R TN
i |
- NEWSS!

Vil
VIR EIYTAY)

8t Edition

Workbook Full Solutions







14y°z-14xy° 14y’ (z-x)

) (h) — = >
. . 7y(x-z) 7y(x-z)
Algebraic Fractions and Formulae Y ;’ N
4
— x-z
Worksheet 1A Algebraic fractions _¥
zZ-X
10ab a *_16b>  (a+4b)(a-4b)
1. (@) -2 @’ -16b" _
100bc  10c¢ (@) ab +4b* b(a+4b)
748 1 a-4b
(b) 0 3d ==
2 2
( Sk _4h o (6a=60) _[6(a-b)]
2hk* k 6a>-6b°  6(a’-b)
2372
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® 30p(2q+r)  5(2q+71) © Sc+l 5c+1
24p(2r+q)  4p(2r+q) 52 +11c+2  (5c+1)(c+2)
4 1
(@) 15(%—)’)3 _ 3(x7—y) =232
35(x - y) @ Lr3d-28  (d+7)(d-4)
M) 49x32(x2 —y) 49x32(x2 —y) d-4 d-4
(7)/2)3()/—362) = 343)/323()/—262) =d+7
* © h*-9h+18 _ (h-3)(h-6)
T2 K —6h h(h-6)
a
2 = - _h-3
@ 50 +a  a(5a+1) ~Th
- K + 8hk +16k> (h+4k)’
5a+1 ® 2 2 =
. bioh) 5h’ +18hk -8k’ (5h—2Kk)(h+4k)
(b) b-b" _ (— _ h+4k
b ll; 5h -2k
2 =1- (@ 12mlom-12 2(6m* -5m-6)
() oW +2hk _ 2h(8h+k) ¥ 2am’ 7ame5a  (am’ —12m+9)
6h’ 6h’
Sh+k _ 2(3m+2)(2m-3)
T 3n 6(2m-3)*
() 3hj-3hk _ 3h(j-k) - 3m+2
9hj—9hk  9h(j-k) 3(2m - 3)
1 (h) 15am—-4n-5m+12an _ 15am-5m+12an—4n
3 8n’ +6mn—5m’ (4n+5m)(2n-m)
© 4p+dq  4(p+q) _ 5m(3a-1)+4n(3a-1)
e =
(p+q)2 (p+q)2 (4n+5m)(2n-m)
4 _ (5m+4n)(3a-1)
“p+q (4n+5m)(2n-m)
® P-4 _ _7p=q _3a-1
8qr-56pr  8r(q-7p) 2n—m2
1 (i) 49}72 _28pq+4q2 — (7P_2q)
=78 8q° -98p’ 2(4q" -49p°)
@ 22xy+33yz _ 11y(2x+3y) _ (7p-24q)
99xy +66x i}3x(3y+2x) 2(2q+7p)(29-7p)
=3 _ (2q-7p)
2(29+7p)(29-7p)
_ _29-7p
2(29 +7p)
OXFORD Chapter 1

UNIVERSITY PRESS



__ (3p+59)(3p-59)
(3p+q+4q)(3p+q-4q)

_ (3p+5q)(3p-59)
(3p+5q)(3p-3q)

_3p-5q

“3(p-9)

7x-xy+35-5y  7x-xy+35-5y

9p* —25¢
G —L 21
(3p+4q) -16q

(k)
7x=35-xy+5y

x(7-y)+5(7-y)
7(x=5)-y(x-5)
_ (x+5)(7-y)

(7-y)(x=5)
_x+5

x-5

7X+5y-35-xy

W.X,'y—WyZ+.?CyZ—y,’z2 Yy wxX—-wz+xz-2

)
O wx® —wxz — x*z + xz* 2)

x(wx WZ—-XZ+2

y[w (x- z)]

4. (i) 50x*-2=2(25x*-1)
=2(5x+1)(5x-1)

. 50x° -2 2(5x+1)(5x-1)
(ii) > = 5
10x*-8x-2  2(5x" —4x-1)
_ 2(5x+1)(5x-1)
2(5x+1)(x-1)
5x-1
Tx-1
5. No, I do not agree with the student.
3x* -x x(3x-1)
9ax’ — 6ax* +ax ax(9x2 —6x+1)
_ x(3x-1)
ax(3x-1)°
S S
a(3x-1)

Challenge Myself! m———
6. @& L 1)
-1 (x-1)(x+3)
4x+12
x*+2x-3

.. A possible fraction is Axr12
X+2x-3

) 4 4(x+1)
O T oD
_ 4x+4

xt -1

=

4x + 4
x»-1"

.. A possible fraction is

x-2y _(x-2y)(x-5)
x+3  (x+3)(x-5)
B x> =5x-2xy+10y
- x'-2x-15
x* - 5x - 2xy + 10y
x*-2x-15 '

() &3

.. A possible fraction is

Worksheet 1B Multiplication and division of algebraic
fractions
1 @ %9,14 _4
7 15a 5
6a> ab* 3a*
® e =
(c) (—S—C)X\hOOdZ = (—5—C)x10d
2d 2d
=-25¢
_ 2 2 12
n ﬁx( 3cd) 14d 9c*d
81c 8 81c 8
_ 7cd?
~ 36
12k 10K _12h 9
(e) + = —x—
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7j 215" _7j,..8
® 4h 8 4k 215’
-2
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12n?
" 5m
28mn’ 7m’n _ 28mn’ _ 25k
(h) + = x =2
5k 25k 5k m’n
20n?
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2
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2.2 2.2
5
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~ 108
2 2
k) 6_y+3&+12: oy szx_
x 2 x x 3xy° oy
-4
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-_8
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2. (a) a+5 9 3 (a) at4  4a-1 _ a+4  Aa-1
) 3 (a+5) Ta+5 4a* -5a+1 a’+4a (4a-1)(a-1) a(a+4)
b 16b B 12b 35(4a-3b)’ .

(b) T 3 = EETANS ala-1)
49(4a-3b) 35(4a-3b)°  49(4a-3b) 16b ,
15(4a - 3b)° ®) b’ -25 (b-5) :b2—25x 5b°
=‘;7; 2+10 56°  26+10 (b-5)
© 3e+l 2(6c-1) _ 2(6c-1) _ (b+5)(b-5)  sb?
6c-1 7(3c+1) 7 2(b+5)  (b-5)
(5c-2d)’  (9c+d)(5¢-2d) __5b
d -
@ (9c+d) 5¢ 2(b-5)
’ - h-3)(h-4
_ (5c=2d) x > © * hziz;lzx 2h18 * T Eh+3§§h—3;x4 h14 2
(9c+d) " (9c+d)(5c-2d) (2h-8) N (h=4)
_ 5¢c(5¢ - 2d) 4(h+3)(h-4)
9c + d)? _ —hY
6( c h_)4 A @ (7k_h)z+4h 28k _ (7k=h)  7hk
(e) x = x 7hk 1 4h-28k
2h-8 8 32(h—4) 8 _ (h=7k) 7k
=3 1 4(h=7k)
® 3k-9 15-3k _ 3k-9 i’k =M
72 ) - 72
jk jk jk 15_32k © am+an—mn-n’ N a’-n’
_ 3(k—23)x jk n+a 3m+3n
jk 3(5-k) 4 a(m+n)—n(m+n)x(a+n)(a—n)
= jlk-3) n+a 3(m+n)
, k(5 - k) , (m+n)(a—n)x(a+n)(a—n)
2 2 =
@ 14m ><(2m+1) __lam >((2m+i) y q 3(m+n)
8m+4  35m 4(2m+1)  35m (a-n)?
_2m+1 =N 3
10m 20m® —25mn _16m’ —25n°
() rzm+3m +nz+3n _ n;m+3m m;1+3n ) smn+4n’  5mE +4mn
m'n+3mn mn+3n  m'n+3mn n°+3n ~ 20m2—25mnx 5m2 + dmn
_ m(n+3) x”(m+3)  Smn+4n*  16m® —25n°
mn(m+3)  n(n+3) ~ 5m(4m—5n)x m(5m+4n)
=% ~ n(5m+4n)  (4m+5n)(4m-5n)
N 1 G- 1 -
(i) X x ==
(Bp-1) p(p-1) 6p 2 2,,(47m+15:) 2 419p+18
4 -4 p+4 4 4 -4 P -7p+10 p +9p+
Gy HM*24.p-2. P *°P _Pa*R4, P P ® a0 P rap-12
A A WG, (-2)(p-5), (6+3)(p+)
pP-2)(p- p+ +
_alp+4) p' p-4 = x
= >y (p+8)(p-5) (p+6)(p-2)
p o p-4 p(p+d) p+3
— £
, raq . p+8
w 2L, L ley), ) 1522 +13pa+2" (Sp+a)
5x xy(8y—8x) ny 8xy(y—x) 18p” -84 ’ 9p-4q
" 208 _ 15p7+13pg+24"  9p-4q
o xy(x—7y);x(7y—x)2 _ xy(x—7y)>< y 18p° -84’ (5p+q)°
(=x)’ y (-x)  x(7y-x) _ (5p+a)(3p+29) 9p-4q
= X
_w-7y) oy 2p*-44°)  (5p+a)’
—x’ x(x—7y)2 _ (5p+q)(3p+29) y 9p-4q
___ 2(3p+24)(3p~24) " (5p+q)’
x*(x=7y) _ 9 -44
) 2(5p + q)(3p - 29)
X (7y-x)
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(i) 2x=2y " 2(x+y)2 (b) ax’y® —z—axy +xyz . 162a-32ax’y*
ax’ +axy+xy+y>  x' -y’ 4x7y’ —8xy+4  4x*y* +5xy-9
~ 2(x-y) 2(x+y)2 _ axzyzz— Z-axy+xyz 4x*y* + 5xy —Z 92
ax(x+y)+y(x+y) (x+y)(x-y) 4x*y* - 8xy + 4 162a - 32ax’y
Z(x—y) 2(x+y)z _ ax’y’ —axy+xyz—z 4x°y’ +5xy-9
= 4(x*y* —2xy+1)  2a(81-16x°y)
(x+y)ax+y) (x+y)(x-y)
4 _ axy(xy—l)+z(xy—1)x (4xy+9)(xy—1)
Cax+y 4(xy-1)’ 2a(9+4xy)(9-4xy)
G) x*y? +3xy-10 . 4xy +20 (axy+z)(xy—1) (4xy+9)(xy—1)
- = X
x*yt —dxy+4 3x7y  -Txy+2 4(xy-1)° 2a(9+4xy)(9-4xy)
B x2y2+3xy—10><3x2y2—7xy+2 axy +z
x*y* —dxy+4 4xy+20 = 8a(9- 4xy)
_ (o+5)(y-2) Bxy-1)(xy-2)
(xy-2)° 4(xy+5)
3xy -1 Worksheet 1C  Addition and subtraction of algebraic
=" fractions
a
b 5 1 30+1
4. (a) The first to fourth tiers in - area, b, c and d respectively. 1. (a) ;+a = oa
d _3
a . " 6a
% can be simplified into Z_c’ in which the numerator is b) 10 2 _ 10-6
Fl 3b b 43b
the product of the first and fourth tiers, and the ==
. . o 3b
denominator is the product of the second and third tiers.
5 © L.B3 _ladeic
. 2 I 2¢ 4d 4cd
(b) @) 171 _3c+14d
6 6 4cd
-2
=12 (d) 1_1 = 3¢-2f
4 6f 9g 18fg
6
W) 5 =2 o 2,8 7 _s4s3-21
25 © 3w 12h
3 _ 65
m-4 m-4 12k
(i) 21— = 1 19,3 _5-360+24
m-4  m-4 TR 40K
- 331
_1 ~ 40k
, ™ @ 4 L .4 1
& a9 me3 3(m+3) m+3
(iv) n+21 =an 443
n =
a(n+1) TETE)
(2p+5)*-16 3 7+3)
5. @ 22 (2p+5)° =16 (2p+1)’ s ; " .
. (a — = + h - = -
(2p+1) 2p+9 2p B S —d e a(no1) e(2noD)
2p 15-14
2p+5+4)(2p+5-4 = —
_ Qp+5+4)2prs-4)  2p ()
2p+9 (2p+1)
_ (2p+9)(2p+1) 2 S 12(2n-1)
2p+9 (2p+1)°
- %
2p+1
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2 7 2 7
+ = +
2p-5 15-6p 2p-5 3(5-2p)
-2 7
2p-5 3(2p-5)
6-7

(@)

~3(5-2p)
3 § 3 8

20r—45q 9q—4r  5(4r-9q) 4r-94
3+40
5(4r-9q)
= 43
5(4r - 9q)
) 642 _ 6(5x-1)+2
5x-1 5x-1
_ 30x-6+2
T 5x-1
30x-4
5x-1
8 8-y(3y+4)
3y+4 ~ 3y+4
_8-3y°-4y
C 3y+4
8-4y-3y?
=" 3y+4
6 6 6(a+2)+6a

2 @ T T )

_ 6a+12+6a
"~ a(a+2)
_12a+12
" ala+2)
®) 4 1 47b)-(b+7)
b+7 7b 7b(b+7)
_ 28b-b-7
~ 7b(b+7)
27b-7
7b(b +7)
3 5(3c+1)+3(c=6)

G

o

E

YT (3c+1)(c-6)
_ 15¢+5+3c-18
(3c+1)(c-6)
18c-13
Bc+1)(c-6)
8 1 8(d-2)-(2d+1)
2d+1 d-2  (2d+1)(d-2)
_ 8d-16-2d-1
~ (2d+1)(d-2)
_ 6d-17
T (2d+1)(d-2)

(©

o)}

Cc—-

(d)

2f , 4 2f(7f+4)+4(7f-2)
7f-2 7f+4 (7F-2)(7f+4)
14> +8f+28f-8
(7f-2)(7f+4)
14f* + 36f- 8
(7f-2)(7f +4)

9 5h 9(3-4h)-5h(4h-6)

(e)

O s (4h-6)(3-4h)
_ 27-36h-20k" +30h
© 2(2h-3)(3-4h)
_ =20h* -6h+27
 2(2h-3)(3-4h)
_ _20k*+6h-27
2(4h - 3)(2h - 3)
3 8  3(3)(2k+5)+8(9k-1)
® Ok—1 3(2k+5) __ 3(9k—1)(2k+5)
_18k+45+72k-8
 3(9k-1)(2k+5)
90k + 37
 3(9k-1)(2k +5)
10 9 10(2)(3n-m)-9(4n-3m)
(h) - =
4n-3m_2(3n-m) 2(4n-3m)(3n-m)
_ 60n-20m-36n+27m
~ 2(4n-3m)(3n-m)
_ 7m + 24n
"~ 2(4n - 3m)(3n - m)
. 7 2 2 7
G - + = _
4+5p 7p-3 7p-3 5p+4
_2(5p+4)-7(7p-3)
(7p-3)(5p+4)
_ 10p+8-49p+21
(7p=3)(5p+4)
29 -39
(7p-3)(5p +4)
G) - 1 1 _ 1 _4q
J 5(15r-3q) 2q-r 15(q-5r) 2q-r
_ (29-r)-15q(q-57)
15(2q—r)(q—5r)
_ 2q—r—15q2+75qr
- 15(2q—r)(q—5r)
_ 2q-r+75qr-15¢°
15029~ 1)(q-57)
o ! 1,1

LI
2x-1 2x 2x+1
_ 2x(2x+1)+(2x+1)(2x 1)+ 2x(2x -1)
- 2x(2x+1)(2x-1)
_Ax 4 2x+4x7 —1+4x% - 2x
- 2x(2x +1)(2x-1)
12x* -1
2x(2x+1)(2x-1)
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o

(a)

(b)

(c)

(d)

(e)

()

2 _ 8 _ 4
z+5y 3(z-6y) z+7y

_ 203)(z-6y)(z+7y)-8(z+5y)(z+7y) - 4(3)(z+5y)(2=6y)
3(z+5y)(z-6y)(z+7y)
6(z" +yz-42y*)-8(2* +12yz+35y* ) -12(2" - yz-30y°)
3(z+5y)(z-6y)(z+7y)
62> +6yz-252y% —82° =96 yz - 280y* —122> +12yz + 360 y°
3(z+5y)(z-6y)(z+7y)
-14z° -78yz-172y"
3(z+5y)(2-6y)(z+7y)
142* + 78yz + 172y
3(z+5y)(z-6y)(z+ 7y)
10 20 10a+20
_+_2 :T
a a
4 5 4(b-3)+5
b-3 (b-3)"  (b-3)

_6 2 _b-2ce+d)
(c+4)" c+4 (c+4)

4d _ 5d
7-4d (7-4d)

4d(7-4d)-5d

(7 -4d)*
28d-16d° -5d

(7 -4d)’

_ 23d - 164
(7 - 4d)*
5f 9  5f 9

affeaf+l 2f+1 (2f+1) 2f+1
5f-9(2f+1)

(2f+1)°
5f-18f-9

(2f+1)°
-13f-9
(2f +1)°
_ 13f+9

@f+1)
1 3h 1 3h
h-8 K -16h+64 h-8 (h-8)
(h-8)+3h

(h-8)°
_4h-8

(h-8)

(g)

(h)

G

(k)

M

1 3 1 3

_m-9n+6
(m - 9n)?
i 3 N 2 _ 3 N 2
7p*+11p+4 7p+4  (7p+4)(p+l) 7p+4
_ 3+2(p+1)
(7p+4)(p+1)
3+2p+2
(7p+4)(p+1)
2p+5
(7p+4)(p+1)
4 q _ 4 q
3q—81'_6qz—qr—40r2 N 3q—8r_(3q—8r)(2q+57)
_ 4(2q+5r)-q
- (3q-8r)(2q+57)
8q+20r—¢q
(3q-8r)(2q+5r)
7q + 20r
(3q-8r)(2q +57)
_ 9(x+3)-10(x+1)

(x+1)(x+2) (x+2)(x+3) - (x+1)(x+2)(x+3)

9 10

9x+27-10x-10

C(x+1)(x+2)(x+3)
_ 17 - x
(x+ l)(x+2)(x+ 3)
y 5
2 2 + 2
Yy +2y-24 y -y-20
-y 5
2(y +y-12) y*-y-20

y . 5
2(y+4)(y-3) (y-5)(r+4)
y(y-5)+5(2)(y-3)
2(y-3)(y+4)(y-5)

y*=5y+10y -30
2(y=3)(y+4)(y-5)
¥+ 5y-30

T 2y-3)(+4)y-5)
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4. 2yz- + y2:2yz— +—2
y-z yz-z y-z z(y-z)
_2yz'(y-z)-5z+y
z(y-2)
27 -2 +y-52
- z(y-2)
5 7 5 hx+k 5 7 hx+k

T 34dx 3-dx (3+4x)(3-4x)
_ 5(3-4x)-7(3+4x)+(hx+k)
- (3+4x)(3-4x)

+ + 3
4x-3 4x+3 9-16x

_15-20x-21-28x+hx+k
(3+4x)(3-4x)

(h-48)x +(k-6)

(3+4x)(3-4x)

(h-48)x+(k-6)  Ax+B

(3+4x)(3-4x)  9-16x""

thenA=h-48and B=k- 6.

1 1
—+

Since

2 rrx

J Xy

4 ax’ -4y’
2.2
Xy

X
4
yZ xZ

x+y
.
A(x+y)(x-y)

2.2
Xy

Challenge Myself! L]
A . B . C
1+5x 4x+1 1-5x
__A N B C
5x+1 4x+1 5x-1
A(5x-1)(4x+1)+B(5x+1)(5x-1)-C(5x +1)(4x +1)
(5x+1)(5x -1)(4x+1)
A(20x7 +x-1)+ B(25x" -1)- C(20x* +9x +1)
(5x+1)(5x -1)(4x+1)
_ 20Ax* + Ax— A+25Bx’ - B-20Cx’ -9Cx-C
- (5x+1)(5x—1)(4x+1)
(20A+25B-20C)x> +(A-9C)x - (A+B+C)
(5x+1)(5x -1)(4x+1)
Comparing coefficients of x?,
20A +25B - 20C = 235
4A+5B-4C=47 — (1)
Comparing coefficients of x,
A-9C=24 —(2)
Comparing constants,
-(A+B+C)=-7
A+B+C=7
From (2), A=9C+ 24

—3)
—4)

Substitute (4) into (1):
4(9C +24) + 5B - 4C = 47
36C+96 + 5B-4C =47

5B+32C=-49 — (5)

Substitute (4) into (3):
(9C+24)+B+C=7
9C+C+24+B=7

B=-10C-17 — (6)

Substitute (6) into (5):
5(-10C - 17) + 32C = —49
-50C -85 +32C=-49

18C = -36
C=-2

Substitute C = -2 into (6):
B=-10(-2) - 17

=3
Substitute C = -2 into (4):
A=9(-2)+24

=6
+A=6,B=3,C=-2

Worksheet 1D

fractions

1. (a)

(b)

()

(d

(e)

3a-4 a+3 7
8 4 6
3(3a-4) +6(a+3)=28

9a-12+6a+18=28

15a =22
g:ll
15
0 _1
b 4
b =40
2 s
c-2
5(c-2)=9
c—2:2
5
C:3é
5
10- 4 =8
6d+1
4 -
6d+1
2(6d+1) =4
6d+1=2
6d =1
a=1
L 6
7 —1:3
4h+5

7h-1=3(4h+5)
7h-1=12h+15

5h =-16

he-3l
5
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6k 5
() Tl 12
12(6k) = 5(k + 1)
72k =5k +5
67k =5

5
k==
67

© 3 4

8 m+7  8-m
3(8-m)=42m+7)
24 - 3m=8m+28

11lm=-4

) Z-——=0

7 2

n n+3
7(n+3)=2n
n+21=2n
5n=-21

n:—41

5

(i) L+L:o
4p-5 5p-4
8 6

4p-5  5p-4

4-5p
8(4-5p)=6(4p-5)
32-40p=24p-30

64p =62

_3t
9 7 5 N 2
(0)] q+2q 3
54+21-10
6q -
65 _
6q_
6g =65

5
=10=-
1 6

1

1

S S
3x+5 6x+10
4 1
3x+5 2(3x+5)
8+1
2(3x+5)
9%
2(3x+5)
123x+5)=9

36x +60=9

36x=-51
X= —li
12

()

12 u
9-2y 2y-9
EREE
9-2y 9-2y
2B
9-2y
9-2y=1
2y=38
y=4
3a+2 5
20 3a+2
(3a+2)*=100
3a+2=10 or 3a+2=-10
3a =8 3a =-12

M

(a)

(b)

bb+1)=12
b*+b-12=0
(b+4)(b-3)=0
b=-4 or b=3
b=-40rb=3
18
(c) P =h-1
(h-8)(h-1)=18
h-9h+8=18
h?*-9h-10=0
(h-10)(h+1)=0
h=10 or h=-1

s h=10o0orh=-1
11
d 4k-1= —/—
(d) -
(4k-1)d-k) =11
-4k*+17k-4=11
4k*-17k+15=0
(4k -5)(k-3)=0
k=1l or k=3
4
.‘.k=1l ork=3
4
5
e m+2=
(€) 7m—2
(7m+2)(7m-2)=5
49m? -4 =5
49m*=9
rr12:i
49
3
m= t—
7

3

Il

I+
N | w
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25+ 20n + 4n? =
® 2n+5

2 _
(2n+5)*= -
2n+5)*=8

2n+5=2
2n=-3

99—
() °—P =2p-3
p+5

@2p-3)p+5)=9-p
202 +7p-15=9-p
20 +8p-24=0
pPP+ap-12=0
(p+6)(p-2)=0
p=-6 or p=2

S.p=-6orp=2
7g-1 _7q+2
(h) -1 _7/9
7q+3  7q9+5

(7q+5)(7q-1)=(7q + 2)(7q + 3)
49q* +28q -5 =494> + 35q + 6

7q =-11
4
= -1=
1 7
4
sog=-1—
1 7
G) ELN
x
36 - x2=5x
x*+5x-36=0

(x+9)(x-4)=0
x=-9 or x=4
S.x=-9o0orx=4

, 16
()] 4y'=65-—
y

4(y) = 65y - 16

4(P) - 65 + 16 =0
4y -1)(p*-16)=0

2_1 2 —
y—Z or y*=16
y:il y==4
2
.'.yzilory=i4
2
3. () 10 2

+ =0
(5a+2)(3a-1) 3a-1
10+2(5a+2)=0

10+ 10a+4=0
10a=-14
a:—lg

4 b
LT TENE T
4 b
8b-3 b(8b-3)
4b-b=0
3b=0
b=0
.. The equation has no real solutions.
7 5
© 2hal 4l -1
7 5

2hel (2h+1)(2h-1)
7(2h-1)+5=0

14h-7+5=0
14h =2
hel
7
- L
7
2 17 6k-3
) - -6
3k-1 6k+5 18k +9k -5
6k-3

(6k+5)(3k-1)
2(6k +5) =173k - 1) =6k - 3
12k +10- 51k + 17 =6k - 3

45k = 30
k=2
3
L k=2
3
) 3 .2

m+3 m-3
3(m-3)+2(m+3)=(m+3)(m-23)
3m-9+2m+6=m>-9
m*-5m-6=0
(m-6)(m+1)=0
m=6 or m=-1
Som=6orm=-1
6 1
® n—6_2 n-8
6(n-8)=2(n-6)(n-8)-(n-=6)
6n-48=2(n*-14n+48)-n+6
=2n*-28n+96-n+6
2n* - 35n+150=0
(2n-15)(n-10)=0
n:7l or n=10
2
.‘.n=7l orn=10
2

® e
3p+12 3p-8
16(3p - 8) + 12(3p + 12) = (3p + 12)(3p - 8)
48p — 128 +36p + 144 = 9p* + 12p - 96
9p*-72p-112 =0
(B3p-28)(3p+4) =0

p:gl or p= —]l
3 3

1 1
SLp=9=- orp=-1—
p 3 p 3

OXFORD
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9-3_ 7
9 49-5
(g-3)(g-5)-79=3q(q-5)
q*-8q+15-79=3q*- 159
2¢*=15
q=75
q=12.74 (to 3 s.f.)

(h) =3

Soq=%274
) ERN Yo
x 5-3x
5(5 - 3x) =2x(5 - 3x) + 10x
25 - 15x = 10x - 6x* + 10x
6x* - 35x+25=0
(6x-5)(x-5)=0

x:E or x=5
6

5
Sox=—orx=>5
6

4y-12 1
y+2 _ﬁ_
4y-12)y-2)-(y+2) =4y +2)(y - 2)
42 -20y+24-y-2=4(*-4)
4y 21y +22=4y"- 16
21y =38
17

y=1=
21

G

17
y=1=
4 21
4., (i) 3x*-2x-8=0Bx+4)(x-2)
4x 7
(ii) _—
3x° -2x-8 2-x
4x 7
(Bx+4)(x-2) x-2
4x-7(Bx+4) =0
4x-21x-28 =0
17x =-28
11

x=-1—
17

SoX= —1E
17
- A B
5. %9 Substitute x = 5 into - =6:
B 8x-4 1-2x

LA+lB =6
36 9
A+4B =216
.. A possible pair of values is A = 200 and B = 4.
X+2

6. Let the fraction be ——.
x

x+42, x 34
X x+2 15
15(x + 2)* + 15x% = 34x(x + 2)
15(x? + 4x + 4) + 15x> = 34x> + 68x
15x% + 60x + 60 + 15x* = 34x* + 68x
4x*+8x-60 =0
xX*+2x-15=0
(x+5)(x-3)=0
x=-5 or x=3

.. The fractions are % and g

7. (i) Volume of tank = (200 x 150 x 120) cm?®

=3600 000 cm®
3 600 000 o= 1000

Time taken by tap P = =
Time taken by taps Pand Q = 3 600 000 s= 1000
xX+x+40 2x+40
500
T x+20
1000_ 500 _ 5
x x+20 6
3
6

6000(x + 20) - 3000x = 35x(x + 20)
6000x + 120 000 - 3000x = 35x2 + 700x
35x* - 2300x - 120000=10
7x* - 460x - 24 000 = 0
(7x +240)(x - 100) =0
xX= —34% or x=100

.o x =100 1000
(i) Time takenbytapQ= —— h
x+40
_ 1000 h
140
71y
7

=7 h 9 min (to the nearest minute)

Worksheet 1E  Manipulating algebraic formulae

1. (@) y=7p+4q
p=y-4q
_y-4q
P=""
(b) ax+by=c
by=c-ax
_c-ax
Y=
(¢) hk=abc
hk

b=—
ac

(d pg= Zmn

3mn = 4pg®
_4rq’
~ 3n
4p-5q
e) x=—+——-2
(e) s
8x=4p - 5q
4p =5g + 8x
5q + 8x
p= q4
b
(f) y= -2
x-c
L= b
Y
xX=c+—

10 Chapter 1
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a(b-3)
3+b

(@ x=

2a+1= — 3x+bx=ab-3a
2’; ab - bx=3a+ 3x
1:7—211 b(a-x)=3a+3x

(h) D=0b*-4ac :3a+3x

4ac=b*-D a_f
b’-D 2k

= h= 2K

a ac (r) K

(i) v*=u+2gs h(h - k*) = 2k?

ur=v2-2gs h? - hk? = 2k?
hk? + 2k = W?

S
u izv 8 Kh+2)=h

. gT h
L= k= —

(]) 4752 h+2
4m’L = gT* P h
T 4n’L “Vh+2

g ﬂ:anﬂm
: (s) " 4
T=+ 4’L m? = n(an + bn)
-4 =n*(a+b)
(k) =+ax>+b ,_om
n =
y=ax’+b a+b
ax*=y*-b s
a:yz_b n== a+b
x? 1 2 3
© =

()] x+y=3/6p+q 4p 59 r

(x+y)=6p+q 2_3_1
6p=(x+y)V-q 5 r 4p
NLASlid | _12p-r
- 6 4pr

(m) hx =kx+c 5q9 _ _4pr
hx-kx=c¢ 2 2p-r
xth-k)=c . . 8pr

=1k 1 5(12p - 1)

(n) V-r= %nﬁ (u) avx+b = P‘/;+q
3V -3 = 4 ax-pdx=g-b
A + 3P =3V Vx(a-p) =q-b
PAn +3) =3V q-b

3V Jx = P
= p
471;-‘3/ q_b)z
X =
= a_
r 3\/4ﬂ+3 b
(o) xy = a(x - 6) ) 3@_% -b
=ax - 6a n o m
ax-xy =6a ﬂ_ﬁzbs
x(a-y)=6a n o m
- % an _m_
a_yb m’ n
(p) na+b)=— m-b’n
ke =
nck(a+b)=b "
3 3
nack + nbck = b azm_(m—bn)
b - mbck = mack n’ n
b(1 - nick) = mack m3(m - b3n)
_ _mack a= nt
1-nck
OXFORD Chapter 1 11
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(w) X+ 2xy=1-y
X+2xy+yr=1

(x+y)P=1
x+y=4=1
y=-x%*1
2,2
(x) i—by :lax(a2x2—6hy)
X ax 9

9ac - 9b*y* = a>x*(a*x* - 6by)
= a'x' - 6a’bx*y
a'x' - 6a*bx*y + 9b*y* = 9ac
(a*x* - 3by)* = 9ac
a*x* - 3by = ++/9ac

3by = a’x* ++/9ac

_ a’x*++/9ac
= 73},
2. A =3na(6a + b)
6a+b= 4
3na
A
= % -6a

1
3. (i) h= =k(a*-b
© k= Lk -v)
Whena=8,b=-6and k=5,

h:i@ﬂy_p@ﬂ

.. 1
(ii) h=Zuf-W)
ﬂ:az b?

k
bZ:a2—4—h
k
_ ,_4h
b=+|a k

4, (i) s= ut—lgt2
2
When u=4,t=1andg =10,

s= (4)1)-+

(10))
=-1

1
(ii) 5=ut—zgt2
2s =2ut - gt
gt =2ut-2s
_ 2tu-2s
8= 2
x’+a
x> -b
yx*-b)=x*+a
Xy-by=x*+a

5. y=

Xy-x*=a+by
X*(y-1)=a+by
a+by
y-1

x == aytbly

X =

8 (i) (x-a)P+@y-bP=r
Whena=b=0andr=6,
Equation of circle: x* + y* = 36

(i) (x-a)+(y-byP=r
y-by=r-(x-ay

y-b=xr’ =(x-a)’

y=btr-(x-a)?
9. (i) I= P(1+i> -p
100
When P=30000,R=4and n=>5,
5
I=$[30 ooo(1+i) ~30 000
100

= $6499.59 (to 2 d.p.)
.. Interest charged is $6499.59

(i) I= P(1+i) -P
100

(&) -1

I S
R n
(1 +m) -1
(iii) P= ————
(1+i) -1
100

When I=1460,R=2.5and n=2,
1460

=P

2
P= (1 + %) — 1 =28 800 (to the nearest hundred)

.. Amount borrowed is $28 800

Challenge Myself! m————

10. (i) y=mx+c
mx=y-c

-C
m=y
X

12 Chapter 1



(ii) Let (x, y,) be the coordinates of a point that lies on the line.

Then gradient of line = M
horizontal change
_h-c
X

Replacing (x,, y,) with (x, y) to represent any point that lies
on the line, y

we have m = Pinia . 4

x

Review Exercise 1

6ab® 4b> (b\' 6ab® a a\
1. (a) +—+|=| = ——x—5x
5 4b

5 a a b
6ab> a _a
5 0 4b° b’
_ 3a
10b°
18y% +12xy 6y(3y+2x)
(b) s =
4x° -9y (2x+3y)(2x—3y)
__b
T 2x-3y

2. (@) 2x°-9x+4=02x-1)(x-4)
b) @) 2x°-9x+4 =0
2x-1)(x-4)=0

1
x=— or x=4
2

.'.x:lorx:4
2

257 -9x+4  (2x-1)(x-4)

A 20x-15xy-8+6y
B 24x-3y-18xy+4
20x-15xy—-8+6y
24x+4-18xy-3y
5x(4-3y)-2(4-3y)
4(6x+1)-3y(6x+1)
(4-3y)(5x-2)
(6x+1)(4-3y)
_5x-2

6x + 1

xt -1 X
= X ——
X x-1
(x+1)(x-1) «x
= > X
X x-1
_x+1
T ox
. T3 3
6. (i) V=—(R -r
© v=T(®-r)
WhenR=72andr=6.8,
V= 2(72'-68")
3
=61.6 (to 3 s.f.)
.. (53 3
ii V=—R-r
G v=1r-r)
174 9
bl
p-r-V
hid
r=3R3_ﬂ
V Tt
-b +b* - 4ac
x= — V7

2a

2ax = —-b £~/ b? - 4ac
2ax + b= b -4ac

(if) 5 =
x°-16 (x+4)(x-4) (2ax + b)* = b* - 4ac
_ 2x-1 4a’x* + 4abx + b* = b> - 4ac
x+4 2.2 _
4 5 4(x—5)+5(x+4) 4a*x* + 4abx + 4ac=0
3. (a) == T a7 4a(ax’ +bx+c)=0
x+4 x-5 (x+4)(x=5) i 20 th b ~ 0. (shown)
~ 4dx—20+5x+20 1nce a y en ax®+ ox + c=0. (shown
(x+4)(x=5) 4320 | 720 _ 1500
v V-
=% 4320(v - 1) + 720v = 1800v(v - 1)
(x+4)(x-5) v v= viv
P 3 4320v — 4320 + 720v = 18001? — 1800v
(b) +——=1 180012 — 6840v + 4320 = 0
x—-4 x+2 R
20x+2) +3(x-4) = (x - 4)(x +2) v -19v+12=0
2x+4+3x-12=x2-2x-8 (5v—4)(1/—3)=04
x*-7x=0 vzg or v=3
x(x-7)=0 v=3
x=0 or x=7
Sox=0o0rx=7
OXFORD Chapter 1 13
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@

-5x=0

N x(x-5)=
Quadratic Equations and Graphs ) Y20 or x_5-0
N =
Worksheet 2A  Solving quadratic equations by factorisation ) 3x2x +—1(;;)r:x0_5
1. (@ x(x-7)=0 3x(x+4)=0
x=0 or x-7=0 3x=0 or x+4=0
x=7 x=0 x=-4
SLox=0o0rx=7 Sox=0orx=-4
(b) 8x(x+9)=0 k) -x-4x*=0
8x=0 or x+9=0 -x(1 +4x) =
x=0 x=-9 -x=0 or 1+4+4x=0
Sox=00rx=-9 x=0 4x=-1
© (x- 6)(5x+1) 0 x= -1
x-6= or 5x+1=0 1 4
= 5x=-1 .'.x=00rx:—z
x= - 1)) 10x - L% = 0
1 > 2
.'.x:6orx=—g 206-x*=0
(d) (dx+1D(x-2)=0 x(20-x) =0
4x+1=0 or x-2=0 x=0 or 20-x=0
4x=-1 x=2 x=20
1 Sox=00rx=20
e 4 (m) 7x*=21x
.'.x:—l orx=2 7x2-21x=0
4 7x(x-3)=0
() 7(8-3x)(x-4)=0 Tx=0 or x—3=0
8-3x=0 or x-4=0 Xx=0 =3
—3x=—82 x=4 sox=0o0rx=3
x:25 (n) x:ix2
Sox= 2E orx=4 dx = x2
2 3 4x-x*=0
f) E(6x+1)(5+9x):0 x(4-x)=0
(6x+1)(5+9x)=0 x=0 or 4-x=0
6x+1=0 or 5+9x=0 =
6x=-1 9x=_5 ox=0orx=4
1 5 @ xX+7x+12=0
7 =7 (x+3)(x+4)=0
x:—lorx:—§ x+3=0 or x+4=0
6 9 x=-3 x=-4
(g (x-7)=0 Sox=-3o0rx=-4
2x-7=0 (b) X*+12x+36=0
2x=7 (x+6) =
x= l x+6=0
1 2 x=-6
x_3E Lx=-6
5 (c) x*-9x+20=0
) g(11-40)"= (x—4)(x - 5) 0
11-4x=0 x-4= or x-5=0
—4x =-11 = x=5
x_zi sox=4o0rx=5
3 4 (d) ¥-16x+64=0
x=2 (x-8)=0
x-8=0
x=8
Sox=8
14 Chapter 2 OXFORD
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(e) x*+11x+30=0
(x+5)(x+6)=0

x+5=0 or x+6=0

x=-5 x=-6
SLx=-50rx=-6
f) x*-14x+24=0
(x-2)(x-12)=0

x-2=0 or x-12=0

x=2 x=12
Sox=2o0rx=12
(g0 x*+4x-21=0
x+7)(x-3)=0

x+7=0 or x-3=0

x=-7 X =

(n) 5x*+50x+125=0
X+ 10x+25=0
(x+5)=0
x+5=0
x=-5
Sox=-5
(0) 2x*-12x+16=0
x*-6x+8=0
(x-2)(x-4)=0
x-2=0 or x-4=0
x=2 x=4
Sox=2o0rx=4
(p) 24x*-72x+54=0
4x2-12x+9=0

sox=-7orx=3 2x-3)*=0
(h) x*-5x-36=0 2x-3=0
x-9)(x+4)=0 2x=3
x-9=0 or x+4=0 lel
x=9 x=-4 2
1
S.x=9o0rx=-4 .'.x=15
4 2 —
(i) 5x+12x+4=0 (@) x-100=0
(5x+ 2)(x+ 2; —g o x2 =100
5x+2 = , or xXx+2= , x=+10
5x-—2 *=- s x=%10
X = 3 (r) 25-16x*=0
2 -16x*=-25
SXx=——orx=-2
5 2=£
(G) 3x-11x+8=0 16
(Bx-8)(x-1)=0 = 42
3x-8=0 or x-1=0 ) 4
3x=8 x=1 x==+1—
2 4
x= 27 (s) 12x2-243=0
2 12x* =243
Sox=2—orx=1
3 xzzﬂ
k)  8x22+10x-7=0 4
(4x+7)2x-1)=0 = 13
4x+7 =0 or 2x-1=0 2
4x = -7 2x =1 SLoX= 141
_ 3 1 2
=T =3 (t) 36x° —4x =0
. 3 1 4x(9x*-1)=0
Sox=-1—orx=—
4 2 4x(3x+1)(3x-1)=0
1) 9x? - 15x - 50=0 4x=0 or 3x+1=0 or 3x-1=0
(3x-10)(3x+5)=0 x=0 3x = -1 3x =1
3x-10=0 or 3x+5=0 1 1
x=—-= x ==
3x=10 3x =-5 3 3
1 1 1
x= 3= x=-12 SLox=0,x=—— orng
3
1 2 (@) (x+4)=1
..x:3§0rx:—15 x+4=1 or x+4=-1
(m) 3x*+27x+24=0 x=-3 x=-5
X*+9%+8=0 sox=-3o0orx=-5
(x+1)(x+8)=0
x+1=0 or x+8=0
x=-1 x=-8
Sox=-lorx=-8
OXFORD Chapter 2 15
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(b) (10-3x)2-25=0

(10 - 3x)* =25
10-3x=5 or 10-3x=-5
-3x=-5 -3x =-15
2
x=1- x=5

2
Sox=1-orx=5
2
(c) 3x2+2:75x

6x*+4 =25x
6x*-25x+4 =0
(6x-1)(x-4)=0
6x-1=0 or x-4=0
6x =1 x=4

1
X =—
6
1
SLx=—orx=4
6

(d) x(5x-2) =16
5x2-2x =16
5x2-2x-16 =0
(5x+8)(x-2)=0
5x+8=0 or x-2=0
5x =-8 x =

x:—lE
5

3
Sox=-l-orx=2
5

(&) (x-2)(x-6)=96
x*-8x+12=96
x*-8x-84=0
(x-14)(x+6)=0

x-14=0 or x+6=0
x=14 x=-6
Sx=14o0orx=-6

f) @x-1)(x-1)=8-2x
4x> -5x+1=8-2x
4x* -3x-7=0
(Ax-7)(x+1)=0

4x-7=0 or x+1=0
4x=7 x=-1

x=1g
4

3
Sox=1l—orx=-1

(g) %(9x+17) =(x+2)(x+3)

209x +17) = 9(x + 2)(x + 3)
18x + 34 =9(x* + 5x + 6)
=9x? + 45x + 54
9x? +27x+20=0
(Bx+5)(3x+4)=0
3x+5=0 or 3x+4=0

3x=-5 3x=-4
2

x=-1= x=—1l
3

SoX= —1z orx= —1l
3

3

(h) 5(7x*-14x-4) = (6x-5)> + 4x
35x% — 70x - 20 = 36x% — 60x + 25 + 4x
x*+14x+45=0
(x+9)(x+5)=0
x+9=0 or x+5=0
x=-9 x=-5
Sox=-9o0rx=-5
(i) x*-3x-40=(x-8)(x+5)
(ii) x*-3x-40=0
(x-8)(x+5)=0
x-8=0 or x+5=0
x =8 x=-5
S.x=8o0rx=-5
(i) 10x*+53x+36=0
(5x+4)2x+9)=0
5x+4 =0 or 2x+9=0
5x = -4 2x=-9

4
X == x= —4—
5

x:—é orx=-4—
5 2

(i) 10(x-12+53(x-1)+36=0

x - =—é or x-1=-4—
5
x—l x= -3—
5 2
X=—orx=-3—
(@) (7x-2)*=9
7x-2=43
7x-2=13 or 7x-2=-3
7x=5 7x=-1
5 1
X= — X= ——
7 7
5 1
LX=— orx=——
7 7
(b) (7x-2)*=9
(7x-2)*-32=0

(7x-2+3)(7x-2-3)=0
(7x+1)(7x-5) =0
7x+1=0 or 7x-5=0

7x =-1 7x=5
1 5
x:—— x:—
7 7
1 5
SLX=——orx=—
7 7
(@) kx*+(Bk+1)x-8=0

When x = -4,
k(-4)*+ (3k+1)(-4)-8=0
16k -12k-4-8=0
4k =12
k=3
k=3
(b) 3x*+10x-8=0
(Bx-2)(x+4)=0
3x-2=0 or x+4=0

3x=2 x=-4
2

xX=—
3

.. The second possible value of x is ; .
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8. 42(x* + y*) = 85xy
42x* - 85xy + 42y =0
(7x - 6y)(6x-7y)=0
7x=6y or 6x="7y

y_7 r_98
X 6 x 7
2L T2 8
X 6 X 7

9. Let x be the smaller number.
X2+ (x+2)? =802
X2+ x+4x+4 =802
2x2+4x-798 =0
X +2x-399 =0
(x-19)(x+21)=0
x-19=0 or x+21=0
x =19 x =-21
.. Square of the sum = (19 + 21)?
=1600
10. Let the numbers be x and x + 1.
x(x+1)=6+6(x+x+1)
X+x=6+6(2x+1)
=6+12x+6
=12x+ 12
x*-11x-12=0
(x-12)(x+1)=0
x-12=0 or x+1=0
x=12 x=-1
.. The integers are 12 and 13.

11. Let 10x + y represent the number.
y=x+6 — (1)
10x+y=12+xy —(2)

Substitute (1) into (2):
10x+x+6=12+x(x + 6)
1lx+6=12 + x> + 6x

xX*-5x+6=0
(x-2)(x-3)=0
x-2=0 or x-3=0
x=2 x=3

.. The original number is 28 or 39.
12. Let the length of the rectangle be x cm.
Since the perimeter is 92 cm,
Breadth of rectangle = (46 - x) cm
x(46 — x) = 480
46x — x> = 480
x*—46x +480=0
(x-16)(x-30)=0
x-16=0 or x-30=0
x=16 x=30
.. The length and breadth are 30 cm and 16 cm respectively.

13. Let the length and breadth of the rectangle be 4x cm and 3x cm
respectively.
(4x)(3x) =192
12x2 =192
x*=16
x=14
Length of rectangle = 4(4) = 16 cm
Breadth of rectangle = 3(4) = 12 cm
.. Perimeter of rectangle = 2(16 + 12)
=56cm
14. (a) 6(2x-3)+ (x+3)*=79
12x- 18+ x*+6x+9=79
x* + 18x — 88 = 0 (shown)
(b) x*+18x-88=0
(x+22)(x-4)=0
x+22=0 or x-4=0
x=-22 x=4
.. Total perimeter = 2[6 + 2(4) - 3] + 4(4 + 3)
=50m
15. Let the width of the border be x cm.
(91 - 2x)(61 - 2x) = 4399
5551 — 182x — 122x + 4x* = 4399
4x* - 304x +1152=0
x*-76x+288=0
(x-4)(x-72)=0
x-4=0 or x-72=0
x=4 x=72
.. The width of the border is 4 cm.
16. Let the width of the deck be x m.
(25 + 2x)(18.3 + 2x) = (25)(18.3) + 100.1
457.5 + 50x + 36.6x + 4x* = 557.6
4x* + 86.6x — 100.1 =0
40x* + 866x — 1001 =0
(10x - 11)(4x + 91) =0
10x-11=0 or 4x+91=0
10x=11 4x =-91
x=1.1 x=-22.75
.. The width of the deck is 1.1 m.
17. (a) Areaof ABCD = (2x+ 1)(3x - 2)
= (6x? - x - 2) cm?

Area of PQRS = %(x +2+5x-8)(4x-11) cm?

= %(6x -6)(4x-11) cm?

(3x - 3)(4x - 11) cm?
= (12x* - 45x + 33) cm?
6x% — x -2 =2(12x> - 45x + 33)
=24x* - 90x + 66

18x% - 89x + 68 = 0 (shown)
(b) 18x—89x+68 =0

(18x - 17)(x - 4) =0

18x-17=0 or x-4=0

18x =17 x=4
17
X=—
18
.'.x:i—gorx:4

OXFORD
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1
(0 x= é must be rejected as the length cannot be a negative

value.

(d) Perimeter of ABCD =2[(2x + 1) + (3x - 2)]
=2(2x+1+3x-2)
=2(5x-1)
=2[5(4) - 1]
=38cm

Challenge Myself! L]
18. (i) (x+a)P’+b=x*+2ax+a*+b
Comparing coefficients of x,
2a=-7
a=-35
Comparing constants,
at+b=38
(-3.5?2+b=8
b=8-(-3.5)*
=-4.25
SoxXP-7x+8=(x-3.5)2-4.25
(ii) xX*-7x+8=0
(x-3.5)*-425=0
(x-3.5)2 =4.25
X-3.5 =425
X =35+425
=5.56 or 1.44 (to 2 d.p.)
S.x=5.560rx=144

Worksheet 2B Quadratic functions and graphs

1. (i) Wheny=0,
-(x+3)(x-1)=0
x+3=0 or x-1=0
x=-3 x =1
. A(-3,0), B(1,0)
When x =0,
y=3
- C(0,3)
- A(-3,0), B(1, 0), C(0, 3)
(ii) When x= -1,
y=4
.. Coordinates of maximum point are (-1, 4)
2. (i) Wheny=0,
(x-4)(x+2)=0
x-4=0 or x+2=0

x=4 x=-2
.. A(-2,0),B(4,0)
When x =0,
y=-8
- C(0, -8)

. A(-2,0), B(4, 0), C(0, -8)
(ii) Whenx=-3,y=k,
k=(-3-4)(-3+2)
=7
k=7

(iii) When x = 3.5,
y=(3.5-4)(3.5+2)
=-2.75
#-2.5
.. Q does not lie on the curve.
(a) Whenx=-2,y=p,
p=(2y-3(-2)-2
=8
Sp=8
(b) y

o INr A% B
=61

(c) (i) Whenx=2.38,
y=-2.6.
(i) Wheny=-3,
x=0.40rx=2.6.
(iii) The minimum value of y is -4.3 and this occurs when
x=1.5.
d) x=1.5
(a) Whenx=-0.5,y=p,
p=-(-0.5)*+2(-0.5) + 1
=-0.25
S p=-0.25
(b) A

(¢) (i) Whenx=-0.7,
y=-0.95.
(i) Wheny=0.5,
x=-0.20rx=2.2.
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(iii) The maximum value of y is 2 and this occurs when (b)

p<

x=1.

x 3(-2|-1]0 11213

+6

wu
<
11
|
n
+

oS

w

T
*
—
1 |
[
1 —

L1
NS
~_
1
1
L —

»

\ / (¢) (i) (0.25,6.1), maximum point
\ 2 ] (i) x=0.25

7. (a) Since the perimeter is 70 m,

Breadth of enclosure = (35 - x) m
. A =x(35 - x) (shown)
(b) (i) Whenx=20,A=p,

/
T~

e 0 3 i p=20(35 - 20)
=300
>y - p =300
i@ Am
(© @) (0,-1) +
(ii) x=0 350
6 @ x 2-1f{ofos|1]2]3 300 e

y=—22+x+6|-4| 3 | 6| 6 5] 0] -0 250
200
150

ol \

0" 5 10 15 20 25 30 35
(¢ (i) x=175
(ii) Maximum value of A = 304
8. (a) (i) -4£+12t=0

4¢(-t+3)=0
4t=0 or -t+3=0
t=0 =3
S t=0o0rt=3

(ii) Duration of flight =3's
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(b)

(©)

(a)

(b)

0 0.5 1 1.5 2 2.5 3

h(m
A

N W R U1 Y N 0 O

—
L—

»t(s)
0 1 2 3
i) 9m
(ii) Whenh =6,
t=0.65ort=2.35.

0 10 25 50 75 920 100
y | -68 | -50 | -30.5| -18 | -30.5| -50 | -68
y (m)
A
0 »x (m)
10 20 30 40 50 60 70 80 90 100
-10
¥=-0.02x> 4 2x + 68
-20
-30
%
-40
-50

-60 \
-70

(i) When y=-68,x=0orx=100.

.. They are located at the same depth.

(i) Minimum height difference = 18 m

Review Exercise 2

(a) 86x*=0
x*=0
x=0
x=0
1,
(b)  3-—x'=
81-x=0
x? =81
x =219
Sox=19
(c) 12(x + 1) =17 - 4x

12> +2x+ 1) =17 - 4x

12x2 +24x + 12 =17 - 4x
12x* +28x-5=0

(6x-1)2x+5)=0

6x-1=0 or 2x+5=0
6x =1 2x =-5
x:l )C=—2l
6 2
1 1
SLX=—o0orx=-2-
6 2
) x+32=%(x+7)(x—4)

7(x+32) =(x+7)(x-4)
7x+224 =x*+3x-28
x2-4x-252=0
(x-18)(x+14)=0
x-18=0 or
x =18
Sx=18o0rx=-14
(@ 7 +3kx+5)=(1-k)x-1
When x =9,
7092+ 3k(9) +5]=(1-k)(9) -1
7(27k +86) =9 -9k -1
189k + 602 = 8 - 9k
198k = -594
k=-3

x+14=0
x=-14

S k=-3

(b) 7(x*-9x+5)=4x-1
7x*-63x+35=4x-1
7x* - 67x+36=0
(7x-4)(x-9)=0

1. (@ y=x*+bx+c —(1) 7x-4=0 or x-9=0
Substitute x = -1 and y = 8 into (1): 7x=4 x=
8=(-1)2+b(-1)+c¢ =2
b-c=-7 —(2) 7 4
Substitute x = 3 and y = -4 into (1): .. The other solution is x = —.
-4=32+b(3)+c (i) 8x*-35x+12=0 ’
3b+c=-13 —(3) 8x-3)(x-4)=0
(2) +(3):4b=-20 8x-3=0 or x-4=0
b=-5 8x=3 =4
Substitute b = -5 into (2): = 3
-5-¢c=-7 8
c=2 .'.x=§0rx=4
s b=-5¢c=2 8
(b) When x =0,
y=2
- (0,2)
20 Chapter 2 OXFORD
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(ii) 8(x+4)*-35(x+4)+12=0

x+4=

oo | W
]
-
=
+
™
1l
N

5
R —3g orx=0
Let x be the smallest number.
X+ (x+2)2+ (x+4)>=1208
X+x>+4x+4+x>+8x+16=1208
3x2+12x - 1188 =0
x> +4x-396 =0
(x-18)(x+22) =0
x-18=0 or x+4+22=0
x =18 x=-22
.. The three numbers are 18, 20 and 22.
Let 10x + y represent the number.
y=x-4 —()
(I0x+y)+xy=56 —(2)
Substitute (1) into (2):
10x +x -4+ x(x-4) =56
1lx-4+x*-4x =56
xX*+7x-60=0
(x+12)(x-5) =0
x+12=0 or x-5=0
x =-12 x=5
.. The original number is 51.
(a) Length=xcm
Height = (x - 22) cm
Width = 2(x - 22) cm
(b) x[2(x - 22)] + 2[x + 2(x - 22)](x - 22) = 1806
2x(x - 22) + 2(x - 22)(3x - 44) = 1806
2x? — 44x + 2(3x* - 110x + 968) = 1806
2x? — 44x + 6x* - 220x + 1936 = 1806
8x?-264x+ 130 =0
4x? - 132x + 65 = 0 (shown)
(c) 4x*-132x+65=0
(2x - 65)2x-1) =0
2x-65=0 or 2x-1=0
2x =65 2x=1
x =325 x=0.5
Sox=3250rx=0.5
(d) x=0.5has to be rejected as the height and the width of the
container cannot be a negative value.
(e) Volume of container = (32.5 x 10.5 x 21) cm?
=7166.25 cm®

(@) x 4| 3| =2|-1]0]1]2
y=2-x-05x | -2 /05| 2 |25 2 |[05] -2

(b)

(©

1 1 1
5 4 /3 p 10
_1-—

=21
-3+

(i) (-1,2.5), maximum point
(i) x=-1

&

\
)i Quadratic and Fractional Equations )
——
Worksheet 3A  Solving quadratic equations by completing
the square
1. (@) x*+8x=(x+4)*-4°
=(x+4)-16
(b) x*-6x = (x-3)>-3?
=(x-3)-9
(€) ¥®»+4x-3=(x+2)*-2*-3
=(x+2)2-7
5\* (5)
(d) ¥*-5x+7= (x——) - (—) +7
2 2
(-3 43
=[x=2] +2
2 4
2 2
(&) x*+Zx+1 :(x+l) —(l) +1
9 9
_( 1)2 80
=lx+=| +—
9 81
) x*-0.3x-0.25=(x-0.15)*-0.15*-0.25
= (x - 0.15)% - 0.2725
2. (a) -x*+10x =-(x*-10x)
=-[(x-5)*-5%]
= -[(x - 5)* - 25]
=-(x-5)*+25
(b) —-x*-4x=-(x+4x)
=-[(x+2)*-22]
=-[(x+2)*-4]
=-(x+2)*+4
() —x-x*=-(x*+x)

OXFORD
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d) 9x-x+1=-(x*-9x) +1

( 9)2 85
=—|x-=| +—
2 4
3. (@ (x+2)?=10
x+2:i«/ﬁ
x=—2J_r\/E

=1.16 or -5.16 (to 2 d.p.)
s.x=1.160r x=-5.16
(b) 3x-1)*=16

3x-1=%4
3x=1+4
3x =5 or 3x =-3
x=1- x=-1

4. (a) xX*+6x=7
(x+3)2-32=7
(x+3)?2=16
x+3=%4
x=-3t4
=lor-7
Sx=lorx=-7
(b) x*-10x-9=0
(x-5)02-52-9=0
(x-5)2=34
x—S:im
x:Si\/i
=10.83 or -0.83 (to 2 d.p.)
. x=10.83 or x=-0.83
1

(c) PNV S,
5 200

R
x+—| -|—| +— =0
10 10 200

() - 3
X+—| = —
10 200

1 1
=%, |—
10 200
1 1
= —4,|—
10 200

=-0.03 0or -0.17 (to 2 d.p.)

Sox=-0.03 or x=-0.17
(d) x? - 0.4x = 0.08
(x-02)2-0.22=0.08
(x-02) =0.12

x-0.2 =%+0.12

x=02+0.12
=0.55 or -0.15 (to 2 d.p.)
S x=0.550rx=-0.15

(e) 3x(x+3) =25
x*+3x = 2
3

(o3 (3) - %
x+=| -|=| = —
2 2 3
3V 127

X+—| = —

2 12

127
12

3 ’127
X =—-"4, ==
2 12

=1.750r -4.75 (to 2 d.p.)
Sox=1750rx=-4.75

=
+
|
1]
I+

(f) %x2+5 —(1-xp

%x2+5=1—2x+x2
X2+ 10 =2 - 4x + 2x°
x*-4x =8
(x-202-22=8
(x-22=12
x—2:i\/ﬁ
szi«/E
=5.46 or -1.46 (to 2 d.p.)
S.x=5.46o0rx=-1.46
(@) ¥*-12x+25=(x-6)*-6>*+25
=(x-62-11
L p=-6,q=-11
(b) ¥*-12x+25=0
(x-62-11=0
(x-6)? =11
x—6:i~/ﬁ
x:6i\/ﬁ
=9.32 0r 2.68 (to 2 d.p.)
S.x=9.320rx=2.68
(@) *+8x-7=(x+4)?2*-4*-7
= (x+4)-23
s.a=4,b=-23
(b) x*+8x-7=0
(x+4)2-23=0
(x+4)? =23
x+4:i«/§
x:—4i\/z
=0.80 or -8.80 (to 2 d.p.)
.. x=0.80 or x =-8.80
(@) x*-6x-9=(x-3)%-3>-9
=(x-32-18
s.a=-3,b=-18
(b) x*-6x-9=0
(x-3)2-18=0
(x-32=18
x—3:i«/ﬁ
x:3i\/§
=724 0r-1.24(to3s.f)
S.ox=7240rx=-1.24
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x*+20x-3=0
(x+102-102-3 =0
(x +10)2 = 103
x+ 10 =++103
x =10 +4/103
=0.149 or -20.1 (to 3 s.f.)
o x=0.149 or x = -20.1
(ii) ¥ =3 - 208
x'+20x*-3=0
From part (i),
x? =0.148 89 or x* = -20.149 (no solution)
x = +0.386 (to 3 s.f.)
.. There are 2 solutions.
9. ax*+bx+c=0

8. (i)

b ¢
X +=x+==0
a a

b b* —4ac
—_— i —_—

2a 2a
—b+b* —4ac

2a

—b+\b* - 4ac and —b-b* -4ac

.. The solutions are

2a 2a

Worksheet 3B

. (shown)

Solving quadratic equations using formula

1. (@) x*+5x+3=0

-5 i\/52 -4(1)(3)

) 2(1)

_ 52413
2

=-0.697 or -4.30 (to 3 s.f))
s x=-0.697 or x = -4.30

(b) 6x*-8x-1=0

—(-8)+4/(-8)" -4(6)(-1)

2(6)

X

X =

8+/88
12
=1.45or -0.115 (to 3 s.f.)
sox=1450r x=-0.115

4++/-56
4
.. There are no real solutions.
(d) 7-xt=12x
xX+12x-7=0
_-12212% - 4(1)(-7)
B 2(1)
12:172
2

=0.557 or -12.6 (to 3 s.f.)
s x=0.557 or x =-12.6

(e) 8x +10 = %xz
40x + 50 =2x?
2x* - 40x - 50 =0
x?-20x-25 =0
—(-20) £+/(-20)* = 4(1)(-25)
2(1)

20£+/500
2

=21.20r-1.18 (to 3 s.f.)
Sox=2120rx=-1.18
) 04x(9x+5)=3x-1
3.6x°+2x =3x-1
36x°-x+1=0
(1) (1) —4(6)1)
2(3.6)

_1x4/-134
7.2
.. There are no real solutions.

(g) 3x(2 - x) = 10-%3&

X =

6x - 3x% = 10-%;&

12x — 6x* =20 - x*
5%2-12x+20 =0
—(-12) £4/(-12)* - 4(5)(20)
2(5)

_12++/-256
10
.. There are no real solutions.
(h) (6x+5)(5-6x) =(5x+6)*-15
25 - 36x* = 25x% + 60x + 36 - 15
61x*+60x-4=0

~60++/60? —4(61)(-4)
2(61)

-60++/4576

122
0.0627 or -1.05 (to 3 s.f.)
. x=0.0627 or x = -1.05

X =

X =
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2. (a) xX*-6x+5=0
(x-3)2-3+5=0
(x-3)2-4=0

(x-3)2=4

xX-3=2%2

Sox=5o0rx=

(b) x*-6x+5=0

x=3+2 or x=3-2

=5 =1
1

-(=6)£4/(-6)" —4(1)(5)

x =
2(1)
6416
2
=5orl
Sox=5o0rx=1

3. Ido not agree with the student.

(i) 7x— gx2 =4
3
21x-2x* =12
2x*-21x+12=0
—(-21)%4/(-21)* - 4(2)(12)
X =
2(2)
_ 21++/345
4
=9.89 or 0.606 (to 3 s.f.)
. x=9.89 or x = 0.606
(i) 14x-Sx2 =4
3
2 2
7(2x)-S(2%)" =4
From part (i),
2x =9.8935 or 2x =0.60646

x =495 (to 3s.f)

S x=4.950rx=0.303

4, 4x* -3x =8
4x*-3x-8=0
e —(=3)£4/(-3)" - 4(4)(-8)
- 2(4)
_ 34137
8

=1.84 or -1.09 (to 3 s.f.)
S.x=1840rx=-1.09

5. 6oe)

(a) 2x2+10x-1=

0 has two real solutions.

(b) x%+ 6x +9 = 0 has one real solution.

(c) 5x?-x+ 4 =0 has no real solutions.

6. ee)

(a) A possible equation is x* - 5x +4 = 0.
xX*-5x+4=0
(x-1)(x-4)=0

x=1 or x=4

Sx=lorx=4

(b) A possible equation is x? - 8x = 10.
x*-8x =10
(x-472-16=10
(x-42 =26
x-4= i«/%
x=4 i«/%
= 9.10 or -1.10 (to 3 s.f.)
Sox=9.100rx=-1.10
(c) A possible equation is 10x* + 3x -2 =0.
10x*+3x-2=0
 -3+4/3"-4(10)(-2)
- 2(10)
34489
20
=0.322 or -0.622 (to 3 s.f.)
s x=0.322 or x = -0.622
7. Using Pythagoras’ Theorem,
(5x—1)*+ (x + 1)* = (4x + 5)?
25x% - 10x+ 1 + x>+ 2x + 1 = 16x* + 40x + 25
10x* - 48x-23 =0

R COE (-48)* - 4(10)(-23)

2(10)

48443224

20

=5.24 or -0.439 (to 3 s.f.)

Sox=5.24

Worksheet 3C  Solving fractional equations reducible to

quadratic equations

x =0.303 (to 3 s.f.)

1. () 4x—1: 16
4 4x -1
(4x - 1)* = 64
4x-1 =48
4x=1+8
4x =9 or 4x = -7
x:2l x:—li
4 4
X = 2l orx=—l2
4 4
(b) L
x

xX*+10=11x
x*-11x+10=0
(x-1)(x-10)=0
x=1 or x=10
Sox=lorx=10

24 Chapter 3

OXFORD

UNIVERSITY PRESS



(c) £:2x+3
x-1
2x+3)(x-1) =20
2x2+x-3=20

2x2+x-23=0

B —144/17 - 4(2)(-23)
) 2(2)
~1+/185
4
3.15 or -3.65 (to 3 s.f.)
sox=3.150rx=-3.65
%) 6x = 20X )
2-x
10x-2+x
2-x
11x-2
2-x
6x(2-x) =11x-2
12x-6x* =11x -2
6x*-x-2=0
(Bx-2)2x+1)=0

X

I
x-5 x-3
6(x-3)+x-5=7(x-5)(x-3)
6x-18 +x-5="7(x*-8x+ 15)
7x - 23 =7x> - 56x + 105
7x* - 63x+ 128 =0

_ —(-63)£+/(-63)* - 4(7)(128)

- 2(7)

_ 63++/385

4

=5.90 or 3.10 (to 3 s.f.)
S.x=5900rx=3.10

4 8 5
2x-1 2x+1 9
36(2x+ 1) - 72Q2x - 1) = 52x + 1)(2x - 1)
72x + 36 — 144x + 72 = 542 — 1)
108 — 72x = 20x* - 5
20x% +72x-113 =0

(f)

 —72+4[72% - 4(20)(-113)

2(20)
~72++14 224
40

=1.18 or -4.78 (to 3 s.f.)
S.x=1.18 or x=-4.78

(g) 12 -2 B
4x° +28x+49  2x+7 27
2 9 23
(2x+7)*  2x+7 27
324 =243(2x +7) - 232x + 7)?
=486x + 1701 — 23(4x* + 28x + 49)
= 486x + 1701 — 92x* — 644x — 1127
92x% + 158x - 250 =0
46x>+79x-125=0
=79 t,/792 —4(46)(-125)
2(46)
_ =79++/29 241
92
=1or —22
46
snx=lorx= —2E
2 5
h —  +—= =10
®) 3x—48 4-x
2,5y
3(x —16) 4-x
2 5 10
3(x+4)(x-4) x-4
2-15(x +4) =30(x + 4)(x - 4)
2 - 15x - 60 = 30(x* - 16)
~15x - 58 = 30x2 — 480
3002+ 15x - 422 =0
~15+4/15% - 4(30)(-422)
x =
2(30)
_ —15++/50 865
60
=3.51 or -4.01 (to 3 s.f.)
ox=3.51o0rx=-4.01
. 8 11
) =

2x+5 2x’+9x+10
11-2x*-9x-10
2x> +9x+10
B 1-9x-2x"
© (2x+5)(x+2)
8(x+2)=1-9x-2x°
8x+16 =1-9x-2x*
22 +17x+15 =0
2x+15)(x+1)=0

0) 222

x+1 x 3x-1
4x(B3x-1) +5(x+1)Bx-1)-9x(x+1) =0
1262 - 4x+5(B3x* +2x-1) - 9x*-9x =0
12x - 4x+ 152+ 10x - 5-9x*-9x =0
18x2-3x-5=0
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—(=3)+4/(-3)" - 4(18)(-5)
2(18)
324369
36
=0.617 or -0.450 (to 3 s.f.)
.. x=0.617 or x = -0.450

X =

=6.27 or -1.27 (to 2 d.p.)
S.x=6.27orx=-1.27
.. 8
(ii) NP Jx =0
8
Jx -5 v
From part (i),
Jx =62749  or
x =39.4(to 3s.f.)
S.x=394
3. Let the number be x.
185
x 18
18x* + 18 = 85x
18x> - 85x+ 18 =0
9x-2)2x-9)=0

Jx =-1.2749 (no solution)

2
xX== o x=-
9

.. The number and its reciprocal are % and 2 (in either order).

Difference = 2.2
2 9
_7
18
4 100x —x
(9-5x)°
100x = x(9 - 5x)?
100x - x(9 - 5x)? =0
x[100 = (9 - 5x)2] =0
x=0 or (9-5x)*=100

9-5x==10
5 =910
5x =19 or 5x =-1
1
x:3£ X =——
5 5

.. There are three values of x that satisfy the equation. Both
Terry and Veron are incorrect.

Challenge Myself! m——
5. &9
@ 2+—2
X ax+b
Substitute x = 5 into (1):
3 2
_+ =
5 5a+b
2
5a+b
5a+b=5

Leta:—l: 5(—l)+b =5
5 5

-1+b =5
b =6 1
.. A possible pair of numbers is a = 3 and b=6.

=1 — (1)

1

=2
5

(b) Substitute a = —é ,b=6into (1):

X 6-—x

3(6—lx)+2x x(6—lx)
5 5
18—§x+2x = 6x—lx2

90 - 3x + 10x = 30x — x?
x2=23x+90 =0
(x-5)(x-18) =0
x=5 or x=18
.. The other solution is x = 18.

Worksheet 3D  Solving quadratic equations by graphical
method

1. (a) Whenx=-3,
y=2(-3-(-3)-5
=16
L p=16
(b) )

(c) From the graph, x=-1.40rx=1.9.
2. (a)

x -2 | -1 0 1 2 3 4
y=-x>+3x+2| -8 | -2 | 2 4 4 2 | -2
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(b) y

Y

A T
; N
: A

> (b)(ii) y=—x—1 2
-2 -y 0 2 g v 7\ \ ol
2 4 -3/ -2 -1 2
/ 4t y==x+3x+ =2 ]

S| EiiD] (R
i L
N AR R

(c) From the graph, x = -0.6 or x = 3.6. y=4-6 —32/ . \

(d) -¥+3x+3=0 / i \
-+ 3x+2=-1 / T4 \
Draw the line y = -1. -16
The solutions of the equation correspond to the / 18 \

x-coordinates of the points of intersection of the curve
y=-x*+3x+2andy=-1.
3. (a) Whenx=-5,

(b) (i) From the graph, x = -2.5 or x = 0.50.
y = _(_5)2 +2(_5)_4 (ii) 3x> =5-5x
5-5x-3x>=0
4-6x-3x>=-1-x

) Draw y=-x- 1.
®) 'K From the graph, x = -2.4 or x = 0.70.

3 : x | 3| =2|-1]0|1]|2]3
Oy=rx+1
©y 2 y |-88| -5 |-24| -1 |-08|-1.8| —4

: 5
\y:5x2+2x—43 / )
—4 y:—0.6x2+0.3x~1/
\> ZJ (©y=-2x-4

0 (b) (i) Since the graph of y = -0.6x + 0.8x — 1 does not
intersect the x-axis, the equation has no solution.

(ii) ~0.6x% = 02x - 1
() »+6x-10=0 0.6+ 0.8x -1 =x-2
lx2+3x—5=0 Draw y = x - 2.
2 _ From the graph, x=-1.4 or 1.1.
lx2+2x—4=—x+1 (c) i’ﬁ"i‘{ -0.6x*+0.8x-1=mx-4
2 Let m =-2.

Drawy=-x+1. Draw y = -2x - 4.

From the graph, x = 1.4. From the graph, the solution is x = -0.9.

@ T alasl2la]lo]1]2

y |-20] 5| 4 71 4 | -5 | 220 Challenge Myself! m—

6. (a) No. The x-coordinates of the points where the graph of
y=5x - x> + 4 meets the x-axis give the solutions of the

equation.
(b) 5x-x*+4=0
xX*-5x=4
k=4
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(c) °:‘?f, S5x-x*+4=0 ®) A)i
X¥-5x-4=0 y=(4-x)(x+2)
X -4x-5=x-1 8
Drawy=x*-4x-5andy=x-1.
5x-x2+4=0 70 A >
x2-5x-4=0
xX*-x-7=4x-3
Drawy=x*-x-7and y =4x - 3.
@ A
Worksheet 3E  Sketching graphs of quadratic functions
y=(x+2)
1. (a) J
A4
y=x+4)(x+2)
8 -
> X
(2,00
~"7" o]
(b) y
A
(b) J (2,0)
(@] >
44 y=-(x-2)
> x
4 O 2
\&4 (x+4)(x-2)
(c) Y
A (C) y
A
X y=x+2)}>-1
y=(x-4)(x-2)
43
of ~u " o "
(_2)_1)
) y @ 5
8
/\ y=x-2)+1
» X
20 4 -
2y
y=—(x-4)(x+2) 0 "
(e) 4
N > X
~4 -2\ O
y=-(x+4)(x+2)
,g_\
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(e) Y 6. @

i (@) y=(x+3)2+2
5 2D (b) Let the curve pass through (-4, 0) and (-2, 0).
’ y=alx+4)(x+2) — (1)
Substitute x = -3, y = 2 into (1):
y=—(x-20-1 2=a(-3+4)(-3+2)
-5 —
a=-2
.. A possible equation is y = -2(x + 4) (x + 2).
7. )
A
® y =2
(72) 1) A

x (0,0)
(-4,0) (0]
-3 y=-(x+2)+4

o
v
y
®

y=-(x+2)"+1

8. Y
A
3. (i) 32+ 12x=3x(x+4) y=(x+3)7-4
(i) y ©2)
A
y=3x*+12x 0 » X
» X
- (0]
\ (-3,-4)
x=-2
on of Line of ~1+9 9. (i) Maximum point
4. (a) Equation ofline of symmetry: x = (i) h=2,k=0.5
x=4 (iii)-(iv) y
(b) y=@x+Dx-9) —(1) 4
Substitute x = 4 into (1):
y=(#l+1)4-9) (iv)y=(x+2)*+0.5
=-25
.. Coordinates of the minimum point are (4, -25) 45
5. (i) Maximum point
(ii) (0, 25)
(iii) Equation of line of symmetry: x = 0 (-2,0.5)
(iv) )
A
(0, 25)
-3.5¢
y=-(x+2)*+0.5
y=25-x"
10. (i) 11-6x+x*=x>-6x+11
> x =(x-3)7-3+11
-5/' % 5\ =2+ (x-3)

(ii) Coordinates of minimum point are (3, 2)
11. (i) 2 -5x+5=(x-252-25+5
=(x-2.5)2-1.25
(ii) Minimum value = -1.25
(iii) Equation of line of symmetry: x = 2.5
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(iv) Substitute x =-1into y =x> - 5x+5:
y=(-12-5(-1)+5
=11
=9
.. (=1, 9) does not lie on the graph.

Challenge MyseIf! |

12. (a) Substitutex=-lintoy=x*+x-4:

y= (D24 (1) -4

=-4
2. (-1,4) does notlieon y = x> + x — 4.
Substitute x = -1 into y = —x? - x + 4:
y =1 (1) +4

=4
oo (-1,4) liesony = -x* - x + 4.
.. Lauren is not correct.

(b) &= Let (-1, 4) be the coordinates of the maximum point.

The equation of the line of symmetry is x = -1.
By symmetry, (-4, 0) lies on the curve.

Let the equation of the curve be y = a(x + 1)* + 4.
Substitute x =2, y=0into y = a(x + 1)* + 4

0=9a+4
4

a=——
9

.. A possible equation is y = —g(x +1)" +4.

Worksheet 3F  Applications of quadratic equations and
functions in real-world contexts

1. Let the initial number of children be x.
360360 _,
x-6 x
360x - 360(x - 6) = 2x(x - 6)
360x — 360x + 2160 = 2x* - 12x
2x? - 12x - 2160=0
x*—6x-1080=0
(x-36)(x+30)=0
x=36 or x=-30
.. There are 36 children initially.
2. Let the average speed of the Nozomi train be x km/h.
400 400 _ 30
x-30 x 60
1

2
800x — 800(x - 30) = x(x - 30)
800x — 800x + 24 000 = x> — 30x
x*-30x-24000 =0
—(—30)i\/(—30)2 - 4(1)(-24 000)
2(1)
~30£+/96 900
- 2
=171 or -141 (to 3 s.f.)
.. The average speed of the Nozomi train is 171 km/h.
3. (i) 320 cm?= (320 x 10*) mm?
=32 000 mm?

X =

(ii) Let the width of the border be x mm.
(297 - 2x)(210 - 2x) = 32 000
62 370 - 594x — 420x + 4x*> = 32 000

4x* - 1014x + 30370 =0

2x*-507x+ 15185 =0

 —(=507) £4/(~507)} - 4(2)(15 185)
* 202)

_ 507£+/135 569
- 4
=219 (rejected) or 34.7 (to 3 s.f.)
.. The width of the border is 34.7 mm.
(@) Width=(x-4)cm
Height = (x+ 1) cm
(b) Total surface area = 480 cm?
2[x(x-4) +x(x+ 1)+ (x - 4)(x+ 1)] =480
X-4dx+x*+x+x>-3x-4=240
3x2 - 6x -4 =240
3x% - 6x — 244 = 0 (shown)

() 3x*-6x-244=0
~(-6)£y/(-6)" ~4(3)(-244)
2(3)
=10.07 (to 2 d.p.) or -8.07 (to 2 d.p.)
- x=10.07 or x = -8.07
(d) The length of the box cannot be a negative value,
so x = -8.07 must be rejected.
(e) Volume of box = x(x — 4)(x + 1)
=10.074(10.074 - 4)(10.074 + 1)
=678 cm? (to 3 s.f.)

Xi=

(a) Speed for first 30 km = 30
x+60
= 1800 km/h
x
(b) Speed for next 30 km = _ 30
(x - 5) +60
- 1899 1m/m
x-5
(©) 1800_1800 -3
x-=5 X

1800x — 1800(x - 5) = 8x(x - 5)
1800x - 1800x + 9000 = 8x2 — 40x
8x% - 40x — 9000 =0
x? - 5x - 1125 = 0 (shown)
(d) x¥*-5x-1125=0
—(—5)1\/(—5)z —4(1)(-1125)
2(1)
=36.13 (to 2 d.p.) or -31.13 (to 2 d.p.)
. x=36.13 or x =-31.13
(e) Total time taken = (2x - 5) min
75
(2x-5)+60
4500
2(36.13)-5
=66.9 km/h (to 3 s.f.)

X =

Average speed =
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Review Exercise 3

1.

(a)

(b)
(©

(d)

()

(a)
(©
(e)
(a)

Amount of water = 80 x 4000
100

= 3200 litres
3200

Number of minutes = ——
x

3200
x-8
3200 3200
x-8 x
3200x — 3200(x - 8) = 18x(x - 8)
3200x — 3200x + 25 600 = 18x* — 144x
18x* — 144x - 25600 = 0
9x? — 72x - 12 800 = 0 (shown)
9x* - 72x - 12800 =0
—(=72)#y(-72)* - 4(9)(~12 800)
) 2(9)
=41.92 (to2d.p.) or -33.92 (to 2 d.p.)
s x=41.92 or x=-33.92
Rate of both pumps = (2x - 8) litres per minute

_— 3200
Ime faken = 5 (41.9239)- 8

=42.190 min (to 5 s.f.)
=42 min 10 s (to the nearest 10 seconds)

Number of minutes =

B (b) C
A (d E
F f) D
x*+9x = (x + 4.5)* - 20.25

(b) ¥*-8x+1=(x-42-16+1

(a)

(b)

(©

=(x-4)*-15
X2+ 6x =150
(x+3)2-9=50
(x+3)2=59
x+3:i\/5

x=—3i\/5
=4.68 or -10.68 (to 2 d.p.)
.. x=4.68 or x = -10.68
2-0.5x% =x
4-x=2x
xX*+2x =4
(x+1)2-1=4
(x+1)2=5
x+1= i\/g
x=-1 J_r\/g
=124 or -3.24 (to 2 d.p.)
S.ox=1.240rx=-3.24

4x—7=2x2
3

12x - 21 =2x?
2x* - 12x = -21
x?-6x =-10.5
(x-3)?-9=-105
(x-3)? =-15
.. There are no real solutions.

4.

(d) 3x(6x+1)=7
18x* +3x=7

, 1.7
X+ =x=—
6 18

1Y 1 7
xX+—| ——=—
2 144 18
1Y 19
x+—| =—
2 48
1 /19
X+—=%,]—
12 48
1 [19
X=——x,—
127V 48

=0.550r -0.71 (to 2 d.p.)
s.x=0.550rx=-0.71
(a) x* + 6x =50
X2 +6x-50=0
-6+ 6%-4(1)(-50)

X =
2(1)

_axs
2

=4.68 or -10.68 (to 2 d.p.)
s x=4.68 or x =-10.68
(b) 2-05x%=x

05x*+x-2=0
2(0.5)
e
1

=1.24 0or-3.24 (to2d.p.)
Sox=1240rx=-3.24

(c) 4x — 7:§xZ

§x2—4x+7:0

.. There are no real solutions.
d) 3x(6x+1)=7
18x2+3x =7
18x*+3x-7=0
_ =3+432-4(18)(-7)
- 2(18)
_3+/513
- 36
=0.550r -0.71 (to 2 d.p.)
S x=0.550r x=-0.71
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5. () 842
X 2x-1
8(2x-1)+4x(2x-1)=9x
16x — 8 + 8x> - 4x = 9x
8x*+11x-8=0
_ -11+4/ 112 - 4(8)(-8)
B 2(8)
_—11+4/377
16
=0.526 or -1.901 (to 3 s.f.)
o x=0.526 or x =-1.901
9
2x2 -1
From part (i),
x?=0.526 03 (to 5 s.f.)

x=%40.526 03

=+0.725 (to 3 s.f.)
S.x=%0.725
6. (a) Whenx=-2,

y=t2p-(-2)+3

(i) — +4=
X

4
=6
S.p=6
y
(b) A
2T 1
y—zx2+3
1__
I2 =1 0 =1 i é i’x
- Tt
C OPET{J -
(o &9 n

d) ¥*»-4x+12=0

l9c2—x+0.3»=0
4

lxz—x+3:2.7
4

Draw y=2.7.
From the graph, x = 0.325 or 3.65.
7. Let the numbers be x, x + 2 and x + 4.
2%+ (x+2)*+ (x +4)*] + 1067 = (x + x + 2 + x + 4)*
2+ x> +4x+4+ x>+ 8x + 16) + 1067 = (3x + 6)?
2(3x* + 12x + 20) + 1067 = 9x* + 36x + 36
6x% + 24x + 40 + 1067 = 9x* + 36x + 36
3%+ 12x - 1071 =0
x> +4x-357 =0
(x-17)(x+21) =0
x=17 or
.. The numbers are -21, -19 and -17.
.. Required number = (-17)?
=-4913

x=-21

(b)

(c)

(d)

(e)

y

\

1.2m? = 1.2 x 100° cm?
=1200 000 cm?
1 200 000

X
1 200 000
x+20 000
1 200 000 1 200 000
X x+20 000
4000 4000  _
x  x+20000
4000(x + 20 000) — 4000x = 3x(x + 20 000)
4000x + 80 000 000 — 4000x = 3x2 + 60 000x
32 + 60 000x — 80 000 000 = 0 (shown)
322 + 60 000x — 80 000 000 = 0

~60 000 +4/60 000” —4(3)(-80 000 000)
2(3)
~60 000+~/4 560 000 000
6

= 1255 or -21 255 (to the nearest integer)
.o x=1255or x = -21 255
Amount of liquid = (1254.6 + 20 000) x 30 + 100°
=0.638 m? (to 3 s.f.)

Number of minutes =

Number of minutes =

=15x%x60

Indices, Surds, Exponential Growth and Decay,
and Standard Form

g

L

Worksheet 4A

Laws of Indices

1. (a)

(b)

(©)

()

(e)

()

(b)

(©

()

(e)

()

56 % 53 = 56+3
=5°
112 x 118 = 112+%
=11
x4 X x10 = 2+ 10
= xl4
8x7 x x=8x""!
= 8x°
7x" x 3xk = (7 x 3)x"**
— 21k
ax? x bx1= (a x b)xt*1
= abxr+1
79473 = 79-3
=76
310 . 34 — 310-4
=36
xBrx=x8""1
=x7
10x° + 5x2 = (10 = 5)x° 2
=2x3
8x" + 12xF = (8 = 12)x" %
:Ethk
3
ax? + bx1=(a + b)xP~1
L
b
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3. () (1192=115%2

=117
(b) (74)4 - 74><4
= 716
(C) (5x8)3 — 53x8><3
= 125x*
(d) (axP)‘i = qixP >4
= aixP1
4. (@) 7°x20=(7x2)°
=145
(b) 319% 190 = (3 x 19)
=570

(©) x*x )’9 =x%°
(d) 4x° x5y° = (4 x 5)x°y°
=20x%°
(e) 11xFx 8y*=(11 x 8)x*y*
= 88xkyk
(f) ax? x by’ = abxty?

5. () 2o7+47=(@)7

4
=57
(b) 99" +3"= (@)”
3
=331
8
© 2ep=p
y

d) 36x°+6y° = (— -

k
(e) 5xk+50yk = (i)%

50
10y*
(f) axt = by = (ﬁ)ﬁ
+ by b))
ax?
= b_"
6 (a) 34X39 _34+9}i3
. Fo
— 310
) L P
(p2 )3 - ps
:p“
k 5
(4") _ q*
© 2k = okm
1
= q -
7. (3247 +16° = [(2°)Y) + (2%)°
— 2140 = 212
=128

8. (a) a‘bxab® =a’b®
(b) (-3cd®? x ¢d” =9c2d° x ¢°d’

= 98413
(¢) Kk® + (hk*)?® = Wk* + b3k
= hSkS
(d) 24m'n® + 10(-m*n)> =24m'*n* + (-10m'°n®)
_ _12mn2°
5

(€) (4x*yz*)* x 3xy°z* = 16x'°y*z* x 3x)°z*

=48x"y%2*
(f) 15x°p°z* + (5x°yz)* = 15x°y°z* + 25x°y%22
3x° y2*
9. (a) M_axi_ 7a’ ’
’ b* 8b>  4b®
50 10c 5 d*
b) —+—="x—o0
O T o
_ ctd?
7\2 32 14
h 2 h 8
© o) ) = e
8hll
= ®
2
(d) 9(m4n)3+6L: 9mnn3><£2
m 6n
_ 3m”n
2
5 9 8 3 2
(e) q xix ! P4

3pT 2 6pg 4
5x72° ;(10x7y3 ;Zyzz) _ 5x72° ;(10x7y3 y 5x° )

() 5

y z* 5x° ¥ b 2y’z
B 5x17z6 . 25x15y
}/2 : 2
5x1726 ZS
- }/2 x25x15y
x2z11
"5y
10. 5% + 5% + 58 4+ 58 + 58 = 5(58)
=5
k=9
) (—4x8)2 (24 P l6x* 8x"
Ty _(W) S8y 27y”
_16x' 27y’
TS
=3xy’
s.a=3

Equating the indices of x,
h-k=1 — (1) (shown)
(ii) Equating the indices of y,
4k-h=3 —(2)
(iii) (1) + (2): 3k =
k=

4
4
3
. 4
Substitute k = ;

into (1):

Challenge Myself! m———
12. 11112 = (1112) %
=12 321%
> 9999¢
. 111'%* is greater.
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Worksheet 4B  Zero and negative indices

1. (a)
(b)

(©

(d)
(e

(®)

(g

(h)

(b)

(©

(d

(e)

()

(g

(h)

3. (a)

(b)

(©

8°=1
(-3)°=1
0
5] -
7
094°=1
52+5°=25+1
=26
7°-12=1-12
=-11
45 45

2499°  2+1
=15

TR

=2

|

7=

87 =

PRI

_8
4
3432=3 +3i2
= 9+l
ol
SRERES
5 2 4 3
125 16
= — x—
64 81
15
324
(a3b73)8 = a24b724
a
= b_24
(C7d2)_4 — C—ZSd—S
1
= Py
(Bh2kH = 312k
h2
3k*

3 5\3
n 2m
d -
@ (st) ( n )
8m15
= =
6
@ —ob__ 24
5pq p
2,71 11
f) 8x )91 - 2x
12x"y 3y’
@ a’'xa?+a®=qg"
1
e
6b™
b) 6b*+Q2bx 9% = ——
® ( ) 2bx9b™
_6b™
18677
b3
)
(© (h—Sj—9k)2 % (3hj3k’4)4 £ h710j718k2 x 81h4j12k—16
=81h k™
81
= hsjskm
-1\73 -6 \2 3 -12
@ |Z-| «|%5| = S+l
n7 mS n*Zl 10
m3 mlO
= n—Zl X -12
m13
= p=sj
= mBp3
—1 5 2 2 2 2 2
@ 3pxip_84_ 0GP0 120" 8p° 250
q P q q q q
_ 4t 2507
q q
_9p
q
4(x® ) 7\ (x2y°)7 2 16 -
(f) (_}; ) x(y—) x( 3/5) = 4x_3y xlx(x2y5)3
X"y x x"y X"y
= 4x%y"5 x x5y
=4x!
_4
57 x5 i
> — 57+0—(—2)
=
=5
.a=9
2’ X326 —92+6-(3)
P
= 211
1
® 125 5°
=53
k=-3

34
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(b) 64x8 =1

20x 2 =1
26+3Vl:1
6+3n=0
3n =-6
n=-2
n=-2
+7 — 1
(@ 9= 3
(33)p+7 =371
32p+14:371
2p+14=-1
2p =-15
15
T2
15
T2
(d) 2q2—100_1 -0
2q2—100 -1
=20
q>-100 =0
> =100
q =*10
o ==*10
8. €@ o=l
81
33p+6q = 3-4
3p+6g=-4
4
p+2q = -3
4
P=-3 2q
4 1
Letg= 30 = -3-2(3)
-1
3

.. An example of the values is p = —% »q= =

Challenge Myself! m———

11. 8x!'= é, not L and 3x° = 3, not 1.
X 8x

.. The student is not correct.
8x1+3x"=4
8

—+3=4
X

w R |
Il Il
] —

Worksheet 4C  Rational indices

1. @ 225 =15
=15

®) 12 = s
-8

]
[SSHN 8}

N ]

(@ (v100) =100

0 (-27) - (-]
3.0 (@ 1212 = (11

(b) 1000° = (10°)3

(© 256i = (44 )i
4

UNIVERSITY PRESS

X627 ySZ—l -5 e y-zszs =
9. 3 2% 8 NI ) L 515
*y’z | x yE o x @ (-243)s = [(‘3) ]
= — =-3
27 3 3
2,73 2.7 3 812 = (92)E
xy'z7 1 X7y 4 2\3 ()
10 ROt o 3 i 4 x(xy z ) =9
() (o) Xy
— x2y3Z'3 X x—3y122—6 =729
— y-1p15,-9 7 7
o ® 16% = (2')s
y =128
(g) 0.49+° =(0.79)%
=0.7°
=0.343
(h) 4007°° = (20%)°°
=20"
-1
20
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_1 1
(2 ()
144 25

-2
) 12
@ ® v (xsy ]
' iy
[(12)2]2 [ )
=I5 24
= x 593
_» ;
5 " L __ 1
1oy 2 s(/ <3 74N
0) (—) = 3125° Yy (x Zy3)
3125
3
. (55)5 7 4\
=5 = (x_2y3) ’
=125
, 74
5 () xi = = xl8y
L =z 1
(b) xgz ¥ «° (@) x3xx® = x?
5 5 13
6. 1\(/975 = xio (b) x* sx% = x°
= x2 7 2
(© x3xx?=x?
=X B 1
! I U |
7. (a) Jx = x2 (@d x'+x5=x2
1
(b) Vx = x3 -L
6 1
(© Ux® = «x7 x%
9 b 1 1
(d) (‘8/;) = x® (e) Vxx8x = x? x x°
1 1 2
(e q: Y = x?
4 4 5
T ® Yxt = = w7 e x
= x4 23
1 1 =x*
® T2 1
x 5 =75
X g
2 x21
=x° 41 73
1 1 (g) x°xx2+x" = x°
®) = 8
() o s ER
4 (h) x5+(x3+x) =x%+x?
=x3 N
1 1 =x°
* (ﬁxs)z - ( 8]2 1
x¢ =—
x6
_ 2 2
=73 3 5 _BAs
3 (i) (xs +x2) = (x 8 )
2 13
=x3 —x 20
1 1
31y 3 = —
() |xty3| =axdys o
1 0
53 s % G) [x”zxx”] xl _1
G ¢ [16xy "] = (16xy 5) xox
7 7
3 5 (k) (S\ngxx’3)3 = (8\/x_6)3
8xty®
7
3 _3\3
= (2 X )3
:27X7
=128x7
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) = 49p* Y2 S)7 e (o8
Ys1ix=x Ys1x? © | =5 | x[per| = |15 x| pe
49p
- 5 q-z 12
1 = 207
= X
(34x9)4 7P4 P q
_s s
[l _P g
3x* 7
OgEi\ﬂ' _ 1
(@) Product = ax” x (bx) B 6 5
7p°q°
= ax? x bix1 1
= (ab?) x xP*1 1 (s i 5
1 X
Leta=1,b=1,p=4andq=8: 11 Rl3y,3 T iG
Product = (1 x 19) x x**8 f) 64x2y * + 3 = |64x°y +7y3
= x12 4 1
. 1
. A possible set of valuesisa=1,b=1,p=4and q=8. B Sxiy_g L 2x
3
(b) Letazl,bzl,ngandqzis - y3
2 2 Ty
5\ 195 = 8xly Px—7
Product = |1x1% [xx?2 2 2520
1B
— X0 =4x5y8
; i 19 237 = ()
.. A possible set of valuesisa=1,b=1,p = > and 11. = ( )
5
_5 =3
=7 5
1 o521 "3
10. (a) (asb'2)3 ><(azh8 )4 = a%b 3 xa?b’ s 4
B o4 12. 27° = (3°)
- asb3
ER = ¢
o 4\73 6 3 .n=5
(b) c o d _c¢® d n .
d 6 C—9 d—S 66 5 2 5
13. (@) 4x325=2 x(z E
37
—c 643 =22x2!
7 =2
_da “n=3
C% (b) n+De-D = 34x2
13 13 =38
© hék s _ hok 5 = 6561 (shown)
1 2 2 1
(h 3/&) b3k 14. () x*=27
x =27
5
ek =19 683
s (ii) 19 683 =273
hs =(3)
-z =3
k> 25
. =
8 - s 2
@ mn+| T | = o =9
15. (i) V2% =2
8 12
- m°nx (i) x07= 2"
= 3
. m87 XZ =2
2 2 4
= mnxm’n'’ x = (29)5
128
L =21
16. (i) (a+b)(a®-ab+b?=a’-a’b+ab?+a’b-ab®+b®
=a*+ b’
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2112 2z 1 1
= x_x3y3+x3y3 +x3y3_x3y3+y
=x+y

(iii) Leta = Ux and b= %/;:
(Bl ) - 45

I~

X+y
17. (@) x*=50

1
x = 50°
=3.68 (to 3 s.f.)
(b) x7=4321

1
x = 43217
=3.31 (to 3s.f)
4
(€ x3=9

3
x=94
=5.20 (to 3 s.f)
(d) x**=6.8
x=6.8°
=14500 (to 3 5.£)
e Yx=17

1
x =17
x=17°
=24.1 (to 3s.f.)

) ¥x° =0.305
5
x% =0.305
8
x = 0.305°
=0.150 (to 3 s.f.)
18. (a) x° =243
=35
x =3
b) () y =244
y = 2445
1
(i) y=244°
=3.00 (to 3 s.f.)
19. o;zlw{ Px” — x;

Since —~ =24, possible pairs of values are n =48, p=2 or

n=72,p=3.

Worksheet 4D  Surds
1. () V75 +427 12 =v25%3 +49%x3 —/4x3

=543 +33 23
=643
(b) 378 -/50 +%\/§=3\/4>< _J25%2 +%w/16><2

=3(242) =542 + %(4\/5)
:6J_—5JE +2ﬁ
=32
6x12
(c) 6\/ng1_+4J_=%x ><2
3
3%
2
3
=26
2()
=9
@ (10-+5)(9++5) =90+ 1045 945 -5
=85+\/§
1 6
(&) 4117 - =208 + —
2 J52
1 6
= 4J9%13 - =16x13 +
2 V4 x13
1 6
= 4(3413) - 2(a413) +
( 2 2413
3
=12413 - 2413 +—
Vi3
=10413 + ER/E]
13
133
= =13
13J—
" (4-v10)(V10+5)  4\10+20-10-510
3+410 3+4/10
~10-+10
J10+3
_10-Vio  y10-3
Jio+3  10-3
_104/10-30-10+3+/10
N 10-9
=134/10 - 40
2. (5443) +(4=43) 22541043 +3+16-83 +3
=47+2+3
L a=47,b=2
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y 6+5+2
6+5+2

P2 (8-+5) -2
PHL (8-45)+1
64-165+5-2
9-5
67-16+/5
9-+5
67-16+/5 § 9445
9-45  9+45

603 +67 /5 — 1445 - 80

81-5
523-775
==
523 77
=% 7"
_6 5 __6
B+l B B+
63-6
3.1
63 -6
= -
=3 3—3—§J§

4
= =3 -3
3

(52 w
[ON] [ON]
W w

(SRS

b=-3

2-43 N 2443
V7-5  7+45
25 7

S.a=

6. (a)

V-1

5

— X

3

Sl&

245 7

_2V7+245-21-415

BN N N N N

247 =25 +21 15

7-5 7-5
27424521415 247245 +\21-415
- 2 ' 2
_ 447-2415

2
=247 -15
La=2b=-1

2443 2-43

NN NN

_24V3 V745 2-43 J7-45
N N RN N N NN

_ 2474246421415 247-245-121+415

(b)

7-5 7-5

_ 2474246421415 247 -245-121+4/15
- 2 2
_445+2421

2
=245 +421
=4/4%5 +«/ﬁ
=2420 +21

Soc=20,d=21

(a)

X

fal-
e

ol %]~

2236
5
=0.447 (to 3d.p.)

() /32 =16x2
=42

=4(1.414)
=5.656

() — =

=0.894 (to 3d.p.)

@ oL b
sz 52 542
-2
5-2
2.236-1414
- 2=

=0.274

uuuuuuuuuu
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Worksheet 4E  Exponential growth and decay 5. (a) Number of times the mass was halved = 5x60
1. (a) V=68000x 1.07 =4
When t =0, Initial mass =90 x 2* g
V =68 000 =1440g
.. Initial value = $68 000 .. Mass of substance after ¢ hours, m = 1440 x 0.5
(b) When t=10, (b) 720min=12h
V =68 000 x 1.07"° When ¢ = 12,
=134 000 (to the nearest thousand) m = 1440 x 0.5°%2)
.. Value after 10 years = $134 000 =0.567 g (to 3 5.f) <2 g (shown)
2. (a) Height of P after 1 week = % x 30 cm
=354cm
115 Worksheet 4F  Standard form
Height of Q after 1 week = —— x 36 cm
~ 411(1)04 n 1. (a) 7.16 x 10° = 7160
111 (b) 4.80 x 10° = 480 000
Height of R after 1 week = 100 x 40 cm 2. (a) 3.92x102=0.0392
— 444 cm (b) 5.70 x 10-° = 0.000 005 70
118! 3. (a) 4.195x107 +8.3x 105 = 8.72 x 10 (to 3 5.£)
(b) Height of P after 8 weeks = (ﬁj x 30 cm (b) 7.02x 10°-3.4 x 107 = 6.68 x 108
. (© (6.52 x 10%) x (1.8 x 10°%) = 1.17 x 10~* (to 3 s.£)
=112.77 om (to5s.f) @ (9.6%107) + (8 x 107) = 1.2 x 10?
Height of Q after 8 weeks = (ﬁj X 36 cm 4. ‘(@ 4.65x 107 =4 x 107 + 0.65 x 107
100 4% 107 +6.5x 10°
=110.12 cm (to 5 s.f.) =6.5x10°+ 4 x 107
8
SA le of the valuesisn =6, p = 6.5 and q = 4.
Height of R after 8 weeks = N1 40em . neggmpie ot evalues 1sn P ancd
100 5. (i) 0.00009045 kg = 0.000 0905 kg (to 3 s.)
= 92.182 cm (to 5 s.£) (i) 0.000 0905 kg = 9.05 x 10-° kg
- Plant P is the tallest. 6. (i) 300000000 m/s =3 x 10°m/s
105 o (3x10%)x (60 60)
3. (a) Population in December 2027 =| — | x 80 000 (i) Distance travelled = ~—F——
100 1000
— 9
— 92610 . =1.08 x 10° km
. 7. (i) 328 nanoseconds =330 ns (to 2 s.f.)
(b) Population in December 2030 = (ﬁ) x 80 000 (ii) 330 ns =330 x 10~s
100 =3.3x107s
=107 208 (to the nearest whole 8. Total population = (145.0 + 50.18 + 18.46 + 4.220) x 10°
number) =217.86 x 10°
Povulation in D ber 2032 [ 105 ¢ " " =2.18 x 108 (to 3 s.f))
opulation in December =\ 00 X 9. () 0.00006=6x10"
7
=118 196 (to the nearest whole (ii) Average number of people = w
number) 331x10
5 =2.92 x 10% (to 3 s.f)
Population in December 2033 = 105 x 80 000 . 10 km
100 10. Speed of light ray = 333
3 us
=124 106 (to the nearest whole 10x10° m
number) T 333x10° s
.. The population will exceed 120 000 in 2033. =300 000 000 m/s (to 3 s.f)
4. (a) Initial volume of water = 1 x 1.4 x 0.8 x 1.2 m? =3.00x 10°m/s
2 11. (a) Population of India = 1.38 x 10°
=0.672 m’ (b) Number of people = (6.05 x 107) - (1.67 x 107)
=6721 y =4.38 x 107
Volume of water left after 24 h = (ﬁj X 6721 =43.8x 10°
100 =43.8 million
=4141(to 3 s.f.
(to . s£) (c) Population of Namibia =~ 51—0(1.29 x 108)
(b) Volume of water leaked = 413.80 — [%j x 413.80 —2.58 % 10°
—69.11(to3sf) = 2.6 million (to 2 s.f))
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12. (a) Massof 1 CO, molecule = 1.99 x 107 + 2(2.66 x 10~*) (b) 49 =343!+3
=731x10%g (73 = (7)1 +3
=7.31x10*" mg 7 =73

(b) Mass of 1 H,O molecule =2(1.66 x 107*) + 2.66 x 10~* 2x =3+ 9x
=2992x10*g 7x =-3
Number of water molecules = % x = 23
2.992x10 7
=1.67 x 10%* (to 3 s.f) e 3
13. (a) 2870 =2.87 x 10° N 7
3 2
— 1
(b) (i) Percentage decrease = 1.34x10 9'836X10 x100% () 625*x5=—
1.34x10 25
=26.4% (to 3 s.f.) (59 x 5 = 1
(ii) Decrease in volume = (1.34 x 10° - 9.86 x 10%) x 60 52
=21 240 litres S5l =57
=2.124 x 10* litres 4x+1=-2
=2.1 x 10* litres (to 2 s.f.) 4x=-3
3
X = —Z
3
SLX= -
1. (@) (-5)°>-5° ) 4
7\t (1)s (d) 3**'+3*=4
® (_) g (_) 33 + 3= 4
6 8 -
2. (a 524 50_52 = 2541- L 4(39) =4
25 3*r=1
=252 =3
25 x=0
3\ (52 ( 3)2 (4)2 Sx=0
b 71N==1 +|= =7l -=1 4| = Xty _ —
(b) \/( ) (4) \/ o) s 36"+ =216 4 (1)
9 16 \/97 = (V3 27% ) —(2)
“N2s5 25 From (1),
_ (/I @)+ =6
-1 62x+2y - 63
2 2x+2y=3 —(3)
6 12
3. (a (27x12) g (64)}6 )3 From (2),
64y 27x 4
> V3 = (277)
£y e 4
= 3x
39 46 (3 y)z = [(3) ]3
B 16)’8 3= 34x
ooyt y=4x —(4)
1 1 17 . .
(b) Yxx 9 A7 ox et Substitute (4) into (3):
Jx . 2x +2(4x) =3
=9y 12 2x+8x=3
9 10x =3
Tl s x = —
x
4. () 8-2=1 103
=8° Substitute x = — into (4):
10
x-2=0
3
x=2 y = 4(—)
=2 10
]
5
RN
10775
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6. (@) 65x1072 =6.5x10°x 107
=0.000 065 x 10~
..a=0.000065
(b) (i) 2.3billion = 2.3 x 10°
(ii) Population = (2.3 x 10°) x 2°

=73.6 x 10°
=7.36 x 10"
. @ x5 ) _ 3375
. Y- —
=225
b (Y128 6 _L[ 64x2 6
Gle ) B s
_L(&_u]
2\ 6 2
L(ﬁj
J2 3
__35
3
8. Using Pythagoras’ Theorem,
R: = PQ* + QR®

= (743-445) + (1045-6+3)

=147 - 564/15 + 80 + 500 — 120+/15 + 108

=835-176JE
9. Va+bJ5
(ﬁ )
2
( a+b«/§) =|: :l
a+b2 =
[2 2J§+1j
_[3 2\/_]
9o 12J5+8
36
17-1242
_ 36 1741242
17-1242 1741242
_612+43242
289-288
=612 + 4322
s a=612,b=432

10. a+b=(Va+b) —2xa x+b
= (VIT+415) -2 (V165 -V11)
=11+2+/165 +15- 24165 + 2411
=26+2411

L p=26,g=11

V741 741 742

11. (i) = x
J7-2 7.2 J7+2
74274742
N 7-4
_9+347
3
:3+\/;
1
(ii) Area of triangle = (EX2 7><h) cm?
\/;-i-l :h\/;
J7-2
h\/_ \/;+1
J7-2
- V7 +1
7-27
J7+1 74247

7-2+7 * 74247
77 +14+7+ 27
49-28
97 +21
21

3J7+7

7

= %(3 7+7) (shown)

f Mid-year Checkpoint A

Section A
1 g
125
1
R
573 =5k
k=-3
2. Diagram1
5, OX_4x-9 2(5x)-7(4x-9)
7 2 14
_ 10x-28x+63
14
_ 63-18x
14
4. -9=2x+5<3
-14 <2x<-2
-7 <x<-1

(1]
(1]

(1]

(1]

(1]
(1]
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5. Gradient=

=-= (1]

.. Equation of line: y = —% x +% (1]
6. 8x-4y=5 —(1)
6x+3y=1 —(2

1)+4 2x-y= —(3)

W= |

(2)+3 2x+y= — @)

19
12
19
48

@) + (@): 4x = 1]

(1]

9. (Bx+4)02x-1)=8
6x*+5x-4=8
6x*+5x-12=0

B —544/5° - 4(6)(-12)
T 2(6)
_ —5+4313
YD)
=1.06 or -1.89 (to 3 s.f.)
o x=1.060r x=-1.89
10. (@) 97=(3Y

—3u
) 33a° L 4ab _ 334° 5
10b 5 10b  44ab
st
- 8b’
11. Let there be x members in the choir.
x(x-1) =702
xX¥*-x-702=0
(x-27)(x+26)=0
x-27=0 or x+26=0

x=-26
.. There are 27 members in the choir.
12. (i) y=(x+4)(x-5)

x =27 or

(1]
(1]

(1]

(1]

(2]

(1]

(1]

(1]

Substitute x = v into (4): When y=0,
48 (x+4)(x-5)=0
(19) 1 x+4=0 or x-5=0
2l —|+y ==
48 3 x =-4 X =
v, 1 - A(~4,0), B(5,0) 2]
24 3 When x =0,
1 [1] y=-20
24 - C(0, -20) (1]
- 2 , Y= _H A(_4’ 0): B(Sr 0)) C(O, _20)
48 24 (ii) When x=0.5,
2 —
7. (a) 16x>+ kx - 93— 0 y=(0.5+4)(0.5-5)
When x = e =-20.25
3\2 3 .. Coordinates of minimum point are (0.5, -20.25) [1]
16(——) +k(__)_9 ~0
8 8 Section B
_Ek_2_7_0 ection X
3 4 13. (@) s= ut+=at’
3 27 2
gk = — 2s =2ut + at® (1]
k=-18 (1] ‘”zzzzs‘zzmt (1]
. k=_18 a= % [1]
(b) 16x*-18x-9=0 ®) 3 6  3(2x+1)-6(x-5) 1]
(8x+3)(2x-3)=0 (1] x-5 2x+l  (2x+1)(x-5)
8x+83:O3 or 2x—23:(; _ 6x+3-6x+30 (1
X = — X = T A I\ . =\
x = 3 x= 1l 2 +31?2(x_5)
8 . “2x+1)(x-5) (1]
.. The second possible value of x is 15 . [1]
2_ 2x-3)°
g A 212x+9 _ (2x-3) 2]
4x* -9 (2x+3)(2x-3)
2x-3
T 2x+3 (1]
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14. Volume of cylinder = (6+5v2)m em®
Let the height of the cylinder be & cm.

71(2+\/5)2h = (6+5\/5)n
(4+42+2)h =6+52
(6+4v2)h =6+52

6+5v2
6+42

6+5v2 y 6-42
6+4v2  6-442
(6+5v2)(6-442)
6 —(4v2)
36-24~/2 +30+/2 - 40
36-32

632 -4

4

N
2

h=

3
.. The height of the cylinder is (Eﬁ - 1) cm.

15. (a) 70 m
(b) Whent=6,h=p,
p=70+14(6) - 5(6)*

(d)

(e)

90
80
70
60
50
40
30
20
10

-10
-20
-30

@
(ii)

@

=70+ 14t -

5¢2

v

80 m

Length of time = (2.6 - 0.4) s
=2.2s

t=54

(1]

(1]

(1]

(1]

(1]

(1]

(1]

t(s)

(2]
(1]
(1]
(1]
(1]

(ii) The pebble hits the sea 5.4 s after leaving Don’s hand.

(1]

f Mid-year Checkpoint B

Section A
1. 2.59 x 10~* milliseconds =2.59 x 10~* x 10~3 seconds
=2.59 x 1077 seconds (1]
2.59%107
= ~———— nanoseconds
10
=2.59 x 10*> nanoseconds
oo k=259 (1]
9a’v 27ab _ 9a’b  2(°
2. 4 - 3 = 4 x
c 2¢ c 27ab
2
- 24 2]
3c
3. Prime numbers: 101, 103, 107, 109
P(prime number) = % [1]
= E [1]
5
4. 9x*'-144=9(x' - 16)
=9(x*+4)(x*-4) [1]
=9(x*+4)(x+2)(x-2) 1]
5. (o=’ +¥pa+ila)
1 1 2 1 1 2
= (p3 - )(1* +piq’ +q3)
21 12 21 12
=p+p’q¢’ +p’q’ -pq’ -p*q’ -q (1]
_p A 1]
6. 2°4+2°+42°+2°=4(2°)
- 4[(2)*]
- 4(a+) [
— 45.5
sa=55 [1]
7. (i) y=-2x+5)(x-1)
When y =0,
-2x+5)(x-1)=0
2x+5=0 or x-1=0
2x =-5 x=1
1
x=-2—
2
.. x-coordinate of A is —2% [1]
(ii) Whenx=0,
y=5>5
- C(0,5)
Area of AABC = %[1 - (—2%)](5) units? [1]
= 8.75 units? [1]
N w000 _ )
v v+30

400(v + 30) — 400v = 3v(v + 30)
400v + 12 000 — 400v = 312 + 90
312+ 90v - 12000 =0
2 + 30v - 4000 = 0

(v+80)(v-50)=0 (1]
v+80=0 or v-50=0
v=-80 v =150
Sv=50 (1]
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9. Using similar triangles,

BD _ BA
BA BC
q+CD P
p 4
pZ
+CD ="
1 q
2
CD:(p—— )cm
q
10. (i) A=3x2x7?
B=3x2*x7

Lp=2,9=7r=1
(ii) HCF=2x3x7

=42
11. P=kQ’
Percentage change = 2° x 100%
=800%
.. Percentage change = 800% - 100%
=700%
2.6 2-¢
c 1
¢t =36
c =6
Lc=6
p=1
6
a= l+6
6
- L
36
a= L S b= l ,€=6
36 6
1
i) T =—(6"
() T,= 2=(6")

(1]

(1]

(2]

(1]

(1]
(1]

(1]

(1]

(1]

(1]

(iii) Since 36° = 6'® is a multiple of 6, then 36° + 1 has a remainder
of 1 when divided by 6. There is no integer value of n for which
36" + 1 is a multiple of 6. Hence 36° + 1 is not a multiple of

6 and is not a term of this sequence.

Section B

7 7

2 2
13. (@) x¥*+7x-5= x2+7x+(5) —(—) -5

2

( 7)2 69
2) 4

(b) Coordinates of minimum point: (—31, -17

(1]

(1]

(1]

14. (a) 4 7 :4(x+3)—7(5—2x)
5-2x x+3 (5-2x)(x+3)
_ 4x+12-35+14x
(5-2x)(x+3)
_ 18x-23
(5-2x)(x+3)
() 2 a9

5-x
42 =(4x+9)(5-x)
=20x - 4x> + 45 - 9x
=-4x*+ 11x + 45
4x2-11x-3=0
(4x+1)(x-3)=0
4x+1=0 or x-3=0
4x=-1 x=3

1
xX=-=
4

.'.x:—l orx=3
4

15. (a) Number of minutes = 500
x
(b) Number of minutes = 4500
x-8
4500 4500 30
© SRR 0
x-8 x 60
4500x -4500(x-8)
x(x-8) 5
4500x —4500x + 36 000 1
x(x-8) )
36000
x(x-8) 3

72000 = x> - 8x
x? - 8x - 72000 =0 (shown)
(d) ¥-8x-72000=0

. ~(-8) £/(-8)> - 4(1)(~72 000)
2

)
_ 8++/288 064

2

=272.36 or -264.36 (to 2 d.p.)

S x =272.36 or x = -264.36

4500
2(272.36)-8
= 8.3843 min (to 5 s.f.)

(¢) Time taken =

=8 min 20 s (to the nearest 10 s)

(1]

(1]

(1]

(1]
(1]

(1]
(1]

(1]

(1]

(1]

(1]

(2]

(1]
(1]

(o) y=x>+7x-5
( 7)2 69
=|X+— -
2) 4
7\ 69
LA I 1
@+2) y+ [
7 69
X+— == y+I
7 69
=_Z4 it 1
x= SRy (1]
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Coordinate Geometry

Worksheet 5A  Length of a line segment

1. (a) LengthofAB=\/[3—(—5)]2+(1—7)2

= +100
= 10 units
(b) C(0,-4)
Length of CD = \/(6—0)Z +[-2-(-4)]
= J40

= 6.32 units (to 3 s.f))
(©) Length of EF = /(2-9)’ +(-8-0)’
=113
= 10.6 units (to 3 s.f.)
(d) Length of GH = \/[0—(—1)]2 +[5-(-5)]
= +/101
=10.0 units (to 3 s.f.)
(e) PQisahorizontal line.

Length of PQ =11 - 4
=7 units

2

(f) RS isavertical line.
Length of RS =7 - (-3)
= 10 units

2. Since distance = +/52 units,

Jk=3) +[-5-(-1)] = V52

J(k-3)Y+16 = {52
(k-3 +16 =52
(k-3 =36
k-3=6 or k-3=-6
k=9 k=-3

S k=9ork=-3
3. (@ Wheny=0,
4x+21 =0
4x =-21
x =-5.25
. P(=5.25, 0)
When x =0,
“3y+21=0
3y =21
y=7
- Q(0,7)
+. P(=5.25,0), Q(0, 7)

(b) Length of PQ = J(—5.25—o)2+(0—7)2

= /76.5625

= 8.75 units

5.

(@) (i) Letthe coordinates of R be (x,, 0).
PQ = QR

J2-27 +(4-1) = [xe-(-2)T +(0-4)

25 =(x,+2)*+16

(xR+2)2=9
X, +2=3 or X, +2=-3
X, =1 X, =-5

.. R(1, 0) or R(-5, 0)
(ii) Let the coordinates of R be (0, y,).
PR = QR

JO0-27 (7 -1)" = [0-(-2) +(y-4)
d+yr -2y, +1=4+y2-8y, +16
6y, =15
Yp=2.5
.. R(0,2.5)
(b) PS=QS
Ja-2 +(b-1) = [a-(-2)F +(b-4)
@-22+b-12=(@+2)?*+(b-4)7
a*-4a+4+b*-2b+1=a*+4a+4+b*-8b+16
8a-6b+15=0

M BC=[1-(-4)] +[3-(-2)T
- V50
= 7.07 units (to 3 s.f))
(i) AB=1-(-5)
= 6 units
AC = |[-4-(-5)] +(-2-3)

= /26 units

Since no two sides are of the same length, AABC is not an

isosceles triangle.
(iii) D(2, -2)
(iv) %22 A possible point is P(-2, -2).
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(v) Let the shortest distance from A to BC be h units.

Area of AABC = %(6)(5)

Z(50)n = 2(6)(5)
30

50

= 4.24 units (to 3 s.f)
.. Shortest distance from A to BC = 4.24 units

Worksheet 5B Gradient of a straight line

1. (a) Gradientof AB = 9-2
5-(-4)
_7
9
(b) D(0,-7)
Gradient of CD = =7-(=3)
0-(-8)
_1
2
(c) Gradient of EF = 12-6
3-0
=2
(d) Gradient of GH = w
4-7
- _10
3

(e) PQisahorizontal line.
Gradient of PQ=0
(f) RSisavertical line.
Gradient of PQ is undefined
-7-5
2-(-4)
-2

(b) Lengthof AB = y(-4-2)* +[5-(~7)]
180

N

=13.4 units (to 3 s.f.)

3. (i) Gradientof AB = -1-4

2. (a) Gradient of AB =

(ii) Length of BC = \/(7—6)2 +[2-(-1)T
= J10

= 3.16 units (to 3 s.f)
(iii) x-coordinateof D =0 + 1

4. Gradient= —i

221
k-8 4
1 1

k-
k-

a 00
]
— N

Sk=12

5. °';‘ff Let the coordinates of B be (h, k).
Gradient of AB = %
ks _ 2
h-6 3
3k-15=2h-12
3k-2h=3
Leth=0:3k=3
k=1
Leth=-1:3k-2(-1)=3
3k+2=3
3k=1
k=1
3

.. Two possible pairs of coordinates are B(0, 1) and B(—l%).
6. Gradient of AB = Gradient of AC

4-9_ -3-9
k-1 6-1
51
k-1 5
k-1=2
12
k=37
12
37
12
7. (i) Gradient of AB = Gradient of BC
(1) _k=(-7)
2-(-4)  h-2
1o k7
h-2
2-h=k+7

h+k+5 =0 (shown)
(i) ® Leth=1:1+k+5=0
k=-6
.. A possible point is C(1, -6).

ChaIIenge Myself! ]

=1 8. (a) Gradient of PR = 8-6
y-coordinate of D=4 + 3 7-2
=7 -2
- D(1,7) 53 ]
Gradient of PQ = =
5-2
=-1
Since gradient of PR x gradient of PQ = —% # -1, then PR
is not perpendicular to PQ. (shown)
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(b) Let the coordinates of S be (x, 1).
Gradient of PQ x gradient of RS = -1

-1x 1-8 =-1
Xg—7
7
— =1
xg—7
xX—=7=-7
x. =0

.. x-coordinate of S=0

(c) Let the acute angle that RS makes with the x-axis be 6°.

tan 0 = Gradient of RS
_1-8
T 0-7
=1

0 =45°

.. The acute angle that RS makes with the x-axis is 45°.

Worksheet 5C Equation of a straight line

1. (@ y=2x+9
3

b) y==x-7
(b) y P

1
0 y= —-—x+3
(© y p

(d y=-15x-4
© y=-8
f) x=5

2. (a) Gradient =

Equation of line: y = %x + %

(b) Gradient = 6-0

3
2

Equation of line: y = —%x

o
'S

(c) Gradient =

~N
(=)

N

Equation of line: y = —% x+4

5.

6.

(d) Gradient =

0=—(6)+c

_16
3

c =

; : 8 16

Equation of line: y = —x ——

1 Y 9 3

(a) Gradient of AB = 172—_0

=3
Substitutem=3,x=3,y=0intoy=mx + c:
0=303)+c
c=-9
Equation of line: y=3x-9

(b) Gradient '

Equation of line: y = —g x-9

(c) Equation of line: y = -5
(d) Equation ofline:x=2

(@) Substitute m = %,x =Ly=-3intoy=mx+c:

2
-3 = 5(1)+c
2
= =+c
3
"
3
. . 2 11
Equation of line: y = gx Y
(b) Substitute m=-4,x=5,y=0into y =mx +c:
0=-4(5) + ¢
=-20+c¢
c=20

Equation of line: y = -4x + 20

From 3y =7 - x, we have y = —§x+§ .

1 1
s.g=—,(ab) = (0, 2—)
& 3 3

(@ @ Fr0m2x—5y=k,wehavey=%x—g.

.. Gradient =

vl N

(ii) y-intercept = 14
—E =14
5
k =-70

o k=-70
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(b) & 2x-5y=-70
Let x = 10: 2(10) - 5y = ~70
20 - 5y = -70
5y =90
y =18
.. The point (10, 18) lies on the line.

(c) €9 Gradient = %
. . 2
. A possible equation is y = Ex +1.

7. () GradientofAp= =(2)

5-(-3)
_3
8
(gradient of AB) x (gradient of PT) = -1
% x (gradient of PT) = -1

gradient of PT = —g

Substitute m = —%, x=2,y=4intoy=mx+c:

8
4=—-——(2)+c
%)
28
c ==
3
Equation of PT: y = —§x+§
3 3
Gi) € Letx=3:y= _2(3)+2_f

[SSHUN

. An example is Q(3, 1%)

8. (a) Considery-x=4.
When y =0,
-x =4
x=-4

- A(-4,0)
Consider 2x + 3y + 5 =0.
When x =0,
3y+5=0

3y=-5

2

=1
4 3

. - —

.B(O, 1 )

. A(-4,0) B(O —1—)
.. > b b

(b) Equation of vertical line: x = -4
(© 2x+3y+5=0

3y=-2x-5
yo 2,8
3 3

.. Gradient of line = —%

(d) o) p =

2

=22
0+(_12)
k= 3
2

)

6
o h=-2k= -2
6

9. (@ y=ka* —()
Substitute x = 0, y = 3 into (1):
k=3
Substitute k = 3, x = -3, y = 24 into (1):
3ag° =24
a’ =8
a=2
s k=3,a=2
(b) Gradient of AB = ?

=-7
-. Equationof AB: y=-7x+ 3
10. (i) y=-1
(ii) Area of ABCD =2 x area of AABC

1

=2x—(7)(2
~0))

= 14 units®

(iii) AB = {[-1-(=3) +[1-(-1)]
Vs
= 2.83 units (to 2 d.p.)
-1-1

4-(-1)

(iv) Gradient of BC =

Equation of BC: y = —éx +§

11. (@) x-coordinateof B=2-5
=-3
. B(=3,9)
(b) (i) Theline crosses the y-axis at (0, 9).

(ii) Gradient of line = —Z
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(i) y = —%x+9 —)

Let the coordinates of C be (2k, k).
Substitute x = 2k, y = k into (1):

3
k=-=(2k)+9
20+

= —ik+9
2

2k=9

k=36
- C(7.2,3.6)
12. (@) x-coordinate of D = -4
y-coordinateof D=1-5=-4
.. D(-4,-4)
(b) (i) Equationof BC:x=2

(ii) Gradient of AB = 4-1

.. Equation of AB: y = %x +3

13. (a) x-coordinateof D =1-4
=-3
y-coordinate of D =1
- D(-3,1)
(b) (i) Equationof AB:y=7
7-1
()
=-2
Substitute m=-2,x=-3and y=1into y = mx + c:
1=-2(-3)+c¢
c=-5
.. Equation of AD: y=-2x-5 — (1)
(c) Substitute y = 0 into (1):
-2x-5=0

(ii) Gradientof AD =

X = _21
2

.. AD cuts the x-axis at (—2%, 0) .

14. (a) Gradient = 2;2
=2

.. Equation of line: y = -2x + 8

w

(b) Length of AB = /(5-3)" +(6-2)

=20

=4.47 units (to 3 s.f.)

From the graph, C(4, 8).
(d) No, there are no two equal adjacent sides.

Worksheet 5D Midpoint of a line segment

1. (a) Midpointof A and B= (%, _22+ 8)

(b) Midpoint of A and B

2
L)
2 2

p

5p+(-p) 2+(4p—2))

5+x5 2+yp
2. (a) (T) Tj = (3> 8)
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®) (‘1”3 %—y] - (0,0)

2 2
it xy =0 and _9+}’5 =0
2 2
-l+x,=0 9+y,=0
X, = Yy =-9
.. B(1,-9)
0+x; O+yp j
(c) ( S ) =(-5,075)
% o_ 5 and 22075
2 2
x, =-10 Yy =15
. B(~10, 1.5)
2q+3+xy —q+y3)
@ (M
2g+3+ -q+
bt R =qg+1 and “AT)s =4
2 2
2q+3+x, =29+2 -q+y, =
x, =-1 Yp=q+8
- B(-1,q9+8)
3. (a) Since ABCD is a parallelogram,
Midpoint of AC = Midpoint of BD
(1+@2)3+1] _(O+xD 5+yD)
2 T 2) U 2 7 2
(32) = (35
2’ 27 2
) and 2:—5+yD
2 2 2
x,=-1 S+y,=4
)/D:—l
.. D(-1,-1)
(b) Since ABDC is a parallelogram,
Midpoint of AD = Midpoint of BC
(1+x[, 3+yD) _ (0+(—2) 5+1j
2 2 ) 2 2
= (_1)3)
3+
Itxp =-1 and 22 _3
2 2
l+x,=-2 3+y,=6
x,=-3 Y =
.. D(-3,3)
4. (i) Since PQRSis a parallelogram,
Midpoint of PR = Midpoint of QS
(Eiiéii)_(liﬁ_iiﬁj
272 ) U 27 2
(Z 2]__(7+xs 8+ys)
2’2) "\ 27 2
7 =7+xs and 9 =8+y5
2 2 2 2
7=74+x 9=8+y,
x,=0 ys=1
- 8(0,1)
(i) QS=+(0-7)"+(1-8)
58
:75 units

w
(o)}

Il
|
—

(iii) m,, =

[\S)

—
(o)

m.=— =1
® 0-7

Since m,m s

perpendicular to each other, i.e. PQRS is a rhombus. (shown)
2-4
5. (i) m =——
@ my, = - e 4
1
5
Let 0 be the acute angle that RP produced makes with the

Xx-axis.

= -1, the diagonals of the parallelogram are

tan 6 = —
5

6 =11.3°(to 1d.p.)
.. RP produced makes an angle of 11.3° with the x-axis.

-6+4 2+4
(i) Midpoint of PR = ( ,—j
2 2
=(-1,3)
s M(-1, 3)
Since MS L PR, then m, = -5.
0-3
x5 -(-1)
g =x,+1
2
S5

A(2)

(iii) Since PQRS is a parallelogram,
Midpoint of PR = Midpoint of QS

xo+(-2]
Q _=
(_1,3) - 75 yQ—+O

>

2 2
X 2
0-=
(-1,3) = | —>,22
2 2
X 2
0=
-1= 2 and 3»=y—Q
2 2
2
xQ_E =-2 Y,=6
8
xQ:_E yQ:6

Worksheet 5E Parallel and perpendicular lines

1. (a) Sincem,,=m

13-5 _ k-4
7-3  8-5
,_ k-4
3
k-4=6
k=10
k=10
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(b) Sincem, =m_,

B3-2_9-8
0-k 4-1
5.1
k3
k=15
k=15

(c) Sincem,,=m,_,

k-(-1)  6-(-2k)

6-2 7-3
k+1  2k+6
4 4
k+1=2k+6
k=-5
S k=-5
(d) Sincem,,=m,_,
1
3ok 103
3.0  k-1-8
29
sk _ 3
3 k-9
(3 -4k)(k-9) =29
3k - 27 - 4k*> + 36k =29
4k* -39k +56 =0
(4k - 7)(k-8) =0
k=Z or
4
Sok= 7 ork=8
4
2. (a) Sincem, xm_ =-1,
0-9 8-k
X =-1
5-2 4-1
-3 x ﬂ =-1
3
k-8=-1
k=7
k=7
(b) Sincem,,xm =-1,
k-6 1-(-4)
X =-1
7-(=3)  5-2
k-6 5 _
10 3
k-6 =-6
k=0
k=0
(o) Sincem, xm_ =-1,
0-2k  -18-8
-1-6 8k+1-3
2k -26
— x —— =-1
7 8k-2
-52k = -56k + 14
4k =14
k=’
2

k=8

3.

4.

(d) Sincem, xm_ =-1,
k-(-k) N 4k-2k
3k+1-(k+1) 0-(k-1)

2k 2k
2% ¢ k- =7
2k=k-1
k=-1
Sk=-1
(@ l:y=2x-5

1 5
I:2y+x=5iey=-—x+ =
2 4y y=-3 >
1
Since m m, = 2 x (_E) = -1, the lines are perpendicular.

3 3
b) [:y=8-—x,iey=-—x+8
(b) Iy Qoley=- x

3 5
I:3x+4y=10,ie.y=-—x+ —
2 Y Y="3 2
Since m, = m,, the lines are parallel.

(i) 8=6-7x — (1)

xX*+8xy+12=0 —(2)
Substitute (1) into (2):
x>+ x(6-7x)+12=0
X+6x-7x*+12=0
6x2-6x-12=0
X-x-2=0
(x-2)(x+1)=0

x=2 or x=-1
Substitute x =2 into (1): 8y =6 - 7(2) = -8,i.e. y = -1

1
Substitute x = -1 into (1): 8y =6 - 7(-1) = 13, i.e. y = g

. 13
- P(2,-1), Q(—l, 3 )

1413
o 2+(-1) g
Midpoint of PQ= | ———>————
2 2
(3%)
“\2716
13
7_(_1) 7
() m, =3 —— =-2
PR 122 8
1
S 5_(_1) B i
PR 0-2 4
Since My = My the points are not collinear.
2-8
m,.= a =2
o235 1
BC 5_2 2
Since m, . m -1, then AC L BC.

acMpe =

. AABC is a right-angled triangle with angle ACB = 90°.
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Challenge Myself! m———
6. (a) No. Thereisinsufficient information to conclude that they are

collinear.
For example, consider the points A(1, 4), B(3, 6), C(5, 3) and
D(7, 5).

6-4 5-3
Although m,, = H = 2 and m., = ; = 2, but

_3-6_3

m,. = =-=.
5-3 2

.. The points do not lie on the same straight line.

(b) No. There is insufficient information to conclude that P is the
midpoint of AB.
For example, consider the points A(-2, 0) and B(4, 0).
The midpoint (1, 0) is equidistant from A and B.
However, the points (1, 4) and (1, -8), which lie on the
perpendicular bisector of AB, are also equidistant from A and
B.
.. Pis not necessarily the midpoint of AB.

Worksheet 5F Equation of a straight line involving parallel
and perpendicular lines

1. (i) Equationofl:y-3 =4[x-(-1)]
=4(x+1)
=4x+4

y=4x+7

(ii) °"”” A possible equation of [ is y = 4x - 3.

. 1
(iii) 2 A possible equation of [ is y = - 2"
. 1
2. 7y+x:0,1.e.y:—;x

Equation of line: y—i :_l(x_l)

7 2
1 1
- s =
7 14
L 2
4 7 28
-54+2 1+(-4)
3. Midpoint of (-5, 1) and (2, -4) = )
_ (_i _i)
"\ 22
) ) -4-1
Gradient of line segment = 2-(5)
-2
7

7
Gradient of perpendicular bisector = 5

.. Equation of perpendicular bisector:
(-1
77\2) 7 2

e
YTy T\,

721
AT
po T

5 5

V2

4
4x+3y=~/§,i.e.y:—gx+ ry

9+3 -1+5
Midpointof(9,—1)and(3,5):(T, . )
=(6,2)

4
Equation of line: y - 2 = - 3 (x-6)
4
=-—x+8
3

4
=-—x+10
4 3
(i) Since AB = BC,

VI0-(-10)* + (3, -8 =4/(2-0) +(2- y,)?
107+ (7, - 82 =22 + (2 -y,
100 +y,> - 16y, +64 =4 +4 -4y, +y?

12y, = 156
Y, =13
.. B(0, 13)
Since ABCD is a rhombus,

Midpoint of AC = Midpoint of BD
(—10+2 8+2j ~ (0+xD 13+yD)

>

>

2 2 2 2
xp 13+ yp )
-4,5)=|—T7————
N
13+
4 = *p and 5= 27
2 2
x,=-8 13+y,=10
Yp=-3
- D(-8,-3)
.. B(0, 13), D(-8, -3)
N | -3-2
W mep= 7575
_1
2

Let 0 be the acute angle that CD makes with the x-axis.

1
tan 0 = —
2

0 =26.6°(to1d.p.)
.. CD makes an angle of 26.6° with the x-axis.
. 8-0
O =0
=2

1
Since OQ L PR, then Mo = 5 .

.. Equation of OQ: y = % x —(1)
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(ii) Equationof PR:y=-2x+8 —(2)
Substitute (1) into (2):

1 x=-2x+8
2
2 x =8
2
16
x=—
5
Substitute x = 16 into (1):y= l(E) = 8
5 2\ 5 5
.. Coordinates of midpoint of OQ are
(M M] (E §j
2 7 2 )55
Y _ 16 q Yo _8
2 5 2 5
> 16
SR o™
2 .1
Q(65’35)
7. (i) My = Mye
_3-1
S 7-3
_1
2
Equation of AD: y - (-5) = % (x-1)
5.1 1
y+5= 5 X - 5
1 11
y=3% 5 = (1)
(ii) Since CD 1 BC, then m_, = -2.
Equation of CD: y - 3 = -2(x - 7)
=-2x+14
y=-2x+17 —(2)
(iii) Substitute (1) into (2):
1 x - 1 =-2x+17
2 2
5 45
2772
x=9
Substitute x = 9 into (2): y = -2(9) + 17 = -1
- D(9,-1)
-1+5 -4+8
8. (i) Midpointof AC = ( o j
=(2,2)
o M(2,2)
. 8-(-4)
(i)) m, = m
=2

1
Since BD 1 AC, then my, = - E .
0-2 1

xp-2 2
x,-2=4

X, =6
. D(6,0)

1
Since my, =- E s

yg-0 1
“1-6 2
_7

yB 2

1

2
1
B[_1’3EJ’D(6’O)
0-8
iii) m_, = —
(iii) m e s
=-8

Gradient of perpendicular bisector of CD = %

Midpoint of CD = (%, %)

(2

Equation of perpendicular bisector of CD:

11
4= 2|2
7 s(x 2)

_1,.n
8 16
1 53
=—x+—= —(1
& 6 (1)
1 53 57
Substitute x=2into (1):y= = (2) + — = — =2
8 16 16

.". The perpendicular bisector of CD does not pass through M.

i) IQR:2y+5x=64,i.e.y=—%x+32 — (1)

2
Since PQ L QR, then My, = 5

2
Equation of PQ: y - 8 = g[x—(—z)]
2
=—(x+2
5( )
2 4
=—Xx+ =
5 5
2 44
==X+ — — (2
y=3 5 )
Substitute (2) into (1):
2 44
—x+ — :—£x+32
5 2
29 116
=22
10 5
x=8

5
Substitute x = 8 into (1): y = - > 8)+32=12

o Q(8,12)
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4
(ii) Substitute y =0 into (1): - % x+32=0,ie x= 6?

4
R(IZ—,O)
5

248
. - 5 8+0
Midpoint of PR = ——

VEN

5
Since PQRS is a rectangle,
Midpoint of PR = Midpoint of QS

(Z 4)_(8+xs 12+ysj
5° 2 72

27 8+ 12+
L5 and 4= =12
5 2 2

4 12+y.=8

8+x5:5— Js

5 yo=-4
!
S5

Challenge Myself! m——
10. (i) Midpoint of AB = (‘22”,%)

Since CD L AB, then m_, = > .
D4
Equation of CD: y - 4 = i[x_(_lﬂ
d RAR 2
(1)
4 2
33
47 8
3 35
=—x+— —(1
r=3 s (1)

(ii)

i.e. coordinates of C and D are in the form (k, %k +

8
Since AC 1 BC, m,.m,.=-1.

3+ 6 kB,
AT R LA
k—(-2) k-1

3,13 3,19

4" 8 4 8 __,

k+2 k-1

3 13Y( 3 19

EPR [ (EI A

(4 sj 4 s) (k+2E=D

D 2k 2 L e

16 16 64
36k? + 36k — 247 = -64k* - 64k + 128
100k? + 100k - 375 =0
4k* + 4k - 15 =0
(2k+5)(2k-3) =0

k:—E or k:i
2 2

( ) 35 5
— + — = —
8 2

33) 35 11
el
2 8

W
NSRS

5
Substitute x = - 5 into (1): y =
Substitute x = ¢ into (1): y= —
2 R
1 .1 1 1
. Cl 22— |,D| 15,5
C( 2 2) D(z 2)‘”
1 1 1 .1
1-,5— |, D| 2—,2—
C( 2 2) D( 2 2)
35

*;:‘?Canleieony: %x+ e

VR

Since AACB is an acute angle, X < - g .

3 35 11
Letx,=-4:y= Z(_4)+ — = —

8 8
3
-4,1-
C( 8)

Midpoint of CD = (—%, 4)

u,
“Atxy g P _(_14)
2 72 2’

H+y
4+ g ‘P
Y o __1 and -8 =4
2 2 2
11
“4+x, =-1 §+yD:8
53
x, =3 yD—g

(3,63
8

. An example is C(—4,1%) andD[?’,GZ).

35

)
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Review Exercise 5

1.

(@) (i) Gradientof PQ = 4-(=2)
7-5
=3
(ii) Length of PQ = J(7 -5) +[4-(-2)T
= V40
= 6.32 units (to 3 s.f))
(b) Substitutem=3,x=-3,y=6intoy=mx+c:
6=3(-3)+c
=-9+c¢
c=15
.. Equation of line: y =3x + 15

(a) Gradient=0
(b) é@ (0, 8) and (4, 8)
© €Edx=1
Using similar triangles,
x-coordinate of C =1 + 2(6)

=13
y-coordinate of C = 8 + 2(8)

=24
. h=13,k=24
x=y+1 — (1)
2¢%+y"=9 —(2)

Substitute (1) into (2):
2+ 1) +y* =9
200+ 2y + 1)+ =9
2 +4y+2+y*=9
32 +4y-7=0
By+7)(y-1)=0

_— or
4 3

y=1
7 7 4
Substitute y =- = into (1): x=-= +1=-—
3 3 3
Substitute y=1linto (1):x=1+1=2
4 7
P -———1,0(02,1
(-5-3)- e
A T
3

Midpoint of PQ = [37, 5

(3

6y =3x+ 10

—3)
Substitute y = - % into the LHS of (3):

LHS—6(—E) =-4
= 3) ="

Substitute x = % into the RHS of (3):

1
RHS:3(§) +10=11

Since LHS = RHS, the midpoint of PQ does not lie on
6y =3x + 10.

5.

Since mo,=m,,,

0-3  2-7
xp-(-1) 11-5
3 _.35
_xD+1 6
5x,+5=18
5x, =13
=13
b5

D(ZE,OJ

5
(i) Equation of AB:x=-4
3-(-1)
2-(-4)

(ii) Gradient of BC =

|
[SSRES)

. 2 .
Substitute m = §,x=2,y=31ntoy=mx+c:

3=—(2)+c
2(2)
4
= —+c
3
5
c=—
B

Equation of BC: y = %x +§

Substitute y = 0 into y = %x +§ :

o 2
)
P(—Z%, 0)
(iii) BC = \[2-(-4)] +[3-(-1)T
= 4/52 units

Let the shortest distance from A to BC be h units.

Area of AABC = %(5)(6)

~(¥52)n=2(5)6)
30

V52

= 4.16 units (to 3 s.f.)
.. Shortest distance from A to BC = 4.16 units (shown)

(iv) &4 D(2,0) or D(2,9)
(1) l:5y+x=48,ie.x=48-5y —(1)

L:4y=3x-30 —(2)
Substitute (1) into (2):

4y = 3(48 - 5y) - 30

=144 - 15y - 30
19y =114
y=6
Substitute y = 6 into (1): x = 48 - 5(6) = 18
- P(18,6)
. (0+18 0+6)
Midpoint of OP = T
2 2
=(9,3)

- M(9, 3)
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Substitute y = 0 into (2): 3x - 30 =0, i.e. x = 10
. R(10, 0)

m
MR 10 _ 9
=-3
Sincem m, =-1, then OM L MR, i.e. ZOMR =90°. (shown)

(ii) Substitute x = 0 into (1): 5y = 48, i.e. y =9.6
. Q(0,9.6)

Area of AOPQ = % (9.6)(18)
= 86.4 units?

Area of AOPR = % (10)(6)

= 30 units?
.. Area of AOPQ:
Area of quadrilateral OPQR = 86.4 : (86.4 + 30)
=72:97
+(- +
8. (i) Midpoint of AB = [#,%7)
B (5 -p p+ 7)
L2 2
7-p
Myp=—"+¢
_p -5
_P-7
p+5

(iv) d;‘ﬁ'; Since BYAC is a kite, Y lies on the perpendicular bisector
of AB.
Equation of perpendicular bisector: y - 0 = 1[x - (-2)]

y=x+2
.. An example of a pair of coordinates is Y(10, 12).
. 15-3
@) My, = E
=2
Equation of line: y — 1 = 2[x - (-4)]
=2(x+4)
=2x+8
2x-y+9=0

(ii) Gradient of perpendicular bisector of PQ = - %

5+11 3+15
Midpoint of PQ = ( ) )
2 2
=(8,9)

1
Equation of perpendicular bisector of PQ: y - 9 = - 5 (x-8)
:—lx+4
2
1
=-—x+13
4 2
(iii) Let the coordinates of R be (h, 13- %hj .

Given that distance between R and PQ = V50 ,

\/(h—s)z +(13—%h—9)2 =+/50

. . . _ p+5 2
Gradient of perpendicular bisector = F ’ (h-8)+ (4 ~ lh) _ 50
P+7 2
- 5
2 =2 B 16h+64+16 - 4h+ = 12 = 50
S5-p 7-p 4
; 5
—h*-20h+30=0
p+7 4
2 _ pts W~ 16h+24=0
S-ptd 7-p ~(~16) £4/(-16)* — 4(1)(24)
2 h =
p+7 _ p+5 2(D)
9-p 7-p 1624160
(7+p)7-p) =(p+5)(9-p) 2
49 - p* = —p* + 4p + 45 164410
4p =4 T2
p=1 =8+210
p=1
(ii) Since D lies on the perpendicular bisector of AB, AD = BD.
. AABD is isosceles.
1-7
_1-7 _
(iii) m s
Let O be the acute angle that BA produced makes with the
X-axis.
tan0 =1
0 =45°
.. LBXC=45°
OXFORD Chapter 5 57
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Let the coordinates of R be (8 +2410,9- \/ﬁ) (c) y
Area of APQR

>
>

11 5 8+2410 11
15 3 9-J10 15

- Hlane+@ls-i0)+(s+2v10)a5)] .
- [15)(5)+(3)(8+2410) +(9-v10)(11) ]} 7

= %[(33+45—5«/ﬁ+120+30«/ﬁ)
— (75+24+6v10 +99-1110) ]

= %[(198+25\/ﬁ)—(198—5«/ﬁ)]

~(50410)

=15+/10 units? (shown) (0, 1)

)
° Graphs of Functions and Graphical Solution )

Worksheet 6A  Graphs of cubic functions

1
2

(d) y

»
»

1. (a) (e) y

=
>
>

(0,12)

y=(x+2)(x-2)(x-3)

(0’ 0) o

(b) y

>
»

() y

(0,0)
6] (0,0)

y=x*(1-x)
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2. (a) x> 5
d) (ii ==—-x —qQ
(d) (i) YET3 1)
4 5+2x=8 —(2)
12 Substitute (1) into (2):
x3
10 S(I——x)+2x =8
3
P SL - —Sx +2x =
ki 4
/y==x3+2 5x° - 50x + 8x = 32
6 / 5x° - 42x — 32 =0 (shown)
/ (iii) From the graph, x = -2.4 or x = -0.8 or x = 3.25.
4 / 4. (@) p=1l,q9=2
/ (b) y=xx+Dx-2) —(1)
/ 2 —— 4y =1-x —(2)
~—_ Substitute (1) into (2):
3 > x 4x(x+1)(x-2)=1-x
-2 -1 R 1 2 A —x—2) =1 -
— )yl v -1 xs(x >zc ) x
-2 4 -4x*-8x=1-x
/ — 4% -4 -T7x-1=0
—4 () (i) 4x°*-4x*-8x+6=0
4x° - 4x* - 8x = -6
-6 X -x*-2x=-15
.. Equation of line: y = -1.5
(ii) From the graph, when y = -1.5,
() (-1.2,0.2) x=-1350rx=0.70rx=1.75
3. (a) Whenx=-3, sox=-1.350rx=0.70rx=1.75
-3 } 5 6 =
_ ( 4) _E(_3) (d) bl x 1.2
=0.75
. =0.75
(b) P y Worksheet 6B  Graphs of reciprocal functions
A
6 1. (a)
o ] 5 l
~. i |
TR /
/ ™~ (d)@) 5y +2x=8
/ SE: il /
/k \ ~ \//\ (b) y
» X
i // Nl \ Z/
LN / >x
X 0
l =4
(c) x<-3.8
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(c) (b)
y
A
13
12 /
=x+2
11 b X
10
9 p.
g
(d) y 7 \
<8
A c)2y+x=21
6 "
5
4
3
2
1
» X
O 1 2 3 4 5 6 7 8 9 10 11 12
(e)
(d) From the graph,x=1o0rx=6.
3. (a) Whenx=1,
8
=1+—-9
4 1
=0
When x = 3,
8
=3+—-9
4 3
=-3.3(to1d.p.)
(b) y
) g
=g
i YR
L
REEES
e
0 X
2. (a) Whenx=38, b o
9 3 L
y=28+= T
8 4
=9.125 5 d)y=-2x
(c) x+§=7
x
x+§—9=—2
x
From the graph, when y = -2,
x=1450rx=5.6
s.x=1450rx=5.6
60 Chapter 6 OXFORD
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6 C1)a2 _q- Worksheet 6C  Graphs of functions involving /x
(d ® (m-1)x*+9x-8=0
— 42 — =
mx’-x*+9x-8=0 1 () )
X2+ 8 - 9x = mx? A
X+ § -9 =mx
x y=~x
Let m =-2: /
From the graph, y = -2x does not intersect the curve 0 > X
y= x+§—9 in the interval 0.5 < x < 7.
x
.. The equation has no solution in the given interval.
(shown) (b)
4. (a) Whenx=3, A
3 4
=424
4 5 3
=-0.9 (to 1 d.p.)
Sop=-09 0 »x
®) y \
4 y=-~x
5 —_
2
4 LA C
YEat n 4 (0) ‘):
3
=34x
2+ (d) (i) x+3y=6 y=3x
1=
» X
| I | | > x ©
0 1 2 4 5
-1 1+
.
(&) (1.05,0) and (3.85, 0) G 2
2
@ G y=iioa —q
5 x
x+3y=6 —(2)
Substitute (1) into (2): 0 > x
2
x+3(%+i—4) =6
x
3 12 y= 3
X+—+—-12=6
5 X (o) y
5x* + 3x* + 60 - 60x = 30x A
3% +5x*-90x + 60 =0
- b=5,c=-90,d=60 Sl
(iii) From the graph, x = 0.7 or x = 4.3. T2
(e) G k=-2 [9) >
() y
A
0 » X
y=-3%
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(b)

(9

(d)

(e)

P

0 » X
y
A
0 >x
y:_i
Jx
A
y 1
24x
O » X

()

=2.83 (to2d.p.)

When x =7,
4

"

=1.51 (to2 d.p.)
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(b)

y
A
4
/
/ X
/
\ /
\
\
\ /
/
\
\ /
\ /
\
\ /
3 \
/
\ /
/
/
N e e e e e
\
/
\
/
/
/
/
2
/
/
<.
/
/
_[4r
/ SVl x
= ~~
/ S~
/ TN
/ [
/
1
/
/
/
/
/
/
/
/
/
/
>x
0 1 2 3 4 5 6 7 8 9 10 11 12
(c) From the graph,x=2.5
4. (a) Whenx=0.25,
y=2- L
V0.25
=0
L p=0
OXFORD
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=
(c) From the graph, the coordinates are (0.25, 0).
@ @ VxG-x=3

s 3
Jx
1 5 1
—_ ==X
X 3 3
1 1 5
——_—=x -
Jx 3 3
Z_L:lx+l
Jx 33

.. Equation of line: y = %x + %

(ii) From the graph, x = 0.40.

Worksheet 6D  Graphs of exponential functions

1. (a) y

0,1) X e

(b)

P

0, 1) X e

(©)

(d)

(e)

(f)

@

y
A
[ ]
» X
(0,-1) 7
y=-4
y
A
_(1 N
v
0,1) x" o
» X
(0]
y
A
-5
’=\%
/
» X
(6]
y
A
[ ]
» X

When x =0,
y=2x3°
=2
When x = 2.5,
y=2x3»
=31.2(to 3 s.f)
Sp=2,9=312
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(ii) y

55

50 /

40 /

35 /

30

25 /

20 /

10

© 1 2

(iii) From the graph, when y = 36,
x =2.625.
S x=2.625
3. (a) Substitutex=0,y=0intoy=2"+k:
0=2+k
=1+k
k=-1
Since the y-intercept of y = mx + c is 2,
c=2

Gradient =

2
0-(-2)
m=1
k=-1m=1,¢c=2

() y=22-1 —(1)

y=x+2 —(2)
Substitute (1) into (2):
2-1=x+2

2% — x = 3 (shown)

Worksheet 6E  Graphs of rational functions
x+4
1. =
@y 3x

(b) y

(© y

(d

(a)

(b)

()
(a)

(b)

Equations of asymptotes: x =0, y = %
_xX*+4
3x
Equation of asymptote: x = 0
_x+4
3x%
Equations of asymptotes: x =0, y =0
X +4
3x%

Equations of asymptotes: x =0, y = %

)/:

y:x(x—Z)

Equations of asymptotes: x =0, x=2,y=0

_— N [%)

REES
T x(x-2)

= \ PRan
3

From the graph, x =-0.6, x =1 or x = 1.6.

3x2 -1

xX*+4

Equation of asymptote: y = 3
When x =0,

y=-0.25

S p=-0.25

y:

OXFORD
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© 2
! INELS SR
T x4
-3 -2 -1 0
(d) From the graph, x =-1.4 or x = 1.4.
() &9 y=-025x=0
Worksheet 6F  Gradient of a curve (@) @) y
A
1. (a) Theline y = k does not intersect the curve y = lxz -x for \ 4
k<-0.5. e
(b) Equation of line of symmetry: x =1 \ .
(c) x*-2x=1.6
lx2 -x =038
2 2
From the graph, when y = 0.8,
x=-0.60rx=2.06
Sox=-0.60rx=2.6 1
> x
Bp) it { ]
1
P
.
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(ii) Using (0.5, -1.5) and (-1, 1.5),

(b)

_(_ Yy
Gradient of tangent = 15-(-15) A
-1-05 8
=2 y=47
Substitute m =-2,x=-land y=15intoy =mx + c: \
15 = 2(-1) +¢ \
=2+c \ 6
c=-05
.. Equation of tangent: y = -2x - 0.5 \ i
2. (a) Whenx=-2, \
y=(-2-3(-2)+3 :
=1
When x = 3, \ -
y=3-33)+3
=21 N B
Lp=lq=21 -
(b) y i
A +
25
= >
X
20 / -1.5 -1 -0.5 o 0.5 1
A / (c) From the graph, when y =3,
F / x=-0.8.
H oAt 3x3 (d) Using (0,1) and (-1, 2.4)
/ Gradient = 24-1
(d) 5 =-14
\g (a) Whenx=5,
{ ] .y 6
> - (@ " =5+—-1
3 / 2 1 3 y 5
g = 52
Sop=52
/ (b)
10 Yy
/ A
8
15
(c) From the graph, when y = 2, 7 y=a+ s
Largest value of x = 1.5 6 ¥
(d) Using (0, 9.75) and (-2.6, 0)
P
0-9.75 5
Gradient =
-2.6-0 /
=3.75 4
3. (a) Whenx=-1, 3
y =40 (d)
=4 2
When x = 0.5,
y= 4-05 1
=0.5 > x
0 1 2 3 4 5 6 7
(c) Coordinates of minimum point: (2.5, 3.9)
(d) From the graph, when y = 5.5,
x=1.1orx=>54.
Sx=11lorx=54
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(e) Using (0.6, 5.4) and (3.4, 2.4),

(a) Gradient = 0-21

2.
_ 75-60
Gradient = 24-54 — 14
34-0.6 =-1
=-1.07 (to 3s.f) .. Deceleration = 1.4 m/s?
2
5. (a) y= x_+£_2 (b) Total distance = %(45+75)(21)
4 x
When x = 0.5, =1260 m
05> 5 ) 3. (a) Total distance = 450 m
= + —_——
405 L (55420 =450
=8.06 (to 2d.p.) 2
. p=8.06 37.5v =450
(b) v=12
4 .. Greatest speed = 12 m/s
9 (b) Acceleration = 12-0
10-0
8 =1.2 m/s?
(0 :
o\
1 /
L
i |
e s
3 \ Distance (m)
s @\ o)
i
\ .
© 1 \2 3 4 5
2 T - T - T - e e ;V:
© X427 Of 10 20 30 40 50 60
4 x Time (seconds)
2
%4.2_2 -5 4. (a) Whent=6,
x
h =75+ 15(6) - 5(6)?
From the graph, when y =5, _ 15+ (6) - 5(6)
x=0.70orx=4.9 -
p=-15
Sox=0.70rx=4.9 (b)
(d) Using (0,7.6) and (1.5, 1), 0
1-7.6 A
Gradient =
1.5-0 90 e
=-44 %0 i | h=75+15t-5¢
(e) (i) Equation ofline: y = -0.5x + 4 \
(iii) Coordinates of intersection points: (0.9, 3.5) and 70
(3.4,2.3) 60 C)
50 \
Worksheet 6G  Applications of graphs in real-world 40 \
contexts 30 \
1. (a) Initial speed =0 m/s 20 \
(b) Gradient = 0-60 10 \
35-10 N
=-24 o) ; 4
.. Speed = 2.4 m/s -10
=20
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(©

(i) From the graph,
Maximum height = 86.5 m
(ii) From the graph,
Length of time =2.6 - 0.4
=22s
(iii) From the graph,
Time taken = 5.65 s

(a) depth
A

v » time

UNIVERSITY PRESS

(d) Using (5,25) and (6, -10), 0
Gradient = -10-25 (b) de‘}zth
6-5
=-35m/s
5. (a) Whent=0,
P=10x2°
=10
.. Launch price = $10 v ) time
(b) Whent=05, g
P=10x 2% (¢) depth
=14.1 (to 3 s.f.) 4
sox =141
(<)
P
A
160
0 time
140 /
P=10x2!
7
/ 1. (a) (@ The equation could be y = x* - 2.
100 na=1,b=-2,n=3
(b) {@ The equation could be y = -x + 2.
80 a=-1,b=2n=1
60 > V/ (c) 6@ The equation could be y = xl—z -1.
/ a=1L,b=-1,n=-2
40 (d) 6@ The equation could be y = —-x* + 2.
X na=-1,b=2,n=2
20 v / 2. (i)
Ny
>t
o 1 2 3 4 y=2
(d) From the graph, when P = 100,
t=33
.. It takes about 3.3 months.
(e) (i) Using (2, 40) and (3.4, 80), >
Gradient = 80~ 40 " : : © x
34-2 (ii) Substitute x = -3 into y = 2%
=28.6 (to 3 s.f) y=27
(ii) It represents the rate of change of the share price, i.e. at _1
the instant when ¢ = 2, the share price is increasing at a 8 ;
rate of $28.60 per month. Substitute x = 3 into y = (_)
6. (a) (i) From the graph, it costs $600. s
(ii) 30 min=05h 5= (l)
From the graph, it costs $300. 2
(b) &9 $460 + $680 = $1140 -1
Ella could have spent 1.25 h =1 h 15 min. 8
Darren could have spent 3.5 h = 3 h 30 min.
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Estimated area = 2 x area of trapezium
1(1
= 2x—[-+1]|3
51
= 3.375 units®
Due to the curvature of y =2*and y = (%) , the area
calculated is an overestimate.
3. (a) y= x+iz—3
x
When x = 1.5,
2
= 15+4—-3
4 1.5°
=-0.61 (to2d.p.)

- p=-0.61
b
(b) y
A
6 +
5 +
4 +
3 +
5 +
1+
(d)@) x +2y =5
T T I i %
0 T\/ 3 1 5
-1 - S
(O] x+i2 =4
x

From the graph, when y =1,
x=08o0rx=3.85
Sox =0.8o0rx=3.85
(d) (ii) From the graph,
x =0.65 or x = 3.55.

(i) y=x+2-3 —()
X
x+2y=5 — ()
Substitute (1) into (2):

x+2(x+%—3) =5
X

x+2x+i—6 =5

x2
3x4+ 21120
x
3 - 11x*+4 =0
o h=-11,k=4

o,
Volume, Surface Area, and Symmetry of
Pyramids, Cones and Spheres

—

Worksheet 7A  Volume, surface area and symmetry of
pyramids

1. (a) Volume of pyramid = % X (% x 8 x 5) x 4 cm?
—_ 262 3
=263 cm

(b) Volume of pyramid = %x (12x12)x15 cm?

=720 cm?

(c) Volume of pyramid = %x (27 x24)x30 cm®

= 6480 cm®

(d) Volume of pyramid = % x 400 x 20 cm’
= 26663 3
= 3 cm
2. Volume of pyramid = % x58x12 cm?

=232 cm’
3. Let the height of the pyramid be h cm.
Volume of pyramid = 388 cm?

%x(5x5)xh =388
h =46.56
.. Height of pyramid = 46.56 cm

4. Let the base area of the pyramid be A cm?.
Volume of pyramid = 1280 cm?

2 xAx40=1280
A =96
.. Base area of pyramid = 96 cm?
5. °;‘? Volume of tetrahedron = 300 cm?®
%x pxq =300

pq =900
.. A possible pair of values is p = 300 and g = 3.
6. (i) Let thelength of the square base be x cm.
Using Pythagoras’ Theorem,
X+ x* = 96°
2x*=9216
x* = 4608
x = /4608 (since x > 0)
=67.9 (to 3 s.f.)
.. Length of square base = 67.9 cm
(ii) Let the height of the pyramid be h cm.
Volume of pyramid = 57 000 cm®

éx(x/M)z xh =57 000
h =37.1(to3s.f)
.. Height of pyramid = 37.1 cm
7. (a) 2
(b) 1
(c) 4
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(d) Volume of pyramid = é x(5x5)x6 cm?

=50 cm’
(e) Let the height of each triangular face be h cm.

Using Pythagoras’ Theorem,
6%+ 2.5 = I

h* =42.25

h =~/42.25 (since h > 0)

=6.5

.. Total surface area of pyramid

= [(5x5)+4x(%x5x6.5)] cm’

=90 cm?
8. (a)

16 cm

Consider AABC.
Using Pythagoras’ Theorem,
AC=16"+122
=400
AC =+/400 (since AC > 0)
=20 cm
MC=10cm
Consider AVMC.
Using Pythagoras’ Theorem,
VM? + 10* = 522
VM? = 52% - 10?
=2604

VM = /2604 (since VM > 0)
=51.029 cm (to 5 s.f.)

.. Volume of pyramid = é x(16x12)x51.029 cm?

=3270 cm? (to 3 s.f.)
(b) Let the height of AVBCbe h cm.
Using Pythagoras’ Theorem,
h? + 62 =522
h? =522 -6°
=2668
h =~/2668 (since h > 0)
=51.653 (to 5s.f.)

Let the height of AVAB be k cm.
Using Pythagoras’ Theorem,
k* +82=522
k*=52>-8
= 2640
k =~[2640 (since k > 0)

=51.381 (to 5 5.f)

.. Total surface area of pyramid

= [(16x12)+2x(%x12x51.653)+2x(%x 16x51.381)] cm?

=1630 cm? (to 3 s.f.)

Consider AABC.
Using Pythagoras’ Theorem,
AC? =207+ 207
=800
AC =+/800 (since AC > 0)
=28.284 cm (to 5 s.f.)
MC =14.142 cm (to 5 s.f.)
Consider AVMC.
Using Pythagoras’ Theorem,
VM? + 14.1422 = 26°
VM? =26 - 14.142?
=476
VM = x/m(since VM > 0)
=21.817 cm (to 5 s.f.)

.. Volume of pyramid = % x (20 x 20) x 21.817 cm’®

=2910 cm? (to 3 s.f.)
Let the height of AVBCbe h cm.
Using Pythagoras’ Theorem,
h* +10% = 267
h* =26 - 10?
=576
h =576 (since h > 0)
=24
.. Total surface area of pyramid

= [(20x20)+4 x l><20><24 cm?
2

=1360 cm?
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10. (a) VN?+ AN? = 82 + 62
=100
VA? =10?
=100

Since VN? + AN? = VA?, then by the converse of

Pythagoras’ Theorem, AVAN is a right-angled triangle

where ZVNA =90°.

£VNB =180° - LVNA (adj. Zs on a str. line)

=90°
(b) (i) Total surface area of pyramid

= [(12x12)+4x(%x12x8)} cm?

=336 cm?
(ii) Consider AVMN.
Using Pythagoras’ Theorem,
VM? + 6> =8
VM = 8- 6°
=28
VM = /28 (since VM > 0)
=5.29 cm (to 3 s.f)

(iii) Volume of pyramid = é x(12x12)x5.2915 cm?

=254 cm? (to 3 s.f)
(6-2)x180°

11. (a) Interior angle of a regular hexagon = .

=120°
120°

£LODN = =60°

Consider AODN.
ON

tan 60° = —
4
ON = 4 tan 60°
=6.9282 cm (to 5 s.f.)

.. Area of ABCDEF = 6x (% x 8 x 6.9282) cm?

=166 cm? (to 3 s.f.)
(b) Consider AVON.
Using Pythagoras’ Theorem,
VO? + (4 tan 60°)% = 20?
VO? =20% - (4 tan 60°)?
=352
VO = /352 (since VO > 0)
=18.762 cm (to 5 s.f.)

.. Volume of pyramid = é x166.28x18.762 cm®

=1040 cm? (to 3 s.f.)

Challenge Myself! m———
12. (a)

C 20 cm B

Consider AABC.
Using Pythagoras’ Theorem,
AC?* =207+ 20°
=800
AC =800 (since AC> 0)
=28.284 cm (to 5 s.f.)
AM =14.142 cm (to 5 s.f))
Consider AVAM.
Using Pythagoras’ Theorem,
AV?=18%+ 14.1422
=524
AV = /524 (since AV > 0)
=22.9 cm (to 3 s.f.) (shown)
(b) Consider AVAN.

cos ZBAV = 10
22.891

10
22.891
=64.1° (to 1d.p.)
(c) Consider AVAN.
Using Pythagoras’ Theorem,
VNE 410 = (V524
VN? =524 - 10?
=424
VN =+/424 (since VN > 0)
=20.591 cm (to 5 s.f.)
.. Total surface area of pyramid

LBAV = cos™

= [(20x 20)+4x (%x 20 % 20.591)} cm?

=1220 cm? (to 3 s.f.)
(d) Consider the pair of similar triangles AVYX and AVCB.

g _20.591-3
20 20591
_ 20.591-3 %20 cm
20.591
=17.086 cm (to 5 s.f.)
.. Area of WXYZ = 17.086% cm?

=292 cm? (to 3 s.f)
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Worksheet 7B Volume, surface area and symmetry of
cones

1. (a) Volume of cone = %n(ﬁl)2 (8) em?

=134 cm? (to 3 s.f.)
Consider AVOB.
Using Pythagoras’ Theorem,
VB* =8>+ 42
=80
VB = /80 (since VB > 0)
=8.9443 cm (to 5 s.f.)
Total surface area of cone = [1(4)* + 11(4)(8.9443)] cm?
=163 cm? (to 3 s.f.)

(b) Volume of cone = §7t(7)2 (15) cm?®

=770 cm?® (to 3 s.f.)
Consider AVOA.
Using Pythagoras’ Theorem,
VA?=15%*+ 72
=274
VA =274 (since VA > 0)
=16.553 cm (to 5 s.f.)
Total surface area of cone = [71(7)? + n(7)(16.553)] cm?
=518 cm? (to 3 s.f.)

(c¢) Volume of cone = %7‘((10)2 (20) cm®

=2090 cm? (to 3 s.f))

Consider AVOA.
Using Pythagoras’ Theorem,
VA? =10% + 20?

=500
VA =+/500 (since VA > 0)

=22.361 cm (to 5 s.f.)
Total surface area of cone = [11(10)? + 11(10)(22.361)] cm?

=1020 cm? (to 3 s.f.)
(d) Consider AVOA.

Using Pythagoras’ Theorem,
VO? + 152 =392

VO? =392 -152
=1296

VO =+/1296 (since VO > 0)
=36 cm

Volume of cone = %71(15)2 (36) cm?

= 8480 cm? (to 3 s.f.)
Total surface area of cone = [1(15)? + (15)(39)] cm?
= 2540 cm? (to 3 s.f.)
2. (a) (i) Infinite number
(ii) Infinite number
(b) Total surface area of cone = [1t(5)* + 1t(5)(8)] cm?
=651 cm?

3.

Volume of cone = %n(6)2 (6) cm?

=226 cm? (to 3 s.f.)

Let the slant height of the cone be [ cm.
Using Pythagoras’ Theorem,
P=6*+6°

=72
1=+72 (since [ > 0)

=8.4853 (to 5 5.f)
Total surface area of cone = [11(6)* + 1(6)(8.4853)] cm?

=273 cm? (to 3 s.f.)
(i) Let the base radius of the cone be r cm.
Volume of cone = 2501 cm?®

%nrz(wn) = 2507

oo 75
T

r= JE (since r > 0)
b1

=4.89 (to 3 s.f.)

.. Base radius of cone = 4.89 cm
(ii) Let the slant height of the cone be I cm.
Using Pythagoras’ Theorem,
2
P= ( E) +(10m)°
m
=1010.8 (to 5s.f.)

1=41010.8 (since [ > 0)

=31.794 (to 5 5.f)
Curved surface area of cone = 11(4.8860)(31.794) cm?
=488 cm? (to 3 s.f.)
Let the height of the cone be h cm.
Volume of cone = 38881 cm?

%(32411)%1 = 38887

h=36
Let the base radius of the cone be r cm.
Base area of cone = 3241 cm?
i = 324n
rr=324
r= \/ﬂ (since r > 0)
=18
Let the slant height of the cone be [ cm.
Using Pythagoras’ Theorem,
=18 +36°
=1620
1=~/1620 (since I > 0)
=40.249 (to 5 s.f.)
Total surface area of cone = [1(18)* + (18)(40.249)] cm?
=3290 cm? (to 3 s.f.)
©J Letbase radius = 6 cm and height = 12 cm.

Volume of cone = %1’((6)2 (12) cm?
= 144n cm®

.. A possible base radius is 6 cm and a possible height is
12 cm.
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7.  Let the slant height of the cone be I cm.
Total surface area = 720 cm?
1(9)? + m(9)(]) = 720
81m + 9l =720
9nl =720 - 817
I= 720-81m
In
=16.465 (to 5s.f.)
Let the height of the cone be & cm.
Using Pythagoras’ Theorem,
h* + 9* = 16.465°
h* =16.465* - 9*
=190.09 (to 5s.f.)
h =+/190.09 (since h > 0)
=13.787 (to 5 s.f.)
.. Volume of cone = %1‘((9)2 (13.787) cm®

=1170 cm? (to 3 s.f.)

1 2
Volume of smaller cone 5 n(R)"H

Volume of larger cone %n (k R)2 (H)

1
—nR?H
I

.. The ratio of their volumes is 1 : k3.

Using similar triangles, their slant heights are L and kL respectively.

Total surface area of smaller cone nR? + RL

Total surface area of larger cone n(kR)* + m(kR)(KL)

_ mR’+nRL

" nk*R* + k*RL
_ mR*+7RL

N kz(rtR2 + T[RL)
1

kZ

.. The ratio of their total surface areas is 1 : k2

9. (i) Let the base radius of the cone be r cm.
Using Pythagoras’ Theorem,

P+75=9
r=9-75
=24.75

r =/24.75 (since r > 0)
=497 (to 3s.f.)
.. Base radius of cone = 4.97 cm

(ii) Volume of cone = %7‘((\/ 24.75 )2 (7.5)

495 |
= —m cm
8
Time taken for the solid to completely melt
495
—n
-8 min
4.2

=46.282 min (to 5 s.f.)
.. The solid has completely melted at 3.43 p.m.

(iii) Let the height of the mould be H cm.

Volume of mould = %n cm’®

495
=—n

n(4) H

H =11.602 (to 5 5.£)
Let the slant height of the mould be [ cm.
Using Pythagoras’ Theorem,
P =4?+11.602?
=150.60 (to 5 5.f)

1=4/150.60 (since [ > 0)
=12.272 (to 5 5.f)
.. Curved surface area of mould = 1(4)(12.272) cm?
=154 cm? (to 3 s.f.)
10. (i) Let the base radius of the cone be r cm.
Base circumference = 6 cm
2nr=6
6

r= — =0.95493 (to 5s.f.)
27

Let the height of the cone be & cm.
Using Pythagoras’ Theorem,
h*+0.954 93? = 32
h* =32 -0.954 93%
= 8.0881 (to 5 5.f)
h =+/8.0881 (since h > 0)
=2.8440 (to 5 s.f)

Estimated volume = %n(0.954 93)*(2.8840) cm®

=2.72 cm® (to 3 s.f))

(ii) Estimated mass of each piece of snack = (2.7158 x 0.14) g
=0.38021 g (to 5s.f.)

60

Estimated number of pieces of snack = ———
0.380 21

=158 (to the nearest
whole number)

11. (i) Length ofarc AB =28n cm
m(OA) = 28n
OA =28 cm
(ii) Let the base radius of the cone be r cm.
Base circumference = 287 cm
2nr =28n
r=14
.. Base radius of cone = 14 cm
12. (i)

D

P
Base circumference of cone = 271(6) cm
=12n cm

Length of arc QQ' = 12 cm

i>< 2n(15) = 121

360°

6 =144°
.. Angle at centre = 144°
(ii) Perimeter of cardboard = (127 + 15 + 15) cm
=67.7 cm (to 3 s.f.)
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13. (i) Let the height of the smaller cone be h cm.
Since AVAB is similar to AVPQ,

s

h+6 7

7h =5h + 30
2h =30
h=15

.. Height of smaller cone = 15 cm
(ii) Volume of frustum
= Volume of larger cone - volume of smaller cone

= %nﬁfﬂS+®—%nGY(B)cm3
=218t cm?®

14. (a) Let the radius of the cone be r cm.
Using Pythagoras’ Theorem,

7+ 242 = 262
rr =26% - 24?
=100
r = /100 (since r > 0)
=10

.. Radius of cone = 10 cm

(b) (i) Consider AVXA and AVYB.
% _ 2%

24+XY 585
4

9
216 =96 + 4XY
4XY =120
XY =30 cm
YB 585
10 26

YB = ﬁxlo
26

=22.5cm
. XY=30cm, YB=22.5cm
(ii) Volume of frustum
= Volume of larger cone - volume of smaller cone
= %n(zzSY(24+3o)-§¢410f(24)cnﬁ
=26100 cm? (to 3 s.f.)

Challenge Myself! |
15. Let the radius of the surface of water in the inverted container

be r cm.
Using similar triangles,
20
12 30
r= 20 x12
30
=8 X
Volume of water = 571(8)2 (20) em®
1280
= ——mcm
3

Total volume = %n(lZ)Z (30) cm?

= 14407 cm?®

Volume of water : total volume = @n : 14407

=8:27
Consider the case when the container is inverted.
Since the triangles are similar and the ratio of the volumes of
the cones is 19 : 27, then the ratio of the heights is 1 : 1.1243.
1.1243 -1
T 11243
=3.32 (to 3 s.)
.. Depth of water is now 3.32 cm

X 30

Worksheet 7C  Volume and surface area of spheres

1. (a) Volume of sphere = %1’((7)3 cm?

= 1440 cm? (to 3 s.f.)
Total surface area of sphere = 4m1(7)? cm?
=616 cm? (to 3 s.f.)

(b) Volume of sphere = %1‘[(8.4)3 cm’®
=2480 cm® (to 3 s.f.)
Total surface area of sphere = 47(8.4)* cm?

=887 cm? (to 3 s.f.)
(c) Volume of sphere = 51'((5)3 cm?

=524 cm? (to 3 s.f.)
Total surface area of sphere = 4m(5)? cm?
=314 cm? (to 3 s.f.)

(d) Volume of sphere = %1‘[(3.15)3 cm’
=131 cm? (to 3 s.f)

Total surface area of sphere = 41(3.15)? cm?
=125 cm? (to 3 s.f.)

2. (a) Volume of hemisphere = %1’((6)3 cm’
=452 cm? (to 3 s.f.)

Total surface area of hemisphere = [211(6)* + 11(6)?] cm
=339 cm? (to 3s.f.)

2

(b) Volume of hemisphere = %1‘[(2.8)3 cm?

=46.0 cm? (to 3 s.f)
Total surface area of hemisphere = [271(2.8)? + 71(2.8)*] cm?
=73.9cm? (to 3s.f.)

(c) Volume of hemisphere = %n(l 1)’ cm?

=2790 cm? (to 3 s.f.)
Total surface area of hemisphere = [21(11)? + n(11)?] cm?
=1140 cm? (to 3 s.f.)

(d) Volume of hemisphere = %7r(4.75)3 cm’
=224 cm? (to 3 s.f.)

Total surface area of hemisphere = [271(4.75)* + 1(4.75)?] cm?
=213 cm? (to 3 s.f.)
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3. (a) Letthe radius of the sphere be r cm.
Volume = 930 cm?

éan =930
3
5 1395
21

- =
2n
=6.06 (to 3 s.f.)
.. Radius of sphere = 6.06 cm
Total surface area = 41(6.0552)? cm?
=461 cm? (to 3 s.f.)

(b) Let the radius of the sphere be r cm.

Volume = 1257 cm?®

4 = 1250
o 375
4
/ 375
r=3==
4
=4.54 (to 3 s.f.)

.. Radius of sphere = 4.54 cm
Total surface area = 47(4.5428)% cm?
=259 cm? (to 3 s.f.)
4. (a) Letthe radius of the sphere be  cm.
Total surface area = 67 cm?

4nr? = 67
&

T 4n

r= 'fﬂ (since r > 0)
4n

=2.31(to3s.f)
.. Radius of sphere = 2.31 cm

Volume of sphere = %1‘[(2.3090)3 cm?
=51.6 cm® (to 3 s.f)

(b) Let the radius of the sphere be r cm.
Total surface area = 48471 cm?

4nr? = 484m
rr =121
r =121 (since r > 0)
=11

.. Radius of sphere = 11 cm

Volume of sphere = %n(l 1)* em?

=5580 cm? (to 3 s.f.)

5. (i) Letthe radius of the hemisphere be r cm.

Total surface area = %n cm?
21r? + i = En
4
3nr? = En
4
po
4
r= "é (since r > 0)
4
=25

.. Radius of hemisphere = 2.5 cm

(ii) Volume of hemisphere = %1‘[(2.5)3 cm’

=32.7cm? (to 3 s.f)
Let the radius of the hemisphere be r cm.

Volume of hemisphere = 812 cm?
2

Znr’ =812
3
P 1218
b
1218
r=3
V T
=7.2918 (to 5s.f.)

Total surface area of hemisphere = [211(7.2918)* + n1(7.2918)*] cm?
=501 cm? (to 3 s.f.)
Volume of sphere = 100 cm®

%n(4x)3 =100

256 ¢ =100
3

oo 75

641

x=3£
64n

(a) Let the radii of the spheres be r units and kr units

respectively.
Lo
i3

v, %n(krf

4 5
—Tr
3

A er
3

1
K
.. The ratio of the volumes is 1 : k>.

2
(b) ﬁ 4nr i
A, 4 (kr)

2

_4mr
T4
1
2
.. The ratio of the total surface areasis 1 : k2.
(i) Total surface area = 912 cm?
2n(3p)* + n(3p)* =912

27mp* =912
. 304
o

p= /ﬁ (since p > 0)
on

=3.28 (to 3 s.f.)
S p=328
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(i) Volume of 24 hemispheres = 24 x 31-[(3,2790)3 cm?®
3

=1772.1 cm? (to 5 s.f.)
Let the radius of the larger hemisphere be R cm.

Volume of larger hemisphere = 1772.1 cm®

2 R =17721
3

R® = 846.12 (to 5 5.f)
R= 3/846.12
=9.4583 (to 5 5.f))
24 % 3p = 24 x 3(3.2790)
=236.09 (to 5 s.f.)
#R

.. Carl is wrong, and the correct radius is 9.46 cm (to 3 s.f.).

10. Estimated volume of ice-cream = 3 x %TI(Z.S)} cm?

=276 cm? (to 3 s.f.)
11. Volume of glass
= Volume of larger sphere - volume of smaller sphere

= §71(4.6)3—§n(3.4)3 cm’

=243 cm? (to 3 s.f.)
12. Let the radius of each small sphere be r units.

Volume of each small sphere = %nﬁ

Volume of larger sphere = %7‘((47’)3 cm’

= ﬁnﬁ cm?

% nr - 4(é nﬁ)
.. Required percentage =

=93.75% (to 3 s.f.)

Worksheet 7D  Volume and surface area of composite
solids

1. (a) Volume of solid = n(6)2(25)+§n(6)2(15) cm?
=3390 cm? (to 3 s.f.)
(b) Let the slant height of the cone be [ cm.
Using Pythagoras’ Theorem,
P=6+15
=261
1=~261 (since [ > 0)
=16.2 (to 3s.f.)
... Slant height of cone = 16.2 cm
(c) Total surface area of solid
= [1(6)? + 21(6)(25) + m(6)(16.155)] cm?
=1360 cm? (to 3 s.f.)

Volume of chemical solution

- %En(mf +7(0.7)* (85~ 0.7)] cm’®
=6.36 cm® (to 3 s.f.)

Volume of empty space

= Volume of cylinder - volume of sphere

= [11(7)2 (14) —%n(7)3] om’

— 2 3
= 7183 cm

(a) Using Pythagoras’ Theorem,
prg=r —(1)
(b) Substitute p =10 and r = 26 into (1):

10° + ¢ = 26
¢ =26 - 10
=576
q =+/576 (since g > 0)
=24

Volume of solid = %n(10)3+§n(10)2(24) cm’®

=4610 cm® (to 3 s.f.)
(i) Capacity of bowl = %1‘[(15)3 cm?®

= 22507 cm? (shown)
(ii) Volume of each can of green tea = m(3.3)*(11.5)cm?
=125.2351 cm?®

Maximum number of cans of green tea
22507

1252357
=17 (round down to the nearest integer)
(iii) Total volume of green tea = (17 x 125.2357n) cm’
=2128.9951 cm?

Volume of each cup = %1‘[(2.7)2 (7) em?

=17.0ln cm’®
Maximum number of cups
21289957
17.01m

=125 (round down to the nearest integer)
Radius of hemisphere = 3a cm
Height of cylinder = 4a cm

Total surface area of toy = [2n1(3a)* + 21(a)(4a) + n(3a)*] cm?

= 35na’ cm?
Let the slant height of the cone be [ cm.
Using Pythagoras’ Theorem,
P =(3r)* + (4r)*

= 2577
I=5r
Total surface area of solid = [2 x 1t(3r)(5r) + 21(37)(87)] cm
= 78nr? cm?
Total surface area of hemisphere = (2nR* + nR?) cm?
=371R? cm?

Since 78mr* = %(37tR2),

R*> =527
R:«/Er
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8. (a) Volume of solid = [n(10)2(24)—2x§n(10)2(10) cm?

5200
= —T7 cm
3

=5450 cm? (to 3 s.f.)

(b) Mass of solid = (gn X 1.15) g

=6262.2g(to5s.f)
=6.26 kg (to 3 s.f.)
9. (a) Consider AABC.
Using Pythagoras’ Theorem,
AC* =14+ 14?
=392
AC =4/392 (since AC > 0)
=19.799 cm (to 5 s.f.)

Radius of hemisphere = 19799 cm

=9.8995 cm (to 5 s.f.)
Volume of combined object

= %x (14x14) 19+§n(9.8995)3 om’?

=3270 cm? (to 3 s.f.)
(b) Consider AVMN. v
Using Pythagoras’ Theorem,
VN*=19*+72
=410 19 cm
VN =410 (since VN > 0)
=20.248 cm (to 5 s.f.)
Total surface area of combined object

M 7cm N
=|4x %(14)(20.248) +7(9.8995) 147 +27(9.8995)* | cm?
=1290 cm? (to 3 s.f.)

Challenge Myself! m—

10. Let the radius of the smaller cone be r cm.
Using similar triangles,

r 125
12.5 48

r= E><12.5
48

=3.2552 (to 5 5.f)
Volume of solid
= Volume of hemisphere + volume of larger cone —
volume of smaller cone
= %n(12.5)3 +§n(12.5)2 (48)—§n(3.2552)2(12.5) cm?

=11 800 cm? (to 3 s.f.)

Review Exercise 7

1. Volume of cone = Volume of hemisphere

2
lm’Zh = Znr’
3
h
r=—
2
Total surface area of hemisphere = 2n7* + nir?
=3nr?
2
= 3n(ﬁ)
2
3
= =nh®> cm?
2 em

2. (a) Height of cone = (68 - 22 - 22) cm
=24 cm
Volume of toy

= |n(11)’ (22)+%n(11)2 (24)+ %1‘[(11)3 cm?

=17 000 cm? (to 3 s.f.)
(b) Let the slant height of the cone be [ cm.
Using Pythagoras’ Theorem,
P=11%+24°
=697
1=~/697 (since [ > 0)
=26.401 (to 5s.f.)
Total surface area
= [m(11)? + 2n(11)(22) + m(11)(26.401) + 47(11)?] cm?
=4330 cm? (to 3 s.f.)
3. (a) Consider AVXM.
Using Pythagoras’ Theorem,
VX2 +52=122
VX2 =12%-5?
=119
VX =+/119 cm (since VX > 0)
Consider AVXN.
Using Pythagoras’ Theorem,
VN? = ( 119)2 +8
=183
VN =+/183 cm (since VN > 0)
Total surface area

- [2><%(16)(12)+2x%(10)(x/183)+(16)(10)] cm?
=487 cm? (to 3 s.f.) (shown)
(b) Volume of material = %x(16x10)x\/119 cm’

A 8cm B

=581.80 cm?® (to 5 s.f.)
Mass of ornament = (0.94 x 581.80) g
=547 g (to 3s.f.)
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Averages of Statistical Data

——

Worksheet 8A  Mean

17+19+25

3

20l
3

1. (a) Mean=

38+36+34+32

b) Mean
(b) ,

=35

() Mean = 83+2.6+74+18+9.5

=5.92
_ =54+2+(-1)+0+(-9)+4
6

(d) Mean
=-15
C11(2)+17(3) +24(4) +...+15(7)
N 11417 +24+...+15
=4.60 (to 3 s.f.)
~35(0)+76(1)+48(2)+22(3)
N 354 76+48 +22
=1.31 (to 3 s.f.)
7(8)+10(9)+3(10)

7+10+3

Mean

(b) Mean

(c) Mean =

=8.8

3. Estimated mean = 6(5)+ 8(15)+ 12(25)+ 4(35)"' 10(45)

6+8+12+4+10
=26 books

5(15)+12(17)+ 23(19)+ 10(21)
5+12+23+10

4. (a) Estimated mean =

=18.52

books

26(5)+35(15)+18(25)+7(35) +4(45)

(b) Estimated mean =

26+35+18+7+4
=17
5. Given that mean = 39,
14+30+27+58+x ~39
129 +x =195
x =66
6. o;?m/‘ Mean = 20+22+24+26+28
5
=24

.. A possible set of data is 20, 22, 24, 26 and 28.
7. Let the numbers be x, x + 2, x + 4, ... and x + 10.
Given that mean = 96,
X+X+2+x+4+x+6+x+8+x+10
6

=96
6x + 30 =576
6x = 546
x =91

.. The smallest number is 91.
8. Total mass of 6 girls = (45 x 6) kg
=270 kg
Total mass of 7 girls = (44.8 x 7) kg
=313.6kg
. Zoe€’s mass = (313.6 - 270) kg
=43.6kg

10.

11.

12.

13.

14.

Total shirt size of 12 men = 16 x 12
=192
Total shirt size of 9 men = (18 x 9)
=162
Total shirt size of 3 men =192 - 162
=30

Mean shirt size of 3 men = 3—30

=10
Total mass of 5lemons = (72 x 5) g
=360g
Total mass of 6 lemons = (360 - 69 + 2 x 84) g
=459 g

Mean mass of 6 lemons = % g

=765g
Let there be x girls in the group.
Total mass of boys + total mass of girls = Total mass of students
55(x + 3) + 44x=50(x + x + 3)
55x + 165 + 44x = 100x + 150
x=15
.. Total number of students = 2(15) + 3
=33
Total amount of solvent used by the boys = (5 x 26.7) cm?
=133.5cm?
Total amount of solvent used by the students = (11 x 26.3) cm?
=289.3 cm®
Total amount of solvent used by the girls = (289.3 - 133.5) cm?
=155.8 cm®

.. Mean amount of solvent used by the girls = 1558 cm’

=26.0 cm®
(to 3 s.f.)

(a) Let his mean time taken from Monday to Saturday be ¢ min.
Total time taken from Monday to Saturday = 6¢ min
Total time taken from Monday to Sunday = 7(f + 0.2) min

7(t+0.2) = 6t + 11
7t+14 =6t+11
t=9.6
.. His mean time taken from Monday to Saturday was
9.6 min.
(b) Total time taken = (9.5 x 7) min
= 66.5 min
Time taken on Sunday = (66.5 - 6 x 9.6) min
= 8.9 min
=8min54s
(a) Total number of members =5+ 18 + 24 + 32 + 11 + 10

=100
11+10

100
Y
100

Required fraction =

(b) Estimated mean
5(25)+18(75) +24(125) +...+10(275)
100

=3

=$153
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15. a+4=-2c — (1)
c+16=b+d — (2)
1)-@2):(a+4)-(c+16)=-2c-(b+d)
a+4-c-16=-2c-b-d
a+b+c+d=12
.. Meanofa, b,cand d = IZZ

=3

Challenge Myself! m——

p+q+r

16. (a) Given that =12,

Meanofp-2,9-2andr-2= (p-2)+(a-2)+(r-2)

3

_ (p+q+r)-6

N 3

_ p+q+r_2
3

-12-2

=10
3 3 3
b) M f=p+1, =q-7 and =
(b) Meano 2P 447 and o7
3 3 3
—p+1l)|+|—q-7|+—
:(4p ) (4q ) 4
3
(ép+g +§r)—6
4 4q 4
3
(p+q+r)-2

(36)-2

Noh = o=

Worksheet 8B  Median

1. (a) 3,579 100
Median =7
(b) 27, 41, 50, 83, 96
Median = 50
(€) 1,6,16,45

Median = 6+16

=11
(d) 2,2,4,8,12,33

Median = %

=6
2. (a) Total frequency=7+10+12+5
=34
Median positions: 17" and 18™

Median = % siblings

= 1.5 siblings
(b) Total frequency=8+11+9+24+3
=55
Median position: 28"
Median = 7 hours

(c) Total frequency=9+15+11+9+11+4
=59
Median position: 30"
Median = 3 club memberships
(d) Total frequency=7+5+2+6+4
=24
Median positions: 12 and 13*

Median = 27+28

=27.5 calls

3. 28,39,x,51,64,70
Given that median = 48,
x+51

48
2
x+51=96
x=45
4. Largest possible valueof p=2+8 +5
=15
5. Smallest possible valueof g=9+10-6+1
=14
6. (a) 53,54,58,59, 60,61, 62,67
Median = 7%
=59.5s
(b) The median time will also be reduced by x seconds, i.e.
(59.5 - x) s.

7. °/"‘?, The smallest number is 27.
The largest number is 36 + 1 = 37.
27, ., , 37
The other prime numbers in the interval are 29 and 31.
Since the median is 29, then the numbers are 27, 28, 28, 30, 31
and 37.

8. (a) °';‘f,‘; A possible set of data is 11, 14, 17, 20 and 23.
® & 1822,
3, ,18,22,  ,37
3,9, 18,22, 26,37
A possible set of data is 3, 9, 18, 22, 26 and 37.

>

Challenge Myself! ]
9. °;f‘7/ Since the median = 6,
let2k+11+1=6+3k+ 1+ 4k
2k+12=7k+7
5k=5
k=1

Worksheet 8C Mode

1. (a) Mode=2
(b) Mode = 84
(c) Bimodal, modes = 18 and 90
(d) Mode =2.5
2. (a) Mode=8V
(b) Mode = 8 subjects
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(a) Modal class interval: 60 to 80 questions

(b) No. There are 15 students lying in the interval 80 to 100
questions, but it is possible that all of them practised 90
questions or fewer, for example.

(a) Mode = 12 flights of stairs

(b) He could have climbed 6, 8 or 15 flights of stairs.

Worksheet 8D  Measures of central tendency

(@) 12+8+6+x+4=36
x+30 =36
x=6
(b) (i) Mean number of surgeries per day
_12(0)+8(1)+6(2)+6(3)+4(4)
36

=15

(i) Median positions: 18" and 19*
. . 1+1
Median number of surgeries per day = ~

=1
(iii) Modal number of surgeries per day = 0
Median = 7+8
2
=75
Mean=7.5+2.5
=10
4+6+4(7)+2(8)+9+x+19+20 _ 10
12
x+ 102 =120
x=18

(i) 2 Five possible four-digit numbers are 1036, 1234, 4321,
5320 and 7120.
(i) &9 Median = 4321
(a) Newmean=53.4+x
(b) New median = 58.1 + x
(c) New mode =62 + x
(d) New range of marks = 70
(a) Thenumbersarep-4,p-2,p,p+2andp +4.
The mean of the five integers is p.
.. Ken is correct.
(b) A counterexample is: 1, 3, 21, 23 and 27.
The mean is 15 but the median is 21.
.. Leslie is incorrect.
The shoe sizes are: 5, 5, 6, 8,8, 8,9, 9, 10, 10, 12, 12
.. Largest possible shoe size = 12
(a) Total frequency=3+7+9+18+2+1
=40
Estimated mean waiting time
3(2.5)+7(7.5)+9(12.5)+18(17.5) + 2(22.5) +1(27.5)

= min
40

=14 min

(b) Since 19 customers waited for 15 minutes or less, I do not
agree with Sarah that half (20) of the customers waited for
longer than 17.5 minutes.

(c) Percentage of customers who waited for 20 minutes or less
_ 379418 0w
=92.5%

.. Tagree with Mr Chean.

(a) (i) Mean amount of PM2.5 in the environment from
2012 to 2018
194+20+18+24+15+14+15
7

=17.9 micrograms per cubic metre (to 3 s.f.)

(ii) Mean amount of nitrogen dioxide in the environment
from 2012 to 2015
_ 25+25+24+22

4
= 24 micrograms per cubic metre

(b) (i) Median amount of PM2.5 in the environment from
2012 to 2018
= 18 micrograms per cubic metre
(i) Median amount of nitrogen dioxide in the
environment from 2012 to 2015
25424

micrograms per cubic metre

= 24.5 micrograms per cubic metre
(c) No. Between 2014 and 2015, there was an increase in the
amount of PM2.5 in the environment, but the amount of
nitrogen in the environment decreased.
(a) (i) Mean height attained by Leslie
_ 1.77+1.81+1.78+1.80+1.81+1.78 m
6
=1.79m (to 3 s.f.)
(i) Mean height attained by Mark
_ 1.83+1.90+1.74+1.62+1.85+1.67 m
6
~ =177m (to 3 s.f.)
(b) é?‘i The coach could select Leslie as his mean height
attained is higher than that of Mark. However, the coach
could also select Mark as there is a chance of him attaining

a height greater than that of Leslie.

10. (a) Total number of sit-ups by 25 students = 39.6 x 25 = 990

Challenge Myself!
11, &9
Two possible sets are 5,7, 11, 11, 11 and 3, 4, 11, 11, 16.

Total number of sit-ups by 26 students = 40 x 26 = 1040
Number of sit-ups the extra student did = 1040 - 990
=50
(b) The new median might be greater than 39 but might still
be 39.

PN § P

Review Exercise 8

1.

(a) Mode =1 item
(b) Mean number of items
11(0)+12(1)+6(2) +7(3)+11(4) +9(5)
56

=2.39 (to 3s.f)
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(@] i of the shoppers corresponds to 14 people.

Since more than 14 shoppers had more than 3 items in
their shopping carts at that particular time, the statement

is correct.

2. (a) Total heights of all 7 players = (1.95 x 7) m

=13.65m

Total height of the other 5 players = (13.65 - 1.96 - 1.87) m

=9.82m
. 9.82
.. Mean height of the other 5 players = e m

=1.964 m

(b) °?‘?f Let the modes be 1.93 m and 2.01 m.

A possible set of data is 1.87 m, 1.93 m, 1.93 m,

1.94 m, 1.96 m, 2.01 m and 2.01 m.
3. The numbersare 7,7,8,9, 10, 10 and 12.

f End-of-year Checkpoint A

Section A

78538 _20(t015£)

19" -42

2. 7’5><7k:l
7

7k—5 — 771

W
—
AN
S
o S
)
~————
w

|
—

o)}
S
[ »

Iy
~
w |

o

Lety= k(\/;—l).
Whenx =9,y=9,
9 =k(~9-1)
=2k
9

k=2
2

= 2(«/;—1)
2
When x = 64,
y ;(\/6_4—1)

63

2

(1]

(1]
(1]

(1]

(2]

(1]

(1]

10.

11.

9o 1 _ 9 1
8-4x 3x-6 4(2-x) 3(x-2)
9 1

= +
42-x) 3(2-x)
. 27+4
12(2-x)
31
12(2- x)

777 +7+7+7+7+7 +7)

=7[7(77)]

:71+1+7

=79

L p=9

8 =5-x

2x+1

8=0G-x)(2x+1)
=10x+5-2x*-x

2x2-9x+3=0
(-9) £/ (-9)* - 4(2)(3)

2(2)

W
_9x57
2

=4.14 or 0.363 (to 3 s.f.)
S x=4.140r x=0.363

Consider APRS.
tan 35° = ﬁ
16
PR =16tan 35° cm
Consider AQRS.
tan 24° = %
16

QR =16 tan 24° cm
-~ PQ=PR-QR
=16 tan 35° - 16 tan 24°
=4.08 cm (to 3 s.f.)
(@) S, =an-bw
Whenn =2,
S,=a(2)-b(2)’=12+5
2a - 4b = 17 (shown)
(b) a-b=12 — (1)
2a-4b=17 G\
(1)x2:2a-2b=24 — (3)
(3)-(2):2b=7
b=35
Substitute b =3.5into (1):a-3.5=12,i.e.a=15.5
s.a=155,b=3.5
M p= -1
r+1
Wheng=4andr=-3,
8(-3)-4
P= -3+1
=14

(1]

(1]

(1]

(1]

(1]

(2]

(1]

(1]

(1]

(1]

(1]
(1]

(1]
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(ii) _8r-¢q
r+1
pir+1)=8r-q
pr+p=8r—-gq
8r—pr=p+gq
r8-p)=p+q
r:P"“l

8-p

6341 _ 40

12. (i) Median position =

(1]

(1]

.. The interval 6000 to 7000 steps contains the median number

of steps.

3%x3500+9x%x4500+...+8x%x9500

(ii) Mean number of steps = o

=6750 (to 3 s.f.)
3x” +4(x-1)  3x+4x-4
4+49x7—12x  9x’ —12x+4
(3x-2)(x+2)

(3x-2)°
. x+2
C3x-2
(b) ¥*+8-4x—-2x=x-2x>—4x+38
=x(x—2)—4(x-2)
=(x-2)(x*-4)
=(x-2)(x+2)(x-2)
=(x+2)(x-2)?
14. Let the length of the diagonal be x cm.

13. (a)

Consider a rectangle with dimensions 10 units x 1 unit.

Width =6 cm
Length = 60 cm
Using Pythagoras’ Theorem,
x* =60° + 67
=3636
x = /3636 (since x > 0)
=60.3 (to 3 s.f.)

Consider a rectangle with dimensions 5 units x 2 units.

Width =6 cm
Length =15 cm
Using Pythagoras’ Theorem,

(1]

(1]
(1]

(1]
(1]

(1]

(1]

(1]

(1]

(i) Equation of AC: y = - % x+5 —(2)
Substitute (1) into (2):

1
2x=-—x+5
2

Ex=5
2
x=2
Substitute x = 2 into (1): y =2(2) =4
.. Coordinates of midpoint of OQ are (2, 4)

(0+x3 O+y3j —(24)

2 2
Xy and &:4
2 2
x, =4 Yy =8

.. B(4, 8)
16. (a) Whenx=3,

(c) 2x*—5x =2""%*+1

x-2x =gyl
2 2

(1]

(1]
(1]

(1]

x=15+ 62 [1] X -2x = 2"‘+%x+%
=261 . 111
x=4/261 (since x> 0) X _Zx_27:5x+5
=16.2 (to 3 s.f.) [1] 11
.. The possible lengths are 60.3 cm and 16.2 cm. Drawy = RS
From the graph, x = —0.65 or x = 2.75. [1]
Section B 50 (d) Using(1,-2.4) and (3, 1.9),
15. (l) mAC = m Gradient = 19—(—24)
1 3-1
--3 1] =2.15 (1]
Since OB 1L AC, then M, = 2. [1] . Ee; Fr;)r_n tl:ze graph, x = —0.5. [1]
.. Equation of OB: y = 2x — (1) [1] L) =T
I=r [1]
(b) (i) Let the height of the cone be h cm.
Using Pythagoras’ Theorem,
h?+0.9*=2.12
h?=36
h= ~3.6 (since h>0) [1]
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Volume of each cone = %T[(OS)Z (\/ 3.6) cm’

=1.61 cm? (to 3 s.f))

(ii) Volume of each shell = [%1‘[(1)3 - %n(0.8)3] cm’

=1.02 cm? (to 3 s.f.)
(iii) Let the height of the pyramid be H cm.
Using Pythagoras’ Theorem,
H>+32=52
H>=52-32
=16
H =4 (since H > 0)

Volume of pyramid = %(6)2 (4) cm?

=48 cm’®

(1]
(1]
(1]
(1]

(1]

(1]

Volume of chocolate = [80(1.6094) + 60(1.0221)] cm?®

=190.08 cm?® (to 5 s.f.)

Maximum number of pyramids = %

=3 (round down to the nearest integer)

.. Lynn could have made a maximum of 3 chocolate

pyramids.

f End-of-year Checkpoint B

(1]

(1]

Section A
1 5a° x a’ _ i
) a’ a’t
= sall
2. 2.5x10°km =2.5x 10°x 10° x 10> cm
=2.5x 10" cm
=11
2
3. m= (l
3
_1
9
4. Length of rectangle = 36 — 11
= 25 units
.. x-coordinate of B =5 + 25
=30
Width of rectangle = 40 - 30
= 10 units
.. y-coordinate of B = 11 + 10
=21
B(30,21)
1 5  3x-5-5(4x-9)
4x-9 3x-5  (4x-9)(3x-5)

_ 3x-5-20x+45
 (4x-9)(3x-5)
_ 40 -17x

" (4x-9)(3x-5)

(1]

(1]

(1]

(1]

(1]

(1]

(1]

(a) By symmetry,

ER +(—5): s
B .
x,-5=-3
xA:2
- A(2,0)

(b) 5‘%’?’, Coordinates of maximum point are (-1.5, 8)

9x’-16 _ (3x+4)(3x-4)
27x*=33x-4  (9x+1)(3x-4)
_3x+4
T9x+1
-9-2
Gradient of line joining (5, 2) and (-3, -9) = P
1
8

Gradient of perpendicular bisector = —%

Midpoint = (5"'—(_3), 2+—(‘9))
2 2

} [1) _Z]
2
Equation of perpendicular bisector: y = —I%x +c — (1)

Substitute x =1,y = —% into (1):

7 8
-——=-—(1)+c
5 ( )
61
c=-—
22
8 61
.. Equation of perpendicular bisector: y = —Hx -5
22y =-16x - 61
22y +16x+61=0
(i) 4< %x—3 <89-x
2
4<§x—3 and —x-3 <8 -x
—Ex <=7 Zx =92
5
1
x> 175 X < 65—

. 17l <X = 65§
2 7

(ii) °f‘,"fi An example of a prime number in the interval is 23.

10. (a) 480=25x3x5

11.

(b) Letp=5%andg=2*x3.
480p (25><3><5)><52

q 2*x3
=23x5?
L p=25q=12
a(h’ +k)
 k-2k
kp - 2l°p = ah® + ak
ah’® + 2h°p = kp — ak

(1]
(1]

(2]

(1]

(1]

(1]

(1]

(1]
(1]

(1]
(1]

(1]
(1]

(1]
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h*(a + 2p) = kp — ak
o kp —ak
a+2p

B 3kp—ak
“Na+2p
7V (7Y
12. (a) x*+7x—-6= x2+7x+(5) —(—) -6

2

4

(b) Coordinates of minimum point are (—3%, —18%)

(1]

(1]

(1]

(2]

(1]

13. @ Z-L-o
5 x
l =14
x
From the graph, when y = 1.4,
x=0.7.
(b) y
A
5_
4
P 34
(b) 1]
2
1_
f f
-2 -1 (6]
(ii) Using (-1, 3) and (2, 0),
Gradi 0-3
radient = 2_(_1)
=-1
Equation of tangent: y = —x + 2
14. (a) m, >m,
m0(1+—) > Mo AT M) (r)() +my
100

365
(1+L) > 3.65r + 1 (shown)
100

100
Graph B: y =3.65x + 1

(i) P(0,1)

(b) (i) Graph A: y:(1+i)

(1]
(1]

(1]

(1]

(1]
(1]

Section B

15. (i) Itislikely that the people coming out of the cyber café have

(ii) The question does not indicate a time frame, such as one

an interest in online gaming.

week.

(iii) (a) Mean time

16. (a)

(b)

(c)

(d)

_ 14x1+18x3+36x5+17x7+15x9

100
=5.02h
(b) Number of respondents who spend at least x h
= 8 x 100
25
=32
SXx=6

Total volume = Zx n(36)° (45) cm®

=43 740n cm?
Volume of each bath bomb = 43172?)071 cm?®
729
= ——cm

Let the radius of the bath bomb be r cm.

4 5 729m
3 2
2187
8

r=6.49 (to 3 s.f.)
.. Radius of the bath bomb = 6.49 cm (shown)
Dimensions of box: 67 cm by 4r cm by 2r cm
Volume of empty space

= :(61’)(41’)(21’) 6><41'tr }cm3

= |48 —6x = T[V]
3

_ 48(2187) (2187)] -
8 3\ 8

= 6250 cm® (to 3 s.f.)

Number of bath bombs that can fit in Type A box

=2X2x2
=8

Number of bath bombs that can fit in Type B box

=3x1x1
=3

Number of bath bombs that can fit in Type C box

=3x2x2
=12

Number of bath bombs that can fit in Type D box

=2x2x4
=16

Number of Type A boxes she should order = %

=15
Amount of money she spends on Type A boxes
=15 x $0.60
=$9

Number of Type C boxes she should order = %

=10

(1]

(1]

(1]
(1]

(1]
(1]
(1]

(1]

(1]

(1]

(1]
(1]

(1]
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17.

(c) Average speed =

Amount of money she spends on Type C boxes

=10 x $0.80
=$8
.. Jen should order 10 Type C boxes.
(a) Speed for the first part = 30 km
* h
60
_ 1800 km/h
x
Speed for the second part = _0km_
x+55 h
60
_ 5400 km/h
X +55
1800 ~10 = 5400
X x+55

1800(x + 55) — 10x(x + 55) = 5400x
1800x + 99 000 — 10x? — 550x = 5400x
10x% + 4150x — 99 000 = 0
x2 + 415x — 9900 = 0 (shown)

(b) x*+415x—9900 =0

_ 415 i1/4152 —4(1)(-9900)

X =
2(1)

_ —415++/211 825

2
=22.62 or —437.62 (to 2 d.p.)

o x=22.620r x =-437.62
Total distance
Total time

B 120 km

 [2(22.622)+55 L1
60 2

=55.3 km/h (to 3 s.f.)

(55.281x1000) m

3600 s
=15.4m/s (to 3s.f.)

h

(d) 55.281 km/h =

(1]
(1]

(1]

(1]

(1]

(1]

(2]

(1]

(1]
(1]
(1]
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