Review and Preview to Chapter 1

Review and Preview to Chapter 1

EXERCISE 1

1. (a) x*—x—2= (x—2¥x+1) D) x*—9x+14= (x—2Ux—7)

(€) X"+ 7x+12 = (x4 3)x+4) (d) 2x* —x—1= Qx+1}x—1)

(e) 5x" + 13x+6 = (5x+3Nx+2) (f) 6y’ —1ly+3= 3y — 12y — 3

(@) t'+27—3t = t(t—1Xt+3) (h) 3x*+7x°+2x" = x*(3x+1)Nx+2)
2. (8) 4x°—25 = (2x+5)2x—5) ) x*—1 = (x—1Ux*+x+1)

(c) t*+ 64 = (t+4)t* —4t416) @) y*—9y = yly +3}y—3)

(e) 8c®—27d° = (2c— 3d)M4c’ + 6cd +9d°) () x°+8 = (x“ 4+ 2x" - 2x“+ 4)

®) ' —16 = (x+2Dx—Ax"+ 4 (h) r®— 1 = (r-+10r—IXr“+ 1) * 4+ 1)

3 (@) x’—x'—16x+16= x(x—1)—16(x—1) = (X " —T6}x—1) = (x+4Nx—4Xx—1)

(b) x’~7Tx+6;x—1isa factor, s0 : (c) X +5%x*—2x—24 ;x—2is a factor, so :

x4+ x-—6 x4 4 Tx 4+ 12
x—11x° —Tx+6 : x—2 ) x 4 5x°*—2x—24
x’—x* X’ —2x*
x-—7x Tx* — 2%
x*—x Tx? — 14x
—6x+6 , 12x — 24
—6x+6 12x —24
Thus x’— 7x+6 = (x—1Xx’+x—6) Tl 2x— 24 = (x—2AxF 4+ Tx+1D)
= (x—I)x+3)Nx~—2) = (x—2Mx 4 3x+4)

(d) x*+2x>*—11x—12 ; x—3 is a factor, so :

X +5x+4
x—3) x3+2x2—llx—i2 Thus x*+2x°—11x— 12 = (x— 3¥x%+ 5x+ 4)
x® — 3x* = (x—3Nx+ 1Ax+4)
5x%°—11x
5x° —15x
4x—12
4x—12
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(e} 4x°4+12x*+5x—6 ; x+ 2 is a actor, s0:
4x° +4x—3
x-+2) 4%+ 12x*+ 5% —6 Thus 4x° 4+ 12x% + 5% — 6 = (x + 2)4x* 4 4x — 3)
4x° 4 8x? o= (x4 2)2%—1)(2x 4 3)
4x° + 5% '
4x* +8x
—3x—6
—3x—=6

) x*'— 3%~ 72+ 27Tx — 18 = x*— Ix?— 18— 3x*+ 27x = (x?+ 2Ax*—9)— 3x(x*—9)
X2 —Ox% 42— 3x) = (x4 3)x—3Nx—2Ux—1)

] 1 1 1
4, (8) x2—x? = x3(x*—1) = XAx—1Xx+1)
(b) x+5+6x" = xUx*+5%x+6) = x"(x+2Ux+3)
3 1 L 21 L3

(c) x?4+2x2—8x 2 = x 2x°4+2x—8) = X Ax+ 4 x—2)

? 1 1 i
(d) 2x2—2%2 = 2x3(x*— 1) = 2x3(x—1I1Ux*+x+1)
@ 14+27"+x = xAx*+2x+ 1= x ¥ x+1)°

- 1 _L <1 g
) 1R +3x°+ 1 2= (x4 1) Ax?’+14+3) = (X*+ 1) ix*+4)

EXERCISE 2
1. @ = 3x’5‘+3 x=9 1
X—9 Tdx4+3 (x—Vx+3) Ix+3
11 L
(bl’r lxﬁqu= x—1
1 -1;+1 ﬁ+x—q‘-=‘—1

—XCE—-D—x(E—1) ~ x+x

xﬁ—sx:nl'+8 x> — 64 o X=X+ 4x+16) _ x*+4x+16

( : -
Sy e - Sl ey oy (x — 4Xx1x + 8) xi% +8
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@ 32th+N2—h 24b—2-h  24n-2+h 2h
h L2+ —2-1n  af{{2+n-{2- " h) h[{2+h-«{2-h]
- 2
J2+h—+2—n
(e)[ x2+3x-i—:: —x][\ x?4+3x+4 +x - x4 3x+4—-x° _ 3x+4

%24+ 3x+4 +x Jx2+3x+4 +x Jx2+3x+4 +x

pr- -

) N;:_—x _ J—][Jx +x + N —x] _ X4 x—x"+x

-+ x—x Jx2+x -+ wlxz—-x
— 2x
P+ + I —x

2 @ 1 CAx L+ 1 x4l 41 {x+1 41
O x+1 -1 Jx+1+1 x+1~1 x
4 x+2—ﬁ~_4x+2—4ﬁ_ -
wlx+" PR Y%t — % xfIex 2x+2 - x)
241 — x xx*+1 —%° - :
"c) - >3 qu L = mx'jx‘+1 - X
x°4+1 4 x x*+1 — x X+ 1—x [ l

I s(,]x-;-z +dx—1  xx+1 4+ x*{x—1

) b =
-Jx-{-] - wlx-—l ,Ix+1 + \lx—l X+t—x+41

= %x2[4x+1 + yx— 1]



1. (&) y =4x, slope =4 (b) y =3x —5, slope =3

() f(x)=3x—2, slope =1 (d) f(x) =2 — 3x, slope = —3

(@ fx) =31 —x)=f—ix,slope=—) (I x+2y=3 o> y=—lx+2 slope=—}

2.(=3,5, (4, =5 m=; 2B 10y s 0 (—3) -y =i+
> 10x 47y —5 = 0

30-4,-2, 210, m=P={=D_ 2,y 10= 2Ax—2) = fx) = 2% +6
4. y =16 +3x = slope=23

(a) if x increases by 4, y increases by 3%4 =12

(b} if x decreases by 2, y increeses by 3(—2)= —6 or decreases by 6

S.y= 1;:: = slope = —1

(a) if x incresses by 6, y increases by — 4(6) = —3 or decreases by 3

(b) if x decreases by 4, y increases by —H{—4=2

6.5 =140 km, t =4 h ; slope =1 =35 = g=1735t.
The slope of the line represents the speed of the car.

7. P(1,3) lies on y =2x + x?
@ +22) —3_

(a) QUx,x*+ 2x) @ x = 2, slope = =52 |
(ii) x =1.5, slope = 4.5  (iii) x = 1.1, slope = 4.1 (iv) x = 1.01, slops = 4.01
(v) x =1.001, slope =4.001 {vi) x =0, slope =3 (vii) x =0.5, slope = 3.5

(viii) x =0.9, slope =3.9 (ix) x = 0.99, slope =3.99 (x) x = 0,999, slope = 3.999
(b) Slope of the tangent line at P(1,3) is 4.
)y —3=4(x—1)

y=4x—1 or 4x—y—1 = 0
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m=45

/1 ’

8. P(2,0) lies on y = — x°+6x —8
—QF+63)—~8-0_

(a) Qlx, — x?+ 6x —8) (i) x =3, slope = 373
(ii) x = 2.5, slope = 1.5 (iii) x =2.1, slope. =19 (iv) x = 2.01, stope =1.99
(v} x =1, slope=3 (vi) x = 1.5, slope =2.5 (vii) x =1.9, slope =2.1

{viii) x =1.99, slope =2.01
(b) Slope of the tangent line at P{2,0) is 2.
(c)y—0= 2x-—2)
y='2x—4 or 2x—y—4 =1
(d)

9. P(1,}) lies on y = ix°

L2r-1
(a) Q(x,ix%) (i) x =2, slope =1 5 f=1.75
(ii) x = 1.5, slope = 1.1875 (iii) x = 1.1, slope ==0.8275
(iv) x = 1.01, slope =0.757525 (v) x =1.001, slope =0.75075
(vi) x =0, slope = 0.25 (vii) x = 0.5, slope =0.4375
(viii) x = 0.9, slope = 0.6775 (ix) x =0.99, slope ==0.742525

(x} x =0.999, slope ==0.74925
(b) Siope of the tangent line at P(1,}) is 0.75 = 2

Ax —1)

(c)ly —&

x—31 or3x—4y—2 =0

<
i



Exerciss 1.1

(d)

10. P(0.5,2) lies on ¥ =:l_:

(2) Qlx,3) (i) x =2, slope = ;:z =1
(ii) x =1, slope = —2 (iii) x = 0.9, slope = —2,2222
(iv) x =0.8, slope = —2.5 (v) x =0.7, slope = —2.8571
(vi) x = 0.6, slope = — 3.3333 (vii) x =0.55, slope = — 3.6364
(viii) x ==0.51, slope = —3.921b6 {(ix) x =0.45, slope = —4.444 4
(x) x =0.49, slope = —4.0816
(b) Slope of the tangent line at P{0.5,2) is — 4.
() y -2 = —4(x—0.5)

=—4x+4 ordx+y—4 =0
{(d)

i 3 ¥

11. To=20% h is in metres.
m = g—.{ -— iilf) */m
T=20—3lzh (hin metres) or T = 20—10h (h in kilometres)

The slope represents the rate of increase of the temperature with increasing
altitude.

T




Exercise 1.1
12. (500, BOD)}, (650,1400)

- 650 —560 _1 _ - ld — - Cl
(a) slope T400 —800 — 4 * C — S00 = 3(d — 800} C == 3d 300

(b) C(2000) = 1(2000)+ 300 = $800
{c) The slope represents the cost per kilometre of driving a car.
(d) d =0, C =38300. This is ressonable (insursance, license, depreciation,...)

(e) A linear function is suitable since total cost is fixed expenses plus per kilometre

expenses.



Exercize 1.2

Exercise 1.2

1. From the graph (a) lim_ f(x)=1 (b) lim_ f(x)=0
X3 X =2
(c) lim f(x)=1 (d) lim f(x) does not exist.
X---1 X—
2. (&) lim x*= 2’=8 (b) lim_ x=7x {c) lim 3=3
X—2 X—% X—8 _
(@ lim yx=J¢=2 (e) lim x5=k® ) lim *==x
X -4 X—k x—0

3. @®lim Bx-N=31lim x —lim7=3-7=—4 (Properties 2,3)
x—1 x—1 x—1

M lim (2x°—5x+3)=2 lim x> —5 lim x + lim 3 = A—1* —5(—1)+3=10
X—-1 Xx—-1 X—- x-—-1

(Properties 2,1,3,6)

(e) Jim (x°+x*—2x—8) = lim_ x°+ lim_ x°— 2 lim x—8 = (2P +(2F—22)—8 =0
X—2 X—2 X—2 X—2

(Properties 1,2,3,6)

(d) hm (x +5x + 3¢ --( lim x* + § lun x <+ lim 3}5 [(—2)2+5(——2)+3]s

X2 X-—=-
7‘29 (Properties 1,3,6)

1 lim0 X — limo 1 0—1
(e) hm +1 ii’“o T limo i 01 1  (Properties 5,2,1)
X X—

lim x*+4 2 lim x — lim 3

(0 tim X123 _ x~4 " xos x4l £420-3 7
X—4 x°42 1m x4+ lim 2 4242 6
—4 x—4
(Prop’s 5,1,2,3,6)
lim t*— t |
@lim Eo3tt1 _ g T3 Im L e sy
t—2 tz(t 2 - tlun t’[ hm2 t — thm 1] 2*Q—1» 4

(Properties 5,2,3,1,4,6)

) lim, Vo420t = [ lim u't2 m o = JCOT AP - 122

(Propertiess 7,1,3,6)



Exercise 1.2

) lim {x*+2x—8 = | I - 2 —8 =
lxﬂnSJY + 2x unsx +2 hmsx 11m58 JS +2(5)—8 =3

— x—o

(Properties 7,1,2,3,6)

lm 6 4+ lim t
~ 1 2 64+t i — —_ 643
1 2t = 2 2 t—3 t—3 2
(J)tm3[ + 4——{] = t111113 t° + Jtu 3 3 tli 3 i 2(3)¥ + -3 = 21

{Properties 1,3,7,5,2,6)

4. x+2 =1 : X+2 = i1 1 = 1 —_.1'.
@ Hm T S GG M =3 = T3 — )
f—3x+2 - x—1) : .
b ] ——.....—x = = —_ = - e —
¢ )xl_‘.nl x—1 xh_'.nl (x—1) xlf.!.n; (x—2) 1=2 1
(¢} ii —2x—3 _ li (x—3(x+1) — 1 x+41 — 5
xl—l-n3 x*—3x+3 xﬂna (x—3)x—1) xlgns x—1 -
@ lim ZESXH2 o Cx4+ D42 _ o 241 A—D41 _ 1
X=-2 X°—2%x—8 x=-2 X+2HX—8) xon x—4 —2—4 2
3 2 2 2
(e) tim %=l — jjm E=D+x+1) . x*+x41 124141 3
xl—‘-nl x*—1 xl_’.n1 (x+1IXx—1) xh_r.nl x+1 141 2
(f) iim -& tim x+3 lim 1 = 1
x=-3 %427 x—-3(X+3(x2—3x+9) xe3 X°—3%5+09 (—IP—_HA—3)+9
= 4
27
@ lim X=9 —_ 1jm xX—3)Ix+3) _
&) lim == Jim, -3 xiﬂu (¥x+3) ={9+3 = 6.
1_1 2—x
(h) lim —2 = im —2X_ = lim Lo _ 1 1

x—=2X—2 x=2X—2 x.2 2x _AD T4

. (44-h)~— . h®4-12h? 4+ 48h + 64 — 64
5. (a) 1 e - i 2 -
Jim . hlil‘uo = hlﬂno (h®+12h + 48) =

= 0+0+48 = 48

2
) tim G=2°—4 _ . h°—dhid4—4 _ —4) e 0—4 = —
= i, - Jim (b —8) ~0—4 4
1 1—1—h —h

1 _ l=1-h =h

[

(CJ lim L A — i — —
h—0 h h—0 h h—0 h h-0 1+0 1+
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(d) lim
h—-0

(e) lim
h-0

h—0 h{9+h+3h

@+h)’—16 _

h“mo (h® +8h%+24h 4+ 32)

h*+48h%+ 24h®+ 32h+ 16— 16

lim

h h—0

h
= 04040432 = 32

94+ h—3 ,]9-4— -3 .J9+ +3 im 9+h—9
h h-() ~h .,|9+ h+3 h-O h.]9+h+3h

h—0 J94+h+3

—l -
J9+0+3

iy

1 1 1 _1 4—4—4h—h°
& Z2 4 Fl
) um AR 4 L 4+4h+h — g 16+16h+44h
h—0 h h—0 h — h
—4h —h?
— lim 16t16h+4n® —4—h __ —4-0 _ 1
h—-0 h h—0 164 16h+4h:  16+0+0 4
6. fa) Izm 13)2 does not exist.
x—3 (x—
2 2
o) lim ¥ +16x+64 _ (x4 8)° — 1 - -
()x_l.-.g x+8 x].f.“.'.s x+8 xl_l.ufatx+8) 8+8=0
- 2 — !
(@) tim £=1 = 1im G DI =D oy o D 4D) = Q24 DA+ DD
X—1 X— x—1 X1 I |
- 4
(d)xlim1 :2" 1 4oes not exist.
) xZ4x—2 . (x+2)(x--1)“ . (x42) ist.
(e)xn_t.nl % —2x 41 xh_'.n1 (x—1IXx—1) xhqm1 (x—1) does not exist
2
) 1i X—x—2 _ | (x—2Ux+1) x—2 ist.
O et axt2  x T GFDGFD g Py xq s I0es not exist
1_1 9—x? — (x4 3}x—3)
o x2—3% . x2 ¥ 9x? 9x*
(‘)xlf.l.n3 x—3 xlT3 x—3 xlz.'.ns x—3 xu-?3 x—23
x—3 9% oA3)* -2

10
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11 2—qx

ix 2 2Hx . —1 -1 . 1
h)i = li 1 = - —
()xii“4 x—4 x a4 XX+ D xd Nx (x+2) s +2 16

2 2 2 .

T x —1 — 1 (x—1Xx"4+x+4+1) _ im % +x+1 _ 1+1+1
(l)xll-nl x'—x*—4x+4 X1 (x?—4)x—1) x-‘Pl x?—4 1—4
=1

xol _ oy kel AREx L G DEER) g = DER 4 %)
(J) hm F— - xlgnl Ix—x ~|'+x xh—‘onl x—%x° lel —x(x—1)
= lim Yx+x = 1+1 = —2

x—1 —X* —1

7. (@) rx)= = +x)'l—‘
£(1) = 2.000000
£(0.001) = 2.716 924
£{0.000001) = 2.718 280

£(0.1)=2.593742
£(0.0001)==2.718146
f{0.0000001)=2.718282

f(0.01)=2.704814
f(G.00001)=—2.718 268

1
(b) So Iim0 {(1+4x)"= 2.71828 to five decimal places.
X —

1
8. =
g(1) = 1.0000 g(0.1)=0.7177 g(0.01) = 0.6956
¢(0.001) = 0.6934 (0.0001) = 0.6932

2‘(; 1 - 0.693 to three decimal places.
3 3

. _ RO 42 %4+ . P E s
9. (a) lim —X=B_ — Iim - = lim (V242 WX +49

T8 S\x—2 x-=8 w—2 X8 *

3?2 42 g 44 =12

Ta— e — [T x
& lim Y6—X=2 _ jp Y6—x—2 J6—x+2 {3-x+1
x=2 §3—x—1 X=243—-x—1 J6—x+2 3—x+1
| . 3 —x
= lim &=x)—4 x N —x+1 oy 2=x B ox 4l gy N3—x+1
x=2B -0-1"J6_x42 x=22—%x"Je—x+2 x—2 {6—x+2
_d3-2+1_2 __1
al —242 4 2

"
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10. If [x—2|<0.005, then {f(x)— 7| = [(2x+3) —7| = |2x — 4] = 2(x — 2
= 2x —2| < 2(0.005) = 0.01

2
11. How close to 1 must x be so 1—46-15-—:_1—1 is within 0.001 of 57

et ‘4"";;’5‘_"1“'1_’ = 4x+1. So we want |(4x +1) —5| < 0.001 = 4x —4] <

0.001 & 4|x —1] < 0.001 « |x — 1| < 0.00025. So x must be within 0.00625 of 1.

1x}

12. Show lifm0 % does not exist.

X —
If x>0 then %—' = ] since |xj=x. So let_l approaches 1 as x approaches 0 from
ebove. If x< 0 then l—-::—' = —1 sgince jxj= —x. So %I approaches —1 as

x approaches 0 from the left. Thus the limit doesn't exist.

13. Find functions f and g such that lim0 [f(x)+ g(x)) exists but lim0 f{x) and
%X~ X —

lim g(x) do not exist.
x—0

Take f(x) = ,l‘ and g(x) = —-If. Clearly limo ,1-( and limo —% don't exist, but
XK e N =
N S | D .
xl}_:'no i_il = xli?o 0 = 0 exists.

12
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Exercise 1.3

1. From the graph.

(e} lim fix}=1
x-0%

(f) lim

3
X

f(x)= 3

2. From the graph.

(¢} lim
Xx—-1

glx) =1

N lim gx)= 10
x-2%

{b) lim f{x})= 2

fix)= 0
x-0

{a) lim
-2

(d) lim f(x) does not exist (e) lim f(x)= 3
X K2

(g) lim f(x)= 3 (h) lim f(x)= 4
xX—2 X4

(b} iim glx)= 2

X=t=

{a) lim g(x)= 2

x—-3
(d) lim g(x) does not exist (e) lim g(x)= 0
X - -1 X2

(g) lim g{x)= 0 (h) lim g(x)=1
X—2 x=-1

3. See graph (a) x= — 2, continuous (b) x =0, discontinuous

{c) x=2, discontinuous (d) x =4, continuous (e) x =6, digcontinuous

4. (a) lim “Yx = * I lim x=_41ﬁ)=0
x—-0% x-0%

Jx-3=\]11m x — lim 3 =43—3 =0

x— 3% x—-3%

{(Property 7)

(b) lim (Properties 7,2)

x— 3%

(c) iitn1 Jl-x =
X—1-

lim 1 — lim x = «§1—1 =0  (Properties 7,2)

x—1" x—1-

(@ lim T—2x =;l im 1 —2 lim x =V1—1 =0 (Properties 7,2,3)

1= 1.
X3 X3 X—3

lim 6] =|6—6]=0 (Property 2)

(o) lim |x—6| =1} lim x—
x-6t

x—6% x—6%

() lim |x—6} = | lim x— lim 6 =|6—6|=0 (Property 2)
x—6" x—6"

X—6

(g) Iim6 Ix—6l =0 (Since the above two limits are 0)
X =

lim xl
@ tim F = 223 L1 (Property 5)
-x—0 X —0

13



Exarcizs 1.3

o ki
s - X Xx—0"
(l)xl_.‘l‘ll‘l)_ 5 = -—l;ﬁ_;t_ = -] (Property 5)
x—-0"
)] lim0 !;-i does not exist
X —

5. (a) Since f(x) = —1 for x<0, liub f(x)=lim —1= —1
x 0

x-0
(b) Since f(x) =x+1 for x>0, lim f(x)= lim (x+41) = 041 =1
x—-0% x-0*

(c) lim0 f(x). does not-.exist -

X —e
1/
¥
14

6. (e) Since g{x) = x* for x<1, liluI g(x) = lini X (1= 1
X 1- -

X
(b) Since g(x) = 2—x for x>1, lim g(x)== lim (2—x)m2—1=1
x—1 x-1%

(c) lim gi{x)= |
X—1

RN

7. (a) Since h(x) = (1 —x) for x<0, lim h(x)=lim (] —x)== 1—0 = 1}
x—~0 x-0

B lim fX)=1lim (~Xx—1)w 0—1 = —1
x—0* x-0%

(¢) lim h(x)} does not exist
X—1 \’[
3

=t =

N

14



Exercise 1.3

8. (a) i) Since f(x)= —1f -2, lim f(x)=lim —1= —1
‘_ a) i) Since f(x or x< . 1m2_ x nnz_

— - X ==
(i) lim  f(x)=lim Ix= Y{—2= —1
x—-2% x—-2% :

(iii) lim  f(x) = lim ix= 42 =1

X— 2" X—2"
(iv)lim fix)=1im 1=1
x— 27 X2

(b) o |

{c) f is continuous everywhere.

9. (a) (i) Since f(x) = (x+1)? for x< —1, lim _ f{x) = lim (x+1P=(—14+1P=0

Xx—~-1 X—-1-
i lim fx)=1lim x= —]
x—-1% X = -]
(iii) limI f(x)} does not exist
X =~
Gv) lim. f{x)= lim x=1
X1 x—1-
(v) lim f(x)=lim QRx—xH=21)-01 =1
x-1* x—1%

(vi) lim f(x)= 1
X —

(b)

{¢} I is discontinuous at x= —1,

10. (=) Only possible discontinuity could occur at x = 4. Since fi(x)=2x+ 3 for.x;-é 4,

lim f(x}= lim x4 3) = 24)+ 3=11 and lim f(x) = lim (2x+4+3) = 2A4)4+ 3 = 1i.
X—4- X4 X—4 X—4-

Since f{4) = 12, { is discontinuous at x=4.

15



(b) Only possible discontinuities are at x = 0, x = }. Since lim f(x)=1 and
x~0

linb F(x) == 1 and f(0) == 1, there is no discontinuity at x = 0.
x—=0"

Since lim f(x)= 0 and lim f(x) = 2 there is a discontinuity at x = 1.

x—'1+ X-e i
(c) Only possible discontinuities are at x = — 1, x=1. Since lim f(x)= —1 and
X—-1
liml f(x)= 1,  is discontinuous at x= —1. Since lim f(x)= 1 and
X-e-1" x—1
lini f(x)=12and f(1)= 1, f is continuous at x=1.
x—1-
(d) Only possible discontinuities are at x=1, x=3. Since lim f(x) = —1 and
x—1
lim f{x)= 1, { is discontinuous at x=1. Since lim f(x)= —1 end
x—=1- : x—3
lim f(x)= 1, there is also a discontinuity at x=23.
X e 37
11.C(x) = 0.38 if x< 30
C(x) = 0.59 if 30< x <50 “4
Cix) = 0.76 if 50<x<100
Cix) = 1.14 if 100<x< 200 ' i o= e
C is discontinuous at 0, 30, 50, and 100. —_—
. 0.0+
——
0 30 100 w0 *

12. Discontinuities at x = 0, 0.2, 0.3, 0.4, 0.5 ...

— O
—— 0
5—-—0

ol o1 02 ! T

16



Exercise 1.3

13. From the graph, { is continuous on R.

14. f(x) is continuous at every number if x+c = cx*+1 when

So24c=¢2F+1 »3kxc=1=c=

e

17
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Exercise 1.4

Exercise 1.4

: s ' )~ 25— % — (22— )
1. y=2x— x%, (3,0) (a) (l)m=xl_1.ﬂ33—';":§- = x“—l-n‘.! K-

2x — x° —(0) — x(x—2)

= lim —X = —

= xh—lonz x—2 = xlifl:,? X—2a X |
- -t . 3___ . .22
(i) m = lim l‘(2+h!: f(?)shm 22+-h3—024-h) 22} 4
— : h=0 h
— im AHEh—d—dheh pn =BPo2h i (b2 = -2
h—0 h h—0 h h—0
bBy—-0= —2Ax—2d =2 y= —2x+4 or 2x+y—d4 =10
{c) 3
1
13.m
/u I \ x
n vy} 9w g FOO—A) Lo X (1)
L. ¥Y=Xx7, (1.1)‘(0 (1)m-.-xh_|.nl 1 xll':uI 1
= him STNETEXHD e K txe D= Plel= 3
Xl x—1 x—1
3 3 H z _
D) m = lim TAERI—CA) L Q4 RP—ay L B4 3hi 43Rl
h—0 h h—0 h hes h

= lim (h®°+4+3h+3)=3
h-0 +
MMly—1= 3(x—1) = y=3x—2 or3x—y—2 =0

(c) ¥ }

H.h

a

3. y= 2X*44x—1, (2,15
12 +h)— 1) _

22+ b)2+4(2+ h)—1 —[2_(2)‘ + 4{2)— 1]

mghﬁ_'.no h hu_?'o h
" 22 +8h+2h*+844h—1 -8 -8 +1 . 8h+2h’+4h
e im = lim ————————
h—0 h h—0 h

= lim (124 2h) = 12
nop et

18



Exercise 1.4

doxy=1=y=4%, (=2,-D

1,1 X

o (= . XT3 X o oqim L =Ll = -1
m= lm ey M I T M xS R T X2 3
5. y=+x—2, (62

. _ _ Yy __ "

b i [ -6E) o Ax—2— 62 dx—2— 2
ERTER FE E 090 CToP P S = . SR x—6

e x—6 X—2+2 X—6(x—6{x—2—-2 Xx=6x—6(x—2+2

lim 1 = 1 = <

1
=6 {x—242 N6—2+2 4

6. y= x"+dx—1

f(—3+h)—fH(—3) _ {—3+h)F+4—=3+h)—1—(—4)

{fa) () x=—3, m= hhan T = hli—:no h
- i 2oShHb —D24db+3 g SRR o (-2 = -2
h—0 h h—0 h -
- LY - _— — [ S
Gi) x= —2, m = lim (24— _ . (-2+h +4(—24)—1—(—5)
h-0 h h=0 h
— gjm dzdhih —B4dh44 L BT i =0
h—0 h h—0 h h—=0
i) x—0, m = lim fO+h)—f0) _ . hisdh—1—(=1) _ o h* - ¢h
h—0 h h—0 h h—-0 b

= lim (h+4)=4
h-0

(b)

.~ h

7. WDy=4—x (=2,0

f(—2+h—f(-2 4-(=2:hF -[4-(-2)

lim

(a) m=lim =
h-0 h h-0 h
- tim d=d44n-bToddd o B iy @—h) =4
h—0 h h-0 h h=0

18



Exercias 1 4

(b)) y~0=4(x+2) = y= 4x+8 or 4x—y +8 = 0

(c) %,

(=20

[ 1 \ -

(ii) y = x*—6x+5, (2,—3)
12+ h)—1Q) _

Q+h)*— 62+ h) + 5— [(2)° — 6(2)+- 5]

(a)m= li_l.l'l. o hli:n{) &
2 | 2 .
= tim $FShtR —12-6h4S+3 0 BT—2h i 2= —2
h-0 h h-0 h h-0

) y+3= —2Ax—2) = y= —2x4+1 or 2x4+y~1 = 0

(c) m\ '\ l

(iii) y = 1 —x°, (0,1)

h-0 h h—0 h h—0

B y—~1=0x—0) =» ym1

(c)

,‘F .

e




Exercise 1.4

wy=_L-, 3 -
_ x—1 2 1 1 2—2—h
_ue fGFR)—(®) _ . 3Fh—1 3—-1 _ . 202+h) _ .. -1
® o= lim B T h e R T N
== ol
B y—i=—x—3) > y= —ix+2 orx+4y—5 =10
(c)
—
0
(V)Yﬂ x+3s (6)3)
_ ~ J6+3 J9+r -3
(a) m= lim IM-—: lim 1'6+h+3 J + = lim -——t-—-—
h—0 h h—0 h h-0 h
_ J9+h—3 J9+h+3 . 9+h—9 . 1 1
= lim =— X = lim =T = lim —— — =2
h—0 h {9+k+3 h=0 h{94+h+3n h—0 Js4+h+ 3

(b)) y~ 3= Hx—6) = y= x+2 or x—6y+12 =0

(c) \

A—14h)—2(-1)°

e M= 14R— =1 A—14R A
@) m = lim) ) i B = B h

-

LI 3 2 —

= lim
heO h

(By—-2= —8x+1) s y= —8x— 6 or 8x+y+6 = 0

{c)

0y
i-.2




Exercise 1.4

8, (a) f(x)= 4—x+3x*, (—1,8);

2 __ 2
o= gim 3( PRI AR @)y 3TTB L jim (3h—T) = — 7.
h—0 h h-0 b h—0
S y— 8= ~Nx+1) »y= —Tx+1 or Tx+y—1 = 0.

(b, f(x) = x°—x, (0,0) ;
(0+h’—(0+h)—0 _

= 1 3 _ha-h = i 2_ . —
m-—ﬂlﬂn h h!:t.no T hii'-n(](h 1) -1
Soy~—0= —1l(x—0) = y= —X Or X+y = 0.
o 2x+1 .
(c) gls = g o (2,5) ;
224+ h)+1  24+1 2h+5 5 2h4-5—5h—5
m= lir C+h)—1 <1 = lim -—h—-!i—— = lim h+1
h—> h h-=0 h h—=0 h
i .;3— P S — -— e —— = — —_ E .
= hh-'.nﬂ P 3. Soy-5§ 3(x—2) y 3x+11 or3x+y—11 0
(d) Z(X)"" == g (1’1)5
¥
P ¥ 1—Jl1+h 1—~Ji1+h
1= d1  Ji+n _ 1+h _1+41+h
m=lim - = lHm — = lim — K
h—0 h h—0 h h=0 h 1+J1+h
1-1-h
. Ji+a . —1 1
= lim = = il == = — 3
h~0 h+hyl+h h=0 Jl+h+1+h 2
Soy—1l= —3G—-1)=y= —ix+3 or x+2y—3 = 0.

9 (a)y= X +x+1 s X==8 3

2 ¢ 2 2 2, o 2__ .
m = lim (a4+-h)*+CG +h)4+1—[a +a+1) lim ® +2sh+h°+a+h+1—a*—a—1
h- h h—0 h
.. 2sh+h*+h
,l_"llo B h-?O( +h+1) 2841
(b) Using m = 2a+41. Xm—1, me= —1 Xm—2, m=0
X= 0, m=1 X 2, o 2 Xw= 1, o= 3



Exercise 1.4

3(a + h¥ 4 2(e + h) —[38° + 2e]

10, (a) v == 3x°+2x, x==a ; m= lim
h—0 h
— lim 32 +6ah+3h°42a+42h—3a®—2a . 6ah+3h’+2h
= Hlm - Jim
h—0 h h—0 h

.—=hlim0 (6a+3h+2) = 6a+2

(b) At what point on the parabola is the tangent !l to y = 10x — 27
Il tangent = 6a+2= 10 = a= 3 . So the point is (5, 8).

11. y= ix*, y = 1—1x* . Intersection gives ix’ = 1—1x* = x= +1.

e+ h)* — énz

When x= +1,y=1. For y = ix% x=a; m= lim

h—0 h
la%? 4 ah+ th®— la* ah+ ih?
_ - 2 2 2 . : 2 == 1 1 = .
hlil.n0 o hh-?'o s hlgno (e + 3h) a
¥ 2 _ ig? —lg% 12 1,2
Fory=1—'x* x=a:m= lim dethr—1+3e = lim 1—z —eh+:h —1+3
z - h h—0 h
—ah+th?®
= |lim ———2— = lim (— h)= —a.
h—0 R neo otz

At x= 1. For y = %xz, m= ], Fory= 1__%,‘2' m= -1, So the tangents sre .

Atx= —1. Fory= %x"’, m=—]. Fory= I—gxz. m=1. So the tangents are .



Exarciea 1.8
Exercise 1.5

1. y= f(t) = 30t—4.9t% ¢t in seconds.
2
(a) Average velocity v = 45 — 30t —4.9t" - [30(2)— 4.92)%} _ 30t—4.9t°—40.4 _

t—2 t—2

2
(@) t=3s v 0B)—4.9G° 404 _ oo

3-2 _
i) t=25 5, v = PRSI 404 _ 595/,
z
(i) t= 2.1 5, v = SN _AIED - 404 _ g1 g
2
(V) t = 2.05 5, v = IHZON_AII) — 404 _ 10,155 mss
3—2.01
(b) "1stantaneous velocity when t = 2, v(2) = hﬂmo Qi—_hi):_—ﬂl’_}
I 30(2+h)—4.92+h)*—40.4 . 604 30h—4.9h°—19.6h — 19.6 —40.4
= lim = lim
h~0 h h—0 h

| | .
= lim 104h—49b" _ | (10.4—4.9n) = 10.4 m/s

2. s= f(t)m t?—4t+3. tin sec., s in m.

_ ity Tme 85 Y—4t4+3-1(3"—43)43] _ t*—4t+3
(a) Aversge velocity ¥ X =3 =3 m/s

2
M3gtgs, v= 2RI gy

2 .
(ii) 3€t<4, V = 4;44(_4_;:!‘.3 = 3 m/s

_ (35743543

(iii) 3<t<3.5, ¢ 553 = 2.5 m/s
2
(V) 3gtg3, v B IBNEI 5, oy
(b) Instantaneous velocity when t = 3, v(3) = hlimn iwg———ﬁ}!
- lim GtBF-4B+W+3-0 . 946h+h’—12—4b+3 _ . 2h+h
h~e0 h h—0 h h—-0 b

= hli?o (24+h)= 2 m/s

24



Exercise 1.5

(c), (d)

3. s= f(t) = 2t°+ 4t—5, t in sec., 5 in m.

At time t = &, via) = lim f(a+ h)—f(a)
h-0 h

i 2(a+hY¥+4(a+h)—5—[2a°+ 4a - 5]
= im
h—0 h

" 2h?+ 4ah +4h
= ;| ==
h—0 h

v(l)= 4(1)+4 = 8 m/s, vi2)= 12 m/s, v(3)= 16 m/s.

h’lgno (2h+48+4) = 4a-+4.

4. See Section 1.5, Example 3

. AT T)—TG) _ 53—65 _ _ g */ms
(a) (i 3<t<S5, At = 3 = 5 = —0.6 */min
AT _ T —TA) _ 57-65 _ _ o8 */mi
(ii) 3<t<4, At 3 7 0.8 */min
AT _T3)-—TQA) _ 65—12 _ _ f
(iii) 1<t <3, yX S 7o B 2.75 */min
. AT _ TR —TQ) _ 65-83 _ _ 1.8 /mi
(iv) 2<t<3, At e i 1.8 “/min
(b) At t = 3, %}'-_—. —1 “/min
5. Aversge rate of growth AP _ P(Y)—229 thousand/year

AY  Y-—1984

- AP _ 286229 _
{a) () Y = 1988, AY ~ iogg —1o53 14.3 thousand/year

P — AP __ 270229 _
(i) Y 1987, AY ~ 1987 — 1084 13.7 thousand/year

- AP _ 255229 -
(iii) Y = 1986, XY — 19851584 13.0 thousand/year

: - AP __ 241229 _
(iv) Y = 1985, AV ™ {585 — 1584 12.0 thousand/year



(b) From the graph, the instantaneous

rate of growth ir estimated to be

s“‘é = 11 thousand/year.

2_2
2 4. Ay _ 3..___—§= _1
6. () y= $ 3<x< 4 ; Average rate of change, Ax 3 3 P 2
(b) Instantaneous rate of change when x == 3, hli,m [(_3____1111)______(_3) = hlimo 3—---——-—+g 3
6—2(3+h) 6—6—2h
— him _JBFR L 43R L 2 2
= gm h I e = n 5¥3m ?
3
0 3 4

= AV _x*—4 _ x'_64
7. (a)V-—x,Ax x—4 X—4
(i) When x = 5, &Y o S5—64 _ 61 mm*/mm

"Ax T 5—4

3
) When x = 4.1, §¥ = WL =64 __ 4951 npt/mmy

3
(iif) When x = 4.01, 2¥ — GO —6¢ _ 481501 wm/mm

. 3 3
(b) At x = 4, lip AFB_r4 _ .- @+hP’—4°
. h-0 h h—0 h

h®+4 12h%+ 48h 4 64 — 64

-
h_'.no h
. h?®+12h%*448h ) 2

-] = lim (h*412h - 48 3
hi'-"o h h—?ﬂ + + 48) mm”/mm

26



Exercise 1.5

8. v_moo{1—-6_[—)] D<t< 6D

Instantaneous rate of change of V with respect to t when t = 10 min
t ) 10}=
1000[1—@] —1000[1-Eﬁ

AV _ oy VOI—VAO)

hmo At T t_.nlio t—10 t—-10 t—10
¢ 25000 36000 25000 . 100t , 10t?
oy ool -mt )-S50 _ L The w3t e
t—10 t—10 ' t—10 t—10
10t — 1200t 4 11 000 10(t — 10Xt — 110) )
. 36 . 36 . 10{t— 110
= lim = lim = lim =
t—=10 t—10 t—10 t—10 t-10 36
e lggo = —-%9 L/min. So the water is leaving the tank at a rate of 2—-—3—0 L/min.

9. 5= f(t) = 50t—0.83t7
2
(a) Average velocity from t=1 s, ¥ = f(t::tl.(” 30t —0. tsitl_"g A7 mss

. 2
50(2) —0.832° —49.17 _ 47 51 m/s

(i) I<tg2, V=

3—1
(i) 1<t<1.5, v = 20U 5)“"18532 15)2‘49 A7 47.93 m/s
(i) 1<t<1l, ¥ = 50“-”‘01-‘.313(:-1”2—49-17 — 4826 m/s
(iv) 1<t<1.05, v = 204 '05)_2232(]_'?5)2”49'” = 48.30 m/s
V) 1<t<1.01, v = 20U -9”—‘1’:33(1-‘;”2“9-” — 48.33 m/s
(b} Instantaneous velocity when t=1 5, v = lim fa+h- )

h—0 h
— 1 50(1 4+ h)— 0.83(1 4+ h)*— 49.17 . 50+50h—0.83—-1.66h—0.83h2—49.17
= lim = lim
h—~0 h h—0 h

4
= lim 43-34‘1;“-33*‘ = lim (48.34 —0.83h) = 48.34 m/s
h—0 h—0

{c) Velocity after t seconds,

ft+h)—f(t) _ 50(t + k) — 0.83(t -+ h)* — 50t 4 0.83t*

v(t) = lim tim

h—0 h h-0 h
~ ljm 30t+S0h—0.83t"-1.66ht —0.83n° — 50t 4+ 0.83t° lim 50h—1.66ht—0.83h%
- - m -—

= hlimo (50— 1.66t — 0.83h) = 50— 1.66¢

(d) When the arrow hits the moon, s(t} = 0, so0 50t —0.83t> = 0 = t(50— 0.83)=0

= t==0 or t-—-—a"a-a-= 60.24 s

(¢) v(z%5) = S0—1.66(3) = —50 m/s. So the arrow hits the surface with a velocity

of 50 m/s.
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Exercise 1.6

Exercise 1.6

1 . z 1
L@ =) lim, to— im, 3~ 0
(b) tn, = 4+,,, llnéotn—nl_l_néo(‘%-{-,.) 440 4
{c) ta=n, lim t. does not exist {(d) tn= 3, lim t.= 3
i —o0 T 00

(e) nl-i."éo t~= 0 since both the even terms and odd terms approach C.

) to— 6+ 510, tim 0 = tm_ ) o 6+0=6

&) “l_Lt!g:'° i» does not exist since the odd terms approach | while the even terms

approach 0.

2 @u=R=L g iz21s (b) tn = n,}i] s LIS LR
n-1
(€} to = n2", 2, 8, 24, 64, 160, 384 @ to= =10 g1
1 2
{e) t, =1, t"=l_"+_t,:(“22)’ 1,% H g g,%
Nt = 1,2 1,—1,-2,~1

Ltz= 2 ta=t,;— t,, (023,

. 1 1 . -

3. (a) nll."éo n——2=0 (b) lm S—_I-.—-Osmce S5+n—o as n—oo
- L} e 640~ a1 _ 1 _1
(c) lim [6+n—3]_6+0 6 (d) L o s 17 3-0"3
o ] ,
642

(e) hm g“+9 tim +“=§+—0=2

n— n —oo 3_!2‘ 3-0

{f) lim 5n does not exist
T —e OO

1
. 14+
. n’+1 ) n? i+0 1
(g) nlﬂl‘l’o 2n2__1-nl~l-n<'=o -l -5 =3
2
n
(n+1)? a2+ 2n+1 1+3+3; 14040
(h) lim lim ——=CT° e lim n - - 1

n—o n(n+42) n-eo n°+2n n~oo l+% = 7140

el
(i) The terms are 1, —, 1, — 4, &~ - - Thus nli-'%o (#l]i) =0

&) “!_i.néo [—f-‘]"- 0 since 4"« ag a—oo



Exercise 1.0

1
; n 1i n_ . _0 _
{k) nl}‘m& 71 nl-l»"éo 1+L =0 0
n?
() The terms are 1, —2, 3, —4, 5, —6, ... . nli."éo {—1Y"'n does not exist.
. -n . i - r - 3 2 .
{(m) nllo"éc 57 = nllnc':o & 0 {n) nl}_'m& (n® 4+ n“) does not exist
1,1
— n? ~t+a—2 -
(o) lim M = lim 1 = lim 0+0—2 —2
n— ]-—n+4n n—oo ”I—*"rlu"'l n—oc 0—0+4-1
pe
(p) tim L =0 (@ lim L =0
n—oo ﬁ n-ece
1.
C len® _ oon g 0—1_ 1
(r) nll-'go 1+2n3~_ nl-"gw_l__,f_z_ n‘l—cnelao 0+2 2
3
n
- 2 n___ 5 . : n -
(s) “1_5“_11:(5° [5] =0 (1) nl.f."&; [3] does not exist
4., Iim to= 0.333333333 -+ = g
n-sco
5 t,= '2? s L=2, t,= 1, t;= g, ty=1,t;= g-g tg = ‘?é_t.,—-_— %‘3, te = 4,
tg = %Tz, tlc = %%a‘oq' t20 = 2621.4, t50-+-- 4-5X10u, tlgo = 1-28 Xlozs.

lim 2—: does not exist,
Mn—o0 pn
6. th= "{n, t,=1,1, = 1.414214, ¢, = 1.442250, t, = 1.414214, t; = 1.37§73G,
t; = 1.348006, t, = 1.320469, t, = 1.296840, to = 1.276518, t,, = 1.258925,
tso = 1.081 383, tIOO == 1-047129, tsoo = 1.012507’ t;ooo = 1-006932, tloooo - 1-000 921-
nl-i-"éo ¥n—1.
7. Let . be the number of rabbit pairs in the »'" month. We know that f, = 1, and
since the rabbits don’t begin to reproduce until the second month, f, = 1. In the o™
month, every pair of rabbits that is at least two months of age {(i.e. existed in the
n—2 generation = f, . pairs) will add a pair of offspring to the f, ; pairs of rebbits

that already exist, so fan= {,, 4+ [, . Thus {fs} is the Fibonacci sequence.



Exercisa 1.6

8. {sﬁ. m J 2@. JZJ2 2-5, } can be written 3{2%'. [221%, [2[2%]%]%.

i )G 2Tt o
[2[2[2]]],...}-2.2,2,2,... - tam 27,

L —L
= lim 2 )= 2292

So lim t, = lim 22"' lim 2
N =0 T] =30 1 —e0

g, (a)’tx= 1, to= 2t.-,.-:+1 (n>2), ty = %- iy = ga tq"’lg{sts”': ;‘}- te = .%%
Guess lim t.= }
Il =00
- _ _ L 1 -1
® gl o= Lo i o= Ll te= i, e < L=

2 2L°+1l=1=QL—1L+1)=022L—1m 0, L4l=0 = L= L= —1

L must be positive, so L =},



Exercise 1.7

Exercise 1.7

1. ®1+i+5+5+.. a=lr=1; S= -1 =2

=
b)1—%(+3—2%+ . a=lr=-%; S= x-fl-3=§
3
@i-E£+E-5+.. a=i r=—2%; Since|r[>], series diverges
(@) 3434245+, a=3r=i; S=-3_ 15

() 1—2+4—8+... a=1,r=.—2; Since |r|>1, series diverges

(f) 60+40+ L +124 . a=60,r=%; S=

(h) —343—34+3—34 ... a=3,r=—1; Since |r[>1, series diverges

2. @3 29, a=2,r=3; S=-2,-38

=1 1—3
= 2yn ] 2 Zyn-1 2 z “"g 2
®) 3 (—= T - o= ~fr=—f; S=—2 =1
n=1 n=1 e o
n 1
3. (0.0 = 5+ 55+ o0+ e+ - = ;ﬁ= 5
0
26
(b 0.25 = %+102t)50b+1oo%5000+'--= ll_“—';_ = z_g
1
— AL
(c) 0.41 = 1‘_1.'*"10‘0100'*'109?9004' T liﬁl = ;’%
100
157
LT 57 57 57
(d) 0.157 = 555+ rodoems + raseososea T = oo = 535
1000
- 23
(e) 118 = 11+ B+ 8+ moiasm+ - = 1.1 + ;ﬂ_ = N 25
100
- 456
(f) 2.3456 = 2.3+1;ggn+wo‘“i°m+ A% - 2.3.;_1_!_‘1_00_12: =24 Jee 18U
1000
- J— P 8 &
(8) 0.429113 = 0429+ g + S+ 25+ .. = 0. 429+:°°°°°° -2y U lonn
1000

31



Exerciss 1.7

37 481
(h) 6.81472 = 6.814+100m+m+ .. =6, 814‘*‘:0“?_0;_1 fo5 + s 00 = Femo
i

4. (@ 14 x4+x*+x°+...; a-l, r=x ; Converges if |xj<1 ;S m= l_i—i

(b) 1+3+ 5 +27+... ;a=1, r==3 ; Converges if l§|<1 = Ixj<3;

1 11, (112 1. 1
{c) 1+§+[ir+[i]'+'" i a1, r=2 ; Converges lfl |<1 - IX|>1;

@ 1+x~-4)+(x—4P+(x—4°+...; a=1, r=(x—4) ; Converges if |x—4|<1

1 - _1
1—(x—4} 5—x

[~ [+
(e) 30 2" = 3 2x(2x)"' ; a=2x, r=2x ; Converges if |2x|<1 = Ix|<3 ;

= 3Lx<5;8=

n=1} n=1

_ 2%
S=15%
5. 1—L4. L Foet S L iS,=1, 5,=0.984375, S,=0.985747
* 64 Tig 4096 n® ver 3 O » o2 . y O3 . L]

S,=0.985503, S; = 0.985567, Ss=0.985545, S,==0.985554, S,=0.985550 ;
Series appesrs to converge to 0.98555.

1 1 1 1 . = == , Sy =0.75, S =
6. i X2+ 2X3+ 3X4+ et n_(nTI_)+ s i (2) §,=0.5, S;=0.6667, S;=0.75, S, =0.8,
Se=0.8333, Sg=0.8571, S;=0.875, S;=0.8889, Sy =0.9, S,,=0.908], S,; =0.9167,
Sl2 S 0.9231. S‘g - 0-9286’ 814 - 0-9333, Slﬁ -0-9375

——--—»—1 _l—-.—l-n.-‘
O T T kTR

S S WS S S 1 . T

1
n+41 A
(¢c) The sum of the series is the limit of the n* partial sum S, ;

nljo%o Sn = nl-i.mmll"‘?i"f] =1

-]




Exercise 1.7

1 )
(d) 1—[1-—m]<o.oo1 = 77 <0001 = 1000<n+1 = n>999. So at least 1000

terms would be required.

7. ZA = 6, AC=1; Find total length of all perpendiculars CD+4+DE+EF+FG+ ...

in terms of 4.
CD = sin®, DE = CDsind = sin’g, EF = DESsin0 = sin®8 ; So the total length =

sin@ +sin°@ +s8in°8 + ... ; This is a geometric series with a=gin8, r=sinf. Since

this is a right angied triangle, sinf<1. So the sum is S == lf:& 5 -




Exercisa 1.8 Raview Exorcigs

Exercise 1.8 Review Exercise

1. From the graph (a) lim f(x)=1 (b) lini f(x)= 0
X ot = -1
{c) lim f(x)= -1 (d) hm f(x) does not exist (e} lim T(x)= 3
x—-17* -1 X —-3
(f) lim fix)= 2 @) lim f(x)= 2 (h) lim fizx)= 2
X —4- x___4+ x—4
2. (a) Discontinuous at 1 (b) Continuous at 4 {¢) Discontizuous at 7

3. (a) lim2 (3x*+7x—16) = 3R+ —16 = 22
X —

2x+3 _ 2A—=1)+3 x?—2x—8 _ 2°—22—8

b 1 - _
® M %33~ A=D+2 1 @ tim X=2=8 _ 22D
{(d) lim ___25__._8 = (x—x+2) _ . x+2 _ o

im — =
X—=4 X*—Tx+12 x—4 (x—4)x —3) x4 X—3

x2—25 (x+5)(x~—5) _
(e} hm \I = x--n5 -\I 5 lun X+5 = 41_0

1 1 _ 1

() lim -X=4 o lim lim 1
X8 X°— 64 x4 (x-——d)(x +4x+16) X4 X 2y ax+16 4°+44. +16 48
(g) lim —-——-—-—l2+ ‘I-‘+ 2+t+ {2 = lim ——ott=
t-0 t £ “REit 2 ted f2+t+ 2}
= Jim — _1_ = E
I Brir ) b
2 2
(h) lim (=3FHY=9 _ o B —6R+9-9 . h®—6h _ in (h—6)-= —6
h-0 h h-0 h h-0 h h—0
4. {(a) xli.nh (x+16)3 does not exist
; x2—1  _ (x4 1)Nx—1) ox+1 2
®) :}1-‘.“1 x*—Tx+6 :.!'..1 (x—6)x—1) ,!1 x—5& 5
4 A
m 2FB_ T 4—4—2h _ -2
e e A et 7 ) B N e
(d) lim b4 —16 . 2‘3—- 16 -0
y=2y'+2y’—y*—2y T2 + 2(2) —2)



Exercise 1.3 Keview Exercise

{e) lim+ ‘Js+t3 - ‘J3+(-2)3-o M) lim lx—1l lim %=1 _ lim+1 =

t—-2 x—1¥ ¥l g gx=1
(g) lim lx___—-—ll__= iim =Ge—1) —1 (h) lim lx—1l does not exist
x=1- x—1 x.1- x-—1 x-1 x—1
5. (a) (i) Since f(x)= —1—x for x< —1, iiml f(x) = lim1 (—1—%) = —141 =
K —en]l" X ===
Gi) Hm fX)= lim x* =(—1% =1 (iii) lim_ {(x) does not exist
X —-1 X -1 X~
(b}
f
1+
-1 0 T
6. (a) (i) Since g(x) = x° for x<0, liné_ gx)=0" =0
X —
(ii) Since g(x) = x* for 0<x <1, lim g(x)=0% =0 (iii) lim gx}= 0
x -0t x =0

(iv) Since g(x) = x? for 0<x< ], .liui glx) =1
x—1-

(v) Since g(x) = 14+ 2x~x* for x>1, lim gx)= 2 {wi) lim1 g{x) does not exist

x—1 x=

(b) . {c) g is discontinuous at !

7. The function has a discontinuity at the start of every minute, that is at

t=1,2 3 4, 5.
cy

Sommm— g
3 O——
. VO
2 S
it
[ 1 2 3 4 '




Exerciss 1.8 Review Exercise

8. P(1,—2) lieson vy = x°—3x

3
(a) Q(x,x° — 3x); siope of PQ, m = x—';-_g_%ﬂ
3 2
() x=2, m= 2= 3D+2 _ 4 i) x=1.5, m= U Z3US+2Z _ ) o
71 T3-1
3 -
Gif) x= 1.0, m = TALZHLDEZ _ g 3
2
(iv) x=1.01, m= S ZIAIH2 g o3

3
(b) Slope of tangent at P, m= lim M‘ﬂ} = lim (1+h)"—301+h)+2—0
h -0 h h—0 h

2 3
= pim 1E3RAS AR —3-3h+2 L GharY =0
h—0 h h =0
Cly+2=0=2y = -2
{(d)

m

lmé |

0§ (1. -2

_ "
9. ye= x* (—1,1); m= lim f—1+h—1(-1) _ i (1R -1
h-0 h h—-0 h
. h*—4n’+6h®*—4h+1-—1 . 2 2
= lim - ] h®—4h®’+6h—4) = —4,
h—0 h pim, ¢ +

So{y—1) = —4(x+1) = 4x+y +3 = 0 is the equation of the tangent line.

2

2
() 1<t v 39482 149 u/e

=1
4.9—4.91.1¥7
~— 111~ —10.3 m/s
—_— — 2_ _
(b) v(1) = lim SEtR)—s) _ . 200—4.9(1 + h)’—[200— 4.9]
h-o h h =0 h

(ii1<t<l], V=

2

= 2% h o

2
11. £=10 cm, S=4xr?% lim 23 — jim S(r) - S(10) lim 4xr” — 4x(100)

Ar—0 4r r-19 rt-10 r—+10 r—10

= lim 4x(r + 10)r— 10)
r—=10 r—10

= lim 4x(r+10) = 80x cm®’/cm
r-10

36



Exercise 1.2 Review Exercige

. 1,3
12. @ flim [2-f5+3) = 2-040=2

1
. 142n . 5+2 042 2
() lim =3 = all% 1_°0-37 73
n
- n . . 3" _ . 3I'l .
(c) nl_l_.tlg’o (1.1)" does not exist (d) nll."én 5= nljo%o (5] = 0

13. (@) 6—1+}—%+. ;a=6r=—)=5=_6 _®
143

(b) +3+1+3+...; a=}. r=3, Since Ir|> 1, the series diverges.

. 45
45 — A5 a5 as _ f000_ _ 12 5 45 _
14, 1.245 = I'2+moo 150666 T 16600006 T - — 1'2+1_L =10 +,990—
100

-
w
b1

-
[=]

QO L o)
15. Z x+1) = Z (x4 D{x+1)"", so the sum converges when |x+ 1|<1

n=1 n=I1
- —2 0. a= - oS X+l _ _x+1 1
<X a=x4+1, r=x+1 S I—&xFD X 1 g

1
16. t,= I3 = 3% t,,, = J3t., (n>1). Find m o
3 3 ? 21
Note that t, = {33 = 3% t,= {339 = 3,..., 1, = 37

2 (-1
So lim ty = lim 32" = lim3 2" = 3.
i —o0 I 0 n—-od

37



Exercise 1.9 Chapter 1 Test

Exercise 1.8 Chapter 1 Test

1. (a) lim -\sz'*'s - \122"‘5 -3
K—2

x—1 2—1
; x41 o x+1 — & ) U |
(b) x‘:.ufl —dx—5  xo GFx—5) xl:.I’:I x—35 6
1 1 1
£ -1 L —1 241
(c) lim Ix = lim Ix X‘E

x-1 x—1 x—1 X—17"1 .
x

1
11 1.

T S g T A SR i T A

1

lim ——=—

2. P(2,—1),Q3,—4), y = —~x°4+2x~1
() Slope PQ = ';_4_-*;1 = -3

(b) Slope of tangent at P
fG+h)—1Q) _

. 2 oo g
m= lim lim —(2+h)‘+2(2+h)—-1-—[——(2)+2(2) 1]

2
= lim —h—%h—4+d42h—1+4—4+1 _ . —n®—2n
= lim (—h—2)=—2 |
h-0
@Wy+l= —2Ax—2) =2 y= —2x+3 or 2x+y—3 =10

(d)

AN

0 s

3. (a) (i) Since f{x) = 1—x° for x<0, lim f(x) = lim (1—%%) = {1 —0% = 1
x—0~ X ~0~ .

(ii) Since f(x)= 2x—1 for x>0, lim f(x) = lim [2(0)—1] = —1
x 0 x-0F

(iii) limu f(x) does not exist
3 -



Exercise 1.5 Chapter 1 Test

{b) o+

(¢) £ is discontinuocus at 0

4. s= St2—6t+14
@) 2<t<3, v = SV _ 5312 g9)4+ 14— (5027 - 62)+ 141 = 19 m/s

s2+h)—s(2) _ 52+ h)* — 62+ h) + 14 —[5(2) — 6(2) 4 14]

b) v = L i

(b) v hl—ino & hh__t.no 5

2 2

— iip 0+20h+5h*-12— 6h+414-22 . 14h+45h
h—0 h h—0 h

= lim (144-5h) = 14 m/s
h -0

o1 6n—2)] _ g (L . 6n—2 . 6—% _6—0 _
s qlim, (g + =9 = Jlim, () + Jim, 32=F = o+ lim, S_3 " 2-0
n

6. 12-9+ 284 am12rm -3 "S“i"% ~ 48

FYI7



Review sad Provicw tc Chepter 2
Review and Preview to Chapter 2

EXERCISE 1
1. (a) f{x)=1—18x, x€R

(b) g{x) = x*—x°+ 15x, xER

() h(x) = {x—5, (x| x~5>0}={x| x>5}

(d) Flx)= *{=—x, {x! —x>0} = {x]| x<0}

() Glx) = J1—x%, (x| 1=x220) = {x| ¥*< 1} = {x] Ixi<l} = (x| —1<x<1)
(f) Hx) = dx%—2, {x| X2 =220} = {x| x> 2} = {x | IxI> {2}

= {x1 x242 or x< —2)

®y=3E%, (x13—x20) = (x| x%3)
(h) y = m y (X X¥44x—5=0} = {x| (x+ 5Nx—1)» 0}

= {x| x= —5, x =1}

i)y= 1 , {t] *4+5>0) = teR
4

L]

! st P —5t4+6>0b = {t]| (t—20t—3)>0} = {t] t<2 or t>3}

By = ——o—
.]tz—»5:+6

() f(x)= {x + Jd—x, {x| x>08and 4—x>0}= (x| 0< x4}

h f(x) = 2—44—){ s {X| 4—x>0 and 44-): <2} = {x| x<4 and 4—x<4)
= {x| 0<x<4) -

EXERCISE 2

1. (&) f(x)= 2x—1, g(x) = 4— 3x,

(f og)x) = fg(x)) = f(4—3x) = 24— 3x)—1 = 7 —6x
gof)x) = g(f(x)) = g2x—1)= 4—3(2x—1) = 7 —6x
fo flx)= f(I(x) = fRx—~1)= 22x—1)—1 = 4x —3
g ogix) = glg(x)) = g(4—3x) = 4—3(4—-3x) = 9x —8
(b) f(x) = x*, g(x) = x+1

foghx)= flx+1) = (x+1)* = x*+2x+1

Rof)x)= gx>) = x*+1

(f ofX)x) = f(x*) = (x*) = x*

gogdx) = glx+1)+1=x42



