MatH 140. TEST 2 (HARVEY - FALL 2003).

1. (8 points) Give the coordinates of the vertex of the parabola:
y=2>+3zx+5

2. (8 points) For large values of |z|, the polynomial p(x) = (2x + 1)?(z — 3)3(3z + 2) begins to
closely resemble a function y = ax™. What are a and n?

3. (8 points) Let p(z) = (3z+1)3(22z—1)(x+5)2. List all the zeros of p(x) and their multiplicities.
4. (8 points) Divide:

3t + 523 + 2522 + 452 — 18
249

7. (8 points) Let
plz) =23 —222 + 2 +1

According to Descartes’ rule of signs, how many positive real zeros can p(x) have? How many
negative real zeros can p(x) have?

8. (12 points) Find all real zeros of p(z) = 23 — 22 + 13z + 15.
9. (12 points) Find all real zeros of p(z) = z* — 223 — 132% — 42 — 30.

10. (10 points) List the equations of all asymptotes, and give the coordinates of all intercepts of

the rational function
2z

R(z) = 5V—F7——
(z) 22 + 31 + 2
11. (10 points) List the equations of all asymptotes, and give the coordinates of all intercepts of

the rational function

22+ 5x +4
r—1

R(z) =

12. (8 points) The volume V of a sphere varies directly as the radius r cubed of the sphere.
When r = 3, V = 36w. Find the equation of the volume of the sphere in terms of the radius.



SOLUTIONS

1. (8 points)
r=—b/2a =—-3/2

y=f(-3/2)=(-3/2) +3(-3/2) +5=11/4=2.75
2. (8 points)
p(z) = 422 - 2% - 3z + lower degree terms = 122° + lower degree terms

so a =12 and n = 6.

3. (8 points) Zeros: —1/3 with multiplicity 3, 1/2 with multiplicity 1, and —5 with multiplicity
2.

4. (8 points)

322 +5z —2
22 +9) 32"+ 52?4 2522 + 452 — 18
— 3a? — 2722
53 — 222 + 45z
— 53 — 45z
— 22 — 18
222 + 18
0

7. (8 points) p(z) has two sign changes, so there are either two or zero positive real zeros.
p(—z)=—2®—22°> —z +1
has one sign change, so p(x) has one negative real zero.

8. (12 points) Possible rational zeros are {41, +3, £5, +15} Note that p(—1) = —1-1-13+15 = 0.
Divide out by the factor  + 1 to get:

p(z) = (z + 1) (2% — 22 + 15)

The remaining quadratic cannot be factored over the reals (the quadratic formula gives two complex
solutions), so the only real zero is x = —1.

9. (12 points) Find all real zeros of p(z) = z* — 223 — 1322 — 4z — 30. Possible rational zeros are:

{£1, 42, £3, £5, £6, £10, £15, £30}
Test to find that —3 is a zero and divide out by the factor x + 3:

p(z) = (z + 3) (23 — 522 + 22 — 10)



Now use the rational zeros theorem again on the remaining cubic, or notice that the cubic can be
factored by grouping:

p(z) = (x + 3)(:1:2(96 —5)4+2(x—5)) = (z+3)(x — 5)(962 +2)
Now 22 4+ 2 = 0 has no real solutions. So the real zeros are —3 and 5

10. (10 points)
2z 2z

2+3x+2 (z+2)(x+1)

R(z) =

The only intercept is at the origin, (0,0). The vertical asymptotes are z = —2 and z = —1. The
horizontal asymptote is y = 0.

11. (10 points)
2?4+ 5x+4  (z+4)(z+1)
rz—1 B z—1

R(x) =
The intercepts are (0,—4) and (—4,0) and (—1,0). The vertical asymptote is x = 1.

x+6

x—l) x? +5x 44
— +x

6x +4

—6x+6

10

so the equation of the slant asymptote is y = x + 6.

12. (8 points)

36 4 4
LI RN V:§7T7“3

V =k = 36mr =k(3) = 360 =27k = k=S =3



