in a), b), c).
(v) Do the graphs of all the functions using any graphing device; for example, go to:
http://www.mathsisfun.com/data/function-grapher.php
Compare a), b), c¢), with your sketches. Also check that the end behaviour of the graphs that you found in part (i)

are all correct.

a) f(z)=2(x—-2)%(z+1) b) flz)=—-22%x—2)(z+2)? c) f(z) =3x(x+1)*(z—1)3
d) f(x)=—-a2*+522 4+ e) f(r)=2z*+322-3 f) f(z)=-323+322 -z +1

Solution: Do the graphs with your favorite graphing device to see the solution.

2. Divide using long division. State the quotient ¢(z) and the remainder r(z). Then write the solution in two different
ways:
D
1. As D(z) = d(z)q(z) + r(x). 2. As % =q(z) + %
[Where D(x) is the dividend (the polynomial that is being divided; in other words, the numerator) and d(z) is the

divisor (the polynomial that divides; in other words, the denominator).]

22 =222 — 52 +6 3t — 223 — TP+ —2
a) b) 2
T+ 2 ¢ —2x+3
P4t -2 +3x-1 2t =222 — 52 +6
c) 2 )
Tt +r+1 Tz —3
o) 328 — 223 — 72% — 2 f) z'—1
2 —x 42 r—1
Solution:

a) 2 —dx +3 b) 322 +42 -8
:17+2|:173—2:172—5:17+6 222043 |3z =223 — 722+ —2
Tl 4222 T 3% — 623 + 922
— 422 — 5z 423 — 1622 + =

T 42?2 -8z - 473 — 822 + 12z
3r+6 —8x2 — 11z — 2
~ 3x+6 T —8z2+ 16z —24
0 —27x + 22
Therefore ¢(x) = 2% — 42 + 3 and r(x) =0 Therefore ¢(z) = 322 + 42 — 8 and r(z) = —27x + 22
1. 22222 -52+6=(z+2)(2%2 —42+3)+0 1. 32* 223 — 72?2 +2 -2
N 23 _22302 5z 46 _ (z+2) = (22 — 22+ 3)(32% + 42 — 8) + (—27x + 22)
o7 —dz+3 9 32t — 243 — TP+ —2
' x> — 22+ 3
— (322 4 4o — —27x + 22
(32% + 4o 8)+x2—2x+3

c) (Division skipped. But you can check your answer, for example, at http://webgraphing.com/polydivision.jsp).



d)

f)

Answer: g(z) = 2% — 22+ 1 and 7(z) = 42 — 2, so

I o+t -2 22 +3r—1= @2 +ao+1)(2® —22+1)+ (42 — 2)

5 4 3 2
9 ta -z —x +3x—1:33_2 2_9 3 20 —4
2 +z+1 (3z v T )+:102+x+1

(Division skipped. But you can check your answer, for example, at http://webgraphing.com/polydivision.jsp).
Answer: g(z) = 23 + 322 + Tz + 16 and r(x) = 54, so

1. 2 =222 =52 +6 = (z — 3)(2® + 322 + 7o + 16) + 54

4 2
9. L =20 =50+ 6 — (43 4 322 4 7+ 16) + 244

—
(Division skipped. But you can check your answer, for example, at http://webgraphing.com/polydivision.jsp).
Answer: g(z) = 32* + 323 — 322 — 11z — 12 and r(z) = 10x + 22, so

1. 32% — 223 — 722 —2 = (2% — 2+ 2)(32* + 32 — 322 — 11z — 12) + (10x + 22)

6 3 2
9. 3xr° —2x° —Tx _2:(3x4—|—3x3—3x2—11:1:—12)—|— 10z 4+ 22

22 —z+2 T°—x+2
' 4 z8 + b + xt + 3 + x? + T + 1
z—1 1| 27 + 025 + 0-25 + 0-2* + 0-2% + 0-22 + 0-2¢ — 1
I - z8
_ 28 + 0-2°
26 _ 25
o + 0-z2*
T — xt
oz + 0.2
T — a3
¥ 4+ 0-22 +
T3 _ 22
_:102 + 0-z
T — T
oz -1
x -1
0

Answer: g(z) =25 +2° + 2t + 23+ 22 + x4+ 1 and r(x) = 0, s0
. 2" —1l=(@-D@b+a%+ar +22 +22 +2+1)

7
2. —1—1;7__1 =S +2%+at+ad+at o+ 1

. Divide using synthetic division. State the quotient ¢(x) and the remainder r(x). Then write the solution in two

different ways:

D
1. As D(z) =d(z)q(x) + r(x). 2. As %j)) =gq(x) + %
[Where D(x) is the dividend (the polynomial that is being divided; in other words, the numerator) and d(z) is the

divisor (the polynomial that divides; in other words, the denominator).]

) 22— 222 — 5246 b) 22—+ —2
a
r—3 z+1
- trr—1 2’ —1

c)

T —2 ) rz—1



Solution:

a)
1 -2 5 6 -2 -7 1 =2
3 3 3 24 -1 2 5 -6
1 1 8 30 | 2 -5 6 -8
So q(x) = 2% + z + 8 and r(z) = 30. So q(x) = —22% — 5z + 6 and r(z) = —8.
1. 22—-222-52+6=(z—3)(2®>+2+8)+30 1. 223722 +2—-2=(x+1)(—222 -5x+6) -8
3 2 3 2
> —2x° —5x+6 _ 2 30 —22° =T +x—2 _ 2 -8
2. T =3 =T +I+8+$——3 2. 1 = -2z —5I+6+m
c) d)
1 -1 01 -1 1 0 00 00 01
2 2 2 4 10 1 1 11 11 1 1
1 1 25 9 1 1 111110

So q(x) =23+ 22+ 22+ 5 and r(z) = 9. Soq(x) =2+ 2+ 2t + 23+ 22+ 2+ 1 and r(x) = 0.

1. 2* -2+ —-1=(@-2)(@3+22+20+5)+9 . 27 —1l=(x-D@+a+a*+22 +22 +2+1)
4_ 3 7
2. T =T 0=l _33 142420 +5+ 2y 2. TolowSiaSiattadra? bt

4. Use synthetic division and the remainder theorem to find the indicated function value.
a) f(z) =2 —42® + .+ 2; find f(3). b) f(x) = —22* — 2? + 2 — 2; find f(-1).
c) f(z) =25 — 4a? + 1; find £(2). d) f(z) = —2* — 52% — 2% + 3z + 2; find f (%)

Solution:
Synthetic divisions skipped. For example, you can use http://www.mathcelebrity.com/syndiv.php to check it.

a) Answer: f(3) = —4.

b) Answer: f(—1) =
c) Answer: f(2) = 17. =

—6.
d) Answer: f(1/2) %

5. Solve the equation 223 — 322 — 112 + 6 = 0 given that —2 is a zero of f(x) = 22% — 322 — 11z + 6.
Solution:
Since —2 is a zero of f(z), we know that we can divide f(z) by = + 2. Do it using synthetic division:

2 -3 -—-11 6

-2 -4 14 -6

|2 -7 3 0
Therefore 22° — 322 — 112 + 6 = (z + 2)(22%2 — Tz + 3). So solving 22° — 322 — 112 + 6 = 0 is the same as solving
(x4 2)(222 — Tz + 3) = 0. We have two possibilities: x + 2 = 0 (which gives the solution z = —2 we already know)

and 222 — 7Tz 4+ 3 = 0. The solutions of this equation can be found, for example, using the quadratic formula:

x_?i (-7)2—-4-2-3 7+V25 745
o 2.2 o 4 T4

which gives x = 3 and x = %

Therefore the solutions of the equation 22% — 322 — 112 + 6 = 0 are —2, 3 and %

6. Solve the equation 3z3 + 722 — 222 — 8 = 0 given that —%; is a root.



Solution:

Since —% is a root (which is the same as a zero of the polynomial f(x)), we know that we can divide f(x) by = + %;

Do it using synthetic division:

—-1/3 -1 -2 8

Therefore 323 + 722 — 222 — 8 = (v + %)(3:62 + 62 —24) = 3(x + %)(:62 +2x—8) = 3(x+ %)(x —2)(z +4), and
therefore the solutions of the equation 3z3 + 722 — 222 — 8 = 0 are —%, 2 and —4.

. The remainder from dividing a polynomial p(z) by (x +4) is 3. How much is p(—4)? Which theorem are you using?
Solution:

The remainder theorem states that if a polynomial f is divided by & — ¢ then the remainder is f(c). In this

case, we know that when we divide p(z) by (z + 4) (which is the same as x — (—4)) the remainder is 3. Therefore,
p(—4)=3.

. The remainder from dividing a polynomial p(z) by (:v — %) is % How much is p (%)7 Which theorem are you

using?
Solution:

The remainder theorem states that if a polynomial f is divided by x — ¢ then the remainder is f(c¢). In this case,

we know that when we divide p(z) by (x — %) the remainder is %1. Therefore, p(%) = %

. What is the remainder you would get it you divide the polynomial f(z) = 203 4+ 259 +2 by (z — 1)?

NOTE: you do not really have to divide this huge polynomial; you can do this in your head if you use the appropriate

theorem!
Solution:

The remainder theorem states that if a polynomial f is divided by = — ¢ then the remainder is f(c). In this case,
if we divide f(x) = 219 4+ 2°° + 2 by 2 — 1 (in other words, ¢ = 1) then the remainder will be f(1). But f(1) is very
easy to find: f(1) =1'03 4150 + 2 =1+ 1+ 2 = 4. Therefore, the remainder is 4.












