CHAPTER 15 2 (a)
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EXERCISE 15.2 2 (a) It
1 (@

b s

i
i

1
2 -da
51N

| '
Ev 0.18
The dilation from the x-axis for the second and third graphs
has factor L.

2
X ,
{b) : y=28inx |
The dilation from the x-axis for the second and third graphs -
has factor 3.
(0) Lt

y=sinx

The dilation from the x-axis for the second and third graphs
; has factor 2. !

(c}

The dilation from the x-axis for the second and third graphs
has factor 2.

{e) »y

ois o

The dilation: from the x-axis for the second and third graphs
has factor =.

o

The dilation from the x-axis for the second and third graphs
has factor 5.

(d)

{

fay = 2[(x = 13+ (x - 1}

|
.
2 2
The dilation from the x-axis for the second and third graphs

The dilation from the x-axis for the second and third graphs -
has factor 2.

has factor ml-
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(b) ¥= -3x+ 2)°
y

y= -357

The dilation from the x-axis for the second and third graphs
has factor 3.

f_l 7

y=2[(vs 1) - (e 1Y

The dilation from the x-axis for the second and third graphs
has factor 2.
4 B

EXERCISE 15.3
1 (& 74

p=VEIG=3) 7
{

O 3 x

The dilation from the y-axis in the second and third graphs
has a factor of 0.5. The third graph has alse undergone a
eranslation of 3 units to the right.

(b)

=L|- tan ¥
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“The dilation from the y-axis in the second and third graphs
has a factor of 0.5, The third graph has also undergone a
translation of% units to the left.

y= 3y

O Ry

The dilation from the y-axis in the second and third graphs
has a factor of % The third graph has also undergone a

translation of 1 unit to the right.

"
(d) 1)1

-1 +
J
The dilation from the y-axis in the second and third graphs
has a factor of 2, The third graph has also undergone a
translation of % units to the right.

ywEco

X
55

2 (a) () = (2x)" =82 (b) flw=1) = (x = 1)’
@ f(x)+3=x"+3 () 2f(9+ 1224+ 1
() 3F(2(x+2)) — 4 =3[2(x + 2))* — 4 =24(x +2) - 4

3 (8 f2x)=cosx (b)f(x+ %) =¢os %(\ + %)
{€) 2f(x) = 2cos m;m (dl) fx) ~ 1 = cos %;_ ;
Ofer )i )

4 (a)-(e)
e X33
ye24(xd2) - 4
y=2x%+ 1
[
yu - 1P
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(b) 2x) 4 y
§ o 8 4+
64 61
4 4 44
2 2 4
- ] 3 I | ] ] } I3 1. 13 ] i |
¥ 7 ] T T 3 1 T 1 1 T T L
) R 203 407 -4 -3 -2 203 4 %
4L g =x2-3
h J=2x7-6
-6 -
{c) The final graph in part {b} has been moved down 6 units,
whereas part (&) was moved down 3 units. They have the
same dilation,
7 (& y g(x} 4
104 10 4
8+ s+
6 -~ 6 -
4 4+
1T fixi=x+1 24 =+ 1)}
R o S Y SR S ST N7 (R ——i
utfus-f%;,o__ 12 3% —7m6~5—-l~3—2w1_20__ 1 o2 3 ¥ 1oz o3 *
3
(o)) fix) . ()
10 + 10+ -
i gl ¢
i 6 __/ -
44 4
5 gx)=x+3
T M = ae T
B e o B I e e e I L. —f—fe
-7-6—5%_70__1 203" —?w(//-:%~z-;_qo__1 203 0% (I

{¢) Both curves are parabolas, The vertex in part {a) is at (=1, 2), whereas the vertex in part () is at (-3, 0).
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8 (g fix)
4 ok
T glx) =827
2 —
{
: t : : : ; :
-2 2 Y2 : 2 Y 2 ¥
- 4
~3 -
(b) )
4 A
3 -4
2 4 y=8c+ 1
T =51 1
: : | e : : /] ; :
-2 2 ¥ -2 2 ¥ -z 10 1 2
R 22
-3 + -3 4
{c) The final graph is the same in each case,
g (a} l't\} A g(—;) I .!;'(-\) = sin 2x 1} 1
b fx)y=sinx
y=sin 2y~ 1
—t - = A
ol z « X 0 * 0 LA *
i 2 R
1t -1 4 -1
: 24+ 22+ .
Y
{b) Ax) ) 4 Y
14 1+ _ 1+
Jix) =sinx glx)=sinx-1
y=sinly -t
— A ot -
o 1;' .fir 0 LA ¢ & 5 31 7x 2@ 0 T\=x v
i 402 2 1y
-4 -1 4
-2 i, N 3
Y
{c} The final graph is the same in each case.
10 (@) ) iy
5+ 54
4+ 4+
3+ 34
2 fxr=¢ e
Lt glx)= et ! S TN
: ———/ ot ] NP o IR
4o-3 =2 9% o2 s F 4 w3 2 3 ¥ 43 2%y o2 oa”
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{b) flod glx) y

54 54 5

44 4 4 4

il 34 3

2+ fix)=¢* 2 g =2 2
P 4 1

— / —+—] -t bt =]

4329 o2 o3 ¥ 4 -3 2 19% | 4 3% -4 -3 2 -1 9

() The final graph is the same in each case.

EXERCISE 15.4

1A
2 {a) 1y {b) ¥ r ! (c) Yhog x>2 range:realy, =0
i : l
1 1 1
1 ] 1
1 i 1
- : - ; "
50 x TN x 1 ¥
I | 1
I f
I I
: ]
x<-2 range:real p,y=0 x<l range: real y, y 5 0
1 _x=2+1_  x-} 6 {(a
3 (a)Hx—z” x—2 x-2 ) @

¥<-~2 range: realy

4 {a) y (b) (b) rpo
/ ;
3 :
2, ’
( 4) ’,/};:;,\ _.__"}_:_ i
Raie K G x
A\ 2-4) |
# !
{
no inflections, x> 0 1no turning points, el
range: real y, ly| = 2 no inflections, x < 0 -
range: real y (© Y X<3 range real y, y= i
(c) ¥ <»  noinflections, x> 0
o range: real y, i ylz8
ra
{2,8).7 s
e 0
A X
rd
- ,/
R (-2,-8)
. ‘ 7 (@ 45 (b) " -
H 1 o
5 (@) corvect (D) incorrect (¢ correct (c} correct ! : B.7) .
AN BTl -
1 - 1 - e
-y = AT =X+ D =
- ATy A . o -
-0l n X - it x
L2 : =7 (-1,-1f\
= =13\ :
1 H
1 1
1 1
rapge: y< -3, y2 5 range: yS-1,y27
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@ 7 (ch) ¥ ! 2 (@
l
A (8,12 !
ol
yEXAE NS *
6,8 | 3 '
1
0] i? x :
range: ¥y <£—8, y= 12 range: real y, y# 0
(e) y
X (21 2
)”i e (b)f_i_)_’_: _M_=x'—1:(x+1)(x—1)
EPPL A v 1 v dx P x*
= S & e
(=2,-1) yex, . For stationary points, T Gx=+1
/’/ };:-_-G\ x:l))l: _'=—-1 }»-w- -2,
rd ’ dz}.’
range: y< -1, y21 range: real y dx? x%
d:
EXERCISE 15.5 x=1: ;;;Z“”O
1 {a) Y Minimum turning point at (1, 2)
: = d }' ==2<{
1 dx.
: Maxinmm turning point at (—1,-2)
i @2
| 3 (a)
I
' X
1
I
1
1
1
H
i
;
dy =2
b) -~ = 3
() x {2x-1)
—1 W
x=1: i 2
x=1y=1
Equation of tangent: ¥ — 1 =~2(x 1)
2x+y—3=0
e
(©)x=—1: dx 9 On the left the curve y = 4¢™ is the asymptote, on the right
Gradient of normal = 2 the curve y = e is the asymptote.
2 T e
e —] }J:—.l_ { )_f(x)=8 —46 = T 4

) 3 e*

i ] ) " 1 2 / v x B X
Equation of normal: y + 3”7 =30+ 1) For stationary points, d—} =0 ¢ =4, ¢ =22 Since ¢" > 0,
Gy+2=27x+27 - ‘o b
275~ Gy+25=0 ' ¢ =12 is the only solution.

) ‘=2 x=ln2
{2 +y-3=0 [} " ’ -
7x—6y-+25=0 [2] fx)=0forx>In2
[1]x6:12x+6y—-18=10 (3] {¢} The mininwum vahue of f(x) is 4 and it occurs when x=1n 2,
2]+ [139x+/«~0 4 @ 7
=% )
Substitute into [1]: —1—9 y-3=0
131
U
X 7 131)
Point of intersection is { 39739 5 -
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6= Ly

(2+ 2o )z (o) x= % ol el -~,12 < 0 so maximum when ¥ = %
"> 0 for all values of #, the denominator is always positive so =2, L =L <050 maximum when x = 2Z
. . 2 gt 1+l 2 2
J(H=0tort=0. - e
(C) As t > o then f(£) — 2.5. {d) _;1_“ %0 for any value of x so 22 %0 for any value of x.
d1gft<2s 1+ sina i
5 . P ) -;r Hence ne points of inflection.
(@0) = LA %] =0, 1w = @ i . ;
{b) f(x) =—¢Tcos x — ¢7'sin x = ~¢ " (cos x + sin &) ' /'\ !
(C}j"(0)=—l><1~1><0=-— : | : L
A1 0 3 Sz 3% 7 x
4 | |
1 [}
El oz~ osin T ;N ‘+1}— | \
f’(—-%)= e}[ i l)=—e 4( TV o ! !
. , : :
(d) s ; ;
i l
-
\ 8 C{t) - moo[ws( ) — 1000, for § S £< 16
-] } } e (a) dt ~1000><’3[c05( ) ] [ sin(ﬁ(1 8))]>< 5
0 3 X 2 =
WE r z 2 8) (-
2 ‘ 2 2 z—lOOOﬂ:sin( {2 ){ ( ) }
(e} £ (x) = ¢™(cos x + sin x) — ¢ (—sin x+ cos x) = 27 5in & % =Q: gin { (t?—S)) 0 or cos ( - )
. sm Z 0 —_
\==-—‘f (x)= ( J ~J2e+ " E—(i,)—s—)=0,1r,2:r,3;'r,47r
Maximum turning point when x= —%_ E=8=0,t-8=2,t-8=4,1—8=6,{~8§=§
x £=38,10,12, 14, 16
4 T %‘cns{»«gw} e«l ]T(I 8)
H=z)=e =£=1-55 £=8,12,16:¢ ( )
6 (a) f(x) =log (sin x). Require sinx>0,50 0 <x < I, t=10:cos( )—cos =1
b =052 . cotx, Domainis 0 < x < 7,
(). 1 (x) siny - Cotx Pom IE > te=14: cos (%’r“ ))=cos 3m=-1
©) f'x)=0 when cotx=0s0x="7. 2
F7(x) = —cosec”™ x - The least value of C(#) will occur when = 10, 14.
(71 E) = —cosec Emal <0 Minimum concentration = 1000[cos m+2)* — 1000=0
I3 2
Maximun value of f(x) when x = Lis log (sin E] =0 by <
) 2T 2 5000
() ¥ |
| 1
e} I"J\T 3 X
1
I
: 4006 +
i .
i
y=log, (siny)
?
7 (@y=log, (1+sinx - e
@), ( ) © § 10 12 14 16 ¢
dy _ cosx
d’f b s.mx ) 9 @i+ (%) = 16957
d”y _ —sinx(1+sinx)~cosx X casx , Ve ,
e (l+sinx) h: = 1.69x; - 0.25x"
i 1 sin® x —cos’ . —(1+sinx) | ;7 _=11;4'4x 1.3x 3 1.3x
(1+sinx)? (1+sinx)®  1+sinx PR LAY 1
i (b)Amxy+;><x><1.2x
--2:- = 7 o C = = E :’3& §.,£ _ff ' = 4 N
{b) 5 Owhencosx=0,x O but y is =y 406 - .
undefined for x = §_21_1'w) ~’r~2£ {C) 2y +x+2.6v=48 : ?
Hence x = i?:"’:., _S_ET_ 2}' +3.6x=48
22 y=24-18x
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(c) Ay =2 (24~ 1.8x) +0.6x° o)
=24y~ 1.2¢°

e} 4

¥ 13
OvL 10 20 7
{f) Maximum area when x= 10 m, y =6 m, equal sides of the
isosceles triangle 13 m.
Maximuun area = 120 m”

10 I(H=100(1 —¢™

(& I0) =100(1 - 1) =0
[(0.2) = 100(1 — ™) = 63.2 amps o

1
[

T(1) = 100(1 — ¢y =99.3 amps
{b} As t increases the current approaches 100 amps.
(©) I'(1y =100 % 5¢™ = 50007
SN
500 +
o I 2 3 !
(@ Graphs do not intersect so equation has no solutions.
100 +--= (e)] y
4=+
3-_
50 + 51
1+
- ; : e et
0 1 2 3 f Syl 2 2 X
(&) The graph of I'() shows the gradient of I(f) over time, The 2
gradient graph shows the current increasing rapidly at the -3
start then staying practically the same. i
EXERCISE 15.6 . . . .
Graphs intersect 3 times. Equation has 3 solutions.
1 {a)

/

o
w
P

._.

1o -

-

P
"

Graphs intersect 3 times. Equation has 3 sojutions.
Graphs touch, eguation has one solution.
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{d) )’T_

NAV/ANN
2 AL A

Graphs intersect 3 times, equation has 3 solutions.

, © '
P e

i
AN
___I/\ — ‘:?.;E - Y T ._!JT{
~2r - o zr\/Z;r" {
I ¥

Graphs intersect twice, equation has two solutions.

] 0 1
Graphs intersect 3 times, Equation has 3 solutions,
b 74
4

Graphs intersect twice, equation has two solutions,
3 284

|
a3 o)
!
[
1
I |
-
| !O
3
rot =]
b e
g
=y

2 (@

—

b,-_
e
[P R
o
w ¥

EXERCISE 15.7
1

Graphs intersect twice, equation has two solutions.

{c} ¥
4, -

? -

¥ 1 T 1 T T LI
a9 1¥\3/5 6 ¥
iy

Graphs intersect twice, equation has two sclutions.
If the domain of 2cos x had been 0 < x < 3, the equation
would have had 3 solutions.

I
B
i
o
<
g ~—
"
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{a) The region below the line y=x+ 2.

)
{
{c

b} The region on and above the line y=x.
) The region to the right of the line x =3.
(cf) The region on and below the line y =4,
(&) The region on and below the line x + 3y =9,
(f) The region on and to the right of the line x = =2 that is also to
the left of the line x=3.
20 (@) correct {b)incorrect (C)incorrect (d) correct
21 (@)

hy-3<x<1
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O +x-2<0
3x-2<2x— 2"
~2<x<l

QX +x—2<0
(x+2x-D<0
Roots: x=-2,1
test using x =10
0+0-2<0
=2 <0: true

. Solution s -2 <x< |
25_"-__(3) S

bix'<x+3
Fe-x-3<0
~13sx523
{ChSolvex’ —x—3=0
I ERVE]

X 3
test using x =

0-0-3<0

=3 <0 true

Selution is —1:-5@ <x< 1+2\/]“§

—1.303 < x £ 2,303
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EXERCISE 15,8
1 (@} The region on and ta the right of the line x =1 that is also

below the line y=2.

(B) The region on and above the line x + y= [ thatis also on and
below the line y =+ 1.

{c) The region above the line y = 1 that is also above the
linex+y=1,

(d) The region en and to the right of the line x = —1 that is also to
the left of the line x = 2.

() The region on and below the line J=2x+ 2 that is also below
the line x + y =2,

{f) The region on and above the line y=xthatis also on and
below the line y = 2,

C 3 a+y2iysx+l

{8) yes, no, yes {b) no, no, yes

E-

[

{c) yes, no, yes
e
S

o[
!

—
bob

{e) yes, no, ves
¥
12

S (&) correct (D) incorvect (C) correct  (d) correct
6 (a) %

yExXFL x4 p=d;
et x+2=43x=2

2 a2
,\___3,5._H3

zeateF I 2 ’).2_) )
\ettLCt.s.(3,..3 ,{2,0), (0,2}

2p-x=4, y=3x—6
Gr—12—-x=4,5 =16
c=3L y=13
:&*—35)}”35

p—x =4 3x+y=-6
6x~ 12— x=4d, Tx =16

2 6
r=—7% p=0
_ X _7:) 7
o . 1 531 26
B \!elizues:(:%g,?i-g), (-2—,7),




(0) vertices: (~2,0), (0.5,5), (1% %?1;)
Ay v

G

-

The dilation from the x-axis for the second and third graphs has
factor 4.

3 @

(8) vertices: {0,0), {1,0), (f) vertices: (~2,0), (0,2),
(1.5,0.5}, (0,2) (2,0), (0,~2)

4 @fex) =" O)fx-3)="" @f)+i=c+1
[d)2f)+a=2"+4 (@ f2x+2)~1="4 1

-y 0400
7 {(8) the region bounded by the lines y=x, x =2 and y=1; 5 C=vet v
yex xS, y2 L AR2), B(2,1), C(1,1) (Bo<vs110
(b) the region bounded by the lines y= 2y, y=xand x + y=3; by c
y<2x 2y, x4+ ¥ <3 A0,0), B(1,2), C(1.5,1.5) 400 4
(c} the region bouu‘ded by the‘ lines y = 5%-!— Lys= %+ land
X+2y=6y<Ealy a%-u, X2 <6 A0, 1), B(2,2), 300 |
C(3,1.5) -
CHAPTER REVIEW 15 200 -+
1
[ 100 -+ LT
! rin -
)’=(-‘f+3)3§ ’," C=v
i3 7 e
yex 0 100 "
/ dC . 6400
, 0 45 =1-%4
z X
B ac _ ., _ 6400 _

ar 0 vt 0
v = 6400
v=280
Average speed is 80 km b,
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6 {(a)LetBC=ycm {b)
AB=AE=EB=DC=xcm

BC=BF=FC=AD=ycm [‘&
3x4+3y=54

x+y=18 y=4
y=18-x

A=xy+ %xz sie 60° + -é—y: sin 60°

-9k X
A(.\:)=x(18-x)“i*x3><%xw‘g’m-i—(ls—x):x%xé 4
= le—xz+u‘{l§*xl+81J§—9\f§x+gx2
J3-2)
=.(_-.__~j ),\“+9(2~\/§)x+81\/§ ] iy
‘ 8 @Ify=r—"5
{b) The domain is 0 < x < 18. (x=1)
@ A Y Hx—1P -dxx2(x-1 _ —Hx+D)
2 ]} —— = e
200 +Alx) :(‘52-3).1“+9 (2~ r 813 U dx -1 (x—1F
For stationary points, 3}_ =Gqy=~-Ly=-1
Ay =4 =17 = (x+1)x3(x - 1))
- dx® {(x-1)°
O 10 20 30 40 50 _—A(x—1-3x-3)  8(x+2)
= YT =TT
() 2 = (3 2)e+9(2-3) o 0 (x=1)
ay.s
=l — = B
dA =0:(V3-2)v+9(2-3)=0 d’ 16
dv Minimum turning point at (-1, 1)
x=9
The rectangle becomes a square of side 9 cm when the area is (i) d’y =0 x= -2 y__§_
a maximunz. dv? ’ 9’
3x
7 (a) {} fl=d+—"r— 2
@ fio- = 5
3\—-1 0 dv
\ 2y
4l +3x~1=0 x=—3:§_{=.‘_’§i<0
(dx- 1)+ 1) =0 dx® 4
x=-1,1 Concavity changes at x =2 so (—2, %8) is a point of
(i) Asx—)ooj(‘c)——:»% inflection.
(ifiy f(x} is undefined at x =0, it 'lpploaches —co, (iiyx=1,y=0
{iv) Asymplotes are = Oandy= )
37 —(3x=1)x2x _3x—6: —5x Y
() F)=0+ x* (\,, ) \=3x i«c+2:2;x !
X X X it |
) =0 xm 2 p= gl \
f(:\)—O.A-——3,}——64 i
ey s =357 —(2-3x) 317 _ =3x-6+9x _ 6(x~1) I
@)= G = i I !
x X x !
A2} s B x| L B |
t (3) GA:TX( 3)<O : - !
(3.63)1 t t = R
=, 0= | is a maximum turning poin _8 -
2% I gp (2 D
vi) FY(x) =0 whenx=1.
e (o)) = A
f”(_g)<0 {x_l)B
1 g
(2= 6>< >0
4o
Concavity ch‘znges at x=1s0{1, 6) is a point of
inflection. 5
y=f(x)
~2-19 %
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9

10

VxR flex r_ P H{g-plaF(r—q)

e s I AR Aoy i -1 :
p=lig=2r=1%

(x+1)

x—1 +7+ 1
_xlxl) 2

(%:;)}_—x_1 —x+2+%x_1,

b2

dx 77 (a=1)

d)

= =0 (x=1V=2x—1=t/2, x=1+./2

K=l T y=l+ 24242 =3+2432

N ﬁul

v ] — p=1 v 2
1\/")1\/_+2+ﬁ ~2y2

dy_ 4

dt (x=1)

= ?d)'
X= I+\/— 3 7\,/_

Minimum tuimng pomt at(1++/2,3 +2v2)
x=1-
‘/_ .'\:2 —2\/_—

Maximum turning point at (1 — V23— 7\/“)
{c), {d) ¥

(€) c=2. y=x+ 2 is the sloping asymptote,
b pingasynp

; ' = 5in 2x
N

frs]
5}
J—-hq +

-1 y=l-x

{a) The graphs y = sin 2x and y = %- intersect at three places;
when v =0 and near x= #0.47or £1,3,
More accurate solutions using technology give
x=0,+043ror £1.34,

(b) The graphs y = sin 2x and v = 1 — x intersect at one place:
near x=0.1xor 0.3,
A more accurate solution using technology gives
x=0.11mor 335

1

(@)

i
b -
I

o =+
1

_

&}
—

[
ad

14
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£(x) f

=3}
i
T

[a% 3 L7 i wh
1 Il 1
T T T

-
]
i

|
[V
|
o o

{¢) The graphs are the same.

12 (8) i

4 4

3__

21

1~ .

fixy=cosx /
—i— i } } I t f—>=
Ol 2 2\3z 7 51 fox 7x 22
4 2 ¢ 4 2 04

-1 4

¥
glx) 4

_1_..

3-_

21

el

| gx) = cos™x

B B ='/ﬁ~
Oz z 3 s e o7r o

4 2 4 t 2 4
-1 +
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gy =costa+ ]

i 4

iy +

glx) =cosx+1

ln 4
s ln o
“lg T
<1
St
gt
“I5
o |
B
=¥

g ={cos x+ 1)}

sl A
5 4+
@1
P
(5
5
pd




{c) The final graphs in each part are completely different due to
the time the squaring is done,
13 (&)

hyo=sx
CHAPTER 16
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