(b)( 2{}28) ( 1 0493) (C)f(x):%:logc.\‘-i-logc(cos x}=log_ (1 ~sin* x)
£ o sy sinr= cos X, tan x =1, Filx) = 1 osinx =2 si11xeos E S tan x
: 2x  cosx 1—sin’ x 2x
x=-,§£,j( ) ‘/_ 2.028, j(»—’i)—e\f—ows OR
! * 9= og, Ee0sx _ . Jicoss
J¥) =log, =202 < o, =log, x ~log_(cos x)
(©) fr{x) = cosxe™, g'(x) = —sinx ™" 1-sin" x cos” x
- 1 -sinx _ |
L =L _zsiny fan x
f"(£)= 1 eﬁE,g,(_fg):ﬁLeﬁ fx) T eoss 2x+ an x
47 2 4 3

" o 7 (@ 10°G+xIn10)  (b)cosx + _l
f’(ﬂ)z_Jmejf,g’(S_E)m 1 B xlna

4 NG 4/ \/Ee ©2°] | ; @ at (x(hm)2 log, \'—1)
12 In2+3 ' n3+4" 4
() No 1 X lua(log,, \}
hal E =__1m«)7§=".. s E
e i CHAPTER 14
gf(ifz) _LE j(ié’i) EXERCISE 14.1
412 4 1 AC
50 2 flx)=2x-2 3 Sk
fx)
CHAPTER REVIEW 13
1 (a)cosx+ 2sec’2x {b) ~12sin4x ~ 10 cos 2x
(C) cosx—xsinx  (d) -SE?L_ = ~COsec” x |
- } —
(&) ~2¢™ (cos3x +3sin3x) () 23:;:32;5” =2cot2x 0‘ /(1.0} x o 3 x
2e7%(1 - xlnx) 4 fx 5 f(x)

2 {a) (¥ +4x+2) (b = ©)

e
; o .
1 1
@ FEE (@ G-7-3) Ao ta NN

8 (@)9.6,0,-3,0,69 (B)1=4,v="L8 ,_x

12 I | .
4 (@) Zrsin x+x7 cos x (b}w o) 1 3 ¥ o AS N
cos” x f(x)=2x-5
{¢) cos x cos x + sin x (—sin x) = cos” ¥ — sin’ & [@x<25 (hx=25
sec’ x {C)a=25
( ) 2 ftanx 6 ri
(&) 2x x {=sin {x)) = —2x sin () o
{2x+1)cosx ~ 2sinx
® (2x +17
2x+2 Hx+1) 2 i

5 (a)x2+2x+1=(x+1}3=m 9 > -'1\ X

X =2; positive, negative
_1l-xlog x 7 {@x<-15 (B)x>-15 (Cla=-15

%xe"—iog‘.xx’z“’ (@)
e xe' 8 @ Fle)=3r~12x+9 Prx<i,x>3
{

b e'lo ,x+£— c) &
g+l

| I 1 C)l<x<3 {dix=1
(e tany 0 '\“sizlxcosx 9 (ajrealy (b)none (C) never
1 10 @e=-31 Glr<-Las1 g-lers
” (2\+l) {x +log, X)X1_.\‘3+1-—logl.x 3 E
¥ e EXERCISE 14.2
(f) 45" — 2x sin (3%) + cot x 1 {)f,(‘ =2x-6

(a,wl) mininwm turning point
§ (&) flv) =log x+log (tanx)

f,(v)z_l__I_sec:x:}“’_ 1
STX T tany T ¥ sinacosx
(b) y=log, (x' = 6) - log, (™~ 1)

dy Ry e
ay _ 3x oL
dy P og o et

r.u e
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2 C
3 @ flx)=32"—12¢ 1
{b) (0, 16) local maximum; (4,-16) local minimum 0
{c) y 3
16
4
i\f
RV,
(4,~16)
v
4 (a) correct (b) incorrect (c) correct {d) correct
5 (a) f{x)=6x"~30x+36 5
{b) (2,28) local maximumy s
(3,27) local minimum
9
6 (& f (.x) 3 -2x -1
o) -~ 3 27 local maximum; ;5_7:
(1,0) local minimum :,_. x 10
gl (LY
1
1 2
73 g 8 2
10 (=2,27) maximuny
{1,0) minimuum
(-2,27) 7 2
./ R
1,2
O (L,0y ® 327
v =—(3a7 —dx+ 1)
L1232 minimum,
3’ 27
(1,2) maximum
2 2 2
=& 3 ;o By = s D
12 (@) x= 52 (b),x<3,,\>2 (C)3<.x<_ 4
(d) fw) {3,27) range =108
greatest value = 27
/\ least value = —81
4
oz 2 7
3
5
(~1,-81)
13 ¥ =2ax+ by’ =0 where 2ax+ b =0, x = %b-;
2a
»” =2a so the turning point is minimum if a > 0, maximuam if
a<0
dy dy . .
14 vk \‘2 77 1s never zero, hence no stationary points, hence

d
no turning points; d} < 0 for all x in the domain

EXERCISE 14.3

@6 (bjex+4 (©-2 (D2’+12v (@-122%+4 (Ho
D
{8) correct (b} incorrect (C) correct  (d) incorrect
-1 b -1 .\“(2.\;2 + 3]
®idx O iGiodrz 9773
(x" + 1)"‘
2 2 6
d} = ) =5
e e (x+37
@) 3(x* 1) (n) 1537 +1 () 32 = 18x 411
e 2
4xfy iy Ax-1) (v +1)
real x 6 realx 7 (@x>-2 BHla<-2 (¢)~2,22
x>-1
@ J .. no point of inflection
'\.
@x=0 (O x<0
d*y e .
(©) an . no point of inflection
d’y = 64; dy >0 for x in the domain .-, concave up
de? &'k’

EXERCISE 14.4

(=2,22) maximum;
(1,-5) mininumy

X
(1,-5)
A
(0,0) minimuny J 2,4
(2,4) maximuny
(1,2) inflection
(1,2
s} X

(0,1) min; (2,3) max; (~2,3) max;
greatest value of function is 3

)] (lé—w -}—é] minimum
{12} (0,0} horizontal inflection, (1,-1) inflection

e | ¥ @-17%

Answers Chapter 14



[s7]

(@ x=2 yx>2 (x<2
{~1,-9), {2,498} x < ~1, x> 2
(a) (‘1,0): (090)1 (]-1 0)

(b} (0,0} max; ( ijli - % ) min (c) [ +

w ~l

{d) ¥ {a) —{g<x<—‘!6§—

- U
) {\T)ﬁl g Y
R S S
Fl &)
9 (a) correct (b} correct (c) incorrect {d) correct
A ey SR
10 a;;»—w,’,(.\««l) <0 foralix=1l ;

Q =-6(x—1)=0 wherex =13
dx”
concavity changes, so (1,—1) isa 0 X

point of inflection.
y=—x(x’ - 3x+3),A=9-12<0,
X = 3x + 3=10 has no real roots;
the curve only cuts the x-axig at
(ls _1)
11 (&) (1, 0) minimum
(o) y” =125 y” =0atx= 0 but concavity does not change
. no point of inflection, curve is always concave up
(c) Global mininum is 0
12 (a) Greatest value of the function is 36 when x = 6.
Least value of the function is —4(1 +2 ) when x = 2++/2.
L
35 4
30+

25

20 +

(15-])

15 -+
10 4
5 1

) {) |

T v T T "
9 1W5 6
~10 4

13 $4.50

14 40 units

16 (@90 (0)$17420 (o) P=374x-22 - 400 (d) 85,$15495
16 (a) decreasing {b} it s increasing at a decreasing rate

(c) concave down

@ 4 G
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(8) f'()=3.2, point of inflection
(fy it is increasing at a decreasing rate

EXERCISE 14.5

1 (@) /=80-x (b A(x) = (80 — x) = 80x —
{c) 1600m

2 B

3 (@ /=160-2x (b) Alx)=x(160-2%) (c) 3200m°
=120=4x o X(120-4x)

(@) y=2=525 (0 Alv)= 3

(©) x=15,y=20, A =300m* (d) 396.75m’

E-N

5 (a) A= li\i:_&i ) % units squared

(o] %Q cm’

7 @ y=12-4v0<x<3 (B} V=120 -4 (0 16cm’

8 S—g%@»cn}"

9 (@ h=9-250<x<45 (B) V=x(9-2) (0)x=3
10 (&) length = 2x, height= }—0:-3—3_\—2-12»

2x(108 - 247
(b V=—(~w-3—-——] () 1442 cm®

11 {a) correct (b) correct {c) correct (d) correct

12 (@) y=+100-x* (B V=100x-+" () 2008J§ o
(36
13 (@) r=v36-x" (0) V=ffm(___‘_1

3 (c) 23 em
14 28 % et
15 @h=1020 () v=x(or-r) () 1-=>/~§_ﬂ— .
16 rectangle 3-‘;— cm X 10% cm; square sides 53%1:111

17 (a) R= (380~ 12{n—20)) x 1 =620n— 12407
(D) 26 passengers
18 {a} $15000  (b) 2812012813
19 (a) 24000  (b) $27648
20 (@) W+ =dh= Ja* =1,V =t x 2h = 2mF Jai -t

(0) V'(r) = 2700 20° =31 )
3t =245 r = gt_\%[ﬁ:

V7 (r) = 2(2d" — 97

\”’(%): Zfr[ 2at - J ;,6“2 ] <
o6

3 gives max volume

EXERCISE 14.6

1 -2
R -3
2 %:g-zm:iz)—e-i———:(z,%),nmxinuun @x>0 Plx<2
3 (@ f0=2 /0)=1 (b) f(x)=¢* >0forally (0}3
(d 4




4

[o>]

11

12

(@ f/(x)==-2xe"" (b)) x=0(i) x <0 (iii) x>0
() ¥

ol x

{&) 0.1 units after 0.91 hours

(b) X

0.06

3

H

1

i
O] a7

1S
—
~3

(c) 2.00 hours
(@) correct {b) incorrect (c) correct (d) correct

b
2.5
| “/
0O f
-t
(a) f'(f}=_5x(_3e ,) = 15¢™ — > 0 because ¢ > 0 and
’ (2+3e"’ )“ (2+3e")'

(2»%3(2“f )2 >0forallt

br2s )1sfin<2s
(@ x=—% (b v2e** = 0.86 units®
J2

4 _1-lnx ATy O e =l
g x—l Stationary points: x=¢, y = P
Q = 21“—3:_3 <0 when x = e. Maximum at (e,_l_).
dx* X e
%’é =2%— 8™ Stationary points: x = ml%%, y=4.
%m},m’ = 16> 0. Minimum value is 4 when x = L%m%

x* 2
dy . : 1 1 d’y
—_ = X0l ary A S - Y=, =¢>
o=l In x, Stationary points: x D i o e>0

Minimum when x= %’- is -«»%;.

(a) Require sinx>:0<x < .
dy , . .

{b) "EI% = cot x. Stationary points: x = gr’)_’ y=0
d* Vo e - T
S = wc0seC X = ~1 < 0. Maximum when x = s 0.

dx <

13 (a) Maximum profit is $188.73

(b}

©

(d)

}!
1800 +
1700 4
1600 -
1560
1460
1300 ~
1260 4
1100 +
10090 -

900 -
800 4
700
600
500 -
400 -

-t ot 1. 1 ! ! 1 ! L I
T

1 1
O T T T 13 T T T T T 13
A+ FESFPFPISSSSS
0 AR T AT FF IS

First breaks even when x= 130

A profit is made when the revenue > cost, This is between
about 130 and 1300, or 13 batches of ten and 130 batches
of ten.

It
1700
1600
1500 -
1400
1300 -
1200
1100
1000 -

906G 4
800 4
700 +
600 1+
500 4

HHH
\

P(x) 20 for 130 £x <1300

Arniswers

Chapter 14




14

4_-1-.

(@) a=0.5, y»«c?-i—e

p
ol

8 .

=¥

i
!
!
i
!
f
1
t
i
i
)
4 t
I
t et
-17L 1 2 3 4 5

{b) Least height of function is 2 units so sag=5.52 units,
{¢) Angle of inclination at the Lnds is 74° 35,

@S0 =1, [{Z]=0,f( ="

(b) f'(x)=~e"" (sinx + cos x)

OO =-1 fo(2) - “‘f(-l_mi_Jﬂ)
{©) F 3 ¢ N
1 -
0.5 +
oz 2 z 2xwwn *
6 3 2 3 &
0.5 +
y

EXERCISE 14.7

1

2
3

-fanx

AX~ 20+ 2—g=0

(@) cosx~sinx  (b) —sinx - cosx (c}
ir ks

() (»11—,0), [z, 0) (92

y:lmx

R0 ki

4 )

=2cosx+2sinxcosx =2cosx (1l +sina); (2 3), (E,—i),

e |

@ 45m (b) 12.2 hours; 12 = lgT
(©) y—45c051071“ ¥
45
: /
O o1 X
~4.5
(d} 1.08m
Y cosxmsine B oo U -7
{a) g oSy -sin. y Owhentanx=1, x= T
(b) x:f’i)y:ﬁ_x_% V= 2.57:);:_),.
dx”
a=% I), < 0. Maximum 1t( \E)
RN 4’

x= 2 51—-—},1 > 0. Minimum at (E’-ﬂ:,—\ﬁ}.
4 dx’ 4
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10

11

Greatest value of yis /2 at x =

% and the least vaiue
is —\/5 at x= éf

{C)%>0f01‘0<x<g—and%7£<x<2ﬂ.

(d) i—},—’ =0 tan x=—1, x = S8 1T - Points of inflection at

dx“ 4 4

5w in

(3o} (%)
dy dy ) . 1
= = =~2. (g f afe
I cosec” x. P( T 1) et Gradient of normal 3
Equation of normal: y— 1 = % (x ~ %) ordx—8y+8—rm=(
d)' CUSCC X . R dy
pal (—cosec,\.cotm).xmg.—(g-O,y—e.

The equation of the tangent is y=e

2
:

dy
¥=3cos 4x. —L =—12sin 4x. —% = —48 cos 4.
- dl dx-

4

LHS = %«-— + 16y = 48 cos 4x + 16 % 3 cos 4v
N

= —48 cos dx + 48 cos 4y = 0 = RIS

- 4 Z Eia=_1 ,_
(8) 180 =200 + 40cos (6 t). cos ( G t)— 5 1=4,8.
After 4 months and 8 months,
(b) Py _ .»z
agt | P10 =200+ 40 cos (E r)

200

O¢ é :; GI 8 lb llz_u!’(months)
ey —— a'P(t) =___~_227r sin (%t)
ar(r)
T >0 3111(-6~t)<0 Gt<12,

From the graph: between 6 and 12 months.
() The greatest population is 240 wallabies.
(€) From 160 to 240 wallabies,

EXERCISE 14.8

1

2
3

.
[

xX= —St +5

v

{a) v=2§.1~6: b)a=3t-6

© )~3«L—3t~o (- 4y=0,1=0,4
{dit=dx=-11,v=0,0=6

C

x=21 68 - 30,

{@) v=6F ~ 120 - 30,0 =12/ - 12
B =0v=-30,a= ]2




V=0 6F - 120— 30 =0, 6(F —~ 26— 5) =0,
- z¢\/;1+20 _ 143,

tml+\/€
a=12(1 +6) - 12 =126

{c)

(d)F-2t-5<0,0€t<1+6

4 (a) x
50 +

40+

30 +

20 +

10 +

1} 4
G
~-1
-10 + !
)

FUCN PR SO,

3
g
-
[

~1 -

b)r=30-10t (Ev=30ms"

(W v=0:1=35,x=90—-45=45m (&) 6 seconds
(f)v=—30,speed =30 ms™ (g) a=-10m §

5 (@a=-5¢". @e >0foralltsoa<0foralltz0

(c)v=5¢">0forall t=0as ¢’ >0 for all £ Hence %}— is never
2ero $0 X cannot have any stationary points.

6 (22061 Lkmh™
(b} Maximum velocity afier 2.5 hours

CHAPTER REVIEW 14

1 (@-05<x<25 (M)x<-05x>25 (©x=25 (d)x=-05
2 [@x=-21 {Hlx<-2,x>1 (C)-2<x<l
B
3
X
50 s
4 =32 .
4 (& (0,0) max,(9 243)11]1[1 (D) (~1,5) max; (3,—27) min
o L 15(67V3)  a5(5- 1)
v 11 Y= 33
6 %%3 m, 4+ {7 m
7 height=y ey 2x+ 2y + mx = 50, y = W
100 50 1250 =
o d Y b
8 @x=12 (b)—2<x<2
(c) 8%, local max; (d) 7
-2 *13;, local min
394

5

11

12

13

14
15

16
17

18

]

(0,0} 10 3= V7 e

JE 1
4 245

¥ =6x- 3 =3x(2 - 1)

Alx=0,y=0, ¥/ =0, so the curve is horizontal where it cuts
the y-axis at the origin and therefore crosses the y-axis at right
angles.

o

. 1 1 47256

f(\) (1'2-:5?6] /

0,0

/0 3"
_4_l'_

(gi, 3@) maximum turping point;

{0,0) horizontal iuﬂection( 1 , 5= )mﬂectson

16

(&) () Xalae 9+ hours (i £ "" hours
102
9+ A 4 — \
b
) W07z
(C) x=3km, t=035h =21 min
60kmh™

(@) 0.4905 at x = %
(b) f0) =0, f(0.5) = 0.472, {{1) = 0.446
}f
064

0.4+

0.2 -

o]

L (g™ = k0™ =
{a) $10000  {b) $3012

{c) () $602.39 per year {ii) $1000 per year
{d) 11.5 years

k@

dy . .
E}; = § sec 2x tan 2x. Stationary points: x =0, %

(:’} =12 sec 2x(tan’ Ix + sec” 2x)
'

Minimum at {0, 3), maximum at (% ,—3}.

Answers Chapier 14




