Sewart Calculus 5e 053439339X; 1. Functions and Models; 1.3 New Functions from Old Functions

1. (a) If the graph of f isshifted 3 units upward, its equation becomes y=f (x)+3.

(b) If the graph of f isshifted 3 units downward, its equation becomes y=f (x)-3.

(c) If the graph of f isshifted 3 unitsto the right, its equation becomes y=f (x-3).

(d) If the graph of f isshifted 3 unitsto the l€eft, its equation becomes y=f (x+3).

(e) If the graph of f isreflected about the x —axis, its equation becomes y=—f (X).

(f) If the graph of f isreflected about the y —axis, its equation becomes y=f (—X).

(g) If the graph of f isstretched vertically by afactor of 3, its equation becomes y=3f (X).
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(h) If the graph of f isshrunk vertically by afactor of 3, its equation becomes y= 3 f(X).

3. (a) (graph 3) The graph of f is shifted 4 unitsto the right and has equation y=f(x-4).
(b) (graph 1) The graph of f isshifted 3 units upward and has equation y="f (x)+3.

1
(c) (graph 4) The graph of f isshrunk vertically by afactor of 3 and has equation y= 3 f(x).

(d) (graph 5) The graph of f isshifted 4 unitsto the left and reflected about the x —axis. Its equation
iIsy=—"f(x+4).

(e) (graph 2) The graph of f isshifted 6 unitsto the left and stretched vertically by afactor of 2. Its
equation is y=2f (x+6).

5. (a) To graph y=f(2x) we shrink the graph of f horizontally by afactor of 2.
y
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The point (4,-1) on the graph of f corresponds to the point ( 5 4,—1) =(2,-1).

(b) To graph y=f ( % x) we stretch the graph of f horizontally by afactor of 2.
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The point (4,-1) on the graph of f correspondsto the point (2- 4,-1) =(8,-1).
(c) To graph y=1(-x) we reflect the graph of f about the y —axis.
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The point (4,-1) on the graph of f correspondsto the point (-1 4,-1) =(-4,-1).
(d) To graph y=—-f(—x) we reflect the graph of f about the y —axis, then about the x —axis.
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The point (4,-1) on the graph of f correspondsto the point (-1 4,-1.-1) =(-4,1).

13. y=1+2cos x : Start with the graph of y=cos X, stretch vertically by afactor of 2, and then shift 1
unit upward.

¥y=cosx y=2cosx y=2cosx + 1

27. (a) Toobtain y=f(|x|) , the portion of the graph of y=f(x) to theright of the y —axisisreflected
about the y —axis.

(b) y=siny | x|

y = sin |x]|
\ /,
NN
(© y={1x

Yy =X

0 | X

37. f(x)=sin x, D=F ; g(x)=1-yx , D=[0,c0).

(fog) (0=f(g(x))=f(1yx)=sin (1-yx), D=[0,c0].

(go f) (¥)=g(f(x))=g(sin x):l—\fsin x. for \[sin X to be defined, we must have sin x> 0«
xe|0|u[27,37 U271, ]ul 47 ,5r U] 47 ,-37]U... , S0
D={x|xe[2n7,7+2nv],where n is an integer} .

(fof)()=f(f(x))=f (sin x)=sin (sin x) , D=R.

(909) (0=0(0)=g (1x )=11{x ,

D={ x> 0]1-{x> 0} ={ x> 0]1>x} ={ x> 0]{x< 1} =[0,1].
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39. f(X)=x+ v D={x|x£0} ; g(X)= 7 D={ x|x#-2}.

X+1

fog(x) =F(g(x)=f ( x+] )

X+2

_x+1+ 1 _x+1+x+2
T OX+2 x+1 Cx+2  x+1
X+2

_ (xX+D)(x+1)+(x+2)(x+2) _ (x2+2x+1)+(x2+4x+4) 3 2x2+6x+5
B (x+2)(x+1) B (x+2)(x+1) T (x+2)(x+1)

Since g(x) is not defined for x=—2 and f(g(x)) is not defined for x=—2 and x=-1 , the domain of

(fog)(x) is D={ x|x£-2,-1} .
< 1 ) X 14X
X+- J+1  —— 2 2
X _ X _ X+l X Hx+l

< X+ e >+2 XCHLA2X X+2x+] (x+1)2 .
X 27747
X
Since f(x) is not defined for x=0 and g(f(x)) is not defined for x=-1 , the domain of (go f)(X) is
D={x|x#~-1,0} .

(g H)()=9(f (=g (“ i ) -

(fof)(X) =f(f(x))=f<X+—1>:<x+—1>+ 11 xt T+ 21 :x+1+2L
X X X+ - X X +1 X X +1
X X

_ X(X) (x2+1) +1( x2+1) +X(X) _ XXX+

x(x2+1) x(x2+1)
4 _ 2
+3x +1
:% , D={x|x0} .
X(x +1)
x+1 x+1+1(x+2)
x+1 X+2 X+2 X+1+x+2  2x+3 .
(gog)(x)—g(g(x»—g( e )- L oD~ xelrped s - Snoe gl isno
X+2 X+2

defined for x=-2 and g(g(x)) is not defined for x=— > , the domain of (gog)(x) is

3
5
D—{ X|X£-2,- 3} )

53. Let h(x)=yX, g(x)=sec x, and f(x)=x . Then (fogoh)(x)=(sec {x ) =sec *(y{x )=H(X.
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54.(a) f(9(1)=1(6)=5

(b) o(f(1))=9(3)=2

(© f(f(1)=F(3)=4

(d) 9(9(1)=9(6)=3

(€) (9o H)(3)=9(f(3))=9(4)=1
(f) (fo0)(6)=1(9(6))=1(3)=4

55. (a) g(2)=5, because the point (2,5) ison the graph of g. Thus, f(g(2))=f(5)=4, because the point
(5,4) ison the graph of f.

(b) 9(f(0))=9(0)=3

(c) (fog)(0)=1(9(0))=1(3)=0

(d) (go f)(6)=0(f(6))=g(6). Thisvaueis not defined, because there is no point on the graph of g that
has x —coordinate 6.

(€) (90 9)(-2)=9(9(-2))=9(1)=4

(f) (fof)(@)=1(f(4)=1(2)=-2

57. (a) Using the relationship distance = rate - timewith theradiusr asthe distance, we have
r(t)=60t .
(b) Asrr = (Aor)®)=A(r (t))=7(60t)°=36007t" . Thisformula gives usthe extent of the rippled area

_ 2 _
(incm ) at any timet.




