Exercise 1.9 Chapter 1 Test

(b) y

(c) f is discontinuous at 0

4. s= 5t'—6t+14
@) 2<1<3, v = 8= _ 537 6(3)+ 14~ 1527 —6(2)+ 141 = 19 m/s

s+ h)—s(2) 5(2 + h)? — 6(2 4 h) + 14 — [S(2) — 6(2) + 14}

(b) v(2) = hh-'.“o — = hl'a_t‘no 5
. 204+20h+5h% —12— 6h+14-22 . 14h + 5h?
= lim - bl Sl
h—0 h R
= lim {14+ 5h) = 14 m/s
h—-0
2
6n—2 5—% _6-0

. _L 6“-2 = : _1- i — i
S. nl_l_ﬂéo [811 + 2—',,__3] nl-l..'%o [8" + nl-!-o%o 2n—3 0+nl-§go 2_3 2—0
fn

12

27_ 81
6. 12—-9+———-—+...;n-12.r-—-§-S—1+ o ;

4 16
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Reviaw and Preview to Chapter 2

Review and Preview to Chapter 2

EXERCISE 1

1. {8) f(x})=1-—18x, x€ER

(b) g{x) = x*—x°+ 15x, xER

(e) h(x) = yx—5, (x| x~520)}={x| x> 5}
(d) F{x) = “{=x, {x] — x>0} = {x]} x<0}

(e) G{x) = \Il——xz, x11—-x*20)= {x]| x*<1} = {x| Ixi<1) = {x] —1<x<1)
(F) H{x) = ¥x2—2, {x | x> —2>0} = {x] x*>2} = (x! IxI>42}

= {x1x242 or xg —2}

34-x

R y= =%’ {x| 3—x=0} = {x]| x=3)

(h) y = y (x| X*+4x—5=0} = {x| (x4 5 x—1) 0}

—x
X 4+4x—5
= {x| x= —5, x1}

y= L, {t] 2+5>0)} = tcR
245 4
Dy= e, (1] *—5t46>0 = {t| 1—2t—3)>0} = {t| t<2 or t>3}

Jt2—5t+6

&) f(x) = ¥x+ Jd—x, {x| x>0 and 4—x>0)= {x| 0<x< 4}

M) f{x) = \12—44-—:( »{X| 4—x>0 and ¥4 —x <= {x| x<4 and 4—~x< 4}

= {x] 0<x< 4}

e |

EXERCISE 2

1. (a) fi(x) = 2x—1, g(x) = 4-— 3x,

(foghx) = f(g(x)) = f(4—3x) = 2(4—3x)—1 = 7—6x
(g of)x) = g(f(x)) = g2x—1) = 4—3(2x—1) = 7 —6x
fo fx)=ff(x) = f(2x—1) = 2(2x—1)—1 = 4x ~3
(g og)x) = gg(x)) = g(4—3x) = 4—3(4—3x) = 9x —8
(b) f(x) = %% g(x) = x+1

(Fog)x) = flx+1) = (x+1)* = x*42x+1

Rof)x) = gxY) = x*+1

(f ofXx) = £(x*) = (x°F = x*

(gogXx) = glx+1)+1=x+42



Review snd Preview to Chapter 2

@R fx)=1—x%gx)=35

fogx)=f(8)=1—-5= —24 (€ of)x) = gl —x*) = 5
fofdx)= fl1—x)=1-(1~-x*? = 1—(1—2x*4x% = 2x"—x"
(gog)x) = g(S)= 5

(d) f(x) = ¥x , g(x) = x*—4

(Ff ogix) = f(x*—4)= wl—x_z—_l! gof)x) = glx) = (Yx¥—4=-x—4¢
(f o N)x) = F(R) = {¥x = “Ix

gop)dx)= gx’~4) = (x -4 —4 = x"—8x*+16—4 = x'—8x°+12

(e) £(x) = 3x—5, g(x) = 2

o) = fthy=3h-5= 35 (g of)(x) = g(3x—5) =

1
3x-—-5

(f of)x)= f(3x—5) = 3(3x—5)—5 = 9x—20

(g og)x) = g(,l—() - %— x

X
_ 1 - x=2
M) = ;= . elx) =3 3
(fog)(x)—_f[x+2]— _x—2 L Fz—xt+2z 4
x+ 2 42
- Lo 1 24 2 5 1
- e _ T Y
€ o Nx) = gfL-) = T3 T ition 3%
1 = x
_ 1 y_ 1 -  1—=%x_ _ x—1
(f o) = £} = = ~f{—x-1" %
u:z_z x—2—2x—4
= x—'z = X 2 = x+2 = "‘“"_X"‘—s
(EOE)(X) x+2 x—2+2 ’ x—2+2x+4 3x+2
x+2 x+2_

(®) f(x) = ¥x , gx) = J1+x

(fowm = f[{T+x)= {{T+x = {TFx

(g o N(x) = X} = {1+ 4x

Fonm = 1B = {{x = X ®op)x) = g1+ %)= J1+{T+x

2. (a) h(x) = Rx+1)° 80 f(x) = x5 gx)=2x+1
(b) h(x) = 14 2%%+3x", so f(x) = 14 2x+ 3%?, g(x)=x*

' 1 1
(c) hix) = g % f(x)=% , g(x) = x*—7

{d) h(x) = -,IG-&-x. so f(x) = ¥x , g{x) = 6+x

4



Exercise 2.1

Exercise 2.1
2 2
1. (@) lim G+hy—3 fx})=x% a=3 [N.ote : answers to this type of question

h
are not unique, e.g. another possible answer is g(x) = (3+x)?%, a-==0]
3 —
() hh:.no (2_‘{'.%)_::_8 : f(X)=x%°, a=2 (c) hli_t:ao ufié—l——z s f(x)=+X , au=x4
ny |
(d) lim +h) —30+h)]—4 (X)) =x"+3x, a=1
h—0 h
+ 5 .
{e) lim 272 s f{x)= 2", a=1 () lim =1 : f(X)=x°, a =1
h—0 h X -] x—1
2. (a), (id) {b), () {c), (iii)

3. See graphs : The functions are not differentiable where there are kinks or
corners.

(&) x= —3,0, 2,4 (b)) x= —4,—-2,0,2,4, 6

f3+h—fQ3) _ . G+h’+7G+h)—[3"+73)

4, fX)= x°+7%, (= li
+ h 0 h h—-0 h

2 z
= fjm BH6h+9+2A+47h—-30 _ o R+13h L 112
h—0 h h—0 b h—0

5. gx)=15—3x% g(— D = lim 8- tFR—g(—1)

h—0 h
2 2
lim 15— 3 =140 — (15— 3(— )]
h -0 h
— 3? _ 2 _
= lim 1330 H6h—3—-12 o 6h—3h% o 6—3h) = 6
h—0 h h-0 h -
3+ h)— £(3) T Tt
o L 2 1) . D = 1 +h)—Tf - tim 3TP 3 8 -+ 36
6. fx)= 5, (3,3) : "(3) hh-I-nO —_—— hh_r.no a3 lim —5
. 1 1
‘-hlgllo—m-'—g. At (3,%). y—%- —%(x--—3) -y - —%x-{'g or x+9y-—6 - 0,

r 3
7 f(x) = %7, f(a) = lim f@FRI—T@) . (a4h)P—e?
h—0 h h=0 h
- lim 21+ 38°h+3sh%+ b o®
h -0 h




Exercise 2.1

2 2 3
= tim 2 ht3sh’+h lim (384 3ah+ h?) = 3a2
h—0 h h -0 :
At (—1, —1), m= 3(—1Y¥ =3 At (0,0), m= 3(0F¥ =0
At (1.1 m= 3(1¥ =3 At (2,8), m = 3(2)° = 12
b (2. 8)
(1 D
/ o
(¥ ¥
// /
— 2___ _ 2
8. (a) f(x) = Tx—x2 f"(a) = lim et -—fta) . Heihi—(a+h\—[7a—al
h—0 h h =0 h
brd z 2 2
- lip 2t7h—8’—2sh—h’—7a+a® _ | —2eh—h’+7h
- h h—0 h

= lim (~2e—h+7) = 7—2a
h—0

. 133 3
() £00 = 2 +5, ') = lim fath)—f) _ .. 2e+h’+5—[2 +5]

h h—0 h
. 2a°468°h+6ah*+h*+5-—2a%—5 . 68°h - 6ah®+h*
== llm - l!m
h—0 h h—0 h

= lim (6a’+ 6ah+ h%) = 6a*
h-0 1+2atw 142

o l+2x - 1 fia 4+ h)— f{a) - 1 an 14e
(c) [(x) = T+x°* r(x) hl{_l.no R ~a— hl:_!.no h
(24 20 2001 - al = (1 4 201 Fa -+ h)
= kim 1+ o= ni1 4+ a) :
h—0 h
l+2l+2h+n+2!2+21h-—!—'t—h-’-2a‘—212—21h [
- lim . 14 a4l -+ — e lim n4a4na4a
h=0 h h—0 h

o 1 _ 1
e Py gy Rl g

— oy 1i. T(84h)—f(a) , a+h — ya



Exercise 2.1

,]a-l—h-—ﬁx{a-{—h-i-ﬁ_ Y a+h—a

. . 1
= lim ) = lim = lim ———————
h—0 h a+h+ o h=Oh{ath+ ya] h=0 Jeth+ e
T
2ya
. 2 4
9. 5= f(t) = 5 —2t+6, a)= vie) = lim e+ h) _2‘°+h’h+6—[5‘ —2a + 6
. 5“4+ 10ah+5h*—2a —2h+ 6 —5a°+2a—6 . 10ah+Sh?—2h
= lim = lim
h—0 h h—0 h

= lim (10a+45h—2) = 10a—~2
h—0

vil)= 10(1})—2=8m/s v(2}=10(2})—2=18m/s v(3)= 10(3)—2~= 28 m/s

f{x +h)— f(x)

10. (a) fix) = 3x°+2x—4, f{(x) = li
+ hl-'-no h

" Hx+h)PP+2Ax+h)—4—[3x*+ 2x— 4]
= m

h —0 h

y 3x?+4 6xh+3h°+2x+2h—4—3Ix*—2x +4 . éxh+3h*+2h
= Jim = lim

h -0 h h—0 h

= i 6 3n4+2) = 6 2
hl-?o(x+ + 2 X+

f(x + h)— f(x) (x+h)f —(x+ h)* — Ix* — x7}

d) I(x) = x> —x°, f(x} = lim = lim
h -0 h h—~0 h
- lim (x+hP—(x+hP—[x*—x*] _ lim x>+ 2xh+ h* — x® — 3%%h — 3xh® — h® —x?+x°
h—0 h h—0 h |
2xh+ h®— 3x°h — 3xh®*— 1K’ 2 2
= lim = lim (x+h—3x*—3xh—b?) = 2x~—3x°
h—0 h h—0
' a__ 4 4 3 232 3 A
©) £(x) = x*, f(x) = lim ZHEB =x" . X +4x’h+6x’h +4xh +h —x
3 2.2 3 +
= hlim0 4x7h + 6x hh+ 4xh"+h l:lli.ma (4x? + 6x°h + 4xh* + h¥) = 4x°
x4n _ {x 4 h)Sx — L) — xtSx - $h— 1)
- x PRPEERT Six 4 ht—1 Sx=—1 - 15x + sk — 1)ISx — 1)
(d) f(x) 51 r{x) hlif‘o 5 l:th-'-nﬂ 5
sz—x+6hx“h“5:2-*$h:+x -_h
= Lim (5x -+ Sh— 1 H&x — 1) - lim {Sx 4 Sh — 1 UBx — 1)
h -0 h h—0 h
lim =1 =1

T h0 Bx+8h—D06x—1  Gx—17



Exercise 2.1

.

2Ax+h)—1 + wl2x——1

—1 - {2x—1
11. 'moﬁx"'h) ; Vx— 1y

(a) f(x) = ~\|2x—l , H(x) = hh
2x+2h—1 — 2x4+1

\
2h

2(x+h)—1 + 1|2x—1

!
h =0 R({2x+m—1 + {2x—1]

_ 2 1
== 1 = m——— = eemomem
h0 J2x+ B —1 + 2x—1 Yox—1

dom(f) = {x|2x—1>0} = {xix >}}, dom(f) = {xix >1}.

1 P R | +L
s = T Tw
(b) g(x) = %{ , B (x) = hlim :+:\ x 1+h+ T
— Jx—-H- el
1 1 x"—x'-_'-h
"8 o ’———J‘r T ) e ~rﬂfhl+
— —x had h 1 a\x_ "
x+n ¥ [ sl:ix_+m ]
= lim = U W
h-0 {ﬁ+ ,Ix+h][‘]x2+xh] 24¥xx 24x°

dom(g) = dom(g’}) = {xi|x >0}

1‘ .
h—0 h{{2x+ W—1 + V2x—1)

_ 3—2x
{c) F(x) = T x’
32N 3em gy (3~ 2x — 20)4 ~4 x) == (3 — 2xH4 <+ x 4 n}
F'{x) = lim ol sl . ol LI lim Ut xtexata
- h h -0 h
12+ 3x — 8x — 22 — Bh = Zhx — 12~ 3x — 30— Bx - 2x2 -} 2hx
— lim 14 4 x 4 )4 == )
h—-0 h
—11n
- L f4+x+h]t4+x)= . — 11 - 11
hf." n hh_'."o (44+x+hX4+x) (4+x)?

242 =2 — 2% gn— 2?2

24 24 aZ— 12 —1)

dom(F) = dom(F’) = {xjx »= —4)
. 2 2
7 F
) f() = 2, (0= Lim SHEPE=L C1 gy
—1 - h h -0
— 4th — 2
2 2 2 1
= tim " taamtrf—at—n lim —4t—2h
= b h=0 (€4 2ht+h—1NE—1)

dom(f) = dom(f”) = {tit = 1}

h

_ o _ 4t
t?—1)




Exercise 2.1

N dy _ . 7—3x+h)—{7—3x} _ ,  T7—3x—~3h—-T+3x _
12. (a) y =7—3x, 3= hl!lno h hh_!‘no h
3 dy . 3Ux+ k)4 2Ax+ h)—[3x°+ 2x]
(b) v =3x"+4 2x, dix = hh_'r‘no &
1 3x? + 9%°h 4+ 9xh®+ 3h* + 2x + 2h — 3x° —2x 9x%*h + 9xh?+ 3h’+ 2h
= im = lim
h—0 h h=0 h
= hlimo (9x%+ 9xh + 3h°+2) = 9x*+2
- x+h4+ 21— — x— 1L h4z—=x—"
_ _1_ 9_}: — . x - h x - . xix 4 ni
)y = x+x‘dx 1}1:.\10 b h_l.n —5
= dimfi—-1 ] =1-1
h— x- +xh x*
A 1 Y il el T e
i dy 4: in +h12 = . r2+ 2xh 4 ne »2 . »2e? + 2»n 4 »
dDy= =, == lim —————— = lim = lim
YT &3 T p=s h h -0 h h—0 h
= lim —2x—h - =2 _ _ 2
h =0 x*x°+ 2xh < h% x4 X3
13. Using the given graphs as in Example 6, we get:
(a) (b)
¥ ’4‘
. e T a1
X %
14. (a) f(x) = *x @ "
3 3
—_ 0 — §0 3
) ) = 1w TOER=FO_ . O+ WV _ o B L
h- h h -0 h h-0 h h-0 ¢

This is undefined, so f/(0) doesn’t exist.



Exercise 2.1

3 - 3 3 4 3 2 3 4
(© If 85 0, ((a) = lim ’I"”: W Aerh? 4 Haven + 2o
h—-0 3\(n+h)2 + 3\ a2+ah + 34-?
= lim eth—a
h-0 h[ 3\I(a-f-h)2 + 3Jn2+nh + 3»]?]
= lim ]
B0 [ 3ta+n? + *Ja®+ah + 3\,;]
_ 1
3 3Ja’
- % 2 2
: 3 3
15. (@ I =%, PO = tim QFRFOF _ 5 b2 _ yip 1 oo 40) does
h—0 h h—-0 b h-0 3 -
not exist,
(b) JT
¥
Y
16. f(x) = |x]if —1<x<1
f{x -+ 2) = f(x) for all values of x
(a) (b) T is not differentiable for all x€1

47



Exercise 2.2
Exercise 2.2

1. @) f(x)=32, f"x)=0
(©) y= x¥, y' = 12x"

(e) flx) = x, f'(x)=1

@) f(x) = x*°, f"(x)= 43x*?

G) glx) = x7%, g'llx) = —2x°

2. {a) f(x) = 8x'% f(x) = 96x"
2 1
{e) (1) = 3t3, £/(t) = 4t°
- s 4
() y = xl Xy e

(g) g(t) = (2t)° = Bt°, g'(t) = 24¢t°

(b) f(x) = x*, f(x) = 4x°

(d) y = —3.724, y' = 0

() fx) = x7, £(x) = *x

(h) f(x) = 2% (x)= 0
3

K=1

3 L
() gx) = x7, g'(x) = x°

(b) flx) = —3x° fx)= —27x°
3 .7
(d) g(t) = 8t *, g’'(t) = —6t°
2 -2 rl - 4
(f)yt;i-a‘zx ,y=—--4x3—=_;§

® hiy) = &2 = %, hiy) = Zy

)

1 2 Y
D) fx)= x = x3, (0= {x° @ 10 = x* = x3 £(x) = 3x °
1 1 -3 3 -4 £
(k)y={—§=x2,y'=-—§xz MDy= ‘G:BX4’V'=—§X4
(m)y = ﬁxﬁ , Y = ﬁxﬁ'l my= ()= x"% y = 12"
3. (@) fx)=2x% x=§; M) = 6x* , m = £{}) = 6(}F = 2
x=1;x)=14x"", m= Q)= 1.41)°"= 1.4

{(b) fix) =
@gx)=x3 x=—1;gMx)=—3x"",

1
(d) glx) = x = %5, x= 32; g(x)=

3
(&) y = ¥x° =x,x=8;y =X, m= y(@)=

Dy= =65, Xxm =3 ; y = —6x7 , mm y(— = —6(—37 =

4. A y=x523;y =5, m= y(d=

y= 80x—128 or 80x—y —128 = 0.
(b)y=2~.l_

= y=3x+3 or x—3y+9 = 0.

.1
2x L(9,6) ; ¥ = x 2, ma= y(Q == 9 2=

m=g(—1)=—3(—1"= -3
2
x5

, M= g'(32) = (32)‘5 -

W = 342

5(2)" = 80, y — 32 o= 80(x~2) =

ty—6= {x—9)



Exercise 2.2

Rxy=1=y=x",6d:iy=—xm=yB)=—-0572=-1,

y—i=—%(X—5=y=—%&x+f or x+25y —10 = 0.
2 2
(d)y“—aﬂl—=x3 (—8,-2);y=3ix3,m=y(—8) = *(-—8)3=l2,
y+2=Lx+8 = y=3ix—3 or x—12y —16 = 0.
5. Show if f(x)= & then "(x)=—L
x
1 1 =~ —hn
. f(x —+ h)— f(x) . x4+ n ol . xix + n) xix 4+ m
P = Lim DXERWIR) o ake T g eEm o xedw
() h’_f.no h hl_'.no h hl_.o h h'.’.no h
. 1 1 1 ‘ 1
=hh—l:10*x2+hx=—n;5' So if flx) = 3, f(x):-_F
6. Show if f(x)= Jx, then '(x) = 3{——_
M) = lim [XFR ) *l"+ — 3% dx+h + ¥%
h -0 h h—-O Jx+h T 4%
x+h—x

B0 h“x+ + %]
= lim . = lim 1 =1
h—0 h“x+ —N%] h=0{x+h —x 2

7. y = 3x°, slope = 24. Slopeoftangentxsg-;—-6x-24whenx—4 At x= 4,

y = 3(4)* = 48. So slope = 24 at (4,48) on y = 3x°.

2
y = x¥x = x? tangent {| to 6x— y= 4 or y = 6x-—4. So the tangent has a slope
of 6. Slope of tangent is g——- ~\|'§— 6 when x = 16. Atx= 16, y = 164_6 = 64.
So the tangent line is || to 6x—y = 4 at (16,64) on y = xyx.

9., y= —2x" tangent I to X—y¥+1=0 = y=x+41. The line has siope 1, so the
tangent has slope —1 (negative reciprocal of 1). Slope of tangent is g% =
—8x%=—1 when x= . At x= i, y=—2()"= —1. So the tangent line ig | to

x—y+1=08at (G —}) ony=—2x"

498



Exercise 2.2

10, y=1~ % , tangent | to y = 1 —4dx. The line has slope —4, s0 the tangent has

dy 1 1

slope ! (negative reciprocal of —4). Slope of tangent is =3 =i when x= + 2.

4

At X=2, y= 1—

-
N

1
2

v o= ] —4x at (2, )and (—b, Honym 1-—-—%.

11. Let the x co-ord of the point be a.

So the point is (a, a%). The slope of the
a’+5
a

tangent at a is given by both m =
{slope of line through (a,a”) and (0, — 5))
and y’ = 2x = 2a when x = a.

So 2a = 2 :-5 = al=5 = a=+45.

Sc the points are (wFS. 5}, («—-E, 5).

The siopes of the tangents are :t2w[§, 50
the equations are y—5 = :i;Z'Jg(x;t-E) or
245 —y —5 =0 end 2Sx +y +5 = 0.

12. y = 8x%, tanf = 2.5 : Since tan = SEE

dx

Y s 8( )‘= 20 . When x= —553 (point P), y = 8(—-55-.‘-,)2==

256

contact are P(— 3. 20), Q(§. £5).

x

So the tangent lines are | to

-~ rise
ADJ

equal to tand, so the slopes are 2.5 and —2.5.

run '’

Y 16x, So16x=2.5 = x=% 16x=—2.5 = x= —

0. - 5)

the slopes of the tangents are

$£. When x=3 (point Q),

50

S5g+ S0 the points of



Exercige 2.3
Exercise 2.3

1. (a) f{x) = x°+44dx, f({x) = 2x+4
{b) I{x) = 3x°—6x*+2, f(x) = 15x*— 24x°

(c) elx)= x4 25x° — 50, g’(x) = 10x° + 125x*
(d) g{x) = x*— ;2-5 = x°—2x7%, g'(x) = 2x+4x% = 2x 4 ia

l

(&) hx) = X — 5x" = x? —5x*, h'(x) = ix 2 — 20x° ﬁ - 20x°

2V

x*45%x—6, h’(x) = 2x+5
1,

(f) h{x) = (x—1Xx+6)

_x+1___i 1_1
®y= o +x2,y = ix

v |

"
2

(ST

(h) y = t°—6t™5, y'= 5t*4 30t°¢

(i) f(t)—— Q+tP=t P43t7 43t 41, ) = 3t74+6t+3

1 .1 2 2

(D F) = X+ NE+ V& = x2 455 437, PO = IF o x4 1xs

(k) ul(t) = a+t§+% = a+bt et wit) = —bt? —2et? = B _ 2
t t t

i 3 21 1
W vr) = NTQ@+30) = 207 + 32, Vi) = r 2 4 §rf = L 4 oF

2. ) fx)= 1+x+3x°+1x°+1x* , D= R; f(x) = 14+ x+x°+x*,D= R

(b) f(x) = 4x— “Vx , D= {x| x>0} ; f{x) = 4—}‘31:‘E sD={x| x>0}

() 1(x) = x-}--—‘g-—i3 » D= {x] x=£0} ; f(x) = —s—x@ » D= {x| x>0}

5

...

{d) f(x) = ‘\|_+4—.D—{xix>0} £(x) = x'2 —

le

y D= {x} x>0}

3. @Wy=x"—x"+x—1,(1,0); y = 3x*—2x+1. When x=1,
Y=31Y—-2)+1=2. Soy=2Ax—1) = y= 2x—2 or 2x —y —2 = 0.
(0) y = Tx —3x, (1,8); y'= Ix2  _3. When x=1, y'= (1)'%—3: 1.
Soy—4=ix—1) = y=Ix+] or x—2y+7 = 0.
©y=x+8,@9; r=1—;5§ . When x=2, y’'= 1-_%.:_% . So

y--5=~—%(x-—2) = y=—ix+6 or x+2y —12 =
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@ y=x*+17= x"+2x*4+1,(—1,4) ; y' = 4x°+4x. When x= —1,
v'ie=4(—14+4—1) = —8,.Soy—4=—8(x+1) = y=—8x—4 or
Bx +y +4 =0.

4. h = 40t—5t%7 ; v(t) = h’(1) = 40— 10t.
v(2) = 40— 10(2) = 20 m/s, v(4) = 40 —10(4) = 0 m/s, v(5)= 40— 10(5) = — 10 m/s

5. s= 81°—5t4+6; v(t) = s'(t) = 16t—5
v(l) = 16(1)—5 = 11 m/s, v(2) = 16(2)—5= 27 m/s, v{5)= 16(5)—~5= 75 m/s

6. y= x"—25x+2, tangentfl to 7x—y = 2 = y = 7x—2. So the slope of the
tangent is 7. Slope of tangent y'= 4x°—25=7 = 4x° = 32 = x=2. At x=2,
y= 2—_25(2)4 2= —32. So the tangent is| at (2, —32).

7. v = x°+3x°—24x+ 1, points with horizontal tangents = y’=0.

y' = 3x°+6x—28=0 =» (x+4)(x—2D =0 = x=—4, x=2. At x=—4, y=81;
x=2, y= —27. So the points where the tangents are horizontal are (— 4,81),
(2, —27N.

8. Show y = 10x°+4x+ 2 has no tangents with slope 3 = y’=3.
y'=30x"+4 = 3 = 30x*=1 = x°= — &, which is not possible. So the curve has

no tangents with slope 3.

9. y = 1+ x? tangents pass through origin.
Let x co-ord be a, so point on the curve is {(a,1 +a°). Slopes of the tangents are

2
given by m = it {siope of line between points (a,1 4 a%) and (0,0)} and by

LY
: 2
y'=2x = 2a wher x=8. S0 2a= l't' = a=41. So the slopes of the tangents

are +2. For x=1,y—0= 2x—0) = y=2x,and for x=—1, y— 0= —2(x—0) =
y = —2x.

10. y = x*+x, tangents pass through (2, —3). Let x co-ord be s, so tangent point
12 + n + 3

a2

on curve is (a,a?+a). Slopes of tengents are given by m= , and by

2
y'=2x+1 = 2a+41 when x=a. So %}:—;—3-—-:2&-5-1 = a= —1,5.

Foram —], mw —~1 = y4+ 3w —1{x—2) » yo=e —x—1 or x+y+1 = 0.
Fora=5 m=11l 2 y+3=11(x—2) = y=11x—25 or llx—y —25 = 0.
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4
{5. 30

(—1.0) V x
2. -

11, xy =1 > y= ,1—( , tangents pass through (1,—1), x co-ords only.

Let a be the x co-ord, so tangent point is (s, %). Slopes of tangents are given by

1 1
i+ i1
L and y'= — 4 = — L when x=a. So 1

=—1 =sa+a® = —a+l
[

=2a’+42a—1 = 0, soaz--lisﬁ. So the x co-ords are --l:i;\ﬁ.

2x+3 if x< =1
12, I(x) = {x2 if —1<xgl
3—2x if x>1
(a) T is differentiable when x< —1, —1<x<1, and x>1 since { is a polynomial in

those intervals. We see that the graph of f has corners when x = 1 and —1,s0 [
is not differentiable at x = +1.

(b) f(x) = 2x+3 for x < —1, so f(x) = 2 for x < —1. Similarly f4{x) = 2x for
—1<x <1 and f’(x) = —2 for x >1.

2 ifx< 1
Using this information, we have: f'(x) = {2x if —1<x<«l
=2 x>1
fx} P |
—— 24
It
/ ~i 0 1 \ -1 S 2
b -
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13. f(x) = |x*—4|
(a) (b) From the graph, we see that f’(x) will
not exist at x= 4 2 because the curve

has & kink at these points.

{c) For |x1>2, f(x) = x°—4, so f(x)=2x but only when |x|>2 éince £(2} and 1'(—2)
don’t exist. For —2<x<2, [(X)= —x%*+4, so f(x)= —2x. This gives
x if x< —2
f’(x)———{-—-Bx if —2<x<2
2x if x>2

v} /
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Exercise 2.4

1. (2) f(x) = Cx— 1Xx?+1), f"(x) = (2x—1)d£x(x"‘+1)+(x2+ 1)%{(2}:—— 1)
— 2x(2x — 1)+ 20x?+ 1)

(b) £(x) = x(3x—8), M(x) = xdix(3x-8)+(3x—8)£§x = 3x+(3x—8)
- — 3 v 24 a2 _a.nnd 2
&) y=x"(1+x—3%x%, v xdx(l+x IxV4+{1+x—3x )dxx
= %x*(1 — 6x)+ 2x(1 + x — 3x9)
@ y = G +x"+ DO+ 2), v 42+ DA+ D+ 6+ DL+ x4 1)
= 2x(x*+4+ x%*+ 1)+ (x° 4 2)(3x% + 2x)
(@ It} = (t"+tP—1)t*=2), (1) = (t*'+t7— l)ﬁ(t2—2)+(t2—2)§{'(t"+ t2—1}
= 2t{t" F+ T = 1)+ (2T =2)(4t3 +20) i
(0 1) = HNtd—0, rw= Yt La—v+a-od - 1 +it50-0

® Fly) = {y(y—2{y +2), F(y) = Wdiy(y — 2NV +D+y—2{7 + 2)%{?
1 1
= 1— 2]+ Sy ~2 2)
7 W]-!_ X {y +
s 4 4
(h) Gly) = (y ~y* X2y — ¥3), G(y) = (y — y")d%ﬂy —yI)+QRy— ya)c—g;(y —y?

1 4
= (y — y2— yH+ Qy ~ y3(1 — 2y}

2. (@) y = x*(x*4+2x+3), v = x*0Cx+ 2+ 3%+ 2%+ 3)
= 2x '+ 2%+ 3x* + 6x° + 9x? = Sx*+ 8x> + 9x?
(0) y = x Ax*—3x%+6), y' = x"23x? — 6x) — 2x"(x° — 3x2 + 6)
= 3—6x'—24+6x"—12x7 = 1 —12x73
(e) f(x) = (1 —x%(2—x3,
£x) = — 3x°(1 —x%) — 2x(2—x%) = — 3x% + 3x* — 4x + 2x* = 5%'— Ix®— 4x
(d) f(x) = (3x%+ 4)1 —2x?),
£4(x) = — 6x°(3x° + 4) + Ix*(1 — 2x%) = — 18x° — 24x% 4 9x? — 18x® = — 36x° — 15%°
() f(t) = (64 t™2)(8t"° — 5t%), (1) = (6 + t™2)(80t® — 15t%) — 2t"%(8t'° — 5¢%)
= 480t°— 90t® 4+ 80t” — 15— 16t" + 10 = 480t°+ 64t" — 90t2—§
(f) £(t) = (at+b)ct®—d), (1) = 2ct(at 4 b)+alct®—d) = 2act? 4 2bet +act?—ad
= 3act?’+ 2bct —ad
(8) g(u) = Yu{2—u’+5u), g’(u) = Jul(—2u+20u+ %u-%@— u?45u®)

3 7 -1 3 7 7 3 21
= —2u24 20u?+u 2——%u2+§u2= Fu—tu24u?

§5
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i -1
(h) gv) = (v— VNV + V), gv) = (v —{V)2v+Lv D)+ —Lv DAV V)

3 3 3
=2V 4 v —2vI— 14 Vi lvip v — = 3vi—Svi4 v —1

3. @ y=(1—2x)}3x—4), x=2 ; ¥ =31 ~2x)=2(3x—4). At x=2,
y=3-3)—-22)= —13

)y ={1—x+xNx—2), x=1; y={1—x+x)+2x—1}x—2).

At x=1, y={1)4+(OX—1)= 0

(€ y = x*(4x*+2), x= —1; y=x"U2x)+4x’dx*+2). At x=—1,
y'=12—4(—2= 20

dy=(1+x-2x93x’+x—1), x=1;

v = (9% 4+ DU + x — 25} + (1 — 4x)3x* 4+ x —1).

At x=1, y=00)0)+(-3)3)= —9

&) y=x*(1+x™), x=1; y=x(—x)—5x" M +x). Atx=]1,

y=—1-51+1)=—11
1 S

) y=Q2-3{xN4—¥x), x=4; y'= —Ix Q- 3x)— I 4 —x).

At x=4, y= i —n- Y} =—}

4, f(x)= (6x*— 3x°+ )2 —x?)

(8) T(x) = — 3x%(6x" — 3x°+ 1)+ (2 — x°X24x° — 6x), £(1) = — 3(1)(4) + (1)18) = 6
(b) f(x) = 12x* —6x” — 6x%+3x°+ 2— x?, f(x) = — 42x5+ 15x" + 48x% — 3x® — 12x,
(1} = —424154+48—3—12=6

! 1
5. y=Q—Ix)1 +¥x +3x), (1,5) : y = (2—{xXix 2+ 3 —ix 21 +Ix +3x).
At x=1, y'=(0X)D—3(5)=1. Soy—5=x—1 = y=x+4 orx—y+4 = 0

6. f(2)= 3, ["(2) = 5, g(2) = — 1, g'(2) = — 4, Tind (fg)(2)
(fg¥(2) = 2D+ 1'(2)g(2) = BN~ +(5X—1)= —17

7. (2) g{x)=xf(x) ; g'(x) = xf’'(x)4 f{x)

(b) h(x) = YXf(x) ; h/(x) = {X )+ Lo £(x)
dx

{c) F(x) = x°f(x) ; F/(x) = xF'(x)4 cx=f{x)
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8. (a) Show %[f(x)]2=2f(x)f'(x)

Let g—f, then ‘%( fg = fg’+ g = £+ = 2. So j‘}-{[f(x)]’— A (%),

b))y = Q+5x—x%?; y'= 2(2+5x-—x3)d—d;(2+5x—x3) = 2024 5% ~ x5 — 3x?)

9. {(a) Show (fgh) =f‘gh+ fg'h 4 fgh’

(fgh) =f"(gh)+ f(gh)Y = ‘(gh)+ f(gh’+ g’h) = f'gh+ fg’h + fgh*

) y = {x(3x+5K6x* — 5x+ 1)

y' = {x(3x + 5)35’;(6::2 —5x+ 1)+ {x(6%%— Sx + 1)ad_x(3x + 5)+ (3x + 5)6x7 — 5x + 1)(-1";{?(

= V(3% + 5M12% — 5)+ 3{3(6x° — 5x + 1)+ 1=(3x + 5X6x" — 5x+ 1)

10. (a) Using f =g="h, show ‘f—x{f(x)la = J[F(X)FI(x)
{fghY = fgh' 4+ fg’h+f'gh = ff’ 4T+ £'f = 20+ 130" + 17 = 30"
) y=(0+x*+x%7; y'= 30+x°+ xﬁ%{z + x4+ x%) = 3(3x%+ 6x°N1 + x° + x%)?

11. Prove 4 X" = nx"!
dx

Proof: Let n=1

LS. = EdE x'= 1 R.S. == (D5 (1)x% =1
So true for n=1.
Assume true for n=k, so ad;x" = kxk1
Let n==k 41 .

— d — fle1)-1
L.S. X RS. = (k+1)x

e e —

o dx(x Xx) = {k 4+ 1)x*

- x"a-i(xJ + xdix'(x")
= x' + x(kx*1)

= x*+4 kx*

= (k+1)x* = R.S,

So. by Mathematical Induction, ‘%x" = nx"! where n is any positive integer.
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Exercise 2.5
G+DIE-D—x-DIx+1)  x41—-(x—1)

3

1. (@) flx) =%=1 f(x)=

x+71 (x+1y T x+1)P
-2
(x+1)*
. P+ 1D22x— D —2x— D22+ 2ax?+ 1)—2x(2x—1)
b) f - =X 1 s (%) = dx dx — {
{b) f(x) e X Gt 1) (x*+ 1)
_ 2x°42—ax?42x - 2% 4 2x42

(x2+ 1) T (%2417
(F + 2% — DE(x) — xZ(x*+2x— 1)

= ......._.......-..L.-.—.— (x) == -

() glx) = x4+ 2x—1 » 8100 ‘ (x*+2x—1)

_ x4 2x—1—x(x+2) _ X242 —1-2%"—2x _ _ —x'_1
(x%+2x—1)° (x?+2x—1)° (x* 4 2x—1)°

3 K+ x+ 13— D— -2+ x4+ 1)
d — x*—1 , 2 — ax dx
@ gtx) x4+ x+1 Bx) (x*+x+1)°

_ 36 x 4+ D —DRx+1) _ 3+ 3+ 3% - 2x +x°—2x—1)

(x* 4+ x+1)° (4 x+1¥
X420+ 4+ 2x 41 _ (P x+ 107
(> +x+1)° (xZ+x+1)?
.2 — 2
or simplify g(x) first, g(x) = x2x+;-1+-1 =& x?(-: x-:-x1+n = x—1, g(x) = 1.
@y & GCHDEE - EAe | RV ey e
YT T 2+ 17 =T e Hx(xE+ 1)
= _1=3x*
24x(x*+1)7
X +2 (X — 22X + 2D —({x +222WNx —2)
(f) y= s YI= ¢l
Ix =2 (¥x —2)
1 9y 1
_ ;—!(ﬁ. 2) m(ﬁ +2) _E—2—WE+D _ _ 5
(x—2)° 2{x(¥x —2¥ Ix{¥x —2)°
2t 41 (2 —3t 4+ HZL+1) — Qt+ DS —3t+4)
fit)= -T2 M) =
® )= 53 FW (C—3t+ 47

L2349 —2t+ 12t —3) _ 2t°—6t+8—4t°+4t+3 _ —2t°—2t4+11
(t*— 3t 4 4)° (t*—3t+ 4y (t* — 3t 44y
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274 3t41 (t— D2+ 3t+ D—Qt7+ 3t + DL —1)
h) glt) = = T="° o) =
_ =@t —F+3t+ 1) 4?3 n7—3t—1 _ 22414
(t—1)? (t—1)? (t—1)?
_ 1 ' —x*+ DEI) — 2x*—x*+1) —4x°+2x
- a5, "= = =
@ 160 x*—x"41 G (x*'— %%+ 1) (x*—2x*+ 1)
b (cx +d)2{ax+b) — (ax+byal{ex+d)  a(ex+d)—clax+b)
. r — ax+ , f’ )= dx - dhx —
W) = g T (cx + d)° (cx+ )
_ acx+ad—acx—bc _ ad—be
{ex +d)? (cx +d)*
1O f60) = X pry = 105" — X750 100 6x5(x® — 10) — x°(5x")
x°—10 " (x*—10)? (x®*—10)*

_ 6x'°—60x° —5x" _ x'_ 60x°

{x°—10)° (x> —10)?

Q) f(x) = 1—: , T(x)
x+41

W

DI —-) - Q- D+ xHx+D—(01—1)
- (x+ 1) - (x+1)7°

_ x x4 x™ _ X2 4 2x 1 _ 1+4+2x —x?
(x+1)° (x4 1)° xHx +1)

2. (0) fx) = 2EX Do (x| 1-2x0) = (x| x})

1—2x
£(x) — (1-—2x)1)+ 252-{- X) - 5 .
(1 —2x)° (1-2x)

() f(x) = & 7+ D= ixl x¥~15£0} = {x| x5 £+ 1},
(x*—1)—x(2x) _ —x*—1
(x*—1F (x*—1)*

'(x) =

(c) f(x) = D= (x| x+150, 2x 350} = {x| x»€ —1, x93}

1
x+DRx—3)’
—Rx+D4+Cx—3] _ —Cx+242x—3) _ 1—4x

rl . b3
(x) x+ 10x—3)° (x4 1Y(2x—3)° {x+ 1)%(2x — 3¥°

2x+41

d) f(x) = o,
-() (x) Tr2m_3

D={x]x*+2x—32#0}={x] (x+3Ux—1)s<0)}={x| x5 —3, x»=1)

59



Exercise 2.5

2Ax’+2x—D—Cx+1)2x+2) _ 2x*+4x—6—4x"—6x—2 _ —2x°—2x—8
(x*+2x—3F° (x? 4 2x— 3 (x* 4 2x— 3)?

f(x) =

x4 2x
-1

(e) f(x)= y D= {x|x"—120} = {x] x»1, xo¢ — 1}

X
(x*— 1)(2x + 2)— 4x3(x° + 2x)

[(x) = i
) (x*—1)

24 2x - 2x—2—4ax®—8x' _ _oxf_gx'—2x_2
(x'—1)? (x*—1)

) f{x)= X y D= {xix>0and yx=3} = {x| x>0, x=9)}
Ix —3

R &SPV SRPRNY S S
Wx — 37 X =» Gx =3

f4{x) =

_ 3xdx —12x
2% —3¥

_ X vt X—2—% _ 2 —d Y o el
3. (a)y x_2,(4.2).57 P i At x=4, y T

So y—2=—ix—4) = y=—3ix+4 orx+2y —8 = 0.

I
I
(21l

14+ 3x

@ y=1E3 o,y = oI039 _ 9 At x=1,

(2 — 3x)* T e-3x)7F

y‘=(2 93)2 =9 So y+4=9x~1) »y=9%—13 or 9x—y—13 = 0.
1 1 ; — 2% P —2(—2) 4
cdy= —— (-2} ¥y = —F2~ | At x=—2, = T =,
o &Y= 1y X Y G

Soy—i=(x+2) » y=2x+1 ordx—-25y 413 = 0.

@y = x>—1 1,0 ; y* = 3x%(1 +2x%) —4x(x—1) _ 3x*+6x'—4x'+4x
1+2x2 y A1, H

(1 +2x%° (14 2x°)
4 2 "
sz + 3x" 4 4x At x=1, y,=2+3+4 =1. So y=x—1 orx—y—1 = 0.

(1 4 2x2)* (3)?
4. D=3 =25 g =—1, g2 =—4

F2g(2) — g @FQ) _ GK—D—(-4X3) _ -
[g(F (—1)?

frogay
('g') (2) =
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x+ 2 ,  (Bx+4)—3(x+2) 2 . . .
5. = p—— = — = — =% .- . Since ¥y’ is always negative,
Y=Y (3x + 4)° (3x+ 47 Y vE negative, ¥

has no tangents with positive slopes.

2xx +5)—2x* _ 2x®+10x
(2x + 5) (2x+57

Horizontal tangent = y’'= 0 = 2x"+10x =0 = 2x(x+5)=0 = x=0, x= —5.

2
= X . i y] =
6. y %3 where are horizontal tangents? vy

When x=0, y = 0 ; x=—35, y=5. So the horizontel tangents occur at (0,0),
(_515).

7. y == ;i—l » tangent parallel to x+4y =1 = y = —!'x+!. Slope of line is —1
50 slope of tangent will be —5. Siope of tangent vy’ = ’—‘-—:—l—:ﬂﬁ =1 5 = —i
x—1r (x—1)

3

when (x— 1P =4 = x=3, x=—1. When x=3, y=iix=—1y=3.

So the tangent line is parallel to x+ 4y = 1 at (3, g), {— 1.%).

8 () y= L. ;y = @_rx)_ . fx
Y=Y ™ IfF
_ oo . . xfx)— (%) _ X .o [x)—xf(x)
B y==";y R cdy= 'Y= THRE
9. Prove i(x"")= —nx ™!
dx
dry _ d 1
d—:E(.x ) = dx(x")
_ xna(1) — 2x7)
- (xn)?
— —nx™!
XZI'I
= _“xn-1-2n
= —nx?!
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Exercise 2.6

1. (8) F(x) = (5—3x), Fi(x) = 75— 3x)5§§(5'~ 3x) = —21(5 — 3x)°
(b) F(x) = (2x%+ 1)*°, F'(x) = 20(2x°+ 1)‘934,2(2::2 +1) = 80x(2x2+ 1)'°

Ix% 4 6x
4 ‘Jxa'-f- x2-_2

3 A .
(€) G(x) = (x*+x*— 2P, G{x) = X+ x*—2)* Eéi(x"-}- x’—2) =

- 1 A
@) G = {x —x+1 = (x"—x+1)2 , Gx) = %(x‘—x-}-l)?a‘-i;(x‘——x-i-l)

4x° —1

- 2Jx‘—x+1

= 1 - =3 p)
(e) y = ‘Jx‘-i-x = (x°+x), y' = x"4+x) ‘:—x(x2+x) — =+l

4(xz+x)i
- 243 s 2y-1d . 3(3+ Bx)
M)y = (04+3x+4x)", y = — 301 + 3x + 4x°) dx(1+3x+4x) 0+ 3%+ 4"
I 1 _ 43 z -2 . 3 2 -3d .. 3 2
®y= m = X"+ 2%x"41)°, ¥y = —2x"+2x"+1) d-x(x +2x°41)
_ 3%’ +4x)
(x°+2x*+1)°
- 4 = 3 S 1 23d 2 4x
(h) y= = 4(B—x)?,y = {—NI—x)2=(9~x°) = 3
l9—x* ax s (9—x?R
@)y = (1+20%° , y' = 60+ Nx'a+20m = *_5_(_1___.?'51,
1 1
i — P i LA } .Ednd-m = ---—-—1 “'—l""'
@y = dx+4% = x+¥0?, ¥ = Hx+ ) 5+ %) > x+ﬁxll+2ﬁ]

_ _2x+1
ax{x+ 4%
1
k) y=x— s~,ll—l-x5—6xm = x— (1 +x°—6x9)5 , y' =

4
— 1 5__gyxl0ysd S __ gl
1— X1 4 x*—6x') dM(l+x 6x'%)

x*—12x°

4
(1+x*—6x'°)P

= 1-—

My=x+&x*=1°, y = 2x+5(x2—-1)4ad;(x2—1} = 2x+ 10x(x?—1)*

2. y=u'45u u= x"4+2x%+1; dy _ dydu _ (4u® + 10u)(5x* + 4x)
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3. ymuz——2u5,u=j x~—x : dy =d_yd_)_|_: =(2u—10u*){1-—-—L!—(). When x=4,

2¥x

- I2(2)—10(2)‘l[1——-1;] = (—156)3) = —117.

4 244

- - dy
u..-4—wﬁ—2. So [dx _

4. y=-\|1+¢r2,r= t+1 . d_Y=d_Vd_r=[ T )2t+i—2(t+1)]

3tF1 ¢ at rdt Ji+r 2t +1)°
1 141 2
== [T:-_-:?][(Et+l)2]- When t=1, r = 51 = 3°

So[d—! =[__.._..__ =] = =
dtl, ¢ 4,4_(?5)2 2+1) RIE 9413

50 . ds _ dsdv _ (;_50 1 -
5. s=v430, v=3t—qt : 95 — dsdv _[1_72][3—::_&]' When t=4,
503

=34)—V4 = 12— 2= 10. So d_SL = (1-50)3 L} _ 4l
v dt,_ 4 [ 10° 24]] 2°4

2x2 41

6. (a) F) = x{x*+1, Flx)= x—22_ 4 [x41 =
2JX2+1 Ix2+1

(b) F(x) = (2x+ 1X4x—1)° , F/(x) = (2x+ IX5H4)(4x — 1)* + 2(4x —1)°
= 2(20x + 10 4+ 4x — 1)d4x —1)* = &(8x + 3)(4x —1)*
(€) G(x) = (x*—1)*2—3x), G'(x) = — 3(x?— 1)* + (2 — 3x)(4Xx* — 1)°(2x)
= (—3x* +3+16x —24x*Ux* —1)° = (3+16x—27xHx*~1)°
(@) G(x) = (x*—x+1%(x*~2)°,
G'(x) = (x*— x+ 123Nx* — 2°(2x) + 2(x* — x + 1M4x® — 1)(x?* — 2)°
= 2Ax"—x 4+ 1)x*— 2P 3x(x" — x + 1) + (x* — 2)(4x° — 1)]
= 2Ax"—x + IUx® — D*(7x® —8x® — 4x>+ 3x 4 2)

<L
x F(x) we 32X+ 3 — x(D2x+3)%2) _ 2x+3—x x+3

(e) F(x) = —%—
2 3 3
{2x+3 x+3 2x+32  (2x+38
(1+42¢)° 501 4 20)°(2)(3t% — 5)° — 23t — S5)6tX1 + 21)°
F B ———d 3 r' t =
(O 1) (3t2 —5)* W (3t*— 5)*

= 21+ 20%S(3t% — 5)— 641 + 20 _ 201 + 24)'015t° — 25— 6t — 12t7)
(3t*—5)° (3t*—5)°
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_ 2014+ 2t)°(3t°— 6t —25)

(3t?—5)°
X+2 , %+ 22 X — 2—(x+2) —12Ax + 2)°
(®) glx) = [x_2]3 , B/(X) = 3[ ]2[ —7 ] o
(P 0 Ly o2t D — (P 1)) L rt2 4 Tert? 4 2t 1
() het) = (37]°, b = 10335 ) 1y ) = 10550 T
_ 1o+ 1%+ 2t~ 1)
(t+ 1)
. 2. , — 152x{x? + 1) = 2x(x* —1)] x*4 133
GQ) _ X 1 . =_ x 1
M Jx2+1 YT 1 (x* +1)° [ ][(x +1)2]
— 2x
(x2+1);-|x2.—1
1
iy XD 302x + 3P 4x — 7 — Ldx — 7y 24xN2x + 3P
J Y= ﬁ ¥ = A% — 7
o 202x+ Y34x—TN—2x+3)] _ 42x +3)5x—12)
' 2 3
(4 — 7% dx— 7"

1 L
(k) y = 3{X2x+ 1P +44x—3, ¥’ = 35];(5)(2;: + 1))+ 3x 22x + 1)° + L(4x — 3V 3(4)

1
32x+ 1)'[22x + 1] 2
(2x+1)‘[20x+2x+1] 4+ =2 - A +
12
Wy =1+ %, y= 0+ N0 = 1

6x§,|1+ Wx
m)y = (t+ Y+ %,y = W[+ e+ 2P+ §(t+t’)'§(1 +2v)

= 20t+ frr e+ 122

3(t+ 123

(n) Jx+4x 1 (0 + Mx+ %2 51 + 22
n) Y= X FXHX, Y e (1 A x X
2JX+~|x+ﬁ

1 1+§;§

= 1] 4 ==
:HW[ 2x+ "]
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7. y=(x*=3°, 2, 1); vy = 8(x*—3)7(2x) = 16x{x*—3Y. When x=2,

y' = 16(2}4—~3) = 32. So y—1= 32(x—2) = y= 32x—63 or 32x ~y —63 =

8. y= i iy =—3020-—- ‘)'g(-—4x3) N S
. = ; i s .
\]20—)( (20_x4)§
When x=2, y_—z—(—?::-l_ﬁ_ = 2.
(20 — 2%)2 *l?

Soy—i=2x—2) = y= 2x— or 4x—2y —7 = 0.

9. F(x)= f(gx)), g{2) = 4, g’A = 3, I"(4) =
F/{x) = (glxnNg’(x) ; F(2) = ME2Ng’Q) = "4)3) = (5)3) = 15

10. G(x) = h(p(x)), h(5) = 1, W’ (S) = 2, h'(1) = 3, pll}= 5, p'1) = 7
G'(x) = h'(p(x)p’(x) ; G'(1) = h'(p(1Np*(1) = h'(SXN7) = QXT) =

11. (8) F(x) = fix") ; Fi(x) = 4x°0(x")  (b) Gx) = [f(x)I* ; G'(x) = 4 Pr(x)

(©) H(x) = TX) 3 H(x) = ——f’(r) (@) P(x) = {£(0) ; Px) = LX)
241‘ (x)
() y = f(I(x) ; y’ = PG (x) )y = {1 +[F ; y = X

»ll +{f(x)F

(g) y = IFGAF ; v = AFXIM(x3H2x) = 4xf(xDf{x?)
(h) y = FAFGIP) ;3 yv* = PUCGOPIEATIPI(x) = 30 GIFGIFPTANHx)P)

2 w Lix|—= X . & i. 2 _ 1 oy _L_L
12. (a) Show dxlxl ixi dxlx] J— »I_
(b)
g
find

1.

- . 0 1 ‘—;
D P 4

X*+Ixf _ 2Axf

w0 - w = axk

(c) glx) = x)x]; g’'(x) = x(X) +x1 =

Ix|

0.
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Exercise 2.7

1. (@) x*—y" =1 b)) x°4+y =6 (c) xy=4
d d
2x 2y% = 3x2+3yde= 0 x§+y-= 0
dy _ x dy _ _x° dy __y
x ¥ dx y? dx X

(d) x?+xy+yi=1, (e)

() 2xy’—y*= %3

dy dy _ 2 dy _ ¢x3Y 4y 15,2 3,28y
2x+x-a;+y+2ydx =0 3x“43y i = Gxdx+6y 2x(2y)dx 42y —3y ax = 2x
dy o 8Y a2 ) fu— 22 dy — 3y = 2x—2y?
E(x-{—l‘y)— y—2x dx(3y 6x) = 6y — 3x dx(4xy 3y“) = 2x— 2y
dy _ y+2Xx dy _ 2y—x’ dy _ 2x—2y’
dx Xx+2y dx  y*—_2x dx  4xy—3y°
- 2x_ _
® ¥x+{yv=1 ) Z5=v
_1_._+._~1__9_!—--0 2(K+Y}—:X(1+:—r)_§!
24x  2{ydx x+y? dx
dy NY 2x—2y—2x—2x:—§ _dy
dx I (x+vy)* dx
(x+y¥ dx (x4 yF
9_3’[1 —2x ) _%y
dxt (x4 y)  (x+y)
dy _ __ 2y
dx  (x+yF+4+2x

2.(a) x?4+4y? =5, (1, -1 (b)

k+wg=

dy _ _ x

dx =

Eiet,— 1, g=

1
4

(d)
3n dY 2,2 dy
2Xx4-x (2Y)d——x+3x y*—3y ix = 0,

() x*+x%w*—y3=13(1,—-2

%(kay —3y) = —3x*y*—2x,
dy 3x*y?+ 2x

dx = —-m , at (1, —2)J-
dy _ _ 3—=2°+21) _ 7

dx T T 2aH—2—3H—27 8

xX'+y'=17 (@1

3 ady
4x” 4+ 4y x=0
dy x* . dy
an 3,at(2.1).d=== 8

y? = 2xy—3, (2,3)

dy _

v = 2L +2y,

Ay e 5oy
a;(ZY 2x) == 2y,

dy . ¥ _.

p———

dy
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(e) ..]x+y +{xy = 4, (2,2) Oi+l=1¢63
1 1dy
— LA o,
2 x+ ey T ax 24 dx+y) x!  y®dx
Jom b ¥ Ay ¥ g Y,
dx 2,1 2J- 2{x+y 2yxy dx x? DT dx
gZ[Nx—y +2XJx+y]= Xy +2y{x+y
dxl afx+y{xy 4x+y{xy
5 .
dy _ “_..\f?_y 2Nty ; at (2,2),
dx 2yxy +2x{x+y
dy _ _24(2){2) +22y2+2 B
dx 242 + 2000242
(@) 2’ —y?P=1,(—1, 1) ) X*+y3 =9, 2,1
dy 2 2y
'd_x_y)at( I!d"’_z dx_ yzlat( 1)! - 4
Y+1l=20x+1) = y= 2x+41 Yy—l=—4x—2) > y=—4x+9
or 2x —y +1 = 0. or4x +y —9 =
(¢) y*+x*v® = 10, (—3,1) d) (x+y) = x*+y?, (—1,1)
"dy+3x y :y+2xy 0 3x+ y)2(1+dy) = 3x? +3y2:y
m(Sy‘ + 3x°y?) = — 2xy? a—;B(x +¥¥ —3y% = 3x%— 3x+ y)?
dy _ 2xy dy 13 dy x*—(x+vy)F d
——2Y .. 3 E = et et (—1,1), %Y =
dx ~ T 5y7q3x? ti=30 16 dx (x4 yP—y* (=1.D
y—l=3x+3) = y= 3x+2 Yy—l=—1Ux+1) = y = —x
or 3x — 16y +25 = 0, or x+y = 0.
4. () 9x°+4y* = 36, (Y2,}2) (b) 4y® = 36— 92, ({2,3{2)
18x+8y3 = 0, y = + .36 9x?
dy _  9x . 3 dy _ 5 . =1 2
n= it 2D F =1 Sincey>0, y= {36 0x
dy _ _ ___18x
dx 436 ox?
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(@) y=32=—%x—+2) = y=—3x+3J2 or Ix+2y-62 =
(d)

T
N\

S. {(e) x2+y2+2x-——4y-"0= 0, 2,—2)
7 dd 0w Wy v v py QY 14X
-‘s:-{»:?y + 4d dx(Zy 4= —2-2x = % y—3

At (2, -2) é%= f—f s V+2= %(x-l’) =y = gx—‘;- or 3x —4y — 14 = 0.

/.

(b) i
0| X
\_ﬂ% -»

6. 2x*+ y?)? = 25(x*— y?)

{a) 4(x*+4 yX2x + 2yd—")= 25(2x-—2y ) = 8x(x%+y? )+“”sy(x=+~ )= 50x— soy:”

dy _ x[25—4(x*+ y2)l
dx — y[25+ 4(x2+ yO)

dy — A5 —A(—3P°+1] _
B) At (—3,1), = 2
( (= dx 2s+4[(—3)2+11 13
or 9% — 13y 4+ 14 =

Y(Sy(x + ¥4+ 50y) = 50x — Bx{x*+ y?) =

s y—1am Ax+3) = y= Ix+2

(c)} Horizontal tangents = g—; = 0

X[25—4(x°+y’)l= 0 = x=0 or 25— 4x’—4y° = 0. Since y =0 when x=0, there is
no horizonta! tengent when x=20 (division by 0 in y*).

Use 4x°+4y° = 25 (1) and 2(x*+y?)° = 25(x2—y?) (2).

From (1): x*+ y* = 24—5 (3) and x° = M (4)

25— 4y 25 25—4y2—4y2)

2
Y)-3—2-( 3

Substitute (3) and (4) in (2) : 2(%5)2 25(2"2Y
= 25 = 8(25—8y%) = y?m 100 y-ig

64
25— 4(%)2 _75
— 4 T 16

Using (4) : when y= ;]:4 , X2 =



Exercise 2.7

So the horizontal tangents occur at ( 4 -—— A E ig)
2 2
7. ¥ty =1
1
5 42y Y dy | _x3_ sy
(W52 +3y g =0 = x=—*3 =~ &
y 3
NE
(b)("“r) — =—7 %=~—\r3; _2’8‘_} mﬁ(x-—%)ay=—wr3x+
8
Wax+2y —{3 =
{c) Tangent slope of 1 =£X =1 : — 31X _12Y — 1 = y = —Xx
dx : Yy X
z 2 )
Must find intersection point between y = —x and x3+y3 =1, Let y = —x
2 z 2 2
K3+(—X)3 1=x3'+x3=l=x3=%=x=i%= E Soy“——:Fg.

Therefore the curve has tangents with siope 1 at (qr ‘r) and (— 'r r)

8 x_z + :— = 1. Show equation of tengent line at (Xq,V,) is xox+yoy 1.
2
bx?+a’y? = a’b? = 2l32:\c-]-2.‘a2 —0 =% —bT ; at (xo.yo) —Xob
dx 2’y Ty
b2
Equation of tangent : y—y,= —-x—(x——xo) = yyoa’—yola’= — xxob° + xo°b
Yot
= YY082 -+ XXQb2 = y02a2+ onbz = xc'x + —= y;,zy boz. 4 —a%' xox + —= YOY

since (Xg,¥,) lies on the ellipse.

9. xIf(xIP+x*f(x) = 3, f(2) = 1, find £(2)

~l&

or

IIFEIPE) + [FOP + x*04x) + 2x(x) = 0 = F/GBxIfGIPE+ x3] = — 2%f(x) — [£(x)°

. 2xf(x) + [(F(x))° W+ g
= %) = — : ()=l 2
() 3xIf(x) + x° ” T3+ 2
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10. Let the equation of the circle be (x — x3)°+{y — vo)° = r’. So the centre of the
circle is (xq,¥0). The slope of the line from the centre (xq ¥,) to a point (x,y) on

the circle is m= %—22 The slopes of the tangents to the circle are given by :

X—X,
g gy dy _  X—%X5 . dy . . .
2Ax — Xp)+ 2y — vp) ix = 0 = &= V=V Since iz is the negative reciprocal of

the slope of the line, the tangent to any point will be perpendicular to the radius.

1. x*—y?’=k,xy=c¢

| dy dy  «x " dy | dy _ _y
% —— —_— == D == = —_— = _—— — E.
=y =02 =¥ X TY=90= 3¢ X

Since the derivatives are the negative reciprocals of each other, at any intersection

point the tangents will be perpendicular.
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Exercise 2.8

1. (@) f(x)= x"—4x°+1; M(x) = S5x"—8x ; "(x)= 20x°—8

(b) g(x) = 7x*+12x°—dx+8 ; f'{x) = 28x°+36x°—4 ; £{x) = 84x° + T2x
1 r] l I r . 2

() fi) = 2t— L s =24+ —L _ ; f7 () = — 2

© t+1 e T iy

3
2

S22

1 _
(d) g(t) = 4t 2 ; g'(1) = —2t 2 ; g(t) = 3t
(&) y=Cx+1Y; v = 1602x+ 1) ; vy = 224(2x+1)®

(f) Y=t3+,t‘3 ; y! - 3t2"‘"’3t-4 ; y“' =6t +12t-5

® y= 15y = x4+ D y" = (x* 4+ 1) 0+ 102

= (3(2—§-1)_§(:c2 +1—x%) = (x* +1)'§

Wy = t—é"i Y= t(t_—1 Bz’t - _(t—lnz Y= (tfl)a

2. (@) f(x) = 1—12x+4+4x2—x*; f(x) = —12-4+8x—3x?; I(x) = 8—6x ; [“(x) = —6
(b) f(x) = # ; /(%) = _]_-:’3 ; £(x) = i_g LR = _2%3

2 s
2 2

1 2 . .
@y=0U04+2x);y={0d4+2X)2; y"=~(142%x)2; vy = 3(142x)

3. vy=x"+x"+ XX x+1; v = 5x +ax*+3xP+2x+1
v = 205 122+ 6X+ 2 v =60%° +24x+6 ; y VN = 120x4+24 ; vy = 120 ; y® = 0

1 1 A 32
4. )= (14x%; F(x) = XA +x37; 1) = 3x(1 + x) 2 — WU+ x°) 2

1 3
17(2) = 32X1+ 2%V 23— +2%92 = ¢

2
2

.1 . ' s -1
5. g(x) = (3x+4) % ; g'(x) = ~ ¥3x+ 47 ; g”X) = L3Bx+4)%; g(x) = —L3x+ 42

7
g4 = — 13-5{3(4)'}' 4% = — f:%‘l_z

6.  f(x) = x" : F(x)=nx"1, £(x) = n(n—1)x"2, £(x) = n{n—1}n—2)x"3,...
So f'™(x) = a(n—1)n—2) - -~ -2 - 1x° = n!

71
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3 2,9 3.2 .7
7. @x"+y'=1;4x"+4y =0y =~% yr__ My gx LY
y y
3,2 2.2 x3
_ 3x v —3x Y( ya) =w3x2y4_3x5 - 3x2(y4+x4) o 3—’-(3
y® y’ y’ y’
. —xy’ _ ¥y—x()  y?_x? 1
(b)x2___y..=l;zx_zyy:___o:y.':;;yu:y ¥ _ Yoo S
¥ y2 y2 y3 y3
- Z_ 2
(e) X+ y° = 6xy ; 3x*+ 3y’y’' = 6xy'+ 6y = y'(6x—3y*) = 3x°—6y = y’ = :x y);

_ Cx—yI)Rx— 2y ) —(x* - 2y)2—2yy")
(2x — y°)*

yll

_4x®—dxy’ = 2xy® + 2v°7y — 2%P 4 2%y y’ + 4y — 4y 2y’
(2x — y?)?

2z 2 -

T NIy = ZyT —— Al

2

12w =y

. 2 z ™ P
%2 +dy —2xy’ + y'Qx’y —2y* —dx) *"+ 4y XY
(2x —y?)" 2x —y*)°

2x? 4+ 4y — 2xy)2x — v +(x® — 2y )2x%y — 2y? — 4x)
- (2x — y*)?

4x® — 2x%y? + 8xy — 4y’ — dx%y? 4 2xy* + 2x'y — 2xyi — 4x% 4x’y® +4y® 4 8xy

B 2x -y
— 12x%y” + 16xy + 2xy* + 2x'y _ = 12x%y° + 16xy + 2xy(x* + y*)
2x — y2)° (2x — y?)°
_ —12x’y®+4 16xy +2xyl6xy) _ _ l6xy
2x — y?y 2x —y?)?

8. f(3)= 33, f(3)= 22, 1(3)= 8 : Let the function be ax’+bx+c

So ax?+ bx+c = 33, f(x) = 2ax4+b = 22, f(X) = 22 — 8 = a—4.

Substituting 8 = 4 and x = 3 in the others gives, 2(4)(3)4+ b= 22 = b= —2 and
403 —2(3)+c¢ = 33 = c=3. So a function that meets the given requirements is

f(x) = 4x*—2x 4 3.

9. f(x) = g(x)h(x)
(a) rl f— hgl+ ghl ; flf J— hgll +glhl+ ghl!_i_hlgl J— hgll+ 2hlgl+gh'l
(b) flll — hsllf + gllhl + 2hlglf + 2glhll + ghll'l + h’lgl — hg!ll + 3hlgll + 3glhll + ghlll
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x2—1 if ixi>1
10. (a} f{x) = Ixz——ll . which can be written as f(x} = {
—x?41 if x|<}

Since f(x) is a polynomial when x> 1, x< —1, £/(x) exists here.
Similarly for — 1< x<1, f(x) is a polynomial so f‘(x) exists here. This gives :
2x  ifixi>1
'(x) = L
2x if Ix|<1
We see from the graph of f that f’(1) and f’(—1) do not exist, so the domain of [’ is

{xix = L1}
Since f“(x) is a polynomial on x> 1, -1 <x<1, and x< —1, F”(x) exists here , s0

dom(f”) = (xix = <+1} and

2 if Ix|>1
(%) = {
—2 if Ixi<1
{b)
fing feod / Fatary
2 et} Oerm——
1
e B R AN A = 1
/’ o—t—o0
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f(x+h)—f(x)

1. (@) f(x)= 1—2x+3x"; f(x) = li

a x X 4+ 3Xx b ¢ h1_1'::O h

I 1—2(x+h)+3(x+ h¥* —I1 — 2x + 3x7}
= m -

h -0 h

i 1—2%—2h+ 3x°+6xh +3h%—1 4+ 2x — 3x° . 6xh—2h+ 3h?
= lim = lim
=hlim (bx—2+3h) = 6x—2

_ 3 — 3
(b) £(x) = X°+4% ; £x) = lim fix+h)—f(x) _ lim (x+h)'+Hx+ h)—Ix"+ 4x]
— h h —0 h

. x4+ 3x°h+3xh*+ ¥+ d4x+4h — x° — 4x . 3x*h+3xh’+h’44h
= lim = |im :

— h h =0 h
= h“mﬁ (3x°4+3xh+h*+4) = 3x*+4

v—i—h _ o
(C) r(x)_: X ;rt(x}= lim f(x+h)“f(X) = lim P = 4Rl P—x
1—x h =D h h—0 h
2 2

i X—x—xh+h—x4+x“4+xh . 1 _ 1
B Vi STy gy ¢ g = T —% — O—xf

{d) fix) = J2x+1; f’(x) = lim flx -+ h)—f(x)
h -0 h

y J2x+h) 41 — J2x+1xJ2(x+h)+1 + §2x+1
b : = FEu
N2+ h)+1 + {2x+1

-

h=0 n{{2Gc+m+1 + {2x+1)  »=0 Plx+m+1 + {2x+1  J2x+1

4
2. l_simo 94—%! ;a=1, fx) = x*

3. By drawing tangents to the graph in the text, we get the following:

Ay |
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4. (@) y=12x"+8x—1;y' = 36x°+8 (b)) y= 2xT1; y' = 2(x+1)x™
@ y=2x—g;y =243 @y=N ;y=¢
X
(@) y= {x(5—%) = 5yx —x; y' = 5%_1
(M y= 5= Jx —2%; vy = Wi - L = &=2

{x : Ix X
() y=:x_1 v 2+ 3x)—302x—1) _ 2+6x—6x+3 _ 5
143x’ (14 3x)° (1 + 3x)° 1+ 3%)?

W)y =0Cx*—1) ; vy = 72x° — 1%(6x%) = 2x°2x°—1)°

(1) 1) = (x7+ XN — %2 5 100 = 5ot X 2%) +x+ DIl — 52
2~ll—-x

={(— xxZ 4 x) 4 2x + 1X1 — x7)] = {—x*— %"+ 2x— 2%x°+ 1 —x%)
1—x 1 —x*

—3x—2x%* 4 2x 4+ 1

wll—xz

. 3x2+1 6x(2—x)+(3x*+1)  12x—6x°43x%+1
() glx) = s %) = ==
! 2=x '8 (2—x)? Q—x)
_ —3x*+12x41
(2—x)?

l 1 4 _f a2 —8 3
10 hix) = —=boee = (2% — )3 ; B = — 12x* — 1)3(8x%) = — —8X°
3ox' 1 ’ 3 3Jox'—1)

) F(x) = (x*+ 1’0 —2x) ; F(x) = — 2x* + 1)° + 12%°(x* + 1)3(1 — 2%)
= 2x"+ 1= x"=14+6x°—12x" = 2"+ 1) —13x"+6x°—1)

1 3 1
(m) (1) = =t == tQ 42002 ; £() = — t(1 4+ 20) 24 (142002

Jl+2t
1 14t
= —a (-t 142t) = —L_
J(l +2t)° J(l +2t)°

4. t+ 13t +2—t—1 4(t+1y
(n) g(t) = [ ; ') = -
n) g(t) [t+2 g’(t) o] T - 2
1
(o) Rlu) = ‘Ju+1 —‘—l— - (u4+1)*— 2u?;

R = a4+ 14 44u®= L 4 4
) 4 Yt W
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Review Exercise 2.9

L "
(p) S(V) = Jv— (v —8)° = [v— (v —BFF ; S(v) = Yv — (v?— 8 21— 10v(v* — 8)"]
_ 1 —10v(v?—8)*

2Jv-—(v2-8)5
|'1+z 1+zy 14z i+ 2% —22z(1 4+ 2)
{(g) M(z) = = ; M’ =
4 z N1+ 2° 1+ 2?7 () I+22 [ (1+?~2)2 ]
[1-}-22 1[1-—22-—2] - 1—2z—2°
2
1+z (1+29 2JI+ZJ(1+22)3
1 3a-1 ’ 3'2 3 3 3
(r) F(y) ~ -G+ Py = — Q24— 3 - -
r) F(y 743 +y) (v) ( +y) ( " y2(2+§)2 Gy 137
2x—1 . o 2Ax®~—5)— 2x@x — 1)
5. (a) f( = —,——;1‘( =
a) £Gx) x—5 x) (x2 — 5)?
_ 2xZ — 10— 4x% + 2x _ =24 2x—10
(x*—5)° (x*—5)*
Domain of f, D= {x| x*—5=0} = {x| x;-é;i;w[g}. Domain of ', D' = (x| x=¢ in}
(0) f(x) = ¥x2—x—6; M) = —2%=1 . Domain of f, D = {x| x°—x—6>0}

2-]x=—-x—6

= {x | {x—3)x4+2)>0} = {x| x—3>0and x+2>00r x—3<0 and x+2<0}

= {x{x>3and x> —2or x<3and x<—2} = {x|x>3 or x< —2}.
Domain of f/, D' = {X| x*—x—6>0} = {x] x>3 or x< —2}

X . dy dYg__ (2“—3“ +8u 2x—1—2x

= 1% __5un? 4 - bt
6. y_lu w+2u,u 2x—1 ’ dx udx Q2x—1)2
3 z
~ =8u+3u :2"1 : When x=1, u==— ______.____8"'-3:2 = —
(2x — 1) 22— =1 -1
4 4 _ 3dy é_y___x_s
7. (@) x*+y'=1; 43 +4yd 0=dx_ -

b) x>—x’y+y? =1; 2x-—-x2%—2xy+2yg¥ =0 = 2—3;(2y—x2)-—- 2xy — 2%

L dy _ 2xy—2x
dx 2y — x?
. - 2~ \dY 2dy - Wea 2 2 2
{c) 2xy x*+y%; 2x (2y) +4xy 3x? +3y°5s = gy —3y%) = 3x — 4xy?

_d_y _ 3x*—4xy?
dx  4x*y - 3y?
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Review Exercise 2.9

(d)y4x-—1+x«|y—l=x N-—+dy~f + —E +J =x +y
x..-..

d
LA E v e v S
9! — y—2 x-—l_
dx wlx—]-{—zl_;_l—x

8. (a)y = 4x"—ix"+4+3x%; ¥y’ = 20x"—2x*+ 6x ; y”’ = 80x°>—6x°+6

(b) y = .J3x+1 iy = 33x+1)

R
w

2 9
sy = — x4+ P —=

T 2{ax+1 ) 4JGx+17°

- tpl—t41 5 —4
(c)y_L———l,y-——-w——-————-—;”—
t+1 (t+ 17 G+12 7 T +1F°
ay 4
@ x*+y* = 16; 2x+2yy' =0 = y' = —F ; y’ “._y—:‘a” oy YD
. y v?
F Y’I=_y -|-3x - yll=_$

9. (a) y= x*—2x+5, (—1,8)
y =2x—2;whenx=—1,y =A-2)—2=—-4; y-8=—4(x+1) = y=—4x+4
or 4x+4y—4 = 0.

b)y= 1—_27;.(2.~—2);

(1——_2:\:_)5 ; when x=2, y’' =

2

= 1—27

=2:;y+2=2Ax—2) > y=2x—6 or

2X —y -6 = 0,

()y= 4,0

i
’ —5 ’ —5 ""'5& 1 Sﬁ

V= —= ;when x=2, y = —= = I Y———= = - (x—2)

2{x’ Wy a2 32

5¢2 _,_543 1 52

2 -
==-y==—-§2—x W a-_sﬂYE 321+ or 5{2x+32¥—1450.

@y = x{x*+5,(—2,—6)

1
y' = ix(x*+5)2x) + sz +5 =y =

X 4§45
sz+5
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Review Exercise 2.9

) |
when x= —2, y’ = % + (=22 45 =2 +3 =2 y+6=2Ax+2)
(=2 +5

=y=3x+% or 13x -3y +8 = 0.

(e) (x—1V¥+(y+2P =25 (—2,2

<, ;____x—l_ o e e o . e 1 3,
Ax— 142y + 2Dy’ =0 = y' = y+2,when X=-—2, ¥ PP HE
y—2=3x+2) = y= 3+ or Ix—4y +14 = 0.
(1) x°+y° = 9xy, 2,4
2 2. . A E 2 i 3y —x*
3x7 4 3y°y’ = Ixy’'+ 9y = y'GBy' -9 = 9y —3x* = y' = ve_ 3%

. 2 -
when x=2’ y=4, y' = %(25 o %:g ; yv—4= g(x~—2) = Y= EX‘P&S: or
4x — S5y 412 = 0.

10. h = 550 ~—5t? ; velocity v{t) = h{t) = —10t
vil) = —10 m/s v(2)= —20 m/s v{8) = — 50 m/s
11. y = 2x*—3x+6, tangent| to 7X+y =1 = y=—Tx+1; So tangent slope is

—7. y¥=4x—3=—~7whenx=—1. At x=—1, y= 2(—1—3(—1)+6=11. So

the point on the curve where the tangent has slope — 7 is (—1,11).

12, yv= 2){1—_1 , tangent § to x—2y =1 = y=3ix—1; Slope of line is ; , so slope

. : ; —2 1

of tangent is - 2. = e = — 2 when x=00r x=1. When x=0, y = ——
¢ Y (2x - 1) ' Y= 6-1

=—1;%x=1, y= 21—1 = }. So the points are (0, — 1) and (1,1).

13. (2, —3), tangent to y = x°+x ; y' = 2x+ 1. Let the x-coordinate of the
tangent point be 8, so the y value is 8+ 8. So the slope of the tangent is given

4
by m = 3—;-’-*'-_-;'-—2'13 [slope of line through (a,a’+a) and (2, —3)} and by y’ = 2e+41.
2
So 2a+41= a_;l-—a_:'-’l-él = 28°—4a+8—2 = a°4a+3 =» a’—4a—5 = (a—5Ka +1)
= 0,s0 8=35, 8= —1. When x=5, y= 5°+45 = 30 and y’ = 25)+1 = 11, s0
y—30= 11{(x—5) = y=11x—25 orllx—y—25 = 0.
When x=—1,y=(—1P—1=0and y = A—1)4+1>= —1, 80 y = —(x+1) =
= —x—] orx4y+41 = 0.
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Review Exercise 2.9

14, f(3) = 4, (3)=—1, 1'(6) = 5, g(3) = 6, and g’(3)} = 2
(a) (fgY(3) = (3’ + F'(3)g(3) = (D2} +(—1)6) = 2

f10gy — DB FBRB) _ (—1)6)—@X2) _ _ 7
® Er = LT 7L 13

(c) (fog)(3) = (g3 = £(6X2) = (53X = 10

15. (a) fix) = x%g(x) ; [(x) = x%g/(x) 4+ 2xg(x)
Ixg'(x) — —=g(x)

= B ey o 2N = _ 2xg’{x) —g(x}
(b} f{x) = T% f{x3 < 2@
(@) 160 = &) 5 1) = — Lg'h
(@) f(x) = g3 ; F(x) = gt = BOX)
2% x4 fxgd

16. f(x) = glg(x)) ; (x) = ’(g(xNg’(x) ; £(x) = g’(g{x)g”(x}+ g (g(x)g’(x)}*

17. {(a) The only two places I might not be differentiable are x=0, x=1 since { is

a poiynomial everywhere else. f(x) will be differentiable at © if

d F - |4 . |4 — = [tr— =
[3;(2::-:: )L=0 = [dxtzx)L___o, [a-;@x x?)L=0 =[C-2x), _g=2

[—-‘—1—(2:()1( = 2 ; so f is differentiabie at x—=0.
dx =0

From the graph of f we see that f is not differentiable at 1.

2—2x if x<0
(b} fix)=— {2 if 0<x<1
i if x>1
A g




Chapter 2 Test

Chapter 2 Test

. (@) 1) = lim [XE R

h—0 h
(b) () £(x) = x2— TxX+4 5 160 = lim (x+h)?—7x+h)+4—[x*— Tx+ 4]
’ h—0 h '
2 2 2 2 .
— lim X *2xh+h®—7x—Th+4—x*47x—4 _ . 2xh+h’—7h
h—0 h h—0 h
= lim 2x+h—7) = 2x—7
h—0 1 .
. 1 s erey — 1 ZxFm1 zet1 T 2x+1—-2x—1—2h
(D) flx) = 527y s P = lim, B = I RGx T DGxF 2B+ D)
: —2 -2
= lim =
h—0 (2X+ DEx+2h+1)  x+1)7
I
" 3 2
2. (&) 1) = Wx¥; rx) = I3 = e
x +3 - 2xQ2x —D—2x*+3) _ 24— 2x—6
r = = —_
(b) 1G0 P = Gy — 17 (2% — 17

(e) f(x) = (x*—1)*"Cx+ 1% ; £(x) = 6(2x+ 1*(x* — 1"+ 8x{x* — 1(2x + 1)°
= Ax®— 1P2x+ 1)3x*— 1)+ 4x02x+ Dl = 2x>—1°Cx+ 1Y 11x2+4x— 3)

@) f(x) = (x+Jx‘-2x+1) ; T(%) = 7{x+,]x 2+ ——(4x’-2))
2Jx -—-2x+1

= 70+ —2x’—1 =2l X 2 1F
Jx —2x+1

3. 3Ixy = x4y’
2

zdy ) N dy _x"—y
(a) 3x +3y = 3x’ +3y7E = Bx—3y) = "3y = = v
dy (r—% -2
- . 3 9
(b) £.3) ; At this point, i = 2 m;_l_g =3
3 3 9 E]

V—21=3x-) = y=32x+ or 4x—5y+4 = 0.

-l e B2y = 43-207 v = 4G22y = 12
i XT3y =4G22 v e 6020 v = BT

5 y= -\|2x—1 , tangent | to x—3y = 16 = y = —x~—-— So the slope of the

L 1 1
tangent is % y = ~—=—— = ! when x=5 = y = 3. So the point is (5,3)
. 2x—1 °

6. (o) g(x) = f(x%) ; g’(x) = 6x51(x5) (b) hix) = [f(x)I® ; h*(x) = 6f(xXf(x))°

X2, By — 2X0(x) — x*(x)
@ Foo = 255 P = 2=




