Chapter 7 Sections 7.1–7.5   (Even Answers, Mostly!)
Section 7.1  Class Exercises
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; 419  3. -1  4. -7  5. -22  6. -278 

7. (x – 2)(2x2 + x + 4) + 4  8. (x + 3)(x4 – 3x3 + 9x2 – 32x + 96) – 288 

9. (2x + 1)(2x4 – 3x2 + 6x – 5) + 4  10. no  11. no  12. Divide first by (x – 1) and then divide the quotient by (x + 3)  13. 2  14. By the factor theorem, (x – 5)(x + 3)(x + 1) are factors of the 3rd degree polynomial, P(x). Therefore P(x) = k(x – 5)(x + 3)(x + 1) and when x = 0, we obtain the y-intercept (0, -15k)
Section 7.1 Practice Exercises
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  6. yes  8. no  10. yes  12. -2 

14. 3  16. If P(a) = 0, then (x – a) is a factor.  18. When one factor is a (constant) multiple of another factor.  20. The remainder, R, after a polynomial, P(x), is divided by (x – a) equals the function value, P(a).  22. P(a) = 0 if and only if (x – a) is a factor of P(x).

24. (x – 3)(6x2 + 17x + 44) + 137  26. (x + 4)(x3 – x2 – x + 4) – 8  
28. (x + 1)(x3 – x2 + 3x – 3), R = -7  30. x2 + x – ½ , R = 9/2  32. 
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34. 3x2 + 4ax + 5a2, R = 7a3  36. 79/3  38. -10  40. yes, 
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  42. 8 times 
43. [image: image7.jpg]


  44. 3  46. 3  48. [image: image8.jpg]



49. There are n distinct solutions.  50. They’re reflections in the x-axis. 
52. (x – 1)(x + 1)(x + 3)  54. x2 – 4  56. 4  58. -4  60. 34 

62. Graph both curves and look for common zeros (x-intercepts).
Review 7.1

1. (25x + 4)(5x + 2)(5x – 2)  2. 325.79 m

Section 7.2 Class Exercises

1. 4   2. 3   3. y = (x + 1)(x – 6)2  4. y = -(x – 1)3(x + 6)(x – 7) 

5. 2(multiplicity 2), 3, -1(mult. 3)   6. -5, -2(mult. 2), 3(mult. 2)   7. 0, 3, -2    8. 0(mult. 2), 3, -1
5. [image: image9.jpg]


 6. [image: image10.jpg]


 7. [image: image11.jpg]


 8. [image: image12.jpg]



9. f(x) is g(x) shifted down 2  10. f(x) is the reflection of g(x) in the x-axis (also y-axis)

Section 7.2 Practice Exercises

2. 2. 3  4. 4  6. 3  8. -5(mult. 2)  10. -6(mult. 2), 3  12. -3(mult. 2, 2(mult. 3), -5  14. even

16. odd  18. even  20. At lease one as it has a ‘u-shape’ like a parabola. 
22. Basically a concave down (parabola-like) with 3 relative extrema. 
24. At that point, cost = revenue.  26. g(x) = (x + 2)2(x – 10)3  

27. like a cubic (y = x3) shifted down 3  28. concave down parabola shifted 3 to the left  

29. like a parabola (y = x2) shifted left 1 30. (2 yrs, 150,000), (4 yrs, 80,000)
32. zeros: -2, 2, 3 extrema: two  y = (x + 2)(x – 2)(x – 3)

34. zeros: -2, -1(mult. 3) extrema: one  y = (x + 2)(x + 1)3  

36. zeros: -3, 0(mult. 3), 4 extrema: 2  y = x3(x + 3)(x – 4)
38. 
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  40. $5, $8000  

41. 5th degree polynomials increase or decrease (with at most 4 bumps) over all the Reals. 4th degree polynomials (like a parabola) have a u-shape (with at most 3 bumps) either up or down. 
42. f(x) = (x + 5)2(x – 2) or f(x) = (x – 2)2(x + 5)

43. u-shape is ‘concave’ down with a ‘bounce’ point at x = 3. Factors are (x – 3)2(x2 + 1)

44. f(x) = -(x – 3)2(x2 + 1)   46. Q(x) = (x – 1)(x – 2)(x – 3)  48. even   50. neither

Challenge 7.2

 n = 75, series = .6997692

Section 7.3 Class Exercises

1. 
[image: image14.wmf]1,2,3,4,6,12

±±±±±±

  2. 
[image: image15.wmf]1,2,3,6,9,18

±±±±±±

  3. 
[image: image16.wmf]3939

11

222444

1,3,9,,,,,,

±±±±±±±±±


4. 
[image: image17.wmf]351555

111

22223366

1,3,5,15,,,,,,,,

±±±±±±±±±±±±

  5. -6, 2, 4  6. -2, -1, 0, 3   7. 
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  11. (i) if there is a repeated root (multiplicity > 1)

or (ii) if there are complex (conjugate) roots  12. Same zeroes as the one function is the reflection of the other in the x-axis.

Section 7.3 Practice Exercises
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10. 1.5 in3  12. -1, -2, -3  14. 
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  16. 0, -1, -2, 3  18. (x + 2) is a factor of multiplicity 2
20. Given the general cubic polynomial f(x) = px3 + qx2 + rx + e, with ‘a’ being a zero, then 

pa3 + qa2 + ra + e = 0 or pa3 + qa2 + ra = -e. So a(pa2 + qa + r) = -e . So we see that ‘a’ divides (is an integral factor of...) the left-side. But the right-side ‘-e’ equals the left-side, so ‘a’ is also an integral factor of the constant term ‘-e’ and hence ‘e’ also.
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  28. They could have different non-integral zeros.

30. y1 = x(x+1)(x+2) vs y2 = x(x+1)(x+3)  32. 5 in.  34. ½ , 3, 5  36. 
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  40. 23/3  41. 6  42. 8 gal  43. 
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Review 7.3
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Section 7.4 Class Exercises

1. (x + 1)(x + 3)(x – 2)  2. (x + 4)(x – 3)2  3. (x + 2)2(x – 1)2  4. (x + 1)2(x – 2)(x – 4)
5. -1(mult. 2), 2,
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  10. P(x) = x2 – 2x – 2  11. P(x) = x4 – 12x3 + 64x2 – 168x + 196 

12. No, with rational coefficients, radical zeros appear as ‘radical conjugates’. Ex/ consider x2 – 5 = 0
Section 7.4 Practice Exercises
2. (x – 3)(x + 2)(x + 5)  4. (x – 2)(x + 2)2(x – 6)  6. (x + 2)3(3x – 4)  8. -3, -1, 2 

10. 
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  17. consider (x – 1)(x + 3) vs (1 – x)(x + 3)

18. The example in #17 above involves a simple reflection of one function in the x-axis. We could also 

stretch one function yielding: P(x) = 2(x – 1)(x + 3). All three graphs would have the same zeros.

20. y = x2 – 3  22. y = x2 – 4x + 2  24. 
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30. P(x) = x3 – 4x2 + 2x + 4  32. 5 < t < 20  34. 2.2y, 77,600  36. P(x) = x2 – 6x + 25 
38. P(x) = x3 – 2x2 + x + 18  42. 
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44. First of all, the nth degree polynomial might not intersect the x-axis at all. Secondly, there may be repeated roots (multiplicity > 1). 
45. Consider the difference function of the two 9th degree polynomials, say D = f – g. It’s degree is 9th degree at most, hence there cannot be 10 intersection points unless the two functions are equal for some common domain. 
46. 
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48. Let r1 = 
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. What we want to show is that r2 = 
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 is also a root, 
where P(x) is a polynomial with rational coefficients, 
[image: image54.wmf], rational,  irrational.
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 By the factor theorem, (x – r1) ‘divides’ (is a factor of) P(x). We want to show that (x – r2), the radical conjugate, is a factor too.

Suppose (x – r2) is not a factor of P(x) – indirect proof), then when P(x) is divided by (x – r1)(x – r2), we get: 
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 where, R
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0, Note: ‘cx+d’ must be degree 1.
So: 
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Finally(!) we can plug in r1 =
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 and get P(
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= 0  whew!
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. Here is where the rational coefficients come in! Since c & d are rational themselves, c = 0, but if c = 0, then d = 0, and cx + d = R = 0 which contradicts our induction hypothesis. Hence, we conclude r2 = 
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 (radical conjugate of r1) is a root also. 
49. all real or 1 real & 4 imaginary or 3 real & 2 imaginary 

Test Yourself 7.4
2. 2x2 – 9x + 27, R = -70  4. -28  6. U-shaped (concave up) shifted right 1.  

8. zeros: -2,-1,4 extrema: three [image: image67.jpg]


 10. 
[image: image68.wmf]12

43

,,1

-

  12. -3(mult. 2),4(mult. 3),-2(mult. 1)
14. P(x) = x3 – 8x2 + 29x – 52  

Section 7.5 Class Exercises
1. no positive, 1 negative  2. 1 positive, 2 or 0 negative  3. no pos, 2 or 0 neg  4. three or one positive, 1 negative  5. -5<x<-4, 5<x<6  6. none  7. -2<x<-1  8. -1<x<0, 2<x<3  

9. 2,-2  10. 2,-3  11. 1,3,5  12. -2,-1,2,3  13. 1, -1/3  14. 1/2, 0

Section 7.5 Practice Exercises

2. 0,2,4 positive, 1 negative  4. 1 positive, 0 or 2 negative  6. 1<x<2  8. -3<x<-2, 2<x<3 

10. integer lub = 1, glb = -1  12. integer lub = 1, glb = -1  14. integer lub = 1, glb = -4 
16. P(x) crosses the x-axis between a and b. This may happen more than once.  18. 0, -1 
20. y = .1(x+4)(x-1)(x-5)  21. y = x4 + 2           22. y = -(x–2)2(x+2)2    23. y = (x–4.5)5 
[image: image69.jpg]
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24. There will be zero or an even number of roots to f(x) = 0 between 3 and 4.
26. -2.6, -.4, .3  28. -.7  30. 0,5  32. 1.5,1.7  34. It crosses the x-axis between 2&3 and 3&4. 
36. There is an odd number of zeros between 3 and 4. 38. If even the constant term is positive, then all the terms are positive (even for negative x-values), so that P(x) 
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40. 1.5  42. 6.0  44. 
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  45. 2.08 in.  46. 1.5 cm 

47. 
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48. f(x​1) = -.449, f(x2) = .208, 2.17  
49. Input: n = degree, ai = coefficients of the polynomial from i = 0 to n, starting values: a, b so that 
f(a) < 0 and f(b) > 0 (or vice versa). Compute the x-intercept of the line connecting (a,f(a)) and (b,f(b)): 
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. Solve for x when y = 0 to find the zero or x-intercept using this linear approximation. Set this value as ‘c’ and determine f(c) is positive or negative and replace a (or b) with ‘c’. Repeat the process until the difference between ‘c’ and either a or b is less than .0005 and output ‘c’.
50. By the Intermediate Value Theorem, given a continuous (here, polynomial) function and values P(a) and P(b), P(x) will take on all values between P(a) and P(b) for some x on the interval [a,b]. Hence, if P(a) < 0 and P(b) > 0 (or vice versa), there exists some x-value(say c) in [a,b] such that P(c) = 0, which is the Location Theorem.

51. zeros: four  0 or 2 positive, 0 or 2 negative  52. 1.5, 1.521 

Challenge 7.5

1. 42 + 63 = 105  2. 2  3. 2, -1

The higher powered functions are flatter near the point (3,0).
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