Mathematics Specialist Units 3 & 4

6. (f) (9V3/2) cis (2n/3), (~9V3/4) + (27/4)i
(g) (1024/27)kcis (0), 1024/27

(h) (1024/27) cis (0), (1024/27)

Answers

Exercise 1.1

1. (a) 2,7/3 (b) 2,—2n/3 (c) 2,-m/6 7. () w=acis(-a), z =bcis (-B)
(d) 2¥2,3m/4 (e) 4,2 0 6, -2

2. (a) V5 cis(1.107) (b) 5cis(2.21) Exercise 1.3
(c) ¢is (0.93) (d) 2cis(n/6)  (e) 4cis (0) L
(f) 3cis (—1/2) STC)

3. (a) 2i (b) (3V2/2) — (3V2/2)i
() —V3+i (d) -3i (&) =1+
(® —(5V3/2) + (5/2)i @

4. (a) 2-3i, V13 cis (-0.98) ®
(b) =1 +4i,V17 cis (1.82) e g Re
(c) 3+ 5i, V34 cis (1.03) RO

5. (a) mlsz,z (b) \/(a2+ 1)2, —a 2. m
(¢) Ya +4),-2/a () (VaVa +1),a 2

Exercise 1.2 o) @, © .

1. (a) 6cis(Tn/12)  (b) 9 cis (=57/6) * @ 0
(¢) 20 cis (-7m/12)  (d) 10 cis (57/6) Ao
(e) 32cis (-3m/4)  (f) 81 cis (—2n/3)

(2) (1/81) cis2n/3)  (h) (1/64) cis(n/2) 3.

2. (a) 2 cis (m/12) (b) 2 cis (-1/12) i

() 2 cis (=51/6) (d) cis (1/2)
(&) cis (2n/3) ) (1/3) cis (~n/2) e
(2) 32 cis (n/2) (h) 80 cis () - %’"‘d) Re

(@) 1 =34, (1/4) — (N3/4)i

(b) (3V2/2) + (3V2/2)i, (N2/6) + (N2/6)i
(¢) —2v2 — 2V2i, (—2/8) — (N2/8)i

(d) (5/2)(—V3 + i), (—V3/10) + (1/10)i
(e) 2,172 ) (1/2)i, 2i

. (a) 8 cis (~n/2), ~8i

(b) 42 cis (3n/4), —4 + 4i

'
-

4. (a) rcis(0-n)
() rzcis (0 —n/2)
(e) r

()(e)

(b) rzcis (-9)
(d) ~ cis (20)
() 2rcos O

() 32 cis (-1/3), 16 — 16V3i (&) (1/r) cis (-0)

(d) 64 cis (m), —64 (i) rcis (n/2 - 0) () r cis (26 — )
(e) (1/64) cis (0), 1/64 2

®) (1/64) cis (r), —1/64 (k) 1/r () 2rsin 6 cis (n/2)

(g) (1/32) cis (51/6), —(V3)/64 + i/64 ' .
(h) (1/16) cis (2n/3), —1/32 + (iV3)/32
5. (a) 4V2cis(—m/4), 4 — 4i
(b) 4 cis (n), -4 o Ny
() 2 cis 2n/3), =1 +V3i _ zq/ ™
(d) 27 cis (n/2), 27i o | 18T e
(&) (172) cis (—n/2), (~1/2)i 2 /
() (4/9) cis (~51/6), (2N3/9) — (2/9)i z
(® ﬁab/9) cis (—n/4); (abV2)/18 — [(abN2)/18}i iz
() |al(5b)| cis 3r/a);
-lal~N2yqolaly +1clalv2)(101 61 )i
6. (a) (2V3/3) cis (n/6), 1 + (N3/3)i
(b) (16/9) cis (~57/6), (—-83/9) — (8/9)i
(c) (8Y3/3) cis (-5m/6), —4 — (i 4N3)/3
(d) (1/16) cis(n), -1/16
(e) (9V372) cis (n/6), (27/4) + (IN3/4)i

(h) (21/r) cis (m/2 — 6)
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Answers

6. Exercise 1.4
,n 1. (8
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8. (d)
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Mathematics Specialist Units 3 & 4

1. (2) L. (m)

)] ()
m im
4/\ 31
4 4 Re -'3 1 Re
4 3
()
m 2. (a) x=5 (b) y2= —3& (c) x+y=5
D @ =3 @x+y=4 Or=4
. e (8) (x—2)2+y =126
x (h) (x—1)2+(y—1)2=4

(® (x—2)2+(y—3)2=4
G) &+ +(p+2) =16

0 k) y=1/2 (1) y=x=2
A (m) y=x () y=(=x/3)—1
3. (a)

im

()
()
Re Im
3 3 8
6
3 .
(1) ?
m <— — Re
. / 2 Zl 2
~ ©

oA
N
—>3
oy
F
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Answers

4. (a) 6. (a)

(4.5)

4 L 4
| (b)
(b) m
Im 4
A
84
) ke
gradient = 2/3
41 4.5)
4
J it L > Re
4
v ©
jm
() 5
Im
gh
(45) 3 5 Fe
N
44
5
t t Re
4 d @
(2-1) "
7
5. (a)
I
v .
7 7
(-2,2) T
. B
} > Re
4 \ 4
4T (3-4) (e
Im
8y 4
)
Im
+ +—> Re
4t 4 3 4
(.3,4>\
4
t > Re
4 4
\ ®
41 (2-2) Im
44
(©
Im . T , N
34 Ui 4 4
(-2,2)
} > Re
4
v
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7. (a) 7. (h)

(b) 8. (a)

(c) (b)

(d) (©

(e) (d)

6y (e) i

© 0
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Answers

2 2
9. (@ x +y =lory=0
im

2 2
(d) (x-1) +(y+1) =2 except the point (2,0)

im
34

¢+t Re
-3 3
X

-3y

(e) 5x—2y+6=0

4

Re

2 2
) x +(y-12) =1/4

Im

D

(& »=0

9. (h) x=0

44

2 2
() (x+4/3) + @+ 1/3) =@2V2/3)

im
14

(]

(-413,-1/3)

2y

2y

2 2
() (x+5/4) +(y—19/8) =117/64

im
54

(-5/4,19/8)

P> Re

&
<
5

v

10. (a) min V2 — 1, max V2 +1
(b) min —n/2 rad, max 0 rad
11. (@) 0<|z| <10
(b) —0.64 < arg(z) <2.50 rad
12. (a) 0< |z| <2
(b) 0<arg(z) < /4
13. (a) min 1, max 2 +\2
(b) min —1.25 rad, max w/4 rad
14. a) |z-5|=z-5i
®) lz-(+9] <1
(c) —n/4 < arg(z) < w4
(@ lz-2] <3and |z-6] <3
() lz—(3+20)| + 12— (7420 = [(7+2i) - (-3+2i) |
() |z-@+2i)| <8and w4 < arg(z) < /2

Exercise 2.1
1. (a) cis (n/3), cis (w), cis (—n/3)
(b) 2 cis (w/3), 2 cis (m), 2 cis (—-n/3)
(c) V2 cis (n/4), N2 cis (3n/4), N2 cis (=37/4),
N2 cis (—m/4)
(d) cis (0), cis 27/5), cis (40/5), cis (—4n/5)
cis (—27/5)
(e) 2 cis (0), 2 cis (27/5), 2 cis (41/5),
2 cis(—4m/5), 2 cis (-271/5)
(f) 2 cis (0), 2 cis (n/3), 2 cis (27/3), 2 cis (7),
2 cis (-27/3), 2 cis (—1/3)
2. (a) 0.9239 +0.3827i, —0.9239 — 0.3827i,
—0.3827 +0.9239i, 0.3827 — 0.9239i
(b) £0.9511 — 0.3090:, £0.5878 + 0.8090i, —i
(c) 1.0696 +0.2127i, -1.0696 — 0.2127i
~0.2127 +1.06961, 0.2127 — 1.0696
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Mathematics Specialist Units 3 & 4

. (d) 1.1236 +0.23887, 0.1201 + 1.14244,

~1.0494 + 0.4672i, —0.7686 — 0.8536i
0.5743 — 0.9948i

(e) 1.0548 — 0.38394, 0.8599 +0.7215i,
—0.1949 + 1.10544, ~1.0548 + 0.3839;,
—0.8599 — 0.72154, 0.1949 — 1.1054i

() -1.5,0.75 + 1.2990i

+1, (£0.5 + 0.8660i)

2
5. W= (—1/75) +(\32)i, w =(=1/2) — (V3/2)i,

w =1,z =1

3 cis (), 3 ciss(37t/5), 3 c¢is (-37/5), 3 cis (7/5),
3cis (—-n/5);z = =243

2 cis (m/3), 2 cis (27t/3),62 cis (m), 2 cis (—27/3),
2 cis (-1/3), 2 cis (0); z =64

V2 cis (-m/4), N2 cis (0), N2 cis (1/4),

N2 cis (/2), N2 cis 3n/4), N2 cgis (m),

V2 cis (-n/2), N2 cis (-3n/4);z =16

9. n=25; cis (xn/5), cis (£37/5), cis ()
10. (a) —1/2 + (N3/2)i, 1

(b) +i, +2i, +1
(¢) =172 £ (N3/2)i, +(N3)/2 = (1/2)i, i
(d) +(V3/2) + (112)i, +N3 — i, =i, 2i

Exercise 2.2
3. sin (n/6) repeated, sin (371/2)
4. cos (n/9), cos (5né9), cos (71r/%?

5. cos (66) =32 cos (B) — 48 cosz(e)

+ 18 cos () -1
(a) cos (n/12), cos (n/4), cos (57/12),
cos (71/12), cos (31/4), cozs (117/12)
2 2

(b) cos (1/12), cos (Srt/4), cos (525/12)

6. (a) cos(56) =16 cos (8) — 20cos (0) + 5cos(0)

(b) a=16,b=-4,c=-4,d=1
(c) cos (2n/5) repeated, cos (4n/5) repeated

Exercise 2.3

1.

. () cis(n/6)

(@) 4

@ 2¢° (b) Se 74
(©) 3¢ %6 @) 2e %
(@ ¢ (b) &% © 2%

(©) 243¢ 75
(b) cis(-57/6)
@) (1/¢’) cis(n/3)

() 242 %

(c) e cis(-m/4)

. (@) (-172) +i(\N3)2

(b) (—V2)/2) + i(N2)2
(c) 1/(2e) - i(N3)/(2e)

2

(d) (= N3)2 + i(e)2
(b) 22 e

(© JZe % (d) 207

® 207

) 22 7
®) 1267
@ J2H

(f) \/geﬂnlz

(b) 242 cis(%"

5

(@ YFeis-5)
® 242 cis(5—6T£)

®) x=h2,y=n
(d) x=0,y=n/2

5. (e) 2
@ 2J2e 7"

6. (a) 125
© Lo

3 i71'r12
e 1’—6

7. (a) %cis (%)

V2

(©) 5cis(-g)

(e) 242 cis(—%")
12. (a) x=0,y=mx

() x=mn2,y=0

(&) x=In2,y=nl/4
13. (a) a=0,b==

() a=ln3,b=n=n
14. a=lnk2,y=n
15. Max Re(z) =2, Min Im(z) =-2

y

16. Min Re(z) =—1/e, Max Im(z) = 1/e

y

N
%

®) a=n2,b=xn

1% X

dah

Exercise 3.1

1. a=6,b=-4 2. k=-1
3.a=2,b=0,c=5 4. a=-3,b=0,c=7
5. () (x+ l)§x+2)()2c+3)(x+4)

®) (x+1) x+2)

(© (x—1) x=2)x+3)
(@) G+ D= 2)(2x - D@x+1)

(& (= D2x+ i +1)
O G-DE-2)x +4)
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Answers

3 2
6. (x +3)x—2)x—-D(x+1) 1. (¢) —2x +4x-7/2,17/2; -2x+4, —9x+9
3 2
7. (@ y (d) 6x +7x +16:+27, 64
150 6x —5x+26, -25x+114
2
100 3x—4, 3x +5x+2
y Intercept
(0,28) 2. p=1,9=3 3. p=12/5,q=-24/5
4. p=-549=7 5.p=3,9=5
— . oy Ly 6. a=1,b=- 7. a=-35b=-23
10 \.’s EANE 10 8. a=1,b=-2
[x.mm,msoi xIntercept 9. p=9,qg=-2,r=-11
(-7.0) (2,0) 10. p=-8,g=3,r=9
(b) 11. a=3,b=4
x intercept x Intercept 12. a=6,b=——7
(5.0 y (1.0) 13. (b) a=-3,b==2  (c) 5(2x+3)
\/ i / 14. a=2,b=1,c=3; 103

* / \\ : ) Exercise 3.3

x Intercept 1. (a) (Z-i)(Z+i)(Z+2)
\ 2.0 (b) (z - 2i)(z + 2i)(z +2)
| (©) Qz+DQRz—i)z—-1)
(orazy d E-(0-)-(1+))z+4)
S0t 2. a=—4,b=16; (z—4i)(z + 4i)z - 4)
(©) 3. a=-2,b=4; (z=1-i)z—1+i)(z+2)
4. a=6,b=—15;1+2i,+\3
Inercept T o 5.a=16,b=4;-2+i,+i/2
(-1,0) | 6. a=9,b=2;~1+\2i,+i3
\ 7. (@) £1,+i\2 () -1,2,-1%i
NN/ () -1,3,1+N2  (d) £2i,2+i

s /V \ 8. (a) 1,%(V2)2 £ i(N2)12
T x Intercept (b) 1, + (\12)/2 + t(\/2)/2

X intercept

m (2,0) (¢) £1,% 172+ i(N3)2
?'°) w0t it () £ 1,% 172 % i(V3)/2
9. a=6,b=0,c=1 10. a=4,b=4,c=4
y
S P Exercise 4.1
1 1. (a) Not an onto function.
1 (b) Not an onto function.
| (¢) Not an onto function.
} —a > x (d) Is an onto function.
5 \ 5 2. (a) Many to one function.
(b) Many to one function.
’(‘l';‘f:;"“ Pl il (c) One to one function.
501 ’ 3. (a) One to one function.
8. (a) -1,2 b -1,1 (b) Many to one function.
() -1,0,1,1/3,2 (d) -1,-1/3,1/2,0, 1 (c) One to one function.
(e) £2,1+2 ® -1,2 (d) Many to one function.
9. —1,2/3,12 (e) One to one function.
@ —1/2,153,1/4  (b) £N(2/3), +V(1/2) () Many to one function.
©) —2/3,-1/2,1 @) -1,312,2 (g) One to one functlop.
10. =3,-1/2,2 (h) Many to one func'glon.
@) -2,1/2,3 (b) = 2 (1) Many to one function.

(j) Many to one function.
4. (a) (—oo,3/2] or [3/2, )
(b) (-0, -2] or [-2, )

) -2,-1/3,12  (d) =1/2,1/3,2

Exercise 3.2

2 (C) (_007 —1) or (_1: w)
1. (a) (x —2x+8),-23 ; x, 8&x—7 (d R
2
(b) 3x /2 — 7x/4 =39/8, 57/8; 3x—2, —16x+16 (e) (-0,2] or [2, 0)

(f) (-0, 5/2] or [5/2, )
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4. (g) [-7,-2]or [-2, 3]
(i) [-2, 0} or [0, 2]
5. (a) [-n/4, /4]
(c) [-3n/4, n/4]
(€ [-m 0) v (0, n]

® [n2—tan (4/3), 12 —tan_ (4/3)]

(h) [-2,2] or[2, 6]
() (-0, 0] or [2, )
(b) [0, 27]
(d) [0, n/2]

Exercise 4.2

1. (a) Yes (b) No
(c) Yes (d) No
2. (a) Yes (b) Yes
(c) Yes (d) Yes
3. (a) Yes (b) No
(c) Yes (d) No
4. (a) Yes (b) No
(c) Yzes (d) No )
5. (a) x (b) (x2— 3) 2+ 3
(c) x—26 (d) x +3) 2+ 3
6. (a) l/x (b) l/gx+ 1% -1
©) (x+D/(x+2) dx -1 -1
7. (@) &7 (b) 1+26°
© € (c) 3+4x
8. (a) 1+x () 1/2-x)
() (x-1)x (d) x/2x+1)

9. (a) Domain for f/: R, Range for f/: R
Domain for g: R — {0}
Range forg: R - {0}
(d) R {5}
(c) 1/(5-x); R — {5}, R - {0}.
10. (a) Domain for f: R, Range for f: [-5, ©)
Domain for g: [-1, o)
Range for g : [0, )
(®) [-1, )
(C) x—4 [—'1: OO), [_59 oo)
11. (1, ); x, (1, ), (1, o)

12. (=00, 1] U1, 00); 1+ |x], (~o0, —1] U1, o),

(2, )
13. (a) In(1 +sinx); Not a function.
(b) sin (Inx)+1; Is a function. R, [0, 2]

25-x . +
14. (a) 5 ; Is a function. (-0, 25], R
X
(b) 25 -5 ; Not a function.

15. glx)=x+5 16. gx)=1/(x-2)
17. gx)=-1/[2x+1)] 18 f(x)=5-x 5
19. fx)=2x-3 20. gx)=(x-3) +1

21 gx)=(x-1D/3x-1)

Exercise 4.3

1. (a) Yes; domain R, range R
(b) NO, [_19 OO) or (_007 _1]5

domain R“(; , range [—1, o) or (-, —1]

. (¢) No, [-1, ®) or (-, —1];

domain (-0, 1], range [-1, ) or (—o0, —1]
(d) Yes; domain [0, ) range [1, )

. (a) Yes (b) No
(¢) No (d) Yes
(e) Yes (f) Yes
(g2) Yes (h) Yes
(i) No (j) No
. (@) x=3)2 (b) —(4 +x)/5
(c) 4+x (d) 21/4_5\1(1 -x)

(e) (-5 £x)2 ) x

© [h@-112 () -2

6) (x2~ 1/x g —x%/(x2+ 1)
* x -1 (M (1+x Yx

. (@) x2—-4orx<-4,

-1
f (x)=—4+x, domain x > 0,

rangey > —4;
-1
f (x)=—-4—x, domain x> 0,
rangey < —4
(b) x=2o0rx<2;
-1
f (®=2+(x-1),domainx> 1,
rangey > 2
-1
f ()=2-(x~-1), domainx> 1,
range y < 2
(¢) x20orx<0;
-1
f )= \/(x + 1), domain x > —1,
range y >0
-1
S x)= —\/(x + 1), domainx = —1,
range y <0
(d) x=2-lorx<-1;
-1
f @®=-1+(x-1), domainx> 1,

range y > -1
-1
f @=-1-V(x-1),domainx > 1,

range y < —1
(&) x>200rx<0;
-1
f (x)=7[(1/x) - 1], domain 0 <x < 1,
rangey = 0
-1
f (x)=-1N[(1/x) = 1], domain 0 <x < 1,
range y <0
) x>lorx<l;
-1
f (x)=1+(1/x), domain x>0,
range y > |
-1
f (x)=1-(1/x), domain x > 0,
range y <1
(g) —n/2<x<7/2;
f_ = sin x, domain -1 <x< 1,
range ~/2 <y < /2
(h) 0<x<w2;
-1 -1
f (x)=(cos x)/2,domain-1<x<1,
range 0 <y <m/2
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Answers

4. (1) m<x<m 1. (d) ,
-1 -1
f (x)=tan x,domain R, 4 Ve
range —t<y<m 1 e
x w+
5. (@) V(1 -e); (-0, 0], [0, 1) i
—_ e
® V7 (o0, 11,1, ) . Ay
2 2 Panim LI T
(¢) In(1-x);1=(inx) s /ﬂw*
6. (a) (x—1)/2;4 - 1/x; (32 ~ 1/x)/2 - /
2 9T {
7. (@) x —L; 1Ux-1;1/x =1)-1 / i
v
8. (a) Domain of f: ]RJ(;. Domain of g : Rg. 2. (a) ,
(b) Domain of f: ]RJ(;. Domain of g : ]RS. 104 P
9. (a) Domain of f: (-, I]. V4
. + | ’/'/_.-/
Domainofg: Rg. ///
(b) Domain of f: (-, 1]. t b x
-10 7 10
Domain of g : ]Rg. /,4/
10. Domain of f: (~1, ). Domain of g : (0, ). ?/
. 104
Exercise 5.1 (b) g
1. (a) y y
ol /o - 10&\
ye \
/S
/// ¥
v
PR M
/
// -10
b
®) y ()
104 o d y . P
/ e S
e s
S . Iy
_/ ard I e
¥ - - x Ny
10 ) / // 10 : 1 / e
. ST -20 10 ”///’I 10 20
Ve 4 / T e
© , ol et
) e v
104 ? e (d)
SR e y
{ S 1 ? ’//'
- ANV
\\““*~—-—> [ ,'! //
7 e ! t
10 ) // \\.‘ 10 g ‘_/i/
r 1
P } - ———t> x
/ | 10 A ®
,// ya //
d -10 /'/. {
’ s |
" ;
/./ 104 i
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x x > x
~,
it a ks s . / 1a / T8
Ad i . =3
\ e - A / lvﬂ ™, llvM
" g N,
4 - - \..\« / ./.. .u .f
» X S - "
Pt e .\\.J d N
T T N> >
>\ : P ———— >} T { ~ } > ot ™ ‘ AR §
R 2 2 o 2 N . 2 2 / 2
S SR ~ ]
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o ~~ ~~ —_ ~~~
< < Z 5 2
< n
x % % x %
“ - \ o
/ .\.\\\. L / 2
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N e By
Ld _— / J S
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o et 1 S et { N > ot N (\\ L 1 T A "
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Answers

5. () 5. (h)
y 14
wl fy= f(f)// T /'/
_ y y = flx) J
JVAMA e r
" — /
+ 17 b x ; At
| 0 o o
rd -
V4 S/ v ={f 00
/ 10+ ' 4 wT
’ 0]
(d) y y
1+ /’/
y=fw e
L
v x
$ x"\ A > X
10 // y = f”
/
/
//
/ 0 G
(e)
X
6. (a)
y
® . Nt
y = fl "\
10+ // \\
//' N,
| AN
'y =0 l ' ,
P4 1'0 ' 10 )
RIS V20 Nu— "
= * . N
19 ol e
p {, , fx)
| b
p 4} (b) ,
(®
y
10 4] //
y = fix) / //
//
L \\' > x
.1’0 \-‘ 1‘0
it
y = fn
/ 2t
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6. (c) , 6. (h)
10 -+~
, oL
y = fix ™
T —> X B = x
-10 10 -10 N 10
i
{
1
104 10+ i
(d) , Q)
/
T/
/'y = fix)
.«4‘/’
} > x x
-5 y = 1 s
fx)
.5 - .
© 0 ,
y
1
104
] 1 y\"' f(x) ,
y = \ /
- flx) J JA AN k
y = flx) )
----------- \\J ¥ \ + LJ\' + > X
U X -6 5 ) 6
10 {( 10 \/ \
| JL
| Y1 ) ol
104
® Exercise .5.2
‘ o L. (a) (i)
S
y = flx) I
a\ |
t J IL* > x
10 r 10 x
VoL
'Il\ " y= i
\f fix)
.10 4+
(g y (ii)
4|
[y =10
H
™ |
\ |
UL
NN S
.X \‘ ,/ &
; N
{ a e
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Answers

1. (b) (i)

() ()

(ii)

N
(ii)
y
—
.
y
1y X
\
/ \
/ |
{ A
/ \
i !
y
AVA x
!
/
i
!
i

@ ®

1. (d) (ii)

-

® O
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Mathematics Specialist

Units 3 & 4

2. 0 | fwl= {

—-2x+5) x<-25

2x+5 x=>-25
y
10-/
10 // 1‘() X
/et
(ii)f(|x|)= 2x+5 x<0
2x+5 x20
y
t / > x
-10 // 10
/// -10 4
® O lrwl=1 > *<?
-(B3-x) x23
y
104+
1L\/
t — . SCG——+—> X
10 \ 10
AN
o
-10
(11)f(|x’)= 3+x x<0
3-x x20

2. (¢) ()
D=3 x<-3,x>3
17wl = {_(x+3)(x—3) —3<x<3
y
T
i) £(lx)= (x +3)0x = 3)
101:‘
-;o ) 13 ¥
(d )

lf(x)|={ )

X2 —3x—4

—x" +3x+4
y

10 +

x<-Lx>4

-1<x<4

210 4+

X2 +3x-4 x<0

(ii)f(|xl)={ 5

x"-3x4+4 x20

y
a
110+

: s
-10 iy

X
10

© O.T.Lee
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Answers

2@ | fwl={7% *<?
. (e 1 X =
2" -4 x>2
y
10 4+
—
‘lr 7 } X
-10 L/ 10
-+ ——//
-10 -1
iy flhy= 2, 74 * <O
11 X =
2 -4 x>0
y
10 1

+—t—t—F> X
/ 10

-10 4

—“In(x+2) x<-1

® @O lrwl= m(+2) x>l
y
o +
4 + L‘/;/-—"x
;0 /4. ' 1l0
40+
(i f(| | _ In(-x+2) x<0
R *1) In(x+2) x20
y
"

2. (® @)
If()l —sinx (2r-Drn<x<2nn
0l =
sinx 2un<x<(2n+)n
y
»1
A N N
\ / 5,
AN \\./’
-2 —I—
.. _fsin(=x) x<0
@ f(lx) {sin(x) x20

2

N

y

M O @l =

—COSXx

COS x

2

~ |
—+ .\,

5 \ /
\/ /|

# = x
\5/

(4n+D)m < (4n+3)n

2 2
(4n-Dxn <x< (4n+)m
2 2

y

-

X

LAY 7 \ }
5 \\‘ / \ // 5
\\‘\/ 4 ‘\\,//
24
(@) £ ! | ) cos(-x) x<0
i x|)=
cos(x) x20

2

\

4

/N /

-5

VA
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Mathematics Specialist Units 3 & 4

Va-x -2 0
2. () O /@] :{2_\74‘_; izo
y

10

m%é—'—hlﬂx

—~

-10 Ay 10
-10 4~
) @) f(lx]y=Vrx -2 x<0
11 X =
V4-x-2 x>0
y
10 -+
;' ----- e > x
-10 10
.10
_ —-In2
e 2 x<lTn
O 6 lrel=1 I
2—e x> —
2
S
+ X + '
10 107
.10 <
. ¥ -2 x<0
i) f(lx=1 ",
e -2 x=20
y
‘..L.
]
i
—}- } v — 1t x
1o . A0,
-10__

2.0 @ |/l = {

10+

-1/(x-2) x<2

x>2

-10 <

G @ f(lxhy=

I/(=x-2) x<2
1/ (x=2) x>2

DRORFAE) ={

-1/ 2+x)+2) x<-5/2
1/2+x)+2 x>-5/2

= +— > X
-10 } 10
.}Q-J
11 X )=
2+1/(2+x) x>0
y
‘O—F
|\.
YI .—_\1 }
T T X
10 10
;10-
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Answers

3. (@) ()
(i1)
y
N
(®) ()
y
é
(ii)
y
[ J
[ ]
(c) (i)
y
\\//

1. (o) Gi)
y
(d @
y
/\\/1 l“""l
|
(i)
y
4. (a) (i)
y
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Mathematics Specialist Units 3 & 4

4. (b) @O , 4. (d) (i)
> ; .
(ii)
y Exercise 5.3
1. (2)
y
\ / o Horizontal Asymptote
™ '
) x Ex
L R + X
5 7 5
(C) (1)  Intarcept 5+ R )\‘Ie:‘i;alAsymptote
y (0,-1)
(b)
* y
104
X ES
_-// 4
« | x Intercept
y Intercept 54 (2,0) Vertical Asymptote
{0,-1) i \ o
e /
(ii) \ s
y 4..-5..._—-—---~"/ 5
/ 51
Horizontal Asymptote +
. y=-2
\ o]
— ©
[ y Intercept
. 1 (0,2)
(d) (1) y Vertical Asymgptote __
x=-3 T X Intercept
e 1 {3,0)
PR N .\‘/L L X
T t T Te—
5 1 S
X 1 \
\ st
\ r Horizontal Asymptote
\ I
\ +
\ 10+
4
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Answers

1. (d) 1. (h)
y
b
10 wr
N Vertical Asymptote
Hmzzoml Asymptote x=-3 Horizontal Asymptote
L y= y=0
5-—
5 / \
i n 1 + 4 4
T '\ T +—> X
i .’F‘g 5
! X Sy Intercept
-5 \ 5 {0,-1)
/ X Intercept x Intercept K3 : L.
[ (4,0) ’,'_3"0 Varti;all\syrmwte
Vertical Asymptote \ 2 x=
x=-2 1 104
T ¥ Intercept L
fo.=4) 2. (@ @) y=x+2)/(x-2)
ii
© (if) |
y 04
10 +
Vertical Asymptote 1 Vertical Asymptote (-2,0)
X = =2 b x=2 \ s+
\\ 54 e ——— N
] + : £ v X
10 -5 \ 10
\‘.
s3I
— x {0,-1) i
3 3 ‘1
5 AN wd i
i y intercept ¥
54 x Intercept (ii1)
1 (0,0)
Horizontal Asymptote + T3
= pUL, %
y=0 4 '
T i
-0t (=2.0) |
() T
y \\h-‘_,
Point Discontinuity | P —c—— : %
3 T -10 s 10
5.3 1
¥ Intercept Horizontal Asymptote
0,3y 57 . o/
e =" ——t x (®) @) y=(x-2)/(x+2)
& ] (i1)
- H4
1
1 10+
Vertical Asymptote > |
x=3
54 (2,0)
-10+4 /
) ! 5 X
(g) 10 K s 10
/
. N {
Point D;scontmulty ‘}s-- {0.-1)
[ —2,;] Vertical Asymptote f
x=3 fol
4
(iii)
T Yy
] " \
+ ! 10+
o+ i
e rreserven. SUIVZ4 S ot X i
5 1 / fis1 1o
J tnercept _ «w,,/ e,
(0,1) st > : i
. 10 5 s 10
Horizontal Asymptote
r=0 ] BE 0.0
10 f
104+
v
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2. () () y=(1 - 2x)/(x+ 1)

(ii)
y
{0,1}
s NSTERRAF Y
“"'—_‘”"'“~—-.
=
VET 1
11 (30
b
A {
(iii)
y

1
4

i (0,1)

M
x

4. (c)

——— \\\ _ \
\ 1
()
'l 1
3. (a) a=2,b=0,c=1
(b) y '
IS“ {~1,0) ‘ E {a,0)
\\x X//
=s JSL\“'-‘;O’X
= ‘\\'\ ,\"\
,',’ /,< -2 >'/ l1.
s SZE Y
i { v "
ST W 6 a=k,b=—k,c=—2k,d=4k k is a real no.
(©) y 7.a=2,b=-1,c 3,d=
nY 8. a=-Lb=1l,c=1,d=
i J ora=1,b=—1,c—1,d
'1 j 9.a=l,b=—1,c=1,d=2,e 3,f——3
VAR (ab=1and ad=-2)
il / o 10. (a) intercepts (0, 0)
s Y T asymptotes x = —2,x=2,y=1
I" I " (b) a=-8
| , ( 2»;] (¢) max point (0, 0)
m @ y
4 @) a=2,b=-5c=1,d=2 U
®) y i QW
b \ ; ‘X
10 5 s 1
t = x :’?z‘km Vertical Asymgrote
5T \\ -'\ s 10 B
1 5 4 A
} (2'°] 11. (2) intercepts (0, 0); asymptotes y = 0
| (b) a=1,6=1
st}
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Answers

11. (c) min point (—1,~ 1/2), max point (1, 1/2) 15. ,
(d) Y ;
y
T Local Maximum Vestical Asymptote Hocizontal Asymptote
Ho-mml Asymplote 1 x=-3 yao

y=0 / 1.-2’ \

N e

+ t t = x
S s 10 ~
Vertical Asymptote
Local Minimum x=3
[ '1'121'] 16 ’ ‘
»] ) y
12. (a) no intercepts; asymptotes x =0, ST e
oblique asymptote y = 2x Loca) Masin
(b) a=2,b=-800
(c) min point (20, 80), max point (—20, —80) X Intercept / xlntercept
(d) .0 AN (1,0)
t t + > x

/ Rorizontal Asymptote
1001 y=-1

T + 1 —x *T
-100 -50 50 100 17.
y
toaimn TR 1\ ottt s
ax=0 yel
13. (a) 10 intercepts -5 ; x
asymptotesx=0,x=-3,y=1 ~
() a=1,b=-30ra=-3,b=1 ” ag e
(c) min point (3, 2/3), max point (-1, —-2) Vertical Asymptote /
(d) x=1 Local Maximum
yk jo—atx = g
Vertical Asymptote 1 -104 ﬁ
x=-8 Hortzonta! Asymptote
y=1
/ Exercise 5.4
) . oy 1. (@) G) y=x-2/(x-1)
: t ¢ — x
-10 -5 \5 10 (111) y
Local Minkmum
Local Maximum | [3_:.) 10,2) 04

{-1,-2}

—— \
Vertical Asymptota
EXS x=0 (-1,0)
14, \

N/

y
4 3 + t
5T -10 5
¥ Intercept
Local Maximum Horlzontat Asymptote
(0,0} y=1 [ 54
- N h Oblique Asymptote
t $ + + X y=x 4
-10 -5 5 10
Vertical Asymptote
x= =2 Vertical Asymptote
x=2
54
4 L
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1. (b) () y=—x+1+4/(x+2)
(iii)

(=3,0)

O

u +
-10 5

. 54
Vertical Asymptote \
x =2

() () y=x+1-
(iii)

y=—-x+1

6/(x +2)

y Oblique Asymptote
104 y=x+1 2

— 2 )
} . % / +—+— = x
10 B s 10
—_—
/ (0,-2)
Asympm
x==2
@ @) y=x-3-2/(x-2)
(iif)
y
10 T oOblique Asymptote
y=x-3
(4,0)
- t—r x
5 10
Vertical Asymptote
x=2
2. (a) () y=x+1/x
(iv)
y
3
pLE 3
Local Mintmum
t4,2) 1 Oblique Asymptate
iqu
\ o q 31
y=x
t + + 4> x
-10 -5 5 10
i.oul Maximum
(-1,-2} S —
Verticat Asymptote
x=0

2. () () y=—x—1-1/x

(iv)

} Min
Oblique Asymptote t:‘ 1} -
y= ~x=1 /
t . \ - x
10 5 h 5 0
/ Local Maximum
-5 (1,-3)
Vertical Asymptote 4
x=0 1
y

© () y=x+2+1/(x-2)
(iv)
b
Locat Minirum 0
(3,6}
\\
Pt e \i:/ \Sg'fiezAsvmmote
i s X
s 10
\ V
Vartical Asymptote
x=2
104
L
. 2
(d (@) y=x+x/(x - 1)
(iv)
ymptote 10 e | Mink
Vartical Asy T lf:ca inlmum
x == \ [-E.%)
T\
Oblique Asymptote
y=x b= /
: Y ¥ fr X
-5 / \ 5
m Point of Horizontal Inflection
ST (0,0
Local Maximum ]
[_"E‘-a’zé) \ Vertical Asymptote
o1 4 x=1
3. (@ y=x-4
(b) b=_4,C=—1’d=4’n=_4
(©
y
(—1 ’ 0 )
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Answers

Exercise 6.1

1. (2)

(b)

. (a) <10,3,2> (b) <4,-15/2,11>
. (a) £3V43 (b) 10+ 10V3
<8,-8,8>
. (a) ((N83)/83)<5,-3,7>
(b) —10((V83)/83)<5,-3,7>

6. (a) V(17/10)<-1,0,-3>

() (V3217 <0,-1,-4>
7. (@) (V59)M30) <2, -5, -1 >

(b) (<10N17)<-1,0,4 >
8. (a) (5N6)<-1,1,2>

(b) (-10N6)<-1,1,2>
9. =(1\3)<1,-2,1>

10. +2V6 11. Oor 1

12. () a=1,p=-1 b)) a=1,p=1
14, a=-p12

15. a=2,=4 or a=3,B=5

16. Sa.+4p =45

17. () (1/3)<-3,1,10>
(b) (1/5)<-8,24,52>
18. <-32,-14, 65>
19. (1/2)<26,-10,-5>
20. (a) 90° (b) 353° (c) 85.3° (d) 52.8°
21. (a) perpendicular (b) Neither
(c) Parallel, opposite direction
(d) Parallel, same direction
22. (a) (5/V13) <0, 3,2 > or equivalent.
(b) (100/2) <1, 0, 1 > or equivalent.
(¢) (10N5)<2,0,1> or equivalent.
(d) (20/3)<2,2, 1> orequivalent.
23. a=b=15 24. a=-9/8,b=4

25.
27.
28.

29.
30.
31.
32.

33.
35.

a=(2)12, b=+ (N2)12

(@) (1/3)<2,2,-1> (b) <1,1,1>
(a) (-5/9)<2,-1,-2>

(b) -<0,1,2>

(1/16) <5, 18, =73 >
(1/9)<-2, 16,28 >

(a) <1,-1,1>,<0,0,0>

(b) <1,-1,1>,<0,0,0>

(@) <2,1,3>,<3,-9,1>

(b) <3,-9,1><2,1,3>
N(38/51) 34. (V5)/6
(\2)12

Exercise 6.2

3.
4.
6.

7.
10.
11.
13.

(a) <5,4,-7>
(3)y31<1,-1,1>

(b) <-6,-15,-8>
5. (10¥3)<1,-1,-1>

(@) a=1,b=-1 by m=2,n=2
(c) a=3,b=-2 (d) a=3,b=—4
40 8. 4 9. 18
(a) (V219)/15 (b) (V154)/77
(N2)/10 12. (@) 1042 (b) 5V2
(a) 2V77 (b) V77

Exercise 7.1

1.

e

11.

12.

13.

. () A=2

(@ r=<2,1,0>+1<4,5-1>
(b) r=<0,0,5>+1<0,2,-1>
(¢) r=<1,1,-1>+1<1,2,-1>
(d) r=<+2,0,1>+1<0,-1,1/5>

. Equivalent answers including:

(8) r=<0,-2,0>+A1<0,-2,-2>

(b) r=<1,2,1>+1<-2,-3,3>

() r=<1,2,5>+1<3,1,-2>

d) r=<0.5,-0.1,04>+1<0.1,04,03>
(b) A=-5

m=4 5. m=4

. <13,-2, 11 > is the only point not on the line
. (@ r=<0,3>+A<1,-2>

b) r=<0,-1>+A<3,4>
() r=<0,3>+A<4,-3>

. Gradient=-3;y=-3x+6
Lx=3+Ay=1-2A; 2xty=7
. (@) r=<-1,2,0>+A<1,-3,0>

) r=<1,2,4>+A<2,-1,-1>

(c) r=<1,-4,5>+A<1,1,3>

(d r=<0,2,10>+A<6,1,1>

@) x=-52=@F+2/(-3)=(@E+1)/5
®) G+ DI(=2)=y-5=(z-3)(-4)

(©) (4x=3)2=3y+2)/(-2)=4z/5

(@ 3x—DR2=-5(p+1)=5@z+1)/3
@ (x+D)=@F+2/(-3)=(z-2)/6

(b) (x+ D/I(=2)=@+5)/5=(z-6)/(-2)
(@ x=y=z

(®) (x+ DI(6)=(-3)(-3)=(z-4)/(®8)
(© x=3)=E+DN-2),y=4

(d) x=10,z=-5
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Mathematics Specialist Units 3 & 4

14. (a) r=<A,2+51,3-21>
(b) r=<0,-1-A,5+3A>
(¢) r=<(-1-3X0)/2, (-1 —4)0)/2, (-5 + 50)/3>
(d) r=<1+50)/4,(1 —6)1)/3,—(2 - 30)/6>
15. r=<1,2,3>+A<5,-2,0> or equivalent
16. r=<2,2,-2>+A<1,-2,0>or equivalent
17. (@) x=a+Au,y=b+Av,z=c+Aw
O A=(x-a)u=@F-blv=_z-c)w
18. (a) Lines intersect at <13, 17,4 >.
(b) Lines do not intersect.
19. m#-7 20. m=(-3n+22)/(n—6)
21. (a) 90° (b) 65.9°
22, r=<1,2,1>+A<2,2,1>orequivalent

Exercise 7.2
1. (a -2 ()4 (c) 34/5 (d) 5
2. (a) No (b) No (c) Yes (d) No
3. (a) re<2,-3>=-19
(b) r.<-5,10>=-50
(c) r.<10,3>=-16 or equivalent
(d) r.<5,-4>= 58 or equivalent
4. (@) r.<6,1>=17
(b) r.<3,-4>=-36
(¢) r.<8,-3>=-81 or equivalent
(d) r«<7,2>=31 or equivalent
5. (@) re<1,2>=20
() re<-4,3>=0.7
(c) r.<3,10>=-155 or equivalent
(d) r.<-2.7,0.8>=2.27 or equivalent
6. (a) r=<0,-6>+A<2,1>orequivalent
(b) r=<-2,0>+A<8,-5>orequivalent
(¢) r=<-5,0>+A<4,3>orequivalent
7. (a) No intersection (b) No intersection
(c) <5,7> (d) <-2,0>
8. (a) 0 (b) 45°

Exercise 7.3
1. (a) =16 (b) -9/8 (c) -3/2 (d) -6/5
2. (a) Only<2,2,4>is on the plane.
(b) Both points are not on the plane.
3. (a r.<4,0,3>=5
(b) r.<-3,7,10>=26
() r.<1,4,1>=33
(d) r.<4,8,-11>=-120
4. (@) r.<-1,0,2>=-11
(b) r.<3,-2,-2>=23
(c) ro<—4,7,9>=-17
(d) r.<1,10,-10>=-27/4
5. (a) <0,4,-8> (b) <8§,11,-1>
(c) <-1,8,-7> (d) <-15/2,5,-21/4 >
6. Equivalent answers including:
(@ (@ r.<1,0,0>=0
(i) r=2<0,1,0>+p<0,0,1>
® @ r.<,1,1>=8
(i) r=<1,2,5>+x1<4,0,-4>
+u<l,-1,0>

10.

1.

12.

13.

o0 NN AN

L@ (@) r.<1,-1,1>=-1

(i) r=<-2,3,4>+A<-5,-7,-2>
+u1u<8§,0,-8>
d () r.<-67,11,-12>=-254
(i) r=<4,10,8>+A<2,-2,-13 >
+u<-1,-51>

. Equivalent answers including:

(@) r.<-4,-2,1>=3
(b) r.<-11,-38,13>=-72

. Equivalent answers including:

(@) r.<0,2,1>=-1
(b) r.<-28,5,21>=45

(@) r.<2,8,9>=-27

(b) r.<-6,3,1>=11
Equivalent answers including:
(a) r.<6,0,1>=27

) r.<2,-1,0>=-13

(a) 3z=5 (b) 2y=5
(¢c) 2x—4y+3z=10

(d) 5x+2y~62=25

(a) r.<1,0,0>=5

® r.<1,1,0>=1

() r.<0,1,1>=6

(d) r.<2,-3,4>=8

<19,-3,-21>
Exercise 7.4
. (a) 53.1° (b) 22.2° (¢) 20.9° (d) 32.6°
. 0.57 or 7.43 3. 1.05 0r 19.75
L F=<34+50,2+2A, -1 81>
. (@ 90° (b) 90° (c) 76.1° (d) 87.9°
. —0.79 or 58.29 7. —19.62 or 3.62
. m=2£Nn' +3) 9. 555°

10.

r.<1,-3,0>=-1 or equivalent

Exercise 7.5

1.

[=))

(@) |r- <34, 0>| =3

(x— 3) + (- 4) +7 =9
® |lr-<- 122>|—5

(x+1) +(y- 2) +(z— 2) =25
©) lr-<- 12—5>2|—«110

(x+1) +(y- 2? +(z+5) =10
®) |r- <1,4,-5>| =4

(x—l) +(y- 4) +(z+5) =16
242

.<1,2,1> or (-13)<11,8,11>
. (a) Outside
(@) |r-<-1,2,-3>| =5

(b) Inside

®) lr—<1/2,32,1>| = (5V6)/6

. (2) <1,6,0> or (1/3)<-8,—4, 11>

(b) <5,-3,-2> or (1/3)<-5, 11, 14>
lr-<-2,2,-3>| =26
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Answers

2 2
10. (a) Circle with equationy +z =64
(b) No intersection.

2 2
11. (a) Circle with equationy +z =99/4

(b) At the point (1,0, 5)

Exercise 7.6

1.

NN Ao

8.
10.
11.
13.

(a) (2V357)/17
(c) (3V2310)/35

. k=7o0r-13
. (b) V5
. (@) 3217
.(a) 2

(©) 1
(e) 5V6
2+ 10V6
(a) V10
2/3

13

Exercise 8.1

(b) (V445)/5
(d) 3V2)2
3. k=0o0r-6

5. (b) (2V138)/69

(b) (13V42)/21
(b) 2

@5

H 6

9. -2/3

(b) \2

12. 3

14. (3V14)/14

1. (d) x=-3

x==Zy2 0"

(e) y=~2x

1. (@) y=0
y 04
) y=1-x
y
y=0;x2 0 104
i / e TS O 7 2 8 4§
} e X
10 10
+ e = x
10 10
-10
(b) x=0
y -10 -+
10 _ 2
Ve, <o (8) y==x
+ / ted> X
10 10
\ [} 1
T T+ X
10 10
.10
(c) y=4
4 104
pOR of 2
y=4;x2 0 (h) y =x y
.—-/——9—- 104
| ] Yaxyz0
t =+ x 1
-10 10 4 /
} Q/—Tx
10 ] 10
0+ *
.10 4+
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2
1. ) y =4x-4
y
04+,
y =d~4y 20
t -//:x
-10 10
.10 4
. 3
@ y=—C-1
104
y=—fe=1ixz 1 I
i > x
10 10
-10 4
X
k) y=xe
+ x
-10
-10 4+
D y=—=x+1/x
y
7 Vv=}'—x;x>o
X
-~
10

+ X
1 10
104

2 2
2. (b) x +y /A=1

2 2
)x/A+y =1

2 -

—
N

a2 -

2 2
(d) x /9+y /4=1

Y
I

\')g-fii:i
2 2
(© x-1) +(»-2) =1

y

34

Z_Q
-1 rly-2) =1
e x

48

2 )
® =1 /s -4) =1

© O.T.Lee
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Answers

2.

2 2
(@ x +y =1

2 2 2]
(h) x =4y(1—y)y

24

>

L= a1-y

Exercise 8.2

L.

12.
13.

14.

15.

. (@ a=-5,b=10,c=-15
. () 5.1 sec and 6.1 sec after 0800 hrs

(a) Collide atr=2

(b) Pathof A: r=A<1,-2>
Pathof B: r=<2,-9>+p<2,1>
Intersect at <4, -8 >.

. (@) Do not collide.

(b) Pathof P: r=<0,1>+A<1,1>
Pathof Q: r=<-1,0>+pu<2,3>
Intersect at <—1, 0 >.

. (@) <5+, 2+¢-10+5>m

(b) 20.8 sec (c) 25.0 sec

(b) 10 am

(b) 134.4 m, 5.6 sec after 0800 hours.

. (a) 563.8 m, 0.5 sec before 1 pm

(b) 3.9 sec before 1 pm and 2.8 sec after | pm

. (a) OA(#)=<100+ 10z, 90 — 40z, 80 + 607 > m

OB(f) =<-200 + 22¢, 150 — 42.41, -80 + 66.41>m
(b) Collide 25 sec after 0800 hours at
<350,-910, 1580 > m.

. Collision at 6.45 am at < -5, 110, 0.8 > km
. Interception at 4.30 pm at < 225, 105, 4.7 > nm
10.

11.

A and C will collide at 11 am at <25, 21, 10 >.
(a) <x—4,y-6,z+0.15>ms "

(b) <800,-800,—-40>m

() x=5,y=5,z=-0.2
x=049,y=3.12,z=-0.12

(a) No intersection. (b) <-10,5,10>

(c) <10,0,4> (d) No intersection.
The two vehicles do not collide.

Their paths do not intersect.

The two vehicles do not collide.

Their paths intersect at < 430, 410, 10.9 > m.

Exercise 9.1
Please refer to Solution Manual for this text.

Exercise 9.2
Please refer to Solution Manual for this text.

Exercise 10.1
1. (@) x=4,y=1,
by x=1,y=2,
(c) x=1,y=4,
(d) x=3,y=3,
(e) x=2,y=1,
(f) X=—3,y=—4,
(& x=1,y=2,z=
(h) x=-1,y=2,z=-5
(i) x=-2,y=12,z=2
2. (a) x=5,y=6,z=1
(b) x=-2,y=4,z=3
() x=1,y=2,z=3
d) x=12,y=1/2,z=-5/8
3.(a) x=2,y=4,z=-1
() x=3,y=—4,z=3
(©) x=3,y=9/2,z=9/2
d) x=52,y=1,z=1/4
4. (a) x=4/5,y=4/5,z=4/5
(b) x=5,y=10,2=20
() x=-1,y=-1,z=1/2
(d) x=t\3, y =2, z=+1
S.(a) x=1,y=2,z=-4 (b) No solution.
Exercise 10.2
. A costs $4.90, B costs $3.90, C costs $6.50
. 15 P type, 14 Q type, 13 R type houses
. 70 of A, 100 of B and 120 of C
. NBL final $32, AFL final $18, Concert $27
. (@) 20 0of P, 150fQ, 25 of R
(b) 40ofP,30fQ,50fR
10 of A, 150f B and 18 of C
.x=70,y=80,z=60
x=5y=1,z=3
. 500 of 0 — 1 years, 1700 of 2 — 8 years and
200 of 9 - 10 years
10. (a) 2 red bricks, 8 white bricks, 20 blue bricks
(b) 1005 of A, 620 of B, 750 of C
11. Any reasonable whole number for n.
12. (a) x=20,y=40,z=50
(b) Loop flow between the junctions
C,D and B.
(c) k=-11.2 litres/hour
13. <t+4,-t-1,t> te R
14. <2t +13,1+6,t> te R

oW N e

O 00 = O

Exercise 10.3
1. (a) Equations 1 & 2 inconsistent.
(b) Equation 1 + Equation 2 inconsistent
with Equation 3.
(c) Equations 1 & 2 inconsistent.
(d) Equation 2 — Equation 1 inconsistent
with Equation 3.
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2. (a) Equations 1 & 2 are identical.
(b) Equation 1 — Equation 2 similar to
Equation 3.
(c) 2 x Equation 1 + Equation 2
similar to Equation 3.
(d) Equation 2 — Equation 1 similar to
Equation 3.
3.(@ () p#0,qanyno. (i) p=0,g9#1
(iii) p=0,g=1
() () p#3,ganyno. (ii)) p=3,9# %
(i) p=3g= %
© @p=*-1
(ii1) No value for p
(d) () p#1,p+#-2;any real number for g
(i) p=landg=lorp=—2andg =1
(iii) p=landg=1lorp=-2andg=1
(e) () px—landp=-2

(ii) p=-1

(i) p=-1 (i) p=—2
® @ p=3 (i) No value for p
Gii) p=3

4. (a) System will always have no solutions.
(b) (i) System will always have solutions.
(i) k#£4,ke R
x=19/7,y=-11/7,z=0

(iii) k=4
x=(19-0/7,y=(5t-11)/7
z=tte R

(c) (i) System will always have solutions.
(i) k+7,ke R
x=0,y=-1,z=2

(iii) k=7
x=(14-70/19,y=(3 — 11/19
z=t,te R

d @) k#-5ke R
(i) Not possible.

(iii)) k=-5
x=l-t,y=1-t,z=t,te R
5. k=5/4,2 6. a=9,b=1
1 3 1|16
1 4 3(23
7. (a)
1 2 419
1 5 3(p
(b) Variations possible,
1 3 1 16
0 -1 2| -7
0 0 -5| -10
0 0 -2|-30+p
() p=26
8. (a) k=1
(b)yk=-2

X1 =—5+4t,X2 =8—6t,x3 =f,X4=5—4t
© kzlandk=-2,ke R

x1=(k+ (L = k), x, = Qk+ DIk~ 1),

x3 = (2k = 3)(2k = 2), x4 = (k + DIk - 1)

i 2 1 1
9. —|-1 1 1
3—2 -1 2

Exercise 11.1

1. (a) [(-2Nx))/(1 - \/x)3
) ¢ N1 -2¢ )
(¢) 2(cos x — 2 sin 2x)(sin x + cos 2x)
(d) 1V/[2(1+x)V(1 + In (1 +x)]

2 —tanx
(e) —sec x e

(®) msin 2(1 + mx)
(g) (—msin mx)/(1 + cos mx)

() 20— 1) &’
2
(i) —8x/(1-x)
() (~cosec (1 + Vx))/(=2Vx)
1+x 1+x 1 +x
k) e sec (e ) tan (e )
0 2x 2 2

2
2. (a) 2x sin ®x + @x cos ®X

2 cotx

) (U2e - (Weosecxe
(¢) 4(1 +2x) tan wx +2ax (1 +2x) sec ox

2 2 2
(d 2(x+1) & ncos x -2 tanx

0s —COS x

2 ~COS X
(e) (sinx sin 7x) e +(nsin2mx) e
2
) —2sin2x s2in x + (sin 4x)/2

(g) 1/x + (sec x)/(tan x)
(h) —2xe_x2 (Ilnx+2x)+ e_"2 (1/x+2)

@) xln(+e)+ @ e Yl +eY)
G) 2= 11 +)
+x
e  [l2x—in(l-x)
re 1 -x)
D) 2x[Inx-2x-2In(1 +x)]
fx [Ux—2-2/(1 + )]
2x(1=2x) + 2(1 + x%)
a) >
(1-2x)
2\/;(1+\/;)2
(c) 2/(1 + cos 2x)
2x
© = s
(I1+2¢ ™)
(e)

—2¢0sx
e

. sinx . sinx
(2sinx —4e sin x + 2e €oS X)

- 2esinx )2
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30 [1—In(1+200/(1 +21)
2x(1+ er Mn(1+ er) - 2xze2x
Nin (1 +e )

—CO0Ss
(cosx+e

(&

(1+e**

Slle X —COSXx
cosx—e

(h)

sin x)

1+ e—cosx)2
e 2 ¢

(1) sec =
1+ (1+e)

( x j ( cos x )
A e 1+sinx

)
(x-1)

x(1=ln(+x%))
(1+x)2

3 3\/_ -3 3

4. (a) +

2\/7 4Jc3 /2 4\/;

(b) "7(1—e‘x) "2,

0

(1+sinx)

M

-x
—e —y — _
(I-e x) 3/2(2_e x)
4

(c) —2 sin 4x, —8 cos 4x

(d) /(1 +x),-1/(1 +x)

—sinx 2

(sm3§+ cos x)4

(f) 2tanx+2tan x, 2+ 8tan x + 6 tan x
2

5. 4x+2)cosx—(x +4x—1)sinx

Exercise 11.2 ,
1. (a) 6(x—1) (b) —2/x
372
(©) (x; 1)/(2x 2) (d) +1/x ,
2. () (2t - 1)/(z +1) (b) (61— 1)/(6t + 12)
() (¢t +1)/(t —1) (d) (1—1) /(1 -20)
3. (a) £ x4 - %c/)
(©) N1 -x Hx (d) —4x
Exercise 11.3
1. (a) —(2x +3p)/(3x +2)
(b) (2x —g)/(x + 2y)2
(©) (1-y =2xp)(x +2xy)
32 172 3/2 112
@ -(+4x y )ix+4y x )
() (€ +ye V(e + xey; 1
O y@-y-2xiny)(x +xy)
2. (a) [2xcosy+ycos x]/[x2 siny —sinx |

. . cosy
sinysinx—e

(b) COS
Cos ycosx—xsinye

2
/3(b) £ (x - 2)N@x - x )

3+ ysinxy—4tany

2. (¢)

2 .
4xsec” y—xsinxy

(d) y/[e s21n (e) x cot (¥)]
(e ¥ /[x ¢ +y e )]

® (V +2y=1)/[x(y+1)]
3. (a) 2x (dx/dt) + 2y (dv/dr)
(b) cos x (dx/dr) — sin y (dy/dt)
-2x

(c) —2e (dx/dt)+OOSe
(d) 2xy (dx/dt)+x (dyld)

(©) e sinmy (dldi)+me  cosmy (dyldi)
(®) In(1 + tan y) (dx/dr)

Y (@yldi)

+[(x seczy)/(l + tan y)] (dy/df)
(8 (l/y)(dx/dt) (x/y Xdyldr)
(h) e (1 —e )[2(dx/dt)

o )1+ ey
(1) [(1 + cos x) cos y (dy/dt)

2
+ sin x sin y (dx/dt)]/(1 + cos x)

Exercise 11.4
1. (@) 2 In(2)
2x+1
© 2 2
(e) xsmx
® x {[cos (5)]/x — sin (x) In (x)}
(@) (1+x) {In(1+x)+x/(1+x)}
(h) —(1/x) [In () + 1]

0 [(tnn"
2. (a) 2/(1 —x)

(b) (x +3x +2x)/(1—x) 3o

© (—x +2x +3x —2x+ 1)/(1 —xg? )

(d) (1+x )(—22x fer+ 4x)/g1 -2x)

(e) —2(1 - 2x) (8 —x)/(x +2)

) -2+ \/x)(\/x + 8)/[2Vx(Vx - 1)4)]

1/2 32
(8) V[(2x) (1 - 3x) ] "
(h) 1/[2(1 +x) (3x+ 4) ]

232
@) 2x/[(1+x) (l—x) ]

(b) £ [1+ Inx]
(d) 2x"n(x)

{cos (x) In (x) + [sin (x))/x}

x][ In (In. () + 1]/

Exercise 12.1

I. (a) y=—x+1
() y=-2x/3+2/3; y=2x/3-11/3
() y==x/2+1/3
(d) y=—x/2-3/2

2. y=—x+1

4, (-2,0)&(2,-2)

6. (1,-H)&(-1,1)

3. y=-12x+3
5. (2,-2) & (-2,2)
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7. (1, 2nm), (-1, 2n + Dn)
& (0,(4n+ Dn/2) forne Z
8. (a) y=-2 () x=-2
9. (a) x=-2 (b) y=0,y=3/2
10. (a) x=+mV(-(4n+ 1)) forne 7~
(b) y=-0.7391

Exercise 12.2

1. 0.1 2. =25
3. (a) 3/20 (b) (V3)/10
4. (a) —(m\3)/45 (b) —(6\3)/n
2 -1 -
5.2cms ;0.8cms
-1 2 -1
6. 0.031 mms ;0.016 mm s
7. 0.0025 m/min
3003~ 2 2-1
8. (a) 4n cm s (b) 8 cm s
-1 3 -1
9. 0.032cms ;63.08cm s
10. 0.10 m/min 11. =1 cm/min
-1
12. 0.0019 cm/min 13. —0.031 ms
-1 -1
14. 0.052 ms 15. 0.18 ms
16. —22.86 m/min 17. 1/100 rad/sec.
-1
18. —1/250 rad/sec 19. 2.4 cms
20. 50.27 cm/min 21. 54.66 km/min
-1 -1
22. 11.17 ms 23, ~11.12 ms
24. 26.8 ms™ 25. 0.96 cm/min
Exercise 13.1
1. xsin(x)+cos(x)+C
X
2. e [sin (x) + cos (x)]/12 +C
3. 2[xln(x)—x]+C
x X 2
4. xe —e +x 2+C
2 cos (x)
5. Lt rc 6. —¢
7. —[e_x [sin (x) + cos (x)}/2+ C
2 —
8. —(x +2x+ 2)e2x+ C
9. ¢ (1+x)—x2+C
3 2
10. x 3+x[2 ln(x)— 11/4+C
X
11. (a) (\/x+1) +c (b) e2+c

(c) (\/x+l) +e +C (d) x/2+(\/x+1) +C

Exercise 13.2
1. (@) 4x+C

(c) —1/[4(2t+1)]

(d) (1—4x) +C (e) (x+1)/4+C
® —1/x—2/x —4/(3x)+C
(g)x/7+x/2+x+C

(h) t/7 3t/5+t —-t+C

(b) 3(¥x)/2+C

2. (a) (1+x)/2+c (b) (1—2x) Pnic

2
.(@x +C
6

. (©) (l—x) /3+C(d) 4(1+x) +c

(e) (2x+x)/8+C ) -(x- x) n+c
(g) (1—1/x) /4+C (h) 2(1+\/x) /5+C
-0.1

. @ 8e “ic (b) —Se e
(©) (e )/2+C (d) —(e )/3+C
(e 2e +4e +x+C
® x—-e +C

(g) (e )/2+4x 2e2 +C
(h) (e )/2+4x 4e +C

) 2 2
X —X
e -3e
. (a) +C (b) +C
16
el+x2 2
(©) +C @ & t+c
2
ex +2x 1+ ex )5
(e) +C fH ——+C
5

2x 372
(@ (1B)e —1) +C
(h) C18)(1+26)  +C

Exercise 13.3
1. @ @3)In|1+3x| +C

(b) (-4/5) In|2-5x| +C
© x2/8—x+ln|x| +C
(d) —1/(3x) + 2 In| x| +4x+(4x2)/3 +C
(e) x—2ln|x| -1x+C

2
(M x+3 Inlx| -3x-1/2x)+C
2
(@ 7/6)In|1-3x | +C
3
(h) (-12) In|2x —1| +C

2
(@) (-12)In]x - 8| +C

2
() 3 |x +3x| +C
) Inl1+x| +C

—2x
d) (-54)Inl1+2¢ | +C

2
() 3 In|1+2e" | +C

® A mle +e | +c

(g) 6lnl1+x| +C

(h) (=3/2)In]1+1x| +C

@ Inlinx | +C

() x/3+C

() 2x 3+C (d) Vx+x2+C
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Exercise 13.4

1.

(a) (sin2x)2+C (b) cos(1 -20)+C
(c) (tan (1 +2x))2 +C

(d) (~1/n) In|cos mx| +C

(e) (=3/2) cot (41/3) + C

() (1/2) inlsin3x| +C

(g) —((N2)/m) cot (1 + ) + C

(h) (5/3n)tan (mx+ 1) +x/3+C

1) (1/(3my) cot (x) +x/3+ C

. (a) (-1/2) cos4 2x+C

(b) (-1/4) sig (d-x+C
(¢) (3/2) tan Ji +C

(d) (-1/4) cot4x +C

(e) (1 +sinx) /4;/2C

® (1-2cos 2)2) /6+C
(g) —(1 +cotx) l//4§+ C
(h) 2(1+tanx) +C
() (1 +cot 20) J6+C

. () (-1/@2n)) In|1—-sin2nx| +C

®) (=1/2) In|1+cos 2x+ )| +C
(c) (=1/2) In|cos 2x — sin 2nx | + C
(d) (1/2) In]1+tan2x| +C

(&) (-3/4) In]1+2cot2x| +C

sin x
) ~12)Inj1-2¢ | +cC

2
. (a) (1/4) sin 23x +C

(b) (~=1/3)cos 2x+C
() (1/2) sin2x + C
(d) (1/4) sin 4x + C

(e) In|sin2x| +C
® (1/2)tanx+C

. (@) (I/2)tan2x + C

(b) (1/10) tan 2x + c
(¢) (2/3)(1 +tanx) +C
(&) (-1/4)(1+2 tan x)_2 +C

(e) (m+tan2x) +C
() (=12) In|3 -2 tanx| +C

. (@) (-1/2)cot2x+C
5

(b) (-1/(57)) cot Tx ;r/zC

(©) 2/3)(1+cotx) +C
(d) (~1/3) (1 - cot x)_317; C
(e) (-2/3)(4+3cotx) +C
63] —In|2+cotx| +C

. (a) —cosx+C (b) (sin3x)/3+C

(¢) (-1/m) cos (mx + m/6) + C
(d) (~1/3) in|cos 3x| +C

8. (a) cosx+C b) (sinzx)/Z +C
(©) ~In|cos Vx| +C

Exercise 13.5
1. (a) [x— (sin 8x)/8]/2+C
(b) (1/4)[3x/2 — (1/7r) sin (27x)
+ (1/87) sin (4nx)] + C
(c) (1/2){¢ - (1/4) sin[2(1 - 20)]}+C
(d) (1/2){x + [sin (4TD€)]/(4TI:)];'C

(e) [-1/(2m)]{cos (2mt) — gcos @2rH)33+C
) (2/m){sin (nx/2) — [sin (Tr.x/32)]/3}+C
(g) (~1/m){cos () — (2/3) coss(nt)

+ (1/5) cos (7tt3)}+C

(h) (-1/m){sin (1 — mx) — (1/3) sin (1 — 7wx)}+C
(i) 2/m){cos |l - (n§/2)]

—(2/3) cos [1 - (Srr.x/2)]
2+ (1/5) cos [1-(mx/2)]+C

2. (a) [1/(2n)] sin (nt) +C
or [—14(415)] cos 2n)+C

(b) [2/(3m)] sin (13tx/2) +C
(©) [-1/(9m)] c065 (Bnx)+C

(d) [1/(3m)] sin (mx) + C
(&) (1/8) [x— (sin 20)/2] + C

@ (1/m){[sin (13tt)]/3 — [sin (nst)]/5}+C
(8 (~1/2){[cos (2x))/3 — [cos (2x)]/5}+C
(h) 1/cos (x) +cos (x) +C
(1) —=1/sin(x) —sin (x) + C
Exercise 13.6 ;
1. (@ (1+2%) 4/124 +C
(b) -1-21 B+C
2 3/2
() 4(x +1) 3+C
3/2 312
(d)4(1+x ) 9+C
2112
() (9-4x) R+C
3 172
() 4(x -8) B3+C
5/3 372
2. (a) 4(4+ \/)?/z /5—16 (4 Jg>/2x) B+C
(b) 2(1+x) /5-2(1+x) /3+C
312 52
() (<23)(1—=x) +(4/5) 7(/12 -%)
—-@MQ1-x) +C
1172 9/2
(d) (132)[2(1 +2x7)/2 /11+8(1 +52/§) /9
+12 (1 +2%) /73-/F28 (1+2) /5
+2(1+2x) /3]+C
() 1/ [@x+1)-In|l2x+1| +C
) x+2)—4din|x+2| -5(x+2)+C
32 172
(g 4(4+x) B3-16(4+x) +C
(h) 22 +Vx -2 In|2+¥x|)+C
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3. (a) smx2+C
(b) (-3 cos (x +1)2+C
(c) (tan (2x Y4+C  (d) —2ln|cosx | +C
(e) (sin (2x +iyasC
() (-cos @ +x))3+C ;
4. (@) (1+\x) 2+C (o) A+ Wlx]yB+C
(© [2x+3+n|2x+3[14+C
@ /(1 -x)+3m|1-x| - -n+C
32 12
() 2(x+9) B3-16(x+9) +C
3 2
() 2[(1 +x) /2 = 3(1 +x) /2
+3(1+Vx) - In|1+x |1+ C
(g) (-1/2) cos (x2)+C
(h) 2sin(¥x)+C (i) cos (1/x)+C
-x 2
(j) —sin(e )+3C (k) (172)tan (x )+ C
(I) —1/[3tan (x )] + C

Exercise 13.7
1. (a) —2(4 —xz)”2+ C
(b) (—1/4)(9 4t2) ?ic
(c) tan x+ C
(d) (1/15) tan 1(3x/5) +C
2. (a)—cos (52)+C
(b) (-1/2) cos 1(2x/3) +C
(c) [sin 1x+x\/(1 —x ) 172 + c
(d) -2 cos (x/2) +xN@ -x ))/4 +C
(e) —N(1 - x2) sin x+C
® —2\/(316 _) - csos—l(x/4) +C
3. (a) [tan x]/3 + [tan x]l//g +C
(®) @R3)3tanx +2] +C

Exercise 13.8
1. (@ x-2In|lx+2| +C

(b) x/2—(5/4) In|2x + 1] +C
(c) =3x/2—(1/4) In|1-2x| +C

2. @) (172) n] - Dix+ 1| +C
(b) 314) nl2x+1| + @7y inlx-31 +C
() (-13/24) In|3x+2| —(9/8) In|2 - x| +C
@) (-273) nl2x -1 + (3B Wm|x-2| +C
() x—(3/5) Infx+2| +@®/5) Inlx-3| +C
® (172) Inlx+ 1] +(1/10) in]x - 3|

—(3/5) Inlx+2| +C

3. (@) In|x/x- 1| -2/x-1)+C

®) 3inlx| + 1x=3m|x+1| +C

3. (¢) 3nlx+ 1] + U+ 1)-3m|x+2] +C
(d) x— U[20x - D]+ 54)in|x -1
—(U/4) Inlx+1]| +C
(e) 3/[4(x+2)] + (3/16)In|x — 2|
+(13/16) In]x+2] +C
@) x—28/[3(x - 3)] + (1/9)In] x|
+(53/9) In}x-3| +C
4. (@) —Inlx+1]| +1n) mly +1]+c
)] —21nlx+1| +lnlx2+x+1| +C

2
(©) In|x—1| +ln1x +x—1| +C

Exercise 14.1
1. (@) (1/2) In(3/2) (b) 5in2+3In3

(c) 4ln3-T7in2
2.(@) 1+5n2-4ln3 (b) 1+@3/2)In3-In2
() =5/2+3In2+2In3
3. (a) -1/2-3In2+2In3
(b) 1/8+(1/4)in2 - (1/4)In3
(c) 5/4+(3/4)In2+ (1/4)in3
4. (a)3in2 (b) -4 In2 (¢) 2In3-3In2

Exercise 14.2
1. (a) 2[—(2\/3)/5 + (16\/2)/15]

(b) 2[8In2 —4in3 - 1] (c) 2-1In3
(d) —26/3 + (28v2)/3
2. (a) 2 (b) 1 (c) 1/2

3. (@) w12 (b) w18 (c) /8

Exercise 14.3
1. (a) 8/3 (b) 16/3 (c) 8 (d) 173
2. (a) 948 (b) 2 (c) 2(\N2-1)
(d) e 2+ 1/e—3/2
3. (a) 1/6  (b) 92 (¢) 13/6  (d) 13/6
.(a) 2 (b) 972 (¢) 5/3-2In2

(d) 8/3-2In3+2in2

~

5. (a) W8+ (W3)2-1 (b) (V3)2+m/2
6. (1/2)[5 + In (45/64)]
7. 4 8. 8—m3 9. 9m/4
10. (a) 2.9540 (b) 9.8633
(c) 4.1045 (d) 18.6768
11. (a) 0.6321 (b) 0.8415
(c) 0.7372 (d) 1.8887
12. (a) 32/3 (b) 9/2

(c) (32V2)/3 ) (d‘? 16/5
13. (a) 3/4—2b+3b /2—b /4

(b) b4 —3b 12+ 2b+51/4

(©) b4 —3b12+2b+51/4
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Answers

Exercise 14.4

1. (a) 16w/15 (b) 52127:/15 (c) 12675/15
(d) m/105 (e) =
2. (a) 3.35 (b) 342.96 (c) 154.57
(d) 17.40 (e) 35.02 ) 2.47
(g) 9.42 (h) 3.35
3. (a) 1.57 (b) 7.33 (c) 0.71
(d) 9.07 (e) 0.52 (f) 7.87
(g) 113.10 (h) 201.06
4. (a) 64.72 (b) 37.70 (c) 724.10
(d) 3.14 (e) 40.74
Exercise 15.1
1. (a) 1.09 error 0.7%
(b) 1.069  error-1.2%
(c) 1.0807 error —-0.16%
2. (a) 9.0009 error 0.01%
(b) —68.3344 error 0.0015%
3. (a) 0.7469 (b) 0.3103
4. (a) 8.7733 (b) 1.4558
5. (a) 6.7965 (b) 1.4035

Exercise 16.1

1.

.y=6(x+1)
Cy=-2x+2n|2x+1]|+2

(@) y= ln|x2+ 1] -4

(b) y= (1)l - Dok 1y | 42

(©) y=—4ln|x+ 1 +5mlx+2] -4m2
@y==sin @) () y=tan @)

€3] y=sin_l(x)+X‘/(1 _x?-)

2
. y=-=2mx + sin (27x) 33. y=sin (x) -2

=—12cos (x)+4cos (x)+4
52 32
-10(x+1) +2

Exercise 16.2

1.

(a) y= 100¢ % () y= 506

© y=202¢ -2 (d) y=[4+ 1196 /3
(€) y=[~1+501e V5

() y= (121 +399 )

14.

(@) a=16,b=62.5
(b) m=1000, n=9 000, k=—2/125
(c) 111.98 min (d) 1000<Q < 10000

Exercise 16.3

I.

O O 0

1

11.
12.
13.

14.

(a) dP/dt=0.2P(1 — P/1000)
= 0.0002P(1000 — P)

(b) dP/dt=0.1P(1 — P/500)
=0.0002P(500 — P)

(¢) dP/dt=0.5P(1 — P/10 000)
=0.000 05P(10 000 — P)

(d) dP/dt=0.25P(1 — P/5000)
=0.000 05P(5000 - P)

—2t
. (8) P=1000/(1 +19% )

—0.05¢

(b) P=100/(1 +4e )
-0.1¢
(c) C=50/(1+9% )

—0.05¢
(d) 6=1000/1+24e )
—4¢

(@) y=200/(1+e )

—t
(b) P=100/(1+9¢ )
-0.2¢
() P=50/(1+025¢ )
-0.5¢
(d) x=100/(1+4e )

-0.05¢
. (a) P=100/(1 +3e )

(b) 21.97 years

—0.08¢
. (a) P=20000/(1+99 )

(b) 181.2 years

=10t
. (8) P=2000/(1+19% )

(b) 3 weeks

. 394 minutes to reach 49.9g/L

. 11.6 days

. 15.2 hours

. Yes, if the company is able to attract about

338 families on its opening day.
k=10.1099

k=10.06592

dP/dt=0.1P(1 — P/1000]

2t 2t
y=(4e ~-3)/(3-2¢ )

Exercise 16.4

2
@ y=ln|x| +x/2+4

2. dyldt = 0.03y with y(0) = 100 000 L
3. dP/dt = P/3 with P(0) = 100 000 (b) y=A(x—1)—1
4. 4620 981 yrs J 202
5. 194.34 yrs, 839.91 yrs (©) y=(1-de" /x)
6. 1.33 rads 7. 0.46g (d) y=4e
8. (a) 2.23% (b) 0.288% X
9. (a) k=0.06729  (b) 22.9 min 2. @) y="e + 3,
10. (a) k=0.03031  (b) 81.3 min (b) y=In[(1+x)2]
~4 : 2
11. I=2(1-e ] 12. (b) 69.31 min (©) y 2+y=1In(x+1)+32
13. (2) a=80,b=25 o
(b) m=2000,n=1500,k=1/25 (d) y=3xe —21 (e) y=x
(¢) 1.72 min (d) 500<Q <2000 ® y=i\/(1/sin x—1)
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3. (a) (i) Curve does not have an x-intercept.

Exercise 16.5
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Answers

7. (a) dy/dx =1 (b) dy/dx=-2 10. (a) 6=>5 sin (/12 ~ 1/6)
() dyldx = x2 (d) dyldx = —y2 (b) Min Temp 10 C at § pm
(© dlds=xy (B dyldx=(x— )y (€) 16 howss
11. (a) A=0.2 cos (nt/14 + 1/3)
. b) +0.14 m (c) 0.14m
E 17.1 (
@ 035 m b) 079 12, (2) x= 02 sin (n#/14 + 7/2) + 0.3
(c) 3.64m (d) 3.99m (b) (i) —m/70 0(ii) 0 (c) 046 m%
-1 -1 . .
2. (a) 3n/4s, ~14.92 ms (b) 4.81 ms 13. (@ (i) £227 Chhr (i) £2.61 C/hr
3. (a) 0.4637 + (nn/2)sec. n=0,1,2,3,... (b) 66.7% (¢) 30 C
-2 -1 14. (8) h=4+0.5 sin (nt/6)
4. (a) 8 ms b) 2 ms
5 Ea; 3 s EC; 0. 1/2 7 s (b) 4.5 hours {¢) 0.13 m/hour
‘ 1 e 15. (a) x=%6\3sin (N2 1+ )
6. (a) 8ms (b) 16/3m (c) 2ms (b) 12v3 cms™
7. (@ 0 . (b) 1sec N 16. (b) 100 cm 17. (b) +2mN105
8. (a) x=-2+2e (b) a=8e 18. (a) 2 minutes, 10 (b) 2 minutes, 10
9. (a) 21'm -2 () 0,2 19. (a) 2 seconds,10 cm (b) + 311
. (a) - $ ,2m
-1 -2
10. (a) 4 ms (b) 1.76 ms Exercise 18.1
_1 t -t
11. (a) —2n ms (b) 1/2 second 1. (a) < 1/f,é‘2,€ —te >
-1 It
12. (a) 92 ms (b) 121/30 m <-l/t,e,-2e +te > ,
13. (@) v=4(l—¢)  (b) 4ms (b) <2 c0s 21,~ 2 sin 21, 2(1 +tan 20>
14. (a) v=-5(1— 6_2’) (b) =5 ms_l <-4 szin 2t, — 4 cos 2¢, 8(1 +2tan 26>
) 2
15, @) v=@(i-¢ ) (o) gk (© <-Up, Wer ), 11y >
_ -3 -1 <=2+ 1), 2 =1) >
16. v= (5/4)\/(115 f )% 5/_41(1)1818 _1 . ( cos 2“ . ) —cos Tt
17. v=2(1+e W(1-e ) 2 ms (d) <-msinmte ,msinnte ,
’ ) i , esm t S
_ ~2gk“x TCOST ;
18. v_:t(llk)\l(l € ) 2 2 cos it 2 cos m!
<z sin me —T cosTe
19. (a) v="(16-9x) A o
(b) —4/3 SxS4/3éOSvS4 n sin we M n cosme o ,
2 2 i 2 i
20. (@) v=2(4x—x) wcos me . -m sinme >
(b) 0sx<40=<v=<4 s 2. 2+4n1=-12 3. 0<r<2n
21. (a) v=4Nx (b) x = (61 + 64) 4. 0, /2, T 3n/2,2n , 45. n=4
2
22. (a) v=-2(x +1) (b) x=~—tan (29) 6. (2+4t )/[%4(4 tin))
7. N[5+ 1) + 1134+ 1)
Exercise 17.2 4 2.4 i
1. x=10sin 2¢ 2. h=5cos (5n¢t) 8. 4+6t; 9. No solution
3. y= 4 sin (3f + 75/6) 10. TC/4, 37[/4, 57'[/4, Tr/4
4. Q= 10v2 sin (4nf — /d) 11. (a) <ag,2sint,3cost>+c; <0,2,-3>
5. (@) x=3sin(2n7)  (b) 3 cm, 1 second (b) <t+int,t-Int,In(1+H>+c;
(c) 61 cms (d) 0.05, 0.45 seconds. <1+ikn2,1-m2,in(32)>
6. (a) x=4cos (4nf) (b) O 12. (a) \/22, 2 ) (b) V5, 2.64
(c)i81r\/3cms_ 13. <t—t +1,4t+1,t 2>
7. (a) 10sin(¢+n/3) (b) 0<speed<10 14. <cos - 1+2sin >
(c) £5V3 em 15. <-1,¢,~t >
8. (a) 2ncms whenz=(2n+ 1)sec.atx=0 ig ;0— sin 7z, 1 — cos 7ut, mf — sin 7t >

® 0 cms  when f=2n sec. atx =+ 4 cm

(c) 32cm 0 s 5 Exercise 18.2
9. (a) 2n/15cms ;2m /225 cms 1. (@) <10,20,-8>  (b) <-8,18,34>
(b) () x=+V3em (i) x=-1cm (© <0,0,1+n2> (d) <0, 1, /4>
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2. (a) <7,-4,150>  (b) <-101,99,22>
(¢) <l+6n,1+2x 21>

3
(d) <8n-1,1,8r >
-1
3. (a) <0,0,2>;V10 ms

®) 0 () 3.05m
-1
4. (b) 45, 1 ms (c) <0,0,0>
5. (a) 1sec. (b) 0.54m
(c) 1 sec.

6. (a) Min of 0 cm when ¢ = 2nn sec.

-1
Max of 2¥2 cms  when £ = (2n + D) sec.
(b) t=0,7/2, w,3n/2, 27 sec.
7. By x-1=2-y=z-1

8. (a) 1433 (b) 25, <~16/3,3,-2>
3

(©) x=tB3-4t,y=t+1,z=-2t+2
9. (a) t=2sec.at<(,-4,8>

0
(b) 17.1
10. (a) t=1sec.at<2,0,0>

(b) 10.89°

Exercise 18.3
1. P:0i+2j, x2 +y2 =4 clockwise;
Q: 2i, x2 + y2 =4 anti—clockwise
R: 2i, x2 +y =4 clockwise
2. (2) In the direction of the positive y—axis;

27/3 to the positive x—axis
(b) —mj (c) 12

3. (a) 12 ) 5
(b) x +y =1/(16m ); anti-clockwise
(@1
4. a.v = Oforalls.
2
5. (@) =i (b) 4n i
(c) t=(@n+3)8sec. for n=0,1,2,3, ...
2
6. (a) J (d) (-m /4)j

(c) t=(6n+2)3sec. for n=0,1,2,3, ...
7. (a) t=nmsec. for n=0,1,2,3, ....
(b) (}21+ 1/6)n szec. for n=0,1,2,3, ...

(c) x +(y—2) =1;clockwise
2 2

8. (8) x +y =1; anti-clockwise
(d) V2i+V2j or —2i—\2j
(c) t=(@n+ Dn/8sec. for n=0,1,2,3, ...
9. No collision
10. (a) 0,7/2, &, 3n/2, 2n

(®) N(9-5 coszt)

(c) Max speed = 3 when ¢ = 7/2 at (0, 2),
and 1= 3n/2 at (0, -2);
Min speed = 2 whenr=0 & 27 at (3, 0)
and r=m at (-3, 0).

10. (d)

<

Slowing down 5L

Minimum speed\
NN
N

Slowing down

Maximum speed

// Picking up speed

Picking up speed
5 1+

11. (a) 2 (b) 0, /2, &, 3n/2, 2
(c) At(0,—-4) whent=(4n+ )r/2,-3i,
At (0,4) when t=(4n+3)n/2, 3i;
(d) At(3,0) when t=2nm, —4j;
At(-3,0) Whezn t=02n+ Iz)n, 4j ;
12. Period 2m; (x —2) /9 +(y — 4) /%5 =1
13. (a) 3m (b) 121 i
(c) t=n/2sec. for n=0,1,2,3, ...
(d) t=(@4n+3)/8sec. for n=0,1,2,3, ...
14. (a) 13v2/2 cm

) x2/25 + y2/ 144 =1, clockwise
(c) r=S5ifort=2nsec. for n=0,1,2,3, ...
r=-Sifort=(2n+1)sec. n=0,1,2,3, ..
(d) t=(6n+5)6sec. for n=0,1,2,3, ...
1

—1 —~
15. (a) Min3 cms ,Max 4 cms
(b) £3i or +4j
(c) t=nmsec. for n=0,1,2,3, ...

16. (a) (x- 1)2/9 +(y- 2)2/ 16 = 1, anti-clockwise
(b) 25 cm or V37 cm or 2V2 cm or V5 cm

17. t=0.64 sec. at (—2.4,2.4), vp = 1.8i + 3.2j,
vo=-12i-0.8j

18. When ¢ = 7t sec at (1, —2); = radians

Exercise 18.4
1. (a) 30i+ (30V3 - 9.89) ], 5.6o to the horizontal
(b) 956 (c) 10.60 sec.,318 m
2. (a) 106.07i+61.97j (b) 20.7 ,
() 1.935,528s  (d) y=x— 0.0392x
3. (a) <20¢,20¢ - 497 >

o
(b) 45
(c) <17.25,13.61 > when £ = (.86 sec.
(d) 93.7m
4. (a) <25V3,25-9.8t>;

2
<25V3¢,25¢—4.9¢ + 150>
(b) 8.64 sec.

[o]
(c) =54 to the horizontal
(d) 3743 m

2
5. (a) <50,-9.8¢>; <501 (100 —4.9¢ ) >
(b) 4.52 sec. (c) 225.88 m

0
(d) —41.52 to the horizontal
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Answers

10.
11.

13.

14.

15.

16.

-1
. (@) 13ms (b) 2.975m
(¢) 275 m
-1 [
(d) 9.52ms ,-58.31 to the horizontal
2
. () p=30t, g = (30V3)to — 4.91

(b) 7.07 sec.
(c) 24490 m up the slope of the h111

(a) y=xtan (20 )- 4 9x /[400 cos (20 )
or y=-0. 0139x +0.364x

(b) 18.89 m (¢) 19.10 m
(d) t=0sec

. (a) <8.09,-18.62> (b) 20.30 m
() 2034m @ 115
(a) 4 sec. (b) <72,17.6>
20 sec. 3 405m  12. (b) 3/10
(a) <3t —=2,2t> (b) <61,2>
(c) 0,2/3
(a) <20,10> (b) 5
(c) 106.89
(a) 48.010 above the horizontal
(b) 269 m (¢) 20 m when =2 sec.
(d) <32,0>when =4 sec.
(a) 14m (b) <14,10>
(c) 17.20m (d) 2034 m

Exercise 19.1

1.

W

10.

11.

12.

13.

— 2
(a) X ~N(100, 127/20)

(b) 0.3385 (c) 0.0312
. (@) X ~N(72, 82/50)
(b) 0.0987 (c) 0.4615
. (@) n=74 (b) 70<n <79
(@) n=25 (b) 25<n<100
.(a) 3 (b) p=3,0=3)/7
(©) 3<n<12
. (a) 18 (b) p=18,c=213

(c) 48 <n <108

. (a) Since, X ~Normal, X ~N(1.7, 0026)

(b) 0.6497 (c) 0.9728

. (a) Since, X ~ Normal,

_ 2
X ~N(875, 11.7 120)

(b) 0.3346 (c) 0.0280
(d) n=61
. (a) Since, X ~Normal, X ~N(175, 8.52062)
(b) n=90 (c) 8
(d) 1812
(a) Since, X ~ Normal, X ~N(163, 9.83872)
(b) n=67 (c) 35
(d) 162
(a) 15, (V42)/2; 15, (N42)/10
(b) 5<k<10
(a) 95, (V19)/2; 95, (V19)/12
(b) 3<k<18

(a) 0.6, (NST)Y/10  (b) 0.6, (V19)/20

14.

15.

(a) PX=x)=1/8 x=1,2,3,...,7,8
p=4.5,06=2.2913

(b) 4.5,0.3819

(a) PX=x)=1/6 x=1,2,3,4,5,6
p=3.50c=1.7078

(b) 3.5,0.4270 (c) 19<n<291

Exercise 19.2

1.

S O 00

11.

12.

13.

14.

15.

16.

— 2
2. (a) X ~N(4.5,1.27/80)
3.
4. (a) X ~N(28, 108/49)

(@) X ~N(200,35/60) (b) 0.9866
(b) 0.5439
(a) X ~N(12,4/3) (b) 1/12 (c) 0.6135

(b) (i) 1/18 (i) 04110  (c) n=82

. (a) 12min (b) X ~N(12,49/90)

() () 3/7 (ii) 0.08767  (d) 0.1660

. (a) If n <30, distribution for X is not known,

mean = 2, s.d. = (V3)/(15Vn).
If n> 30, by the CLT, X ~ Normal
mean = 2, s.d. = (V3)/(15Vn).

(b) (i) 0.6824 (ii) 0.8068
The prob. of an event occurring increases
as sample size # increases.

(c) n>134 (d) 0.9145
. (a) (i) 0.8286 (ii) 0.9584  (b) n=240
. (a) (i) 0.7558 (ii) 0.8364 (b) 127.4 min.
. (@) (i) 0.4115 (i) 0.4718 (b) 87.2 min.
. (@) X ~N(0.15,51/2000)  (b) 0.1490
(c) 29
(a) X ~N(11/2,33/200)
(b) (i) 3/10 (ii) 0.8907 (c) 89
(a) X ~N(7,91/1000)
(b) (i) 0.3556 (i) 0.4995 (c) 50

(a) PX=x)=1/8 forx=1,2,3,...,7,8

(b) X ~N(9/2,7/48) (c) 0.9048 (d) 0.7042

(@) P(X=x)=1/6 forx=1,2,3,4,5,6
Mean=7/2

(b) X ~N(7/2,5/84) (c) 0.0202 (d) n>12

(a) 5,3(V2)2 (b) 5,3/10

(c) 0.9044 (d) 0.6408

7Y 3
(a) PX=x)= [X)(%)JXJ
Mean = 21/10
(b) X ~N(21/10, 49/5000)

forx=0,1,2,3

(c) 0.1562

Exercise 19.3

1.
2.

3.
4.
5.

(a) X ~N(20, 0.32) (b) 2N(zo, o.32)
(a) X ~N(100, (7x122/10) )

(b) N(100, (732/10) )

X ~N(50, 1/2)

(@) X ~N(3,9/400) (b) N(3, 9/400)
(a) X ~N(2,1/250) (b) N(2, 1/250)
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6

7

. (a) 15, (5V3)/3 (b) X ~N(15, 5/48)
(b) N(15, 5/48)
. (a) 0, (V15)/5 (b) N(0, 1/200)

Exercise 20.1

1

Ao

W

=)

0]

. (a) 59.54,5.7844  (b) 59.54,5.7844

2
. (a) 13.5,8.7115  (b) N(13.5, 1.1246 )

X ~N(100, 9/8); N(100, 9/8)
X ~N(10, 1/5000); N(10, 1/5000)

— 2
. (a) 1, (V30)/6; X ~N(1, (¥30/60) )
(b) N, 1)

— 2
(@) 5, (5V3)/3; X ~N(5, (¥3/6) )
(b) N(0, 1); approx. N(0, 1)
. (a) 1.1, 0.9434, 0.9595
(b) 0.5708
. (a) 11.4,5.1743,5.2628
(b) 0.9367

Exercise 20.2

I.

— O O o0~

—_

12.

— 2
(a) X ~N(33.7,1.0733")
(b) (i) 33.7+£2.76 (ii) 33.7+1.88
(c) n>23

— 2
. (a) X ~N(2014,3.525)
(b) (i) 201.4+5.80 (ii) 201.4 +7.65
(c) n>48

. (@) X ~N(5.4, 0.122)
(b) (i) 54+024 (i) 5.4+0.34
(c) n>98
. (a) (i) 20.7+0.57 (ii) 20.7+1.14
(b) n>46
. (2) (i) 0.3341 (ii) 0.01606
(b) (i) 485+5.76 (ii) 485+ 6.13
(c) n>25
. (a) 09431 (b) 125+4.89 (c) n>28

. (a) 0.1030 (b) 12£1.55 (c)79.4%

. (a) 0.9605 (b) 2.5+0.089 (c) 88.6%
. (a) 183£1.18 (b) 90.4% (c) n> 60
. (a) 1.645 (b) 29.8<p<302
. (a) 9.993 < 1< 10.007

9.991 <1 <10.009
9.988 <n<10.012

(b) No cause.

(a) 999.81 < <1000.19
999.77 < n<1000.23
999.70 < u<1000.3

(b) No cause.

Exercise 20.3

L.

Lh

Significant at 10%, 5% and 1% levels.

2. Significant at 10% and 5% but not at 1%.
3.
4. (a) Significant at 5% level.

Significant at 10%, 8% and 2% levels.

(b) 15.7%

(@) 59% () () n>55 (i) n>39
C(@ 25% () () n>107 (i) n>62
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Index

Index

absolute value functions
graph of, 68
angle
between line and plane, 112
between two planes, 113
between two vectors, 85
anti-differentiation, 172
area, trapped between two curves, 199
asymptotes, 74
oblique, 82

Cartesian

equation of line, 101

equation of plane, 107

equation of circle, 115
Central Limit Theorem, 272, 276
circular motion, 261
Complex Conjugate Root Theorem, 41
complex numbers, 1

Argand diagram, 1, 7

argument, 2

Cartesian form, 1

cis form, 2

conjugate, 2

exponential form, 26

locus, 11

modulus, 2

nth roots, 21

ordered pair, 2

polar form, 2

roots, 2

trigonmetry, 23
confidence intervals for p, 294
critical region, 304

de Moivre’s Theorem, 4
differential equations, 214

%=f(x), 214

d*x 2

W =—-0 X, 245

dy

Z =ap+b,216
a Y

dy

= =ap(b-y),222
o ay(b-y)

17
i =f(x) g(»), 228

separation of variables, 216

differentiation, 152
applications, 164
exponential functions, 152
implicit, 158
logarithmic, 162
logarithmic functions, 152
parametric function, 156
rules, 152
trigonometric functions, 152

echelon form, 138
elementary row operations, 138
elliptical motion, 261

Factor Theorem, 32
functions, 45
codomain, 45
composition of, 49
domain, 45
inverse, 57
many to one, 45
one to one, 45
onto, 45
range, 45
Fundamental Theorem of Algebra, 19
Fundamental Theorem of Calculus, 173

Gaussian elimination method, 137
geometric proofs, using vectors, 129
geometry in 3D space, 133
gradient function, 164
graphs of
absolute value functions, 68
inverses, 63
rational functions, 74
reciprocals, 64

Heaviside Cover-up Method, 195

integrals
standard, 173
trigonometric, 178
integration,
change of variable, 185, 197
definite, 196
partial fractions, 191, 196
trigonometric substituion, 189
interval estimate for ., 294
isoclines, 235

level of significance, 304
logistic differential equation, 222
logistic function, 222
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Matrices,
augmented, 137
Motion in a plane
circular motion, 260
elliptical motion, 260
projectile motion, 266

Numerical integration, 208
mid point rule, 209
rectangular rules, 208
Simpson’s rule, 212
Trapezium rule, 210

partial fractions, 191

piecewise defined functions, 68, 70
poles, 74

point estimate for p, 288
polynomial division, 37

projectile motion, 266

rational functions, 74
rectilinear motion, 239
related rates, 166
Remainder Theorem, 35

sampling distribution
of sample means, 272, 289
simulations, 283
scalar product
equation of line, 105
scalar projection, 85
separation of variables, 216
shortest distance between
point and line, 118
point and plane, 119
simple harmonic motion, 246
systems of linear equations, 136
existence of solutions, 145

Gaussian elimination method, 137

infinite solutions, 146
no solution, 147
unique solution, 137, 146

vectors
acceleration, 256
angle between, 85
cross product, 94
components, 84
direction, 84
direction cosines, 85
displacement, 256
magnitude, 84
normal, 95
parallel, 85
perpendicular, 2
position, 84
projection, 85
proofs, 129
scalar product, 85
unit, 85
velocity, 256
vector equation
of line, 98
of plane, 107
of sphere, 115
scalar product, 105
vector functions, 122, 253
derivatives, 253
integrals, 253
volume of revolution, 203

zeros, 32
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