
Problem 2. 
i ,

(a) Since P'(r) is degree 5, P is degree 6. I i 
'

(b) The crit ical points of P occur whenever P'(t) =0, that is at s : O,-2'

(c) Because 
"liT"" 

f'1"; 3 -oQr 
"Ug 

f'1"; : oo, and P'(r) is continuous everywhere, P(r) has an absolute

minimum. We know it must be obtained at one of the critical points, so we calcula te P'i (r) = 2t-(t *

i j t i i"tt, *2)2; unfortunately, P,'(0) : 0 and P"(-2): 0, so the second derivative test lends no

information. (How could you hau" p."di.t.d that?) Irstead we look at the sign of P'('); across c : O

the sign remains positive, but across t: -2 the sign changes from negative to positive' Thus, there is

an absolute minimum al r: -2. However, we cannot find the value of the function here since we don't

have an expression for the function; we can determine only the value of the function relative to some

other value of the function.

Problem 4.

(a) Note that Pt(r) has two zeros, at r:0,1; theseare the crit ical points of P(o).

gtryh ofl
sigu of/'

Note  tha t  P '>  0  on  (1 ,oo )  and  P /  (  0on  ( - - , 0 )u (0 '1 ) .

( c )  B e c a u s e p ( " )  < 0 a t  o : 0 , P ( r )  < 0 a t c : l  s i n c e P i s d e c r e a s i n g o n t h e i n t e r v a l .  S i n c e P ' ( r )  i s

positive and increasing for s ) 1, P(c) must be increasing at an increasing rate for s ) 1; because

P(c) < 0 at c : 1, P(a) must cross the c-a>ris.

P (x )

Problem 5.

(a) False; (b) Tbue; (c) Possibie; (d) Ttue; (e) False; (f) False;

(b)

-z

P  ' ( r )

(g) Tbue; (h) False.



Problem g.

(a) The graph has the general shape of the graph of a fourth-degree polynomial function. There is a eveno rde rze ro  a t  r :  o  and  oddo rde rze rosa t  s  =  bando :  c .  Hence the func t i on  has  the fo rm
f.q) 

: 
I(t 

- a)2(, - il@ : c), for some constant ,t. As the y-intercept is d, we have d : p(0) :' t (0 -o )2(0-  b ) (0 -c ) :  ka2bc+ k : ; f t ,  There fore ,  p@):  #a ; - ; ; ( " -b l i " - "1
(b) The graph has the general shape of the graph of a sixth-degree polynomial function. There &re & evenorder zeros at t = a and ic : c and odd order zeros at i : b and s : 0. Hence the function has

th"- 
f?:* P(c) :^ kr(?. o.)2(, - bX" c)2, tor some constant /c. As the graph contains the point( - r ,s) ,  we have 3:  p( -1)  :  r1- i j1- r -o)2(-1-b)( -1 j " ) ,  * ; : -##;Try.  Therefore,

P(a) : GTiTIT6+1I@TI' a(x - a)2(x - b)(x - c)2.



(a)

(b)

(c)

(d)

Problem 1.

Thegraphhas asingles imple zeroat  c :0and aver t ica l  asymptote at r :  -1.  As the s ignof  ychanges
across the vertical asymptote, there is an odd power of (o + 1) in the denominator of the function. As
there is a horizontal asymptote at y = 2, the degrees of the numerator and denominator of the function
are equal, and the lead coefficient of the numerator is 2. Hence A : h : 2 - #.

The graph has simple zeros at r: -2 and s:0 and a vertical asymptote at r: -1. As the sign of g
does not change across the vertical asymptote, there is an even power of (r + 1) in the denominator of the
function' As there is a horizontal asymptote at y - 2, the degrees of the numerator and denominator of
the function are equal, and the lead the coefficient of the numerator is 2. Hence v : ffi 

= -ffi+2.

The graph has no zeros and always lies above the s-axis. There is a vertical asymptote at tr : -1,
which, in this case, implies that there is an even power of (r + 1) in the denominator of the function.
As there is a horizontal asymptote &t y :0, the degree of the numerator of the function is less than the
degree of the denominator of the function. Hence V : dV.

The graph has no zeros and vertical asymptotes &t c : -1 and r:2. The sign of g changes across
both of these vertical asymptotes, which implies that there are odd powers of (o f f ) and (o --2) in the
denominator of the function. As there is a horizontal asymptote &t g :0, the degree of the numerator of
the function is less than the degree of the denominator of the functiron. Hence the equation has the form
U: I ;TD1!=; ,  where/c isanonzeroconstant .  As g < 0for  l r l  >2,k < 0.  For  s impl ic i ty ,we choose
rt : -1. Therefore, I = -1;-+Tfo=).

(e) The graph has no zeros and vertical asymptotes at r = -1 and a :2. The sign of gr changes across
c : -l but does not change across o : 2. Thus, there is an odd power (c t 1) and an even power of
( " -2)  in thedenominatorof  thefunct ion.  Asthereisahor izonta lasymptote aty:0, thedegreeof  the
numerator of the function is Iess than the degree of the denominator of the function. Hence the equation
h a s t h e  f o r m g  , w h e r e / c i s a n o n z e r o c o n s t a n t .  A s y < 0 f o r c  > 2 , k  ( 0 .  F o r s i m p l i c i t y ,
we choose rk : _1. Therefore, g = _GTD_fu:dr

(f) The graph has no zeros, Iies above the c-axis and has vertical asymptotes at o : -3 and r : 7.
Thus, there are even powers of (c * 3) and (s - 1) in the denominator of the function. As there is

a horizontal asymptote at a - 1, the equation has the form a: (ffi+;=Tt, + t : ff*;ff,"5fi =
c a  + 4 r s  - 2 1 2  -  l 2 r +  I  o
7+4;5=rFE;7q

(g) The graph has no zeros, lies above the o-axis and has vertical asymptotes at r: -3 and o : l. Thus,
there are even powers of (o * 3) and (r - 1) in the denominator of the function. As there is a horizontal
asymptote at g : g, the degree of the numerator of the function is less than the degree of the denominator
o f t h e f u n c t i o n . H e n c e t h e e q u a t i o n h a s t h e f o r m y : G € { ; = n r . A s g ) 0 f o r s ) 1 , & ) 0 , a n d , f o r

simplicity, we choose k: 1. Therefore, the equation is g: 6,1gy{;:12.

(h) The graph has no zeros and a vertical asymptote &t a :0. As the y changes sign across r : O, there is an
odd power s in the denominator of the function. As there are no vertical asymptotes, the degree of the
numerator of the function is greater than the degree of the denominator. Hence the equation y = +
suffces.



Problem 4.

(a)

(b ) (i) "l!g/(r) 
: 1;

( i i )  l im f ( r )  :  oo;
c + u

( i i i )  l im f ' ( r )  :  0 ;

( iu)  l im / ' (c)  -  -oo;
T 4 U T

(u )  l im / ' ( r )  :  6e .
r *0 -

(d )

lel

f  ( r ) : 1 +  $  +  f ' ( " ) :  - 3

Yes, the answers are consistent
the analytic calculations.

=+ f " ( r ) :  S .
This is a good place for the students to compare the graphical data with

f ' ( x )



Problem 7.

(a) Note that /(r) : #
vertical asymptotes are r :

: $#J€=:i, Tiie r-intercepts are r
-1,4; the horizontai asymptote is g :

*2; the g-intercept is g : 1 6h.
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; the g-intercept is the origin; the vertical asymptote is o: 1; the horizontai( b ) The r-intercept is the origin
a s y m p t o t e i s g : 3 .

(c)  Theo- intercept isr :2; therearenog- intercepts;  thever t ica lasymptotesarer :*1,0,3;  thehor izonta l
asymptote is the c-axis; there is a hole at (t, ]).
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Problem 12.

(i) The c-intercept is the origin; the g-intercept is the origin;
horizontal asymptote is the s-axis.

che ver'ical asymptotes are o = *1; the

x=- I

{ o , o l f(r)

:t- 1

(i i),( i i i) The r-intercepts are r:0,2; the g-intercept is the origin; the vertical asymptotes are c : a1; there
&re no horizontal a.symDtotes.
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(iv) The r-intercepts are c : 0,2; the y-intercept is the origin; the vertical asymptotes a,re t : tl; the
horizontal asymptote is g - 1.
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(v) The r-intercepts are t :0,2; the g-intercept is the origin; the vertical asymptotes are o = t1; the
horizontal asymptote is the r-axis.
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(vi) The c-intercepts are o:2,3; the g-intercept is 9: -6. the vertical asymptotes are s: t l; the hori-
zontal asymptote is g : 1.
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(vii) There are no o-intercepts; the y-intercept is y : 2; there are no vertical asymptotes; the horizontal
asymptote is the o-axis. Note that y < 0 for all values of o.
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(viii) The r-intercept is the origin; the y-intercept is the origin; there are no vertical asymptotes; the horizontal
asymptote is y : -1. Note that y ( 0 for all values of s.
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