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Mathematics Exercises for Brilliancy 3 (2nd edition) Unit 1

Unit 1 Factorization: Cross-method

1. (a) y +13 (b) a -9
y +4 a><—6
+13y+4y=+17y —9a —6a =-15a
Ans. (y+13)(y+4) Ans. (@-9)(a-6)
(c) X +6 (d) y -7
x><2 y +4
+6x—2x=+4x —Ty+dy=-3y
Ans. (x+6)(x -2) Ans. (y-7) (v +4)
(e) (c+16)(c-2) ® (@+8)(a—11) (&) (m=8)(m+9)
(h) (a+6)(@—10) i) (m-3)(m-15) G) x+3)(x-14)
k) (+2)(t+10) O p+12)(y-4 (m) (k-3)(k—24)
m) (a-2)(a+12)
2. (1) 9 —x (b) =y +7y—44

>< ¥ +11
7 X

—7x—9x=-16x y.o -4
Ans. (9-x) (7 —x) +1ly—4y =47y
Ans. (v —-4) @ +11)
(¢) =—(m*—18m +65)=—(m — 13) (m - 5) (@ (18—a)(3+a)
() =—(+19x+48)=—(x+3) (x + 16) ®H @20+y)(4-y)
(g) =-("—21n+90)=—(n—6)(n—15) (h) =50+23x—x*=(25-x) (2 +x)
3. (a) 3x +2 (b) 2y -1
x><+3 7y -1
2x+9x =11x -7y-2y=-9y
Ans. (3x +2) (x +3) Ans. (2y—1)(7y—1)
() 3x -1 (d) 2y -3
5x><+4 7y><+3
=5x+12x =+7x —2ly+6y=-15y
Ans. (3x —1) (5x +4) Ans. (2y—=3) (7y +3)
(& +3)(12y-7) (f) =401 +78n—27=(4n+9) (10n—3)
(g) (5—-2x)(1—-6x) (h)y Sm+3)(Bm+5) 1 (Ty+2)(5y+2)
G) O-4p)(2-3p) k) (6a-5)Qa+1) 1 @m-3)(Bm+4)
(m) (4b+5)(2b+3) (m) (Sa-1)(a-4) (0) x+4)(2x-17)
(@ (11b-5)(3b+5)
4. (@) =3(F-1lx+24)=3(x-3) (x—8) (b) =207+5r-36)=2(y+9) (y—4)

() =6(d*+13a+15)=6(2a+3)(a+5) (d) =73b*+5b-12)=7(b+3)(3b—4)
(€) =5(4—13m~+10 m®) =54 —5m) (1- 2m)
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Unit 1

15.

Mathematics Exercises for Brilliancy 3 (2nd edition)
() =6(14n*+31n—10)=6(7n—2) 2n +5)

(g) =-4(15x* +8x—12) =—4(3x —2) (5x + 6)
(h) =3(9+30y+16y%) =33 +8y) 3 +2))

(a) xy -7 (b) m +8n
_» -6 m__ —3n
—Txy —6xy =—13xy +8mn — 3mn = +5mn
Ans.  (xy —6) (xy =7) Ans.  (m—3n) (m + 8n)
(© (x+16y) (x+4y) (d) (ab+12)(ab-8) @ (-5 +9)

® @-m)(14-m) (® @+10)(’+5) () (-1’ +6)

() (@-156") (@ +3b) () (-5 (" —14)

(k) :x2+14x+48=(x+6)(x+8) ) =a2—17a+60=(a—5)(a—12)
@ =G6y-3)y-2)

(b) =23x-12x% —10 = —(12x* = 23x +10) = —(4x - 5)(3x - 2)

() =2n+8n> +3+12n—18 =8n” +14n—15=(4n—-3)2n+5)

(d) =24x> —54x+4x—9—48x—8 =24x*> —98x—17 = (4x —17)(6x +1)

() =8y’ —y—15+15y =8y*> +14y—15=(4y—3)2y +5)

@ -2)5y-3) ®) Gy+2)(y-3) (c) can’t be factorized.

(d) can’t be factorized. () (a- l)(a + E)
a a

L ox? —0x—18) = L (xm
—5(2)6 9x—18) 9(x 6)(2x+3)

=(x*+3)(x* -9) = (x* +3)(x +3)(x-3)
= (27 —4y”)(4x" =9y%) = (x + 2)(x — 2y)(2x +3)(2x = 3)

. =2a(x* +3x+2)+3b(x* +3x+2) = (2a +3b)(x* +3x+2) = (2a +3b)(x + 2)(x +1)
. (@) (6a—-1)2a+5)

(b) Put 2x+1=a into part(a), we get:
[62x+1D)—=1][2Qx+ 1)+ 5] =(12x+5)(4x+7)

- (@ (x=6)(x+2y)

(b) =3[p" —db(a+1)-12(a+1)].
Put b=x,a+ 1=y into part (a), we get:
3[b—-6(a+1)][b+2(a+1)]=3(b—6a—6)(b+2a+2)

L () (x+12)(x+2)

(b) =(a+2b)* +14(a+2b)+24. Put a+2b=x into part (a),
we get: [(a+2b)+12][(a+2b)+2]=(a+2b+12)(a+2b+2)

@ =502 -8y+d) = Gy-20-2)

(b) :3m—n+%(m-¢—n)2 —5m—n+1:%(m+n)2—2m—2n+l :%(m+n)2—2(m+n)+1
Put m + n =y into part (a), we get:

%[(3(m +n)—-2][(m+n)-2] :%(3m+3n—2)(m+n -2)
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Mathematics Exercises for Brilliancy 3 (2nd edition) Unit 2

16. (a) =x(y+8)—2(y+8)=(x—2)(y+8)
(b) @-b*=(@+b)a-b), letx=a-b,y=ath,
. 8x—2y=8(a—b)—2a+b)=8a—8b—2a—2b=6a—10b
.. From (a),a® —b*+6a—10b—16=[(a—b)-2][(a + b) + 8] =(a—b—2)(a+ b +8)
17. (@) (7)(-12)=-84,7+(-12)==5, " m>n, .. m=7,n=—12.
(b) X +8°—5x—84=x"+T7+ (P —5x—84)=x"(x + )+ (x + 7) (x— 12)
S+ HE-12) 1=+ T) x+4) (x-3)
18. (a) 8a*+ 18ab — 5b* = (4a— b)(2a + 5b)
(b) 8a—2b- 84— 18ab + 5b°
=(8a — 2b) — (84> + 18ab — 5b%)
=2(4a — b) — (4a - b)(2a + 5b)
= (4a - b)[2 - (2a + 5b)] = (4a — b)(2 — 2a — 5b)
19. (a) 36h*—25=(6h—5)6h+5)
(b) 6h%k +3Thk—35k = k(6h*+37h—35)=k(6h—5)(h+7)
(¢) 6h’k—36h*+37hk— 35k + 25k
= 61k + 37hk — 35k — 36h* + 25K
= (6W%k + 3Thk — 35k) — (36h* — 25K%)
= k(6h — 5)(h + 7) — (61 — 5)(6h + 5)
= (6h — 5)[k(h + 7) — (6h + 5)] = (6h — 5)(hk + Tk — 6h — 5)
20. 16a*+ (9 - 6a + 5a°)(9 — 6a - 3a°)
=164+ (9—6a+a*+4a>)(9 - 6a+ _da*—4d>)
=16a"' +[3-a) +4a’[( 3=a_ )~ _4d’ ]
= _16a*+(3-a)' - 164*
= 13—a)4
21. (a) 63+ (u—5)(u—21)=63+u*>—26u+105=1>—26u+ 168 = (u— 14)(u — 12)
®) 63+x+Dx+3)x-5x-7)=63+x+Dx-5)x+3)x-7)
=63+ (= 4x — 5)(x* —4x —21) = 63 + [(x* — 4x) — 5][(x* — 4x) — 21]
=[(x* - 4x) — 14][(x* — 4x) — 12] [from (a)]
= —4x—14)(* - 4x—12) = (> — 4x — 14)(x - 6)(x + 2)

Unit 2 Laws of indices

L @ =&7=4" () = %y - %y" (© =-3xp" g =3
4k2 ><2k3 1 . 1 _5 2a4b2C2 b2710272 b
@) == 5 = k=2 @ - - -
—16k 2 2 (=bc™)(=5)a Sa Sa

" = (*2)(115) pIIBGIH2 _ 150,409

5
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Unit 2
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Mathematics Exercises for Brilliancy 3 (2nd edition)

a’b® x36a*b® _

_ 57 302t = 3,810

—12a
_ x8y4 ngz 4 _ x8+2—10y4+472 _ _Lﬁ

—-81x""y? 9 9
B B —4b~4 33a12 _ 371a]6 B alﬁ
- 2 bG) 2—2[2—4.261)18 T2 48p2
= 4_62’" npz % (_3’”")525"4) 45ty bt o2t 452

(n" p*)(mn~p) 10m’np mnp
=—(1)x8=-8 (b) =(1)x81=281 () -

1 1 - 125 11
e I A O =25 %
S Ix 130K 130 = - () = —16-Lyg = Z12X1621 2193

13 16 16
4 3 4 . 2 113
3 3 ® 2% 4 2 4 4
1, 1 1, -3 4 25 25
=[-(=)y+-=-]+(—=-)=(—+ —)x — = —
[(2) 3] (5) (12 12) 12
2 3x 2 3y 2y° at 2 a’
A L O T
Xy x 3x 3x 6 b 3
_ _ 2457 -2-6 6T
= ¢'x"2xa = -3d° () = b ba
a 6(1) b
9.6
:xj; * 14z: 396X24x8:ie
2 (—4x") 2°x7y Xy
=4p'qxp gt x3p'gt = 12p g = %
q
3657:[32 (= 24345 12) 243;36a-3-2+5b2-1-12 _ 622280
Sxflyfl 2? 712 12 8 Zx2y2 2?y]5 9'8_)/]7 3y17
N X'y —15x - -15x - X
( 3 " -15 3 ? 372 15x" 8% -15x" 40x"
1072 =10°, .. y—-3=0,y=3 (b) 9% '=9%, .. 4x71:2,x=%
Sy -3 . _ _ 3 2n+l -3 . — —
47 =47, . 5y——3,y——g (d 5" =57, .. 2n+1=-3,n=-2
-n . - 6 7. . 7
27 =2°, . -n=5n=-5 ® ¥ =Cr=7 L oy=t
5 27 35 2.5 . 2
=—=(=) =(— N L X=—
= (2) (3) 3
3O =320 3(x+2) = 2(x+1), 3x+6=2x+2,x=—4
12 =11, . x+3-2x=0, x=3
Answers



Mathematics Exercises for Brilliancy 3 (2nd edition) Unit 2
() 5x3%=5x27, 5x3*=5x3, . 24x=3, x=1
k) 5*x57F=1, 575 =5" - 242x-8=0, 2x—6=0, x=3

23x x 22(.”1)

s

5. (a) — 25(( — 23x+2x+2—5x — 22 :4
n+l n
(b = 22”71 X;:,,l — grHl(l) (- — 92 31 ]9
X
5" x 3" 9
_ = gn-(ml)  gn=(n2) _ g1 32 _ 7
© T3 x x 5
—2X 7X+l+X?1 =2x+2x—[x(x-1)+x 1
@ =7 ’ X7x(xfl)+x = 7t — 7X2
6. (a) 3.48x107° (b) 2.50 x 10" () —9.42x10°
(d) =[7.10x107" =(6.29 x10")° = (%)3 X103 = 144 %107

7. (@) =49x107"° = [(7x10°)* = 7.00x10"*

(b) = (28x107™")+(5x10%) = 5.60x107*
(c) = 23x10°+0.19x10° = (2.3+0.19)x10* = 2.49x10°
(d) =04x107-2x107 = (0.4-2)x107 = —1.60x107

1
8. 2 =—=— =27
(@ Py
L 91 . 216 L 5
= tl="—= = Soox==
Y Ts T T s () () 7%

, .o k=-3

(®)

() (221 =230 g o2 -6y 0=6x+12, —12x=10, x=—§

(d) gl o g4 59n =5-47 51-4n=5-4’ S l—dn=-4, nzg

(e) 7¥x7W=7", TW=7", . 3x+3=-1, xz—%

(f) 3x5°7 =75, 3x5"=3x5", .. 6-x=2, x=4

9. (a) =6""-6"=6"(6-1) = 5x6"

(b) =77 -6) = 337x7"?

(C) — 23(n+l) _23:171 — 23n+3 _23n71 — 23;171(24 _1) — 15)(23”71

Q) = 2"1-2Y _ 15 _2x3-4x3 32-4 2 1

(d) 212 93 8 () 31,32 31 .3 31 (32 _ 1) 6 3
_3x2x 22D 42520 340 29 (342Y)

®H = 92Gm) | 532D - 961 | H6n3 2611 1(23 +1) 9

10. (@) 3*(3-1)=2x81, 3*=3*, .. x=4
(b) 10x2""+2"' =88, 2"'(10+1)=88, 2"'=2°, . n—1=3,n=4
(c) 4" +47"'=80, 47'4+1)=80, 47'=4, . x-1=2,x=3
d 3"7'(3*-3+1)=7, 3"'=1, 3"'=3" - a-1=0,n=1
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Unit 2 Mathematics Exercises for Brilliancy 3 (2nd edition)

@ 5“’“—52”—? SU(5-1)=4x5", 4x5¥ =4x5", C2p=-1, y=‘%
2x+3 7 2x~3 7 2x -2 .
6" 2*-2 +4=O, 272 _1)=Z’ 27=27, . 2x=-2,x=-1
@ = 1 ab ab (b) = 1 DA i
2Lfl+b1 ab  2b+a 2x' -3y xy  2y-3x
1 5., s+5r ris?
c) =(—+)" = =
© (r s) ( rs ) (s +5r)?
1 1 m*n’ 1 m’n’
@ = (m—n)? ><(m’z—n’z sznz) - (m—n)zxnz—m2
_ m’n’ _ m’n’
(n—m)*(n—m)(n+m) (n—m)*(n+m)
@) =10%, 2*7=10, 2°-2°=10, »=10.5
8 4
(3:”2)2:36:62, 3n+2:6, 3”+1X3:6, 3n+]:2
220720 =22 ()Y =27, oL oy=2x=-1, .. y=2x-1..().
Sub (i) into 9 —3*"* =0, we have
9x+(2x—l)_34(2x—l)—x=0, 32(3x-1)=37x-4, S 6x—2=Tx—4, x=2.
Sub x =2 into (i), we have y=2(2)-1=3. . x=2 and y=3
_ YAy G ey by vy x-y
= I =( ) =)
Wx+NEx =) Xy Xy xey
-1\2 9 2 2 -1 -2 81 . 2 -2 81 81
. - =(=—= -2 +x T =—, +Xx T =—+2=2——
@ (o =G AT =g =0 400
81 81
b)) (x+x) =x"+2x0) ) +xF =X +x 7 +2=2—+2=4—
(® ( ) ()T 200 200
oy 81 1681 X, Ll_l 41_41
o V40 “Va00 © 2 2720 40
. (@) lem= 10 m =107 x 10° nanometer = 10’ nanometer
*. 126 cm = 126 x 10" nanometer = 1.26 x 10° nanometer
(b) 0.80km = 0.80 x 10° m = 0.80 x 10° x 10° nanometer
=8.0 x 10" nanometer
. (a) The lower limit = 3.95 x 10° m = 3.95 x 10% km = 395 km.
The upper limit = 4.05 x 10° m = 4.05 x 10? km = 405 km.
5
(b) The relative error = w:i; the percentage error = ix 100% = 1.25%
4.00x10° 80 80

(c) 4.00 x 10° m means that the length is accurate to 3 significant figures. But we don’t
know the number of significant figures in 400 000 m, and without knowing the degree of
accuracy, we can’t find the maximum percentage error.

4

. Let the thickness of the oil layer be r mm. (40x10)’mt=4, t=————=7.96x10"" mm.

(16x10%)n
Ans. Thickness of the oil layer is 7.96x10 ™ mm.
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Mathematics Exercises for Brilliancy 3 (2nd edition) Unit 3

20. (a) Speed= 300000 000+1000x3600=1080000000=1.08x10° km/hr
(b) Distance = (1.08x10°)x24x365x100=9.46x10" km
1.32x10"
9.46x10"
= 140 years (3 sig. fig.).
2018 — 140 = 1878 (the year); at that time the star A47 still existed,
*. itis possible for us to see it in the year 2018.
22. (a) N= Q21 4417 _ B (23)21 T (22)17 93 =B 93533
—_ 263 +2x 233 233 263 233
(b) N =215 12841 =235 (245 421 % (2*)* =8x16" +2x16°
23. (a) (i) 20038
(i) 20038=2x10*+0x10°+0x 10°+3 x 10" +8 x 10°
(b) 10010010000001,=1x2"+1x2""+1x27+1x2"=9345<20038
24. (a) axl10"—bx10"" =ax10"—bx10’x10" = (a—bx10*)x10"
. c=a-bx10* =a—1000b
(b) 23x102'-0.8x10"¥ x 43 x 107
=23x10°21-0.8%x43x 10" x 1071%°
=23x1072"'-344x 1078 =23 x107* -344 x 10723
=(2.3-1000 x 3.44) x 102! =-3437.7 x 107?' =-3.4377 x 10> x 107!
=-34377x 107"
25. (@) 777%°=6.4331x10"7 (5 sig. fig.)
() 777 000 = [(777 x 10>)2°]** = (777%° x 10°)* = (6.4331 x 10" x 10°)*° [from (a)]
=6.4331" % 10*% =217 x 10 x 10*%°=2.17 x 10Y"* (3 sig. fig.)
26. (a) 92263 734836=9.2263734836x10"°=923x10" (3 sig. fig)
(b) Number of different combinations that can be generated in 1 day
= (1.6 x 10%) x (24 x 60 x 60) = 1.3824 x 10" > 9.23 x 10"°
*. The claim is agreed.

21. The no. of years for the light from star A47 to reach the Earth =

Unit 3 Inequalities

L@ 3 ) <1 © 1,

0 4 -1.7 0 0
2. (@) x>-2 (b) x<I1.5 (c) x>0 (d) x<—3%
3. (a) xz% —6—? (b) x<-34 ?4—6—> (c) x=11 _6_118
7 3.
@ x>0 _(i::; (e) x<0 io—>
4. (@) x<13 b) »y<7 () 5x+3>13
@ %—237 @ x:rlozs 0 %m—lﬁll
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Unit 3 Mathematics Exercises for Brilliancy 3 (2nd edition)

5. (@ —-9x <9,x>-1 (b) 4x>-14, .. xz—%

(c) —8<0, .. x20 d 7-x<7, —x <0, ..x>0
(e) 6x-9<4x, 2x<9, .. xs%

® -20x+5>2x-6, -22x >-11, .'.x<%

(9 12x+8>3x+14-7x, 16x>6, .. x>>

(h) 5-4x<8—-6x+3, 2x<6, .. x<3
(@) 2(5x-7x-14) > 12-3x, 2(-2x-14) > 12-3x,
—4x-28 > 12-3x, —-x >40, .. x<-40

1
6. (a) 3x+4 < S54-12x, 15 >50, .. x< 0

(b) 3(Bx+4)>502-x), 9x+12>10-5x, 14x>-2, .. x>-——

(©) (Gx-1)=-9<0, 5x<10, .. x<2
(d) Bx+12)-5 > 50x, —42x >-7, .. x< é

(e) 42x+11)+3(6-x)212, 8x+44+18-3x212, 5x>-50, .. x>-10
(H -3(x—-5)+24 < 2(2x-3), Bx+15+24<4x-6, —Tx<-45 .. x> =

() x+6-2(x—3)<20, x+6-2x+6<20, -x<8 .. x>-8
(h) 6(1+2x)-2(4x+7) < 6+12x—8x—14 < 27-3x,
4x—-8<27-3x, 7Tx<35, .. x<5
7. 2(05+x)<18, 15+x<9, x<-6. Ans. The greatest value of x is —6.

8. %+13Sy, y+39<3y, —-2y<-39, y>19.5. Ans. The least value of y is 20.

9. Letx be the smallest integer. x+(x+1)+(x+2) <15, 3x <12, x<4.
Ans. The maximum value of the smallest number is 3.

10. Let x be the larger odd number. x+(x—2)>28, 2x>30, x>15
Ans. The least value of the larger odd number is 17.

11. Let/ cmbe David’s height. 1+ (h—14)>280, 2h>294, .. h>147.
Ans.  The height of David is at least 147 cm.

12. Let x be the number of hotdogs. 16x+8.4x5<150, 16x <108,x <6.75.
Ans.  She can buy 6 hotdogs at most.

13. Letx be the number of $2 coins.
2x+0.5(x—8) <56, 2x+0.5x—-4 <56, 2.5x <60, x<24.
Ans.  The maximum number of $2 coins is 23.

14. 2(y+15) >3y, 2y+30>3y, 30>y, y<30. Besides,y mustbe a positive number.
Ans. y must be a positive number smaller than 30.

15. Letx be the number of incorrect answers.
3(20-x)-2x >50, 60-3x-2x >50, —5x >-10, x<2.
Ans.  The maximum number of incorrect answers is 1.

16. 2(9+a)=40, 9+a>20, a=11
Minimum area = Minimum width x 9 = 11 x 9 = 99 cm®
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Mathematics Exercises for Brilliancy 3 (2nd edition) Unit 3

17. Let x be the smaller number. x> %, 2x> x+4, x>4;and x must be a multiple of 4.

18.

20.

21.

22.

23.

24.

25.

Ans.  The least value of the smaller number is 8.

Let x be the largest number.

x+(x=3)+(x—6)<30, 3x<39, x<13; and x must be a multiple of 3.
Ans.  The greatest value of the largest number is 12.

(a) Letx be the smaller number. x+ (x+7)<19, 2x<12, .. x<6.
Ans.  The smaller number is smaller than 6.
(b) . 0<x<6, .. 7<x+7<13,andx is an integer.

Ans.  The possible values of the larger number are 8, 9, 10, 11 and 12.
a<-3, ..a+b<b-3.... >i);

b<15, b-3<12.......... (ii);
From (i) and (i), a+b<b-3<12, .. a+tb<l12
1 .
(a) Leta= 5 a*=(=)=— ,d*<a. .. The statement is not correct.

(b) Ifa=-5 b=-3, a<b, buta’=(-5>=25 b*=(=3>=9, o*<b’
‘. The statement is not correct.
(¢) Ifc=2, d=-2, c¢<d, but lzi, l
c 2 d 2 c d
*. The statement is not correct.
(d) Ifa=-4, b=3, ¢c=-6, d=-2, a<b, andc<d,
but ac = (—4) (-6) =24, bd=3(-2)=-6, axc>bxd.
*. The statement is not correct.
(a) 6x+9-1-5x > x-5, x+8>x-5, 8>-5
Ans.  x can be any real numbers.

s

(b) 3 24x > 2x—1, —-3+4x > 4x-2, -3>-2 Ans. There is no solution.
(a) 0.81-3.24x+6.97x<1.05(3x+1.6x—0.8), B

0.81+3.73x <1.05(4.6x —0.8) 0 15

0.81+3.73x <4.83x—0.84, —1.1x<-1.65, xZ%, Sox215

9 8x 67x 1

(b) 60x 7[—7+—+ (9x 1)]>60><( =30 ? f

20(73 8%+%Tx77)>12(6x D) +10(6—x)+2 0%

—45+32x+45x—5>72x—12+60—10x+2

77x — 50> 62x + 50, 15x> 100, > 20

(a) Not true. The product of two negative numbers must be positive.

(b) True. "." a<b, .. a+t5<b+5, butb+5<b+6, .. a+t5<b+6.

(¢) True. hxth<hx+I2, W —K<hx-ke, (h+k)(h—k<(h-kx,
“h—k>0, .. h+tk<x, x>h+k

(a) Not true. For example, whenp=-1, ¢g=-2, (-1)+(-2)=-3<0.

(b) True. "." g<p, .. q—-p<p-p, ie.q-p<O0.

(¢) True. . 8>p>g>—-6, .. 8>pandg>-6, ie 0>(p—8)and

(g +6)>0. Since (p —8) is negative and (g + 6) is positive,
". their product must be negative.
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26. In a triangle, the sum of the lengths of any two sides must be greater than that of the third side.
x<613, x<9...>31); 6<x+3, x>3...();

3<6+x, x>-3...(ii1); .. x mustbe integers from 3 to 9.
Ans.  The possible values of x are 4, 5, 6, 7 and 8.
27, bx<—y, X s y<0), o Xs L
y y 6
28. k>5, ie.5-k<0. Sy+k—ky<8-3k, (5-k)y<8-4k,
8—4k
> 5-k<0
yeo— )
29. (@ m=1-n, and m>-8, .. 1-n>-8, —-n>-9, n<9
(b) n=2m+4, ”;4=m, ”;4>—8, n—4>-16, n>-12
(¢) 2n=7-3m, m:7_32n,
7_32”>—8, 7-2n>-24, —2n>-31, n<%
24 24
30. (a) 24+y=3x, x=¥, x>0, % >0, 24+y>0, y>-24
(b) y=3x-24, " y<-15 .. 3x-24<-15 3x<9, x<3
() .0 x>7, 243+y >7, 24+y>21, y>-3, .. ycanbeO.
£ PRI A S}
x y X y Xy
Butx>y, 0>y-x, ie.(y—x)Iisanegative number.
Since 22 is positive but (y — x) is negative, .". xy must be negative, that is, x and y must
Xy
be of opposite signs. Butx>y, .. x>0andy<0.

32. (a) Greatest value =3(6)+2(-2)=18-4=14
(b) The smallest value of x* = 0% =0, the smallest value of y2 = (—2)2 =4,
. the smallest value x* + 1> =0+ 4 = 4.
The greatest value of x* = 6> = 36, the greatest value of > = (—12)* = 144,
. the greatest value x* + ) =36+ 144 =180. .. 4<x*+)*<180
(c) The smallest value of y — X = Ynatiest — Xpiggest = —12 — 6 =—18.
The greatest value of y — X = Vpiggest — Xsmattest= =2 — (=3) = 1.

Jo-18<y—x<1
(d) Least value = LN =-3, greatest value = _—3=é, —3££SE
-2 -2 2 y 2
33, (a) 12-32x+1)>4(6x—4), 12—-6x—-3>24x-16, -30x>-25, .'.xég
(b) Letx= M The inequality becomes: 17i(2x+1)2§(6x74)
5 6y+1 _5 1
From (a), x<=, .. ——<=, 12y+2<5, <—
® 6 36 Y !

34, (@) 4x+1>-19, 4x>-20, .. x>-5
(b) 4—x<18-8x, 7x<14, .. x<2
(¢) " k>-5and k<2, .. karenumbers from -5 to 2. %
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35. Let n be the number of sides. 3n <45, n<15;

but the smallest number of sides is 3, .". n>3.

Each interior angle = (n=2)x180° = 180%n ~360° =180°— 3607
It is greatest when n =15, and smallest whnen n=23. !
.". The greatest interior angle =180°— 360° =156°,

and the smallest interior angle =180°— g =60°.

36. (a) Letx be the number of copies.
For Shop A, 1500+ 1.2x<2000, 1.2x<500, x< 416%,
", its maximum number of copies is 416.
For Shop B, 900+ 1.5x<2000, 1.5x<1100, x< 733%,

", its maximum number of copies is 733.
Ans.  Print Shop B should be chosen.
(b) 1500+ 1.2x <900+ 1.5x, —0.3x<-600, .. x>2000
Ans. 1t is cheaper to choose A when the number of copies is more than 2 000.

. . 140-2 2
37. (a) Letx be the no. of $2 coins. .". no. of $5 coins = % =28 —gx,
* the no. of coins must be an integer, .". gx must be an integer,

". x must be a multiple of 5, i.e. the no. of $2 coins must be a multiple of 5.

140-2

(b) 0-2x_ >3, 140-2x-5x2>15, -7x>-125, x<179;
* x must be a multiple of 5, .". x=15.
Ans.  The maximum number of $2 coins is 15.

38. y=2—%(x—5) | 4y=8-3x+l5, x= B

>-7, 23-4y>-21, ﬂ—)

0 11

. 23-4y

—4y>-44, y<Il.

39, (@) 2-217597F 40 4Gk 2509-0);
33
40— 12x—28>45-5x; -33>7x; x<-=—.
7 330
(b) -5,-6,-7,-8,-9, -10. 7
40. (a) 4(1+L_3]zf, 4[“—)‘]25 ) ]
5 2 5 2 % B
8(2+x)>5x, 16+8x>5x, 3
3x>-16, x2—1—6.
3
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Unit 4

41. (a) 4-x< s
(a) 5

(b)

(b)

4 (1—%*3)2—@ 4 [1+$)2

16 8
From (a), —-6y> —— , =—.
(a), —oy 3 Y79

3x+8

5(@4-x)<3x+8,

20-5x<3x+8, 12<8x, x>%.
3y—-3k+8

Aoy k< T ES L Aok

3
- Z >k
773

From (a), y—k> % , le.

Vk>1, .'.y—% > 1, y>%,

.". The least integral value of y is 3.

Mathematics Exercises for Brilliancy 3 (2nd edition)

,6)}

3(y—k)+8

5

Unit 4 Percentages: Interests, growth & decay
Simple interest = $8 800 x 4% x 3.5=$1232.  Amount = $(8 800 + $1232) = $10032

1.

2.

3.

Page A12

. 9
Let $P be the principal. Px5%x o 360, P=9600. Ans. The principalis $9 600.

Let n years be the time taken. 6 000 x 3% x n = 4050,
Ans.

n=225.

It takes 2.25 years to earn 34 050 simple interest.

. 1
Let 1% p.a. be the interest rate. 72 000 x % x " =1080, r%=0.06=6%.

Ans.
Let $P be the principal. P x (5% —3%) =230,
Ans.

The interest rate is 6% p.a.

His principal is $11 500.

Px2% =230,

P =11500.

Amount =865 000 x [(1 + 4% x 2 + 5% x (5.5 — 2)] = $81 575.

(a)
(b)
(©
(d)

(@

(b)
(a)

(b)

Amount =$50000(1+ g %)™ =$56275

Amount =$50 000(1 +g%)2*“ =$56325

Amount = $50 000(1 Jr%%)”12 ~$56358

Amount = $50 000(1+ 3%5%)2*3“ —$56374

3
Amount = $64000(1 +%%)34 ” Z$64000(1+1%)* = $100148

Total interest =$100148 —$64 000 =$36148
Interest = $280 000[(1+10%)* —1] = $92 680

Interest = $280 000 [(1+ %%)”12 —1]=$97491

Answers



Mathematics Exercises for Brilliancy 3 (2nd edition) Unit 4
10. Compound interest = $55000(1+5%)* —$55000 = $11853,
Simple interest = $55000x5%x4=$11000, .. Difference =$11853-$11000 =$853
11. (a) Amount =$28000(1 +%%)'X4 a +%%)2'5X4 =$28000(1.01)*(1.02)"" =$35518
(b) Total interest =$35518—-$28000=87518
12. (a) Amount=$15000 (1 +7%)" +$15000 ( 1 +7%)* + $15000 (1 + 7%)*+
$15000 (1 + 7%)* + $15000 (1 + 7%)
=$15000 (1.07° + 1.07* + 1.07° + 1.07> + 1.07) = $92 299
(b) Total interest =$92299—-8$15000x5=$17299
13. (a) Let $P be the principal. P(l+2—20%)"5“ =114466, P(1.1)> =114466,
P=86000. Ans. The principal is 386 000.
(b) Total interest = $114,466 —$86,000 = $28,466
14. After 1 payment, amount he owes = $20 000(1+10%)—$5000 = $17 000;
After 2" payment, amount he owes = $17 000(1+10%) —$5 000 = $13 700;
After 3" payment, amount he owes = $13 700(1+10%)—$5 000 = $10070;
.. After 4" payment, amount he owes = $10 070(1+10%)—$5000 = $6077.
15. (a) Growth factor =1+15% =1.15
(b) Increase in members =3000(1.15)* —=3000 =3000[(1.15)* —=1]=2247
16. Decay factor = 4000 = 8
4500 9
17. Value =$7500(1-9%)>* = $7500(0.91)° = $4 259
18. (a) Salary after 3 years = $24 200(1+10%)’ = $32210
(b) Let $y be the salary 2 years ago.  y(1+10%)* = 24200, y=20000.
Ans.  Her salary was 320 000 2 years ago.
19. (a) Volume after one day =3000(1—6%)* = 680cm’
(b) Lety em’® be the volume 3 hours ago. y(1-6%)* =3000, y=3612.
Ans.  The volume of the balloon was 3 612 ¢cm’ 3 hours ago.
20. (a) Value after 1 year = $3100(1+2%)’ ~$3289.7 =~ $3290
(b) Value after 2 years = $3289.7(1-2%)* = $3 034
21. (a) Atbeginning of 2™ month, amount he owed = $35000(1 + %%) —$10000 =$25525
.". At beginning of 3™ month, amount he owed = $25525(1+1.5%)—$10 000 = $15908
(b) At beginning of 4™ month, amount he owed = $15908(1+1.5%)—$10 000
=$6146, atend of 4" month, amount he owed = $6 146(1+1.5%)
=$6239 < §$10000. Ans. 4 payments were needed.
22. Amount owed after 1* installment = $8 000 —$1200 = $6 800
Amount he owed after 2™ installment = $6 800(1 +£%) —$900 = $5956.67
.. Amount he owed after 3" installment = $5956.67(1+ %%) —$900=$5106
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Unit 4 Mathematics Exercises for Brilliancy 3 (2nd edition)
5
23. Amount at end of 1% year = $20 000(1+ E%)2

Amount at end of 2™ year =$20000(1 +%%)4

", Interest earned in 2™ year = $20 000 [(1.025)* —(1.025)*]= $1 064
24. Let x be the growth factor. 18x% = 36, = 2,x= V2

.. No. of bacteria in %hour = 18(\/5)30 =590000 (corr. to nearest 1 000)

25. Let $x be the amount of each payment. [90 000(1+25%)—x](1+25%)—-x=0,
(112500—-x)(1.25)—x=0, 140625-225x=0, x=62500,
*. Total interest = $62500x2—3$90 000 =$35 000
26. Let $P and % be the principal and the minimum interest rate respectively.
P+7r%)"° = P1+100%), (1+7%)'"° =2, 1+r%>1.0718, 1% >7.18%.
Ans.  The minimum interest rate is 7.18%.
27. (a) Value of his flat =$4 000 000(1+10%)’ = $5324 000

(b) Amount he owes Peter = $2 500 000(1 +%%)3x12 = $3175593

(c) Increase in value of the flat= $(5324 000 —4 000 000) = $1324 000
Interest he has to pay to Peter = $(3 175 593 — 2 500 000) = $675 593
The profit = $(1 324 000 — 675 593 — 380 000) = $268 407
28. (a) Hisdebt =$30000(1+40%)° =$82320
(b) After 1* payment = $30 000(1+40%)—$15000 = $27 000,
After 2™ payment = $27 000(1+40%)—$15 000 = $22 800,
.. Amount owed after 3" payment = $22 800(1+40%)—$15 000 = $16 920
(c) Amount he owes after Imonth =$30000(1+40%)—$10000 =$32 000,
"." The amount keeps increasing, .. he can never clear his debt.
(d) Amount he owes after Imonth =$30 000(1+40%)—$12 000 = $30 000
= the principal, .". He will still owe the loan shark $30 000 after 20 years.

29. (a) Interest received by the bank =24 000 [1 + &;’jz —24000=3$1958.4
(b) The amount he owes the bank after the first repayment
=24000 [1+%) — 8000 =$16960
Total interest received by the bank
=[16960 (1+%) +8000] — 24000 = 25638.4 — 24000 = $1638.4
30. (a) Interestreceived if depositing in Bank A

4.4%
4

4xd
=36000 (1 + ) —36000=42886.54 — 36000 = $6886.54 (2d.p.)

(b) Interest received if depositing in Bank B
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31.

4.2%
1

4x12
=36000 [1 + > ) -36000=42573.23 -36000=$6573.23 (2 d.p.)

. $6886.54>$6573.23, .". Sally should deposit the money in Bank A.

(a) Let r% be the growth rate.
2(1+ %) =2662, (1+1%)=1331, 1+r%=11, r=%=0.1, r=10.
.". Growth rate is 10%.

(b) Population of the city in 2024 = 2.662 x 1.1 million = 2.9282 million < 3 million
Population of the city in 2025 = 2.662 x 1.1> million = 3.22102 million > 3 million
.. In 2025.

(c) Population of the city in 2027
=2.662 x (1 + 10%)" million = 3.90 million (3 sig. fig.)

o 12
32. (a) 600000 (5% x 2) = {600 000[1+%’j ~600 ooo} (1-12%)

0 12 0 12
0.1= (1+’—A’j ~1](0.88) , (1+’—A’] B
12 12) 44

% = [ ji—l]xu , 1%=0.108 (3sig. fig), r=10.8

(b) ".°10<10.8, .. Hewill choose Option I to get more interest.

Unit 5 Multiple percentage changes & salaries tax

L.

2.
3.
4

The amount he spent = 1440+15% = $9 600

His original budget = 88000+ (1+20%)=$73300 (3 sig. fig.)

His present monthly income = 15000 (1-30%) (1+20%) = $12 600
Let the original length and width be x and y respectively.

Original area =xy. New area= x (1-10%)x y (1-12%) =0.792xy
xy —0.792xy
xy
Let the side of a small cube be x, .". the side of the large cube = W =2x.

2 _ 2 _
86" Z6Q)" 10005 = P24 100% = 100%
6(2x) 24

Her weight before diet = 90 + (1 +25%) + (1-10%) = 80kg
Let the original base and height be x and y respectively.

Percentage decrease in area = x100% = (1-0.792) x100% = 20.8%

Percentage increase in total surface area =

Original area :%xy . New area = %x x(1+28%)x y (1-12%) = 0.5632xy

0.5632xy—0.5xy «100% = 0.0632
0.5xy

Length of the fish two months ago = 40+ (1+15%)* =30.2cm (3 sig. fig.)

Total pass percentage = 60% + (1—60%)(1 —45%) = 60% + 22% =82%

Percentage change in area = x100% = 12.64% (increase)
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10. Amount paid by Miss Ng = 60000 (1+5%) (1-8%) = $57 960
11. The cost paid by Andrew = 282+ (1+50%) + (1—6%) = $200
12. Percentage change in the running cost
[45% (1+20%) +35% (1-5%) +20% (1+ 10%)]— 100%
54%+33.25%+22%—-100% = 9.25% (increase)
13. A=C(1-10%)(1+20%)=1.08C, .. A:C=1.08:1 =108:100 =27:25
14. (a) Letx cm be the height of Helen.

Height of May = x(1-15%) (1+10%) = 0.935x

0.935x —x

Percentage difference = —————x100% = —0.065x100% = —6.5%
X

Ans.  May is shorter than Helen by 6.5%.
(b) Percentage difference = x=0935x x100% = 6.95%
0.935x
Ans.  Helen is taller than May by about 6.95%.
15. (a) °.° Net chargeable income = 128 000 — 132000 < $0, .". salaries tax = $0.
(b) Net chargeable income =294 000 — 132 000 = 162 000 = $50 000 x 3 + $12 000
Salaries tax = 50 000 x (2% + 6% + 10%) + $12 000 x 14% =9 000 + 1680 = $10 680
(c) Net chargeable income =272 000 — 182 000 = 90 000 = $50 000 + $40 000
Salaries tax = 50 000 x 2% + 40000 x 6% = $3 400
(d) Net chargeable income = 534 000 — 282 000 = 252 000 = $50 000 x 4 + $52 000
Salaries tax = 50 000 x (2% + 6% + 10% + 14%) + 52 000 x 17%
=16000 + 8840 = $24 840
16. Net chargeable income =26 500 x 12 — 132 000 = 86 000 = $50 000 + $46 000
Salaries tax = 50 000 x 2% + 36 000 x 6% = $3 160
17. Max. total income = total allowance = $232 000
18. Salaries tax on the first $200 000 = 50 000 x (2% + 6% + 10% + 14%) = $16 000
.". Annual income = 200 000 + (17 020 — 16 000)+ 17% + 132000 = $338 000
19. Net chargeable income = 4200 000 — 332 000 =3 868 000 = $50 000 x 4 + $3 668 000
Progressive salaries tax = 50 000 x (2% + 6% + 10% + 14%) + 3 668 000 x 17%
=16000 + 623 560 = $639 560
Upper limit of salaries tax = 4200 000 x 15% = $630 000 < $639 560
*. salaries tax = $630 000
20. Let his annual income be $x. The standard rate is 15%.
x x 15% =50000 x (2% + 6% + 10% + 14%) + (x — 282 000) x 17%,
16000 + (x — 282 000) x 0.17=0.15x, 0.02x=3$31940, x=1597000
Ans.  His annual income is $1 597 000.
21. Let A4 be the original area, 7, be the original radius and r, be the new radius,

wr’=A....(1) and 7w’ =A4(1-11.64%) = 0.88364...... )

2

@:0.8836:%, VB =4/0.8836r7, 1, =0.94r,

Q)] 7
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(r, —0.94r)

n

Percentage decrease in radius = x100% = 6%

22. Let n% be the percentage change in height.
15 (1 +20%) x 18 (1 +15%) x 18 (1 + n%) =15 x 8 x 18 x (1 — 10%),
_ 0.9
= — 2
(1.2)(1.15)
23. Let the length be ¢ cm and the width be w cm.
Ix(1+12%) =wx(1-20%), (= %w = %w. The percentage = (1 —%) x100% = 28.6%
Ans.  The length is shorter than the width by 28.6%.
24. Let the percentage decrease be 7%, and the original weight be W kg.
100 5 1 1 2

W1+20%) (1=1r%) =W, 1-1%=—r=>, r%=—=-x100%=16=%
120 6 6 6 3

0,

1, n=-348 Ans. The percentage decrease in height is 34.8%

Ans.  The percentage decrease should be 16%%.

25. Let the number be N.  N(1+x%) (1-y%) =N, (1+x%)(10100;)’):1,
o 100, _100-(00-y)  »y .  _ 100y
100-y 100-y  100-y 100— y

26. Let his original hourly income be $x.

9x x (1-15%) — 8x

.". Percentage change = x100% = —4.375% (decrease)

8x
27. Let the original total cost be $C.
Material A Material B Material C
Original cost L _oic S _gsc cx—4 _o4c

X = Cx X =
1+5+4 1+5+4 1+5+4
New cost 0.1Cx(1+30%)=0.13C | 0.5Cx(1+2%)=0.51C | 0.4Cx(1+25%)=0.5C

New total cost=(0.13 +0.51 + 0.5)C=1.14C

Overall percentage increase = (1.14—1)x100% =14%.

28. Percentage change = (1+15%) (1-15%)—-100% =-2.25% (decrease)
29. Let the selling price of one pen be $S and the cost price be $C.

15§=18C, S§= 1.2C. Profit percent = %xm% :%xm% =20%.

30. (a) Profit percentage = (1+40%) (1-25%)—-100% =5%
(b) Marked price = 8820+ (1-25%) =$11760. Cost price = 11760+ (1+40%) = $8 400
31. The cost paid by B= 2100+15% =$14000.
*. The amount paid by C= 14000+2100=$16100,
and profit gained by A= 14 000—-14 000+ (1+28%) = $3 062.5
32. Total cost price = 3300+ (1+10%)+2100+(1-20%) =3 000+ 2 625 = $5 625
Selling price of wardrobe = 5625-2 500 = $3125
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33. The total cost price of the watches = x + (1+15%) + x +(1-20%) =2.1196x (5 sig. fig.)
.". The profit percentage = 2.1196x =2x x100% =5.64%
2.1196x
Ans.  The percentage profit on the whole is 5.64%
34. Let the total number of monitors be N, and the cost price of each monitor be $y,
50y (1+40%)+ (N —50) y(1-40%) = Ny (1+10%),
70+0.6N -30=1.1N, 40=0.5N, N =380
Ans.  The merchant had 80 monitors at the beginning.
35. (a) Letthe numberbe N, N (1-10%)(1+50%)=2810, 1.35N =810, N =600

Ans.  The original number is 600.

675
b) 600 x(1+25%)x(1—y%)=600+75 1-y%=——"—=0.9,
®) (L+25%)x (1~ y%) P T 600x1.25
1% =0.1=10%, .. y=10
) . 120 . 5
36. Let Pkgbe Paul ’s weight. D =P (1+20%), D:ﬁP, . P:gD

Weight of Mr. Lau = D+§D :1—61D: DX%X]OO% :D><183%%.
37. Let his monthly income be $/. Original expenditure = I (1-30%)=0.71;
new expenditure = new income — new savings
= T (1+5%)—1%x30%x(1+20%) = 1.05/-0.36/ =0.691,

oo chage mhis = DL DT c100% —-143% (3sig. fig)
38. Let his original income be $I. New expenditure = new income x (1 — 20%),
. new income = / (1-10%) (1+20%)+(1-20%) =1.351 .
.". Percentage increase in his income = (1.35-1)x100% = 35%
39. Ratio of liquid A to liquid B in the mixture = 1000:250=4:1.
1

4+1

=150 cm’.

Amount of liquid B remained = (1 000+ 250)x (1—-40%)x

40. Lety cm® be the amount of water to be added.

Amount of alcohol = 1000 x 60% = (1000 + y) x 20%,

1000 +y=3000, y=2000. Ans. 2000 cm’ of water should be added.
41. Let the amount of salt to be added be & kg.

x-x%:(erk)-%%, x:(x+k)-%, 2x=x+k, .. k=x

Ans. x kg of water should be added to the salt water.
42. Letty, v; and v,, and be the original walking time, original speed, and the new speed
respectively. The distance = vi#; = v2£1(1-20%), v =0.8v2, v,=1.25v;,
.". The percentage change in speed = (1.25—-1)x100% = 25%
Ans. Miss Chan should increase her walking speed by 25%.

43. Let his original speed be v; m/min, new speed be v, m/min.
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45v, = (45-5)v,, v, = gvl

.". Percentage increase in his speed = (g -1)x100% =12.5%

44. Let the distance between P and Q be d m, and his speed in the return trip be x km/h.

Thetotaltimetake:i+g—ﬁ 1+1 ! 1 1.1 o x=90.

60 x 72° 60 x 36 x 36 60 90°
90— 60

Percentage increase in speed = =x100% =50%

45. (a) Letx kg be Paul’s original weight.
1-6%)(1-5%)x—x

Overall percentage change = ——————x100% =-10.7%
x
. 9.63 . o Lo
(b) (1) x(10.7%)=9.63,x = T0.7% =90, .. Paul’s original weight is 90 kg.
. 0
.. . . 9.63 .
(i) Required percentage increase = mx 100% =12.0% (3 sig. fig.)

46. (a) Required height =40+ (1+3%)+(1+5%)=37.0 cm (cor. to 3 sig. fig.)
(b) Required height =40(1+8%)(1+4%)=44.928 cm=449 cm (3 sig. fig.)
(c) The percentage change = % x100% = 21.4% = 20%
Thus, the claim is disagreed.
47. (a) The number of laptops sold this month = 25(1 —12%) = 22
The required percentage change

_ (Q042)C-(20425C 000 =3C oo (2,
(20 +25)C 45C 3

(b) Monthly income last month =1500+ 6%% =$22500

Monthly income this month =22 500 — 1 500 = $21 000
(¢) The new commission = $500(1 —16%) = $420

Let x be required number of laptops sold next month.

(20+x)(420)=21000, 20+x=50, x=30

The required percentage change = 302;22 x100% = 36.4%

Unit 6 Quadrilaterals

In questions (1—4), the following (1) the properties of parallelogram as “//gram”;
reasons are simplified: (2) Zsum of Aas “A”;

(3) adj. <s on st. line as “st. line”.
1. (@ a+4=20-a (/gram), 2a=16, .. a=8°
x+50°=3x-70° (// gram), 120°=2x, .. x=60°
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y+x+50°=180° (int. £s,AB//DC), .. y=180°-60°-50°=70°

(b) 3x+5=5x-3 (// gram), 8=2x, .. x=4.
Ix—y=Ty+x (/ gram), 7(4)—y=Ty+4, .. y=3

(¢c) m+155°=180° (int.Zs, QP//RS), .. m=180°—155°=25°
n+2m=180° (int. £s, QP //PS), .. n=180°—-2(25°)=130°

(d) «£PSR=c(// gram), £PSR +70°=180° (st. line), .. ¢=180°-70°=110°.
c+d+10°+2d =180° (A), 3d=180°-110°-10°=60°, .. d=20°

(e) «DFE=180°-102°=78° (st.line), ~«DEF=_2/DFE =78° (base /s, is0s.A),
«#D =180°-2(78°) =24° (A), 2x=24°(// gram), .. x=12°

y—x+24°=180° (int. £s,CD//BA), .. y=180°+12°-24°=168°
2. (a) 3x=90° (rectangle), .. x=30°. 2y-x+2x+y+90°=180° (A),
3y+x=90°, 3y=90°-30°=60°, .. y=20°
(b) ZSRT=90°-65°=25° .. ¢=2SRT=25° (bases, is0s.A)

e=180°-25°-25°=130° (A), d=90°-c=90°-25°=65°
(¢) «PST=y (rectangle), y+£PST=100°(ext. £ofA), 2y=100°,
Coy=50° x+ZPST+90°=180°(A), .. x=180°-90°-50°=40°
(d) RS =12 (rectangle), 12° +(a—4)* =(a+4)*> (Pyth. Thm.),
144+a*> -8a+16=a’ +8a+16, 144=16a, .. a=9
() a+90°=4a+15° (ext.£ofA), 75°=3a, .. a=25°
ZAPQ = a =25° (bases, is0s.A), £QAP = 180°-25°-25°=130° (A),
. b=2QAP = 130° (vert. opp. £s)

3. (a) 3m+8=13-2m (thombus), Sm=35, .. m=1. 6a=144° (thombus),
*oa=24°. 4p+144°=180° (int. Zs, BA/CD), 4b=36°, .. b=9°
(b) 4x=24° (thombus), .. x=6° 4x+y+90°=180°(A),
.oy =180°-90°-24°=66°. 5z=90° (thombus), .. z=18°

(¢) 3x=51°(lt.ss,SR//PQ), .. x=17° y+11°+2(3x)=180° (A),
oy =180°—11°=2(51°) = 67°

(d) 7m—-6=5m-2 (thombus), 2m=4, .. m=2. HG =6 (rhombus),

HD=7Q)-6=8, .. n=+6"+8 =4100=10 (Pyth. Thm.)
4. (a) 3x=16—x (square), 4x=16, .. x=4.

y+2y=45°(square), 3y=45°, .. y=15°

(b) 2a+14°=90°(square), 2a=76°, .. a=38°. 8b=4 (square), .. b:%

(c) ZACB=45°(square), m+45°=110° (ext. LofA), .. m=065°
m+n=180° (int.£s, AD//BC), .. n=180°-65°=115°

(d) 4y-3°=45° (thombus), 4y=48°, .. y=12°. QT=TR =5 (square),
x? =545 (Pyth. Thm.), x*>=50, .. x=+/50=>52

5. In APSX and ARQY, PS=RQ (prop. of // gram), £P= ZR (prop. of// gram),
PX =RY (given), .. APSX=ARQY (S.A.S.), .. QY =XS (corr. sides, = As)
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6. " AB=DC and DC = EF (prop. of / gram), .. AB=EF;
. AB//DC and DC // EF (def. of //gram), .. AB//EF,
.. ABFE is a// gram ( 2 sides eq. and /)

7. (a) InAABE and ACDF, AB = CD (prop. of / gram),

ZBAE = ZDCF (alt. Zs, AB//DC), °." AF = CE (given),

. AE=AF+FE=CE+FE=CF, .. AABE=ACDF (S.A.S.)
(b) °".© AABE=ACDF (proved), ... BE =DF (corr. sides, = As),

/BEA = /ZDFC (corr. £s,=As), .. BE//FD (alt.£s,eq.),

‘. BEDF is a //gram ( 2 sides eq. and //)
8. (a) InAPQN and ARSM, PQ =RS (prop. of //gram), £ZPNQ = ZRMS = 90° (given),

ZQPN = /SRM (alt. Zs, PQ//SR), .. APQN=ARSM (AAS)
(b) ".© APQN= ARSM (proved), .. QN = SM (corr. sides, =As),
. ZPNQ =ZRMS=90° (given), .". QN//SM (alt. Zs, eq.),

.. QNSM is a// gram (2 sides eq. and //)
9. ZFEG=ZFGE = (180°-30°)+2=75° (base Zs, is0s.A)
ZCFG + 30° =90° (square), ZCFG = 90° — 30° = 60°.
" CF=FE =FG (square), .. ZFCG=ZFGC = (180° - 60°) +2 =60° (base Ls, is0s.A),
.. ACFG is equilateral, and FG=CF=CG=CD,
ZDCG =90° - 60°=30°. In ACDG and AFEG,
/DCG = ZEFG = 30° (proved), CD =FE (square), CG =FG (proved),
.. ACDG = AFEG (S.A.S.), .. m=ZCDG =75° (corr. Ls, =As).
n+ZCDG =90° (square), .. n= 90°-75°=15°
10. ZADE = 60° and AD = DE (equilateral A), ZADC =90° and AD =DC,
..ZCDE = 90°-60°=30° and DE=DC, .. ZDEC =x (base Zs, isos. As),
. 2x+30°=180° (Lsum of A), 2x=150°, .. x=~«DEC=75"
Similarly, ZAEB = 75°, but ZAED = 60°,
oy +75°+460°+75°=360° (Lsatapt), .. y=150°
11. ZADC = 180°—-115°=65° (adj. Zs on st. line),
. m=ZADC = 65° (prop. of // gram), ZDCG =m =65° (corr. Zs, AB // DC),
. n=24/DCG = 65° (prop. of / gram). "." EG =FG (given),
. ZFEG =n=65° (base s, isos.A), but ZFED = 115° (alt. Zs, EF // AD),
. p=115°-65°=50°
12. (a) InACMB and ACMN, CM =CM (common), ZBCM =/NCM (given),
ZB=ZCNM =90° .. ACMB=ACMN (AAS)
(b) 4NAM = 45° (prop of square),
ZNMA = 180°—-90°—45°=45° (£ sum of A),
.. AN = MN (sides opp. eq. £s), but MN = MB (corr. sides =As), .. AN=MB
13. PS=QR = 10cm (prop. of /gram), PT=10-3=7=PQ
L ZPQT = ZPTQ (base Ls, is0s.A),  but ZPTQ =ZRQT (alt. ZLs, QR // PS),
. ZPQT =ZRQT, i.e. QT bisects ZPQR.
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14. (a) £BCM =180°-90°— ZCBN =90° — ZCBN (£ sum of A),
ZABN + ZCBN = 90° (prop. of square), .. ZABN=90°- ZCBN=/BCM
(b) In ACBM and ABAN, Z/BCM =ZABN (proved),
ZMBC = ZA =90° (prop. of square), BC = AB (prop. of square),

. ACBM=ABAN (A.S.A.), .. BN=CM (corr. sides, =As)
15. In AEP and AEQ, BE = DE (prop. of / gram),
/PBE = QDE and ZBPE = ZDQE (alt.£ s, AB//DC), .. ABEP=ADEQ (AAS),

.. PE = QE (corr. sides, =As)
16. In AAPD and ACPD, PD =PD (common), AD = CD (prop. of rhombus),
ZADP = ZCDP (prop. of thombus), .. AAPD=ACPD (SAS),
. ZAPD = ZCPD (corr. Zs, =As), 1i.e. PB bisects ZAPC.
17. AE=y—1 (thombus), (y+1)*>+(y-1)> =10 (Pyth. Thm.)
P42y 41+ =2y +1=100, 2y> =98, =49, .. y=4/49=7
x=y+1=7+1=8 (rthombus)
18. (a) ZA=ZBEA (base £s,isos. A), LA = 718002_360 =72° (£ sumofA),
£C=/A=72° (prop. of /gram); «/BDC =/C =72° (base £s, isos. A),
0 +36°=2BDC ="72°(alt. Zs, AB//DC), .. 6=36°
(b) ZEDB=180°—-ZA —0-36°= 180°—-72°-36°-36°=36° (£ sumof A),
* ZEDB=0=36° .. BE =DE (sides opp. eq. £s),
‘. ABED is isosceles.
19. (a) ZSQN = 90°+45°=135° (prop. of square),
ZNQM =ZSQM = 135°+2=67.5°, ZQPM = 45° (prop. of square),
LM = 67.5°-45°=22.5° (ext. L of A)
(b) ZSQR =45° (prop. of square), ZRQM =67.5°—45°=22.5°= 1M,

.. RM =RQ (sides opp. eq. £s), .. AQRM is isosceles.
20. AC=BC and ZACB = 60° (equilateral A), .. ZACD =60°+ 90° = 150°,
.".ZCDA = ZCAD (base Zs, isos. A),
ZCDA = w =15° (£ sumofA), but ZCDB =45° (prop. of square),

. a=45°-15°=30°; ZADE= 90°-15°=75°
Similarly, ZAED=75°, .. b+75°+75°=180° (£ sumofA), .. b=30°
21. (a) In APQT and ARQT, PQ =RQ (prop. of rhombus),
/ZPQT = ZRQT (prop. of rhombus), QT = QT (common),
. APQT= ARQT (S.A.S.)
(b) .© APQT = ARQT (proved), .. ZQTP=ZQTR (corr. Ls, =As),
ZQTP= 70°+2=35°, ZPQT = 180°—35°-90°=55° (£ sum of A),
but ZRQS = ZRSQ = ZPQT = 55° (prop. of rhombus),
. ZQRS = 180°—-55°-55°=70° (£ sum of A)
22. In AAED and ACGD, AD = CD and DE = DG (prop. of square),
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ZADC = ZEDG = 90° (prop. of square),
ZADE = ZCDE + ZADC = ZCDE + 90° = ZCDE + ZEDG = ZCDG,
.. AAED =z ACGD (S.A.S.), .. AE=CG (corr. sides, =As)
23. QN =NS (prop. of //gram), NS =LP (prop. of //gram), .. QN=LP;
LP// NS (def. of /gram), i.e. LP//QS. .. QNPLis a//gram (2 sides eq. and //),
.. LN and QP bisect each other (prop. of /gram), .. LM =MN
24. (a) In//gram PQRS, let QS and PR intersect at X,
PX =XR and QX = XS (prop. of //gram).
In //gram QTSU, let QS and TU intersect at Y,
QY =YSand TY = YU (prop. of //gram).
Since QX = XS and QY =YS, X and Y are the same point,
i.e. QS, PR and TU are concurrent.
(b) In quadrilateral PTRU, X is the mid-point of TU and PR (proved),
.. PTRU is a //gram (diags bisect each other)
25. ZCBF =28° (prop. of rectangle), £BFC =180 —28° —28°=124° (£ sum of A),
ZAFE = 60° (equilateral A), /DFE + 60° = 124° (vert. opp. /s), /DFE=64°,
"." DF =AF (prop. of rectangle) and AF = EF (equilateral A), .". DF =EF,
. ZFED = ZFDE (base Zs, isos. A), .". InAEFD, ZFED= % =58°,
. ZAED = ZAEF +58° = 60° + 58° = 118°
26. (a) ZCDE= (5-2)x180° x% =108° (Zsum of polygon)
In ACDE, ZDCE = ZDEC (base s, isos. A),
*. ZDCE = M =36° (£ sum of isos. A)
(b) «£BCD =ZCDE = 108° (prop. of regular pentagon),
but ZBCF = ZDCF (prop. of rhombus),
. ZDCF=108°+2=54°, .. 6=54°-36°=18°
27. DC=AB =7 (prop. of // gram), A B
*. BD= 425> —7% =+/576 =24 (Pyth. Thm.), M
DM =BM= 24+2=12 (prop. of /gram),
p €

28.

. CM = /7> +12* =4/193 (Pyth. Thm.),
. AM=AC = /193 (prop. of /gram), .. AC=2+193 =27.8
[Method 2: Produce CD to E such that AE L CE. ED=AB=7, AE=BD=24,

COAC= J(T+7) +24% = 772 =27.8]
(a) InAAXM and ACYM, /MAX =/MCY (alt.Zs, AB // DC),
ZAMX = ZCMY = 90° (vert. opp. £s), MX =MY (given),
*. AAXM = ACYM (AAS)
(b) In AXM and ACAD, /MAX =/DCA (alt. Zs, AB // DC),
ZAMX = ZCDA =90°, ZAXM = ZCAD (£ sum of A),
*. AAXM ~ ACAD (AAA)
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Page A23



Unit 6 Mathematics Exercises for Brilliancy 3 (2nd edition)

() AC= 5 +12% =4/169 =13 cm (Pyth. Thm.), . AAXM=ACYM (proved),

.. AM = CM (corr. sides, =As), .. AM=13+2=6.5 cm,
" AAXM ~ACAD (proved), M:ﬂ, XM:EXS=§,
AD CD 12 24
. 1 65 5
.. Area of AAXM = —(6.5)(—) =8.8 cm
2 24
29. (a) ".° AB=BD (given), .. ZADB=Z/DAB (base s, isos. A),

ZABD = ZBDC (alt. Zs, AB // DC),
. ZCDA=/BDC + ZADB = ZABD + ZDAB = ZEDA (ext. Z of A),
(b) In AACD and AAED, AD =AD (common), DC = AB (prop. of //gram),
.. DC=AB =BD =DE, CDA = ZEDA (proved),
. AACD=AAED (SAS), .. AC=AE (corr. sides =As),
.. AACE is isosceles.
30. (a) InAACE and AABD, AC=AB and AE = AD (equilateral As),
ZEAC=60°+2ZDAC=Z4ZDAB, .. ZEAC=/DAB,
*. AACE=AABD (SAS), .. EC=BD (corr. sides, =As)
(b) In AACE and ADFE, AE =DE and CE = FE (equilateral As),
ZAEC =60°— ZCED = «DEF, .. ZAEC =ZDEF,

.. AACE= ADEF (SAS), .. AC=DF (corr. sides, =As)
(¢) °.© BD=EC (proved) and EC = CF (equilateral A), .. BD=CF,
. AC=DF (proved) and AC = BC (equilateral A), .". DF =BC,

. BDFC is a //gram (opp. sides eq.)
31. (a) Z£BPS=2/BSP=ZBRS =45° (prop. of square),
Z/BPA= ZSPA=45°+2=225° ZABP=/BRS =45°(corr. Zs, AB // SR),
.. ZBAC = Z/BPA + ZABP = 22.5° + 45° = 67.5° (ext. £ of A) and,
/BCA = /BSP + ZSPA =45° + 22.5° = 67.5° (ext.£ of A),
. ZBAC=Z4BCA, .. BA=BC (sides opp., eq. £s)
(b) In APBA and APRT, Z/BPA = ZRPT (common),
/PBA = Z/PRT and ZPAB = ZPTR (corr. Zs, AB // SR),
*. APBA ~APRT (AAA)

1 PB 1
c¢) °." PB= —PR (prop. of square), .. —=—
() 3 (prop. of square) PR 2
% = PB = l (corr. sides, ~ As),
RT PR 2

but BA =BC (proved), .. BC = l, .. 2BC=RT.
RT 2
32. In AGBF and ACD, /G =/G (common), ~GBF =-/GCD and
~GFB =_-/GDC (corr. /s, BF //CD), .. AGBF~AGCD (AAA),

" BF = GF = 2 = 2 (corr. sides, ~As), 3BF =2CD, but BA=CD (prop. of /gram),
CD GD 2+1 3

s

" APBA ~ APRT (proved),
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3(BA-FA)=2CD, 3CD-3FA=2CD, .. CD=3FA, (;—E=3.
In ACDE and AAFE, ~DEC =_ZFEA (vert. opp.Zs), £ CDE =.AFE and
2DCE =/FAE (alt. Z/s, BA// CD), .. ACDE~AAFE (AAA),
DE = €D =3 (corr. sides,~As), .. DE:EF=3:1
EF FA
33. RT = RV (given), ZTRV = /PRS (common Z),
RP RS
.. ATRV ~ APRS (AAA), .. ZVTR = ZSPR (corr. Zs, ~As)

.. TV /I PS. (corr. £s equal)
But PS // QR (def. of //gram), 1ie.PS//UR, ..TV//UR....(1)
RT RU
RPRQ
.. ATRU ~ APRQ (AAA), .. ZRUT = ZRQP (corr. Zs, ~As)
.. TV // UR (corr. Zs equal)
But PQ// SR def. of /gram), i.e.PQ// VR, ..TU// VR...(2)
.. From (1) and (2), RUTV is a parallelogram. (by definition)
34. (a) Z£PQS =45° (prop. of square) ,
ZUPQ + ZPUQ = ZPQS (ext. £ of A) ,
ZUPQZ+22°=45°, ZUPQ=23°#/PVQ, ..PQ=UQ
The claim is disagreed.
(b) (i) PS=PQ=4cmand ZQPS =90° (prop. of square)

QS= /42 +4” =32 =42 (pyth. thm.)
QT = %QS = %(4\/5): 242 cm (prop. of square)

(given), ZTRU = ZPRQ (common /),

(i) PQ L QS (prop. of square), .. ZPTQ=90°, i.e. LZPTU=90°,
PT=QT= 2/2cm (diagonals equal and bisect each other)
In APTU, tan22°= E, L. TU= 242
T tan 22°
QU=TU-QT= 22 —2J2 =4.17cem
tan 22°

35. (a) DE=DG (given), DA =DC (def. of square) ,
/DAE = ZDCF = 90° (def. of square) ,
/DCG + ZDCF = 180° (adj. Zs on a st. line) ,
ZDCG = 180°—-90°=90°, .. ZDCG= «ZDAE,
.". AADE = ACDG (RHS)

(b) ZCDA =90° (prop. of square) ,

ZADE = ZCDG (corr. Zs, AADE = ACDG).
Let x = ZADE = ZCDG.
ZGDP = ZCDG + (£CDA - 45° — ZADE) =x + (90° — 45° — x) = 45° = ZEDF.
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36. (a)

(b)

©

Unit 7
1. (a)

()
2. (a)
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DE =DG (given), DF = DF (common side)
. ADEF = ADGF (SAS)
ZBGD = 66° (given), .". ZDGF =66°,
Z/DEF = ZDGF = 66° (corr. £s, ADEF = ADGF).
In ADEF, ZDFE =180° —45° —66° = 69° (£ sum of A).
/DFG = ZDFE = 69° (corr. Zs, ADEF = ADGF)
/BFE = 180° — ZDFG — ZDFE (adj. Zs on a st. line)
=180° - 69° — 69° =42°
TQ L PS (thombus), .. ZTVS =90°.
PS// QR (//gram), .". ZTQR = ZTVS =90° (corr. Zs, PS // QR).
". AQTR is a right-angled triangle.
TV =VQ (rhombus), area of ATVS = area of AQVS,
.". area of AQST =2 x (area of ATVS), note that ASVT ~ ARQT (AAA).
.. area of AVST : area of AQRT =VT?: QT?>=1*:2>=1:4
.. area of ASVT :areaof QRSV=1: (4-1)=1:3
.. area of AQST : area of QRSV=1x2:3=2:3
QS =2QU =2 (10) =20 cm (//gram)
TS = QS =20 cm (rhombus)
SQ=PQ (//gram), and PC =TS (rhombus)
AR=TS=20cm
TR=TS+SR=20+20=40cm
TQ = \/TS2 -QR* = V40? —247 =32 (Pyth. thm.)

Area of AQTR = %(TQ)(QR) = %(32)(24) =384cm’
Area of AVST : area of AQTR =1:4 (proved)
. area of AVST = 2(384) =96cm’

area of AQTS =2 x (area of ATVS) =2 (96) = 192 cm’

Mid-point theorem & intercept theorem

" AB//CD//EF and BD =DF, .. x=35 (intercept thm), y =6 (intercept thm)
* AC=CE and AD = DF (given), .. x= %x 20=10 (mid-pt thm)
* AC=CE and BD =DE (given), .. y=2(10)=20 (mid-ptthm)

* AC=CE and AB // CD (given),
*. BG = GE (intercept thm),

. CG= EX4 2 (mid-pt thm),
DG=7-2=5, a=2(5)=10 (mid-ptthm)
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(b) . AB=BC and AD // BE (given), A
. DG = GC and DE = EF (intercept thm),

.. BG= %XIO:S (mid-pt thm), GE= %x18:9 (mid-pt thm),

. y=5+9=14 ct
3. (a) AC=AB=16cm(sides opp. eq. £s). °.° DG = GA and DF =FC (given),

*. EF/AC and GF = %(16) =8 (mid-pt thm).

* BE =EA (given) and EF // AC (proved), .". BG = GC (intercept thm)
Lor= %x16 =8 (mid-pt thm)
(b) ".© AE=EF and AB// EG (given), .. BD = DF (intercept thm),
.. AB=2(3)=6 (mid-ptthm). ZBAD =ZGDC (corr. £Ls, AB// EG),
ZGDC =£GCD (given), .".ZBAD=/GCD,
.. y=AB =6 (sides opp. eq. £s)
4. (a) " AD=DCand BE=EC (given), .. AB// DE and y=2x (mid-ptthm),
. a°=24B=90° (corr. Zs,AB//DE), .. a=90
ZCDE = 180° — 90° — 45° = 45° (£ sum of A)
* ZCDE=£C=45° .. x=CE=6(sidesopp. eq. £s). y=2(6)=12
(b) PQ=2(3)=6,QR=+10%-6> =/64 =8 (Pyth. thm.),
. QS =SPand ST//PR (given), .. y= QT= %x 8=4 (intercept thm)
x=+3%+4> =425 =5 (Pyth. thm.)

5. EF//CD//ABand EC=CA, .. AG=GF and BD = DE (intercept thm),
. CG= %x 9=4.5 cm (mid-pt thm). CD = %x 15="7.5 (mid-pt thm),

.. GD=75-45=3cm
6. " AB=BD and AC = CE (given), .. BC//DE (mid-pt thm),

.. BCED is a trapezium.
7. " QH=HR and RN // HK (given), .". NK=KQ (intercept thm.)
. PM =MH and RN // HK (given), .". PN =NK (intercept thm.), .. PN=KQ
8. . AB=BC and BF // CE (given), .. AF =FE (intercept thm)
." AB=BC and BE //CD (given), .. AE =ED (intercept thm)
LetAF=x, .. FE=x,ED=x+x=2x, AF:FE:ED=x:x:2x=1:1:2

9. Join PR. ".© PA=AQ and RB = BQ (given),

. AB= %PR and PR // AB (mid-pt thm).

" PD=DS and RC=CS (given), .. DC= %PR and PR // DC (mid-pt thm),

AB =DC and AB // DC (proved), .. ABCD is a //gram (2 sides eq. and //)
10. Join DE. . BE=EC and AD = DC (given),

Answers Page A27



Unit 7 Mathematics Exercises for Brilliancy 3 (2nd edition)

. AB// DE and AB = 2ED (mid-pt thm), ? =% .
" AABG ~AEDG (AAA), .. BG = AG = AB = 2 (corr. sides, ~As),

GD GE ED 1
.. BG:GD=2:1,andAG:GE=2:1
11. (a) "." PA=AQand PB=BR (given), .. AD// QR (mid-pt thm)
(b) " PA= AQ (given) and AD // QC (proved), .. PD=DC (intercept thm),

=— QC (mid-pt thm).
* PB=BR (given) and PD = DC (proved), .. DB= —CR

ButQC=CR, .. AD:DB= %QR: %CR=1:1

12. HP//KQand MP=PQ, .. MH = HK (intercept thm.). KR // HP and NR =RP,
*. NK =HK (intercept thm.). ztcm=NK=HK=MH=5cm, ¢=5.

KR = % HP =3 cm (mid-pt. thm.). KQ =2HP = 12cm (mid-pt. thm.)

S 3+x=12, x=9
13. "7 ZSQT = ZQPR (given), . QT //PU (corr. Zseq.), QR // TU (given),
. RQTUisa//gram, .. RU=7cm (prop. of /gram).
" PQ=QS and QR//SU (given), .". a=7 (intercept thm)
LPQR ZS (corr.£ s, QR//SU), but LS=/P, .. ZPQR=/LP,
. QR =7 (sides opp. eq. £Ls), .. b=7 (prop. of //gram)
14. (a) .- QL=LP=10and QM =MR =15, .. LM// PR (mid-pt. thm.)
(b) z=2(14)=28 (mid-pt.thm.). "." ALMN ~ARPN (AAA),

" f:l:§:2 (corr. sides, ~As), .. x=2x6=12 and y =2x13=26
6 13 14

15. . BP=PAand BQ=QC (given), .. PQ= %x AC and PQ // AC (mid-pt. thm.)

" DS=SAand DR =RC (given), .. SR= %x AC and SR // AC (mid-pt. thm.)

" PQ =SRand PQ//SR, .. PQRSisa//gram (2 sides eq. and //)
= QR (prop. of // gram)
16. Let P Q R be the mid-points of AB, BC and AC respectively.
Join PQ, QR and PR.
*." BP=PAand BQ=QC (construction), ly Q

Ow

1 .
. PQ= 5 AC (mid-pt thm), .". PQ=AR=RC. A AN

Similarly, QR =BP=PA and PR =BQ =QC.
. ABPQ = APAR = AQRC= ARQP (SSS)

17. (a) .~ RA=AQ and RB =BP (given), .. AB= %PQ (mid-pt. thm.),
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* PC=CS and PB =BR (given), .. BC= %RS (mid-pt. thm.)

But PQ =RS (given), .. AB=BC, .. AABC isisosceles
(b) ZQPR =1180°—95° — 15°=70° (£ sum of A)
* AB// QP (mid-pt. thm.), .". ZABR =70° (corr. Zs, AB // QP).

BC// RS (mid-pt. thm.), .". ZRBC+ 100°=180° (int. Zs, BC //RS), ZRBC =80°
. £ ABC=70°+80°=150°
18. Join EF. BE=ED and BF =FC, B

. DC = 2EF and DC//EF (mid-pt. thm.)

AD = DE and DC//EF (proved), E.

.. AG = GF (intercept thm.), .". EF =2 DG (mid-pt. thm.) D,
LetDG=x, .. EF=2x, DC=4x, GC=4x-x=23x. AC
. DG:GC=x:3x=1:3
19. (a) In AKHP and AKHQ, KH =KH (common), ZKHP=/KHQ =90° (given),
ZHKP = ZHKQ (given), .. AKHP=AKHQ (ASA),

. HP =HQ (corr. sides, = As), SP = SR (given),
. HS // QR (mid-pt. thm.)

(b) "."HP=HQ and HS // QR (proved), .. PL=LK (intercept thm.),

. HL= %QK (mid-pt. thm.), but QK = PK (corr. sides,= As), .. HL= —PK

20. (a) "." QH=HR and PK=KR (given), .. HK// QP (mid-pt. thm.),
.. ZKHR =90° (corr. Zs, HK // QP),
.. ZKHQ = 180° — 90° =90° ( adj. Ls on st. line).
In AQHK and RHK, QH=RH (glven) KH =KH (common),
. ZKHQ=ZKHR =90°, .. AQHK=ARHK (SAS),
. QK =RK (corr. sides, = As), .". ARKQ is isosceles
(b) ".© QK =RK (proved) and PK = PK (given), .. PK=QK,
. APKQ is isosceles
21. In ADEB and ADEF, BD =DF =7cm (given), DE =DE (common),
/DEB = ZDEF =90° (given), .. ADEB = ADEF (RHS)
.. EF = BE = 5cm (corr. sides, _As) " ZDEF = ZAFC = 90° (given),
.. DE//AF (corr. Zs eq.), BE =EF = 5cm (proved),
*. DA=BD = 7cm (intercept thm.).
* BD = DA (proved) and DF // AC (given),
. FC=BF =5+ 5= 10 cm (intercept thm.)
22. (a) Draw GD // FA,
* BD = DA (given) and GD // FA (construction),
. BG=GC (intercept thm.), .. AC=2DG (mid-pt. thm.),
In ADEG and AFEC, DE = FE (given),
Z/DEG = ZFEC (vert. opp. £s),
Z GDE = ZCFE (alt. Zs, GD // FC), .. ADEG=AFEC (ASA),
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. DG = FC (corr. sides, = As), £=@=2, . AC:FC=2:1
FC DG
(b) . ADEG=z=AFCE (proved), .. GE =CE (corr. sides,= As),
BE=BG+GE=GC+GE=EC+GE+GE=3EC, .. BE:EC=3:1

23. (a) In ABAD and ABCD, BD =BD (common), ZBDA=/BDC =90° (given),
ZABD =ZCBD (given), .. ABAD=ABCD (ASA),
.. AD =CD (corr. sides,= As), i.e. D is the mid-pt. of AC
(b) °.© AE =EF (given) and AD = DC (proved), .. DE // CF (mid-pt thm)

(c) DE= %CF (mid-pt thm), i.e. DE= % (BC-BF),

but AB = BC (corr. sides, = As), .. DE= %(AB —BF)

24. (a) °.° AM=MB and CN=NB (given), .. MN//AC (mid-pt. thm.)
In AABC and AMBN, /B = /B (common),
ZBAC = ZBMN (corr. Zs, MN // AC),
Z/BCA =ZBNM (corr. Zs, MN //AC), .. AABC ~AMBN (AAA)
InAABC and ACBM, /B =/B (common), ZBAC=Z/BCM (given),
ZBCA and ZBMC (£ of A), .. AABC ~ACBM (AAA)
Ans. AMBN and ACBM are similar to AABC.

(b) ".© AABC ~ ACBM (proved), .. BA = BC (corr. sides, ~ As),
BC BM
. BC’=BM x BA
(¢) BA=2BM and BC =2BN (given), . BC?’=BM x BA,

PIZ PI
.. (2BNY =BM x 2BM, 4BN’=2BM’, - BM , BM =42,
2
BN BN

. BM:BN=42:1
25. (a) ZPTQ=90° (prop. of square)

ZQTW = %LPTQ - %(90°) = 45° (given)
/PSQ =45°= ZQTW (prop. of square)

.. TW// PS (corr. Zs equal), PS// QR (def. of /gram), .". TQ// QR.
(b) QT =TS (prop. of square), .. QW = WU (intercept thm.) ,

STW= % SU (mid-pt. thm.)

(c) UV=VS (given), TW= % SU= % (UV+VS) = % (QUV)=UV,

.. UVTW is a parallelogram. (2 sides equal and //)
.. TV=WU (prop. of /gram), TV =QW (proved), TV=8cm
26. (a) " BC=ED (opp. sides, //gram)

BF = %BC and EG= %ED (given)
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.. BF=EG, BC//ED (def. of /gram), .". BF//EG,
.". BEGF is a parallelogram (opp. sides equal and /)
(b) (i) ED=2EG (given), AE:EG=2:1(given), .. AE=2EG
.ED=AE, AE:ED=1:1
(i) . BC=ED (opp. sides of //gram), ED =AE (proved),
.. BC=AE, ZCBH=ZAEH (alt. Zs, BC//AD),
Z/BHC = ZEHA (vert. opp. £5s),
.. ACBH = AAEH (AAS), .. BH=HE (corr. sides, =As).
i.e. H is the mid-pt. of BE.
(c) AE=ED (proved), BE//CD (def. of /gram),

.. AH = HC (intercept thm.), .". HE= %CD (mid-pt. thm.), HE:CD=1:2

(d) (i) FG// BE (def. of /gram), BF =FC (given),
.. HI=1C (intercept thm.), 1i.e.Iis the mid-pt. of HC.
(i1) F is the mid-pt. of BC (given), I1is the mid-pt. of HC (proved),

S FI= %BH (mid-pt. thm.), FI:BH=1:2
(e) (i) CD=AB=4cm/ (given)), HE:CD=1:2 (proved),
.HE= %(4) =2cm.
(ii)) BE=HE =2 cm (proved), FI:BH=1:2 (proved),
1
“FI=—-2)=1cm.
2( )

Unit 8 Centres in a triangle
1. (a) AG; BAC (b) DG; AB
2. (a) PQ=PR,28—-x=3x+8, 20=4x, x=5
(b) LetE be a point on CB such that DE L CB. DE =DA (£ bisector property),
.. Area of ABCD =21 x 6+ 2 = 63 cm®
3. (a) AP=BP (prop. of L bisector), 5x+10=7x-26, 36=2x,x=18
(b) AM =BM (converse of L bisector property), 2y—11=34-3y, 5y=45,y=09;
PB=PA=9+7=16cm

4. (a) orthocentre (b) in-centre (c) circumcentre (d) centroid
AC, BC and CD
ZSPQ = 180°-46°—113°=21° (£ sumofA), .. ZSPQ# ~SPR,
ZSQR = 180°-110°-24°=46° (~ sumofA), .. ZSQR=,SQP,
2 SRP = 180°-19°-21°—-46°—-46°-24° =24° (Zsum of A),
. ZSRP=/SRQ, .. OSandRS are angle bisectors.

7. Let ZABD=a=ZCBD. ZBCA=180°-90°—- ZCBD (£ sumof A),=90°—a
ZBAC =180°-90° — ZABD (£ sum of A), =90°—-a
© ZDCA = ZBAC (alt. Zs,AB//DC), .. ZDCA=90°-a
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© ZDCA=«ZBCA, .. AC s an angle bisector of ABCD.
8. (a) AC= 12 +16% =4/400 =20 (Pyth.thm.), .. EC=20-10=10
(b) .- AE=EC=10, .. BEisamedian of AABC.
(¢) IfBE LAC, thenin AABE, BE= 122-10> =+/44.
If BE L AC, then in ABEC, BE= 16> 10> =+/156 .
However, Ja4 =156 , “BE L AC” mustbe false. .. BE is not an altitude of AABC.
9. (a) °." EF LCD and EF bisects CD,
.. EF is the perpendicular bisector of CD.
(b) In ACEF and ADEF, CF=CF (given), ~CFE= ~DFE=90° (given),
EF = EF (common), .. ACEF=ADEF (SAS), .". CE = CE (corr. sides, =As),
. ACDE is an isosceles triangle.
10. (a) InAPTS and ARTS, PS=RSand ~PST= /RST (given), ST =ST (common),
. APTS=ARTS (S.A.S.)
(b) °.© APTS=ARTS (proved), .". PT=RT (corr. sides, =As),
/PTS =~/RTS (corr. /s, =As), ~PTS+/RTS=2_~-PTS = 180° (adj. ~s on st. line),
. ZPTS=90° ie QOSis the perpendicular bisector of PR.
I1. °." SM and SR are angle bisectors, .. S is the incentre of AMNR.
S is equidistant from the 3 side of AMNR. .". Yes, the claim is agreed.
12. (a) . AC=BC (given) and CN L AB (given),
. AN = BN (converse of property of L bisector)
(b) Let P be a point on AC such that BP L AC.
AN= VAC?—CN? = +/26-24> =10cm, AB=2BN=10cm
_(AB)CN) _ (AC)(BP), (AB)CN) _ (20)(24) _240

Area of AABC = .. BP=
2 AC 26 13
13. In AACQ and ABCQ, AQ =BQ (radii), AC=BC (radii), CQ =CQ (common),
.. AACQ=ABCQ (S.8.S), .. ZAQC= «BQC (corr. £s, =As),

.. OC'is the angle bisector of ~PQR.
14. (a) by + ay+by + a; = 180° (£ sum OfA), 2a; +2b; =180° ( ar=ay, b= bz),

a;+b,=90° . ZBDC=aqa;+b; (ext. LorA), .. ZBDC=90°
i.e. BD is an altitude of AABC.
(b) LZABC=a;+by=a;+b,=90° .. AABD is aright-angle triangle.
(¢) (i) BD,ABand BC (i) B
15. (a .- AE=EB=5cm, .. ECisamedian of AABC.
(b) . EDLAC, .. EDis an altitude of AAEC, AAED and ACED.
(¢) AB*=5%=25 EF’+BF’>=4%+3%=25,
* AB’=EF?+BF?, .. ZBFE =90 (converse of Pyth. thm.)
.. EFis an altitude of AEBC.
(d ED=+5-2°=21. " ED # EF, .. ZDCE # /FCE.

EC is not an angle bisector of <ACB.
16. Let LZECD=a. £ZDBC=90°-ZECD=90°—-a (ext. £ of A)
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ZEDC=ZECD=a (base Zs, isos. A)
" 90°+ «BDE + ZEDC = 180° (adj. Zs on st. line)
*. ZDBE =90° - ZEDC =90° —a
* ZDBC=90°-a=/ZBDE, .. BE=ED (side opp., equal £s)
But ED = EC (given), .. BE=EC, .. DE isamedian of ABDC
17. ~QPH =_~/RPH and ~ QRH =~/ PRH (incentre),
QPR +/QRP + 50° = 180° (£ sum of A),
.. 2Z/RPH+2/PRH=130°, ~RPH+ ~/PRH=65°
~PHR =180° — ZRPH — £ PRH = 180° — 65° = 115° (£ sum ofA)
18. (a) £ CPO =90° (circumcentre of A),
ZPCQ +90° +90° + 100° = 360° (£ sum of polygon), ZPCQ = 80°
(b) (i) °.© OP=0Q (given)and ~CPO= ~CQO =90° (proved)
.. CO is the angle bisector of ZACB (converse of £ bisector property).
.". The incentre of AABC lies on OC produced.

(i) CP = 1AC*1(10):50m4 Join OC. OC= +OP?+CP? =+/42+52 =41 cm

2 2
OB =0C= 41 cm (property of L bisector)
19. (a) ".© ZADH= /BEH =90° (orthocentre of A), AHD = ~BHE (vert. opp. £s)
and ~DAH= ~EBH (£ sumofA), .. AADH~ABEH (AAA)
(b) BE = EH (corr. sides, ~As), BE = 9(4) =12 cm,
AD DH 2

AH VAD? +DH? =/42+2% =420 c¢m
Area of AABH = (AH)Z(BE) = (JT()Z)(lz) = 6420 = 124/5 cm

20. (a) CR=AR, AP=BP, CQ=BQ (centroid of A)
AB=2BP=2(34)=68 cm, BC=2BQ=2(30)=60cm,
AC=2AR=2(16) =32 cm
BC? + AC” = 60° + 32° = 4624 = 68” = AB’,
. ZACB =90° (converse of Pyth. thm.), i.e. 44BC is a right-angled triangle.

(b) Area of AABC = (Ac)z(BC) = (32)2(60) =960 cm’
Area of AABR = (AR)z(BC) = (16)2(60) =480 cm®

BG:GR=2:1,GR:BR=1:(1+2)=1:3
Let N be a point on BR produced such that AN L BN.

1
area of AAGR _ E(GR)(AN)

area of AABR

_GR
BR

© ==, area of AAGR = 1(480) =160 cm’
S(BRYAN) 3

21. (a) The perpendicular bisectors DE and DF interest at D, .". D is the circumcentre of AABC.
.. DA, DB, DC are radii of the circumcentre passing through A, B, C.
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(b)

(©)

22. (a)

(b)

23. (a)

(b)

24. (a)

(b)

©

25. (a)

(b)
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."DA=DB and DB =DC (radii)
.. BDA and ADC are isosceles triangles.
BD=AD=CD (proved) and BG = CG (given)
.. DG L BC (converse of property of L bisector),
.. DG is the perpendicular bisector of BC.

AE = éAB = 24><é:12 cm, and AD is a radius,

. radius= VAE2+DE? = V122452 = 169 =13cm (Pyth. thm.)
Iis the incentre, .. ZPQI=ZIQS and ZPRI=ZIRS,
but ZIQS = ZIRS (base s, isos. A), .. 2ZIQS=2/IRS,

.. ZPQR = ZPRS, PQ =PR (sides opp., eq. £s).
IQ=1IR (given) and PQ =PR (proved),

.". PS is the perpendicular bisector of QR (converse of L bisector property),
.. PSLQR.

" AADI~ADBC, .. ZADI= /BDC (corr. Zs, ~As),

ZADI + ZBDC = 180° (adj. Zs on st. line), 2ZADI=180°,

ZADI=90°, .. ZADB=90°.

Let /ZDAI=x. "." AADI~ABDC, .. ZDBC= ZDAI=x (corr. Zs, ~As),

ZABD = ZDBC =x (in-centre of A) , ZBAI = ZDAI = x (incentre of A) ,
ZABD + ZBAD + ZADB = 180° (£ sum of A) ,
x+(x+x)+90°=180°, 3x=90°, x=30°
ZCAB=x+x=60°, ZABC=x+x=060°,
ZC=180° - ZCAB — ZABC = 180° — 60° — 60° = 60° (£ sum of A)
.. AAB = AC (sides opp., eq. £Zs) and AB = CB (sides opp., eq. £s) ,
.". AABC is equilateral.
ZBAE = 141° - 128° = 13° (ext. £ of A)
ZDAE = ZBAE = 13° (incentre), .. ZBAD =13°+13°=26°,
ZBDA=180° - 128° — ZBAD =52° —26° =26° = Z/BAD.
.. BD =BA (sides opp., eq. Zs). .. AABD is an isosceles triangle.
/BCA = ZDAC (alt. Zs, // lines)

=13°

= /BAC
.. AB = BC (sides opp., eq. £s)
" BD=BA (proved) and AB=BC (proved), .. BA=BC=BD.
.". B is the circumcentre of AACD.
QS =SR (given), QT =RT (given),
.". ST is the perpendicular bisector of QR. (converse of prop. of L bisector)
ST is the perpendicular bisector (proved), .. ZQST = £ZRST =90°
. APQR ~ ASQT (given), .". ZQPR = ZQST =90° (corr. s, ~As).
. ZQPR=90°=ZRST and ST=PT,
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(©)

26. (a)

(b)

27. (a)

(b)

.". RT is the angle bisector of ZPRQ (converse of prop. of £ bisector)
Let ZPRT=6. ZSRT = ZPRT =0 (< bisector).

ZSQT = 4SRT = 0 (base s, isos. A)

ZSQT + /PRQ + ZQPR = 180° (Lsum of A),

0+ (0+0)+90°=180°, 306=90°, ©6=30°

In APRT, & =cos LPRT,
RT

PR 2 2 _ 18 _ 63, QT=RT-643.

AE = CE (prop. of L bisector). AE = BE (median of A).
" AE=CE=BE, .. Eis the circumcentre of AABC.
(i) AD=CD (L bisector), AE =BE (median of A),
.. DE // CB (mid-pt. thm). .". ZADE = ZACB (corr. Zs, BE //CB),
ZADE =90° (L bisector). .. ZACB=90°.
.. AABC is a right-angled triangle.
(i) C.
Let the intersection point of BD and CE be G.
" AD=DC (L bisector), .". BD is a median of AABC.
CE is another median (given). .". G is the centroid of AABC.
G lies on CE, C is the orthocentre, E is the circumcentre.
.". The claim is agreed.
AB = BC (circumcentre of A). .. ZBAC = ZACB (base Zs, isos. A) ,
ZABC =90° (orthocentre of A), ZBAC+ ZACB + ZABC =180° (£ sum of A) ,
2/BAC +90°=180°, «BAC=45°=/ACB.
ZCBD + ZBEC + ZACB = 180° (£ sum of A) ,
ZCBD +6 +45°=180°, ZCBD=135°-0.
ZABD = ZABC — ZCBD = 90° — (135° — 0) = 0 — 45°.

." AB =BD (cirumcentre of A), .. ZADB = ZBAD (base Zs, isos. A).
ZADB + ZBAD + ZABD = 180° (£ sum of A) ,
2/ADB+0—45°=180°, ZADB-= 225726

IfAC L BD, then 8 = ZBEC =90°. /BDA= w =67.5°,

ZCBD =135°-90°=45°, BD=BC (proved),

.. ZBDC = ZBCD (base Zs, isos A) ,

Z/BDC + ZBCD + ZCBD = 180° (£ sum of A) ,

2/BDC +45°=180°, «BDC=67.5°

" ZBDC = ZBPA, .". BD is the angle bisector of ZADC.
.". The in-centre of AACD lies on BD.
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28. (a) «4£BDC= ZADC =90° (altitude of A), BD = AD (centroid of A) ,
CD =CD (common side), .. ABDC =z AADC (SAS),
. BC = AC (corr. sides, = As).
(b) (i) JoinDE. AD=BD and AE=EC (centroid of A),

. DE= %BC (mid-pt. thm.) and DE // BC (mid-pt. thm.).

*. ZEDG = /BCG (alt. Zs, DE //BC), £DEG = ZCBG (alt. Zs, DE // BC),
ZDGE = ZCGB (cert. opp. £s), .". ADGE ~ ACGB (AAA).
1
EG E (corr. sides, ~As) , E:Z—Bczl , ..EG:GB=1:2.
GB BC GB BC 2
(i) GB=2EG=2x5=10. BE=GB+EG=10+5=15.
(¢) BC=AC=2CE=2x12=24, BE2+CE2 =15%+12°=369, BC*=24*=576,
" BC?%#BE’+CE>, .. /ZBEC#90°, .. G isnot the orthocentre of AABC.

Unit 9 Areas & volumes (3): Pyramids, cones & spheres
1. (a VM= |25 7(%)2 = /576 =24 cm

Total surface area = 14° +¥x4 = 196+672 = 868 cm?

(b) Height= ,[24° — (124) =527 =23.0cm

Volume = %x142 x+/527 =1499.8 cm®

2. (a) Volume= %x20><10><12 =800 cm’

(b) VN= ‘122+(%)2 - J169 =13 ¢cm C
N
VK = 122+(2—20)2 = 244 = 261 =15.6cm A8

(c) Total surface area = (13;20 2CX10) 2+10x20 =616.2 cm?

3. Diagonals of a rhombus are perpendicular to and bisect each other,

*. base area = (%x24x%)x2 =120cm* .. Volume= %x120x16 =640 cm®

4. Let h cm be the height of the base. % =sin 60° = ? , h=243
4x243
2

*. Total surface area = 4 = 16\/5 =27.7 e’
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5. (a) Let/cm and & cm be the two slant heights. hem—r/ NG

H O,

L
h= 1327(%)2 =144 =12, k= 1327(2)2 =+/153 0 z kem
=

N 10
*. Total surface area = (12;10+ 1523X8)><2+10><8 o
=299.0 cm’

(b) Height of the pyramid = (12 7(2)2 = 4128 cm

.. Volume = %XIOXSX«/HS =301.7 cm’

6. (a) Letycm be the side of the base. %x y*x15=2000, y* =400,

y=+/400=20. .. Area of the base = 20° =400 cm’

(b) Slant height = ,[15 +(?)2 = /325 cm

.". Length of slant edge = .|(+/325)* + (2—20)2 = 4425 =20.6 cm

(c) Total surface area = yx4+202 =1121.1 cm?
7.  Volume = ﬂ7t(z)3 _ 3 179.6 cm®
32 6
8. Volume= Sm(11) xL = 26027 o3
3 2 3

Total surface area = 4n(11)’ x%+ n(11)> = 242n+121n = 363mcm’

9. Letrcmbe the radius. 4m? =100, #= 2 , r= E
b1 T
.. Diameter =2 x g =5.64 cm
b3
. 80
10. Let » cm be the radius. 4w =320, r=
n
4 ([g0)
.". Volume = 7{ ] =538.3 cm’
3 T

11. (a) Letrcm be the new radius. gnﬁ = 215(33 +5°+ 7,

P=3+5+7=495 . r=3495 =791.
Ans. The radius is 7.91 cm.
(b) Original surface area = 4r (3> + 5* + 7%) = 3321 cm?,
new surface area = 47t(%/@)2 =250.31 cm’.
250.3n-332n

.". % change in surface area = TX 100% =-24.6%
T
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14.

17.

18.

20.

Ans.  The surface area decreases by 24.6%.
Let R and r be the radii of original and new spheres respectively.

2 =2uixs, R=8 R=38r =2, r=%.
3 3 2
2.9 2
.". % change in total surface area = WXIOO%
7

R
32n(=)* — 4nR? 2
-2 0% - AR
4n

x100% =100% (increase)

4nR R?
External and internal radii are g cm and % = 1—21 cm respectively.
4 155 11, 3
Volume of hollow sphere = 5”“7) —(3) 1=1070.235 cm

. Weight =1070.235 x 150 =160535 g
Let 7 cm be the rise in water level.  m(6)*/ = %n(%f x10, 36h=45, h=125
Ans. The rise in water level is 1.25 cm.
(a) Volume = %n(6)2(7) =841 =263.9 cm’. Slant edge = m =85 cm
.". Total surface area = n(6)(\/g) +7(6)> =286.9 cm?
(b) Height= /13’ —5> =144 =12 cm
.". Volume = %n(5)2(12) =100 =314.2 cm’
Total surface area = n(5)(13) +n(5)* = 90n = 282.7 cm?
15

2
. Let » cm be the base radius, 2mr=30, r=-—, .. Slantedge= [Ej +20% =20.562,
n n

.". Curved surface area = n(l—s)(20.562) =308.4 cm’
T

Let ¢ cm be the length of slant edge, =n(5)(¢)=40n, (=38,
.. Height= v8> =5 =4/39. .". Volume= %n(S)z(@) =163.5 cm’

Let 7 cm be the base radius, %n(r)z(l 2) =n(6)*(10), 47 =360, =90,

. r=+/90 =9.5.  Ans. The base radius is 9.5 cm.
Let » cm be the base radius, then the height is 27 cm.

%nrz(Zr):HSZn, r= 41728 =12, .". Slantedge= +/12% +(2x12)> =4/720 =124/5

.. Curved surface area = 7t(12)(12\/§) = 1445t cm?
0=60°+2=30° Leth cm be the height.

15 15
tan30°= —, h= =153
h tan 30°
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*. Slant edge = /15 + (15\/3)2 =30 cm,
*. Total surface area = 1(15)(30) + n(15)* = 6751 = 2120.6 cm®
Volume = %n(lS)z(IS\/g) =1125\3n =6121.6 cm’

21. Letr cm be the base radius of the cone.

14,1 7 _ 14, 7 73
2nr =2n(—)x—, ==, .. height= [(=)"=(=)* =
=) r=3 g (2) (2) >
Volume: —n(— )(i)_343\/§n =778 cm’
24
280°

22. (a) Curved surface area = m(9)” x ﬁ =63n =197.9 cm®
(b) Let r cm be the base radius of the cone.
m(9) =63, r=7, .. height=v9?-7% =442
*. Volume = %n(7)2(4\/§) =290.3 cm’
23. Volume = 5(D()+1)(5-2-DGB-1)+ é(l)(S -2-1)(2)=5+4 +% = 10% cm’

24. (a) Volume = %n(5)2(12) + 15 (25-12-5)+ %n(S)S x % 4A
= 1007 + 2007 + @ - @ =12043 cm’ .
N

(b) Slant edge of the cone = /5> +12> =+/169 =13 cm,
height of cylinder =25 -12 - 5=8 cm

*. Total sruface area = m(5)(13) + 2m(5)(8) + 4n(5)* x% = 1951 = 612.6 cm®

MA VM’ MA 4 ’ MA:E
NB VN 5 448 3

". Length of the base of the small pyramid = % x2= ? cm

25. (a) " AVMA~AVNB,

" Volume of frustum

[(10) 12)- ( )(4)] =1210.1 em’

(b) VB= V122 +5° =13, ,/ ,/16 B3

*. Total surface area = 102+( ) +4x= ><(10><13 ?xg) =3422 cm’

104007

R
26. (a) " AVQP~AVRS, .'.£=@, VP 3.1 yp=1o Q
VS RS’ VP+10 6 2 ]

VQ= 3 +10> =4/109; VR = +/6>+(10+10)* =436 ' '

*. Lateral surface area = m(6)(+/436)—n(3)(+/109) =295.2 cm’
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(b) Volume = %;:[(6)2(10 +10)=(3)2(10)] = 2107 = 659.7 cm’

27. The space is one-eighths of a sphere with radius 1 m.

*. Volume of space = in(l)3 xé =5 =0.524 m’

28. (a) Slant height =_[(2.6x)* — =+/5.76x> =2.4xcm
(b) (b‘)(zﬂxﬂ(zx)z =1360, 13.6x°=1360,x*=100, .. x= /100 =10

(c) Height of pyramid =4/(2.4x)> — x> =~/24’ —10> = /476
*. Volume = é(20)2\/476 =2909.0 cm’

29. AD=AH=AB= {a cm.
*. Volume of tetrahedron BADH

3 3
= % x area of AABH x AD = %(M)(%) = é(%/g)3 :% cm’
". Volume of remaining solid = a —% = SZa cm’

30. (a) Capacity = %n(l)“x +r(1)’(10-1) = ?n =304 cm’

(b) Let & cm be the height of water level of the cylindrical part.

4 1 29 2 2 58 52

D2 +—-n(l)Px= = Zax=, h+Z=22, ph===

n(1)"(h) 371() 3 73 3 o 5
*. Total area of wet surface = 27[(1)(%)+47t(1)2><% = 10947c+2n:1227c =42.6 cm

31. Letrcm be the radius.
AM’+OM’=0A>, 3+ (r-1Y=r, 9+r-2r+1=/, r=
Surface area = 41(5)> =100n = 314.2 cm?

Volume: A5y = 22 _ 5536 cm?
32. (a) Capacity = 7[(4)2(5—4)+gn(4)3 x% = 1736n em’
(b) "." AVAM ~ AVBN, vM :i:g, VM =12,
VM+6 6 3

L VN=12+6=18.
176 2807 4

*. Volume of mould = %n[(6)2(18) -#’12)]- = om
. Weight= 22" 0.8 =2346 ¢
33. (a) " AVAM-AVBN, - “M_AM - VM _6_3
VN BN VM+h 8 4
VM=3h, .. VN=3h+h=4h
%n[(8)2(4h)—(6)2(3h)] = 1487, 142”}1 =487, h=3

Ans. Height of the frustum is 3 cm.
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(b) VA= /67 + (3x3)’ =117, VB= /8 +(4x3)’ =~/208,
. Total surface area = m(8)(x/208) — n(6)(\/117) + 1(6)* + n(8)> =472.7 cm?
34. (a) Letrcm be the radius.

1
Volumehemisphere : VOlUMecone = =1 x— : 5”’2 )=
(b) Let base area of the tank = 4 cmz, rise in water level = 4 cm

A(6): A(h)=2:1, .. rise in water level = 6><% =3cm

1 5 5

35. (3 gn(g)z(X)M(E)z(S f)+ 7r( ) x 7r( ) (x +8)(1-20%) ,
25x 275 125 25 4 5x 55 25
—+—+—f— 7( 8), —+—+—=x+8,
12 8 12 12 8 12
10x +165+50=24x+192, 23=14x, .". xz%

2 2
(b) Slant edge fo circular cone = (%) + (SJ =2.9915cm,

2
". Total surface area = n( 2)(2 9915)+ n(S{S - gj + 47{2) x% =149.2 cm’
. Cost=149.2 x 0.4 =859.7
36. (a) Leth; cmand /; cm be the heights of cones A and (A+B) respectively.

hoS i B2 o

>

30 157 30 15°
*. Volume of frustum B = %7[[(12)2 (24)—(5)*(10)] =3357.3 cm’.

(b) Lateral surface area of frustum B = n(12)(v/12® +24%) — n(5)(v5% +10%)
=n(12x124/5 = 5x5+/5) =1194/51 cm?
(c) Total surface area = m(15)(v/30° +15%) —1194/51 + n(15% +12% =5%) =1825.3 cm’

37. (a) ZOVA=60°+2=30°

In AOVA, sin30°= OA

\%
£\
1
—=—, OV=2r
oV’ 2 ov " A
Height of cone = OV + ON =2r + r=3r

- B
(b) InAVNB, tan30°:%, BN NG u

J3 o 3

1 4
", Volumegone : Volumegphere = 571(\/§r)2(3r):77:r3 = 3} :gnﬁ =9:4

38. (a) Base radius of cylinder =, /127 — (=)? 144 - 7 cm

g V—ﬂ{ 144—’7‘:)] (h) = mh| 144 — ﬁj,7(576_h2)

r

4
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(b) %:12, h=18. .. V=1%“(576—182)=1134n

" VOlumecylinder : VOlumewood remained

= 1134n : [gn(l2)3—1134n} = 1134n : 1170 =63 : 65

39. (a) "~ AVMA~AVNB, . “M_AM
VN BN
VM2 oyM=VM+ 12, VM= 12
VM+12 8

S VN=12+12=24.

Volume of frustum = %(16)2(24) 7%(8)2 (12)=1792 cm®

VM_AM 12 4,
VP CP’ 1249 CP

.". Length of side of water surface =7 x 2 =14 cm

(b) " AVMA ~AVPC,

*. Volume of water = %(14)2(21) —%(8)2(12) =1116 cm’

(c) Water flows from the pipe to the frustum in 1 second = 7 (0.8)* (6) cm®
.. Time taken = 1116 + 7 (0.8)* (6) = 92.5 seconds.
40. MN=12-9=3cm, VN=9cm, .. VM=9-3=6c¢cm
CAM_VM 616
8 VN 9 3
Let 4 cm be the new water level.

n(8)*h = n(8)>(9) %n(AM)Z(VM) ,

*." AVMA ~ AVNB,

) 2o 1(16Y 512 . 73
8)°h=(8) (9)—5(?] 6), 64h :576—7, Soh e 8.11
Ans. The new water level is 8.11 cm.
41. (a) AB’+BC*=(3+4%)=25cm*, AC*=5"=25cm’
" AB?+BC?’=AC?, .. ZABC =90° (Converse of Pyth. thm.)

.". AABC is a right-angles triangle.

(b) Volume of pyramid VABC = %[3 24j(6) =12 cm’

(¢) LetBD=hcm.

1 12 12429 1229
—12v29 )(h)=12, h=—=——, ..BD= cm.
3( r)( ) V29 29 29

42. (a) Letrcm be the base radius.
%(727’2)(12) =100z, »*=25, r=5, .. baseradiusis5cm.

(b) (i) Slant height of the paper cup = /5 +12* =13 cm
.". Radius of the sector = 13 cm.
(i) Let 0 be the angle of the sector.
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0 0 5
2n(l3)(3600] =2a(5), EREER 6=138.5°(1dp.)

Ans. The angle of the sector is 138.5°
43. (a) VA=VB (given), ZVNA= ZVNB (base Zs, isos. A),
VN = VN (common side), .. AVNA=AVNB (RHS),
.. ZAVN = ZBVN (corr. Zs, =As), CG = DG (radii),
ZVCG = VDG = 90° (prop. of £ bisector)

2
(b) (i) radius of the sphere = (4’ +(g) =5cm

(ii) Let» cm be the base radius of the cone.
Let 20 be the vertical angle of the cone.

thanGzé ]/‘:i:\/ﬁzsﬁ

15 Jas—sP -5’ V75

.". Radius of the cone is 5v/3 cm.

(iii) Volume of the cone = %n(sﬁ J(15) =3757 em’®
4 oy
Volume of the sphere = gn(S) = —mcm

The required ratio = 375m : ?n =1125:500=9:4

Unit 10 Area and volume of similar solids
1. Ratioofheights=1.2:0.9=4:3, .. ratio of volumes =4":3*=64:27
2. Ratio of capacities = 162 : 750 =27: 125
.. Ratio of surface areas = (%/E)z : (i/@)z =9:25
3. Ratio of diameters = (10+2x2):10=7:5
.". External surface area : internal surface area = 7° : 5> =49 : 25
4. Ratio of heights =9 : 12=3:4, ratio of volumes = 3°: 4° =27 : 64
.. Weight of bigger pyramid =270 x % =640g
5. Ratio of volumes =1 kg : 125 g=1000:125=8:1
Ratio of surface areas = (/8)°: }/1)°=4:1
.". Cost of painting the larger solid = 18 x 4 = $72

6. (a) Let the original radius and area be ry, 4;; those of the new ones be r,, 4.

n 27&7A,(1+69%)71.69 n_ [169 13
n 4, A, 17 5 1 1’

. . . 1.3r, -
". Percentage increase in radius = =R 100% = 30%
I
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®) L= Qa:(ﬁj’?:M
oo\n 1 1

. . . 2197V, -V,
.". Percentage increase in volume = —————+

x100% =119.7%

1
7. Let the original length, area and volume be r1, 4, V1; those of the new ones be 2, A2, V>,

nY V. _W(-271%) 0729 5 _ [0.729 09 ﬁ_gz_(gjz_o.81
W) 7, R A R R U7 B NI B I

0.814, — 4,

.". Percentage change in area = x100% =-19% (decrease)

1

8. Vol.of small pendulum = 1 . Let 4 cm be the height of a small pendulum.

Vol.of big pendulum 4

3
[ij = l, 2 =3 1 , h=10.1  Ans. The height of a small pendulum is 10.1 cm.
16 4 16 4

9. Va:Vam:Vapc=1": (20 : 3y’ =1:8:27
o VA:IVE:iVe=1:8-1):(27-8)=1:7:19
10. PQ:PR:PS=2:(2+1):(2+1+3)=2:3:6,
.. Area of circle I : area of circle II : area of circle IIT=2%:3%:6=4:9:36

T Vol.of smallpyramid _ [ /49 3_ ZB_E. weight of frustum _ 512-343 169
" Vol.of big pyramid 64 8 5127 weight of big pyramid 512 512

. . 169

.. Weight of frustum=2 x — =1.32kg

256
3

o [AQ)y__216 216 8 AQ_ 8 2 . s0.QB=2:3-2)=2:1

AB 216+513 729 27 AB 27 3

13 = =— ; =3
New volume 60+420 8 New wet area

8

2

4

Old volume 60 1 Old wet area ( IJZ _ [ 1 jz 1

.. Increase in wet surface area = 25 x 4 — 25 = 75cm>

3 3
14, (a) Old volume _(Ej :(g) _8

New volume (24 3

". Volume of water added = 400 x 2§7 — 400 =950 cm’
(®) Old wet surfacearea _ (16 ? (2 ’ _4
New wet surfacearea \ 24 3 9
. Percentage change in wet surface area = ——x100% = 125% (increase)
15. PT=3TR, .. PR=3TR+TR=4TR; QR=3TR, .. QR=3SR+ SR=4SR
In APQR and ATSR, ZR = ZR (common), PR = 4TR =4, QR = 4SR =4,
TR TR SR SR

.. APQR ~ ATSR (ratio of 2 sides, inc. £)

Page A44 Answers



Mathematics Exercises for Brilliancy 3 (2nd edition)

Unit 10
Area of ASTR _[sz_(ljz_i Areaof ASTR _ 1 1
Area of APQR PR 4 16’ Areaof PQST 16-1 15
2 2
16. " AAEF ~ AADB (AAA), .. AreaofAAEF:[ﬂj :[ 2ED j _(2ED) _
Area of AADB AD AE+ED 3ED
2 2
. ACGH - ACBD (AAA), . ATeaof ACGH _(GCY'_(_ GC Y _( GC :1
Area of ACBD BC BG+GC 2GC 4
Since area of AADB = area of ACBD,
. percentage of ABCD shaded = §>< 50% + ‘11 x50% =34.7%
17. "." APXY ~ APRS (AAA),
Area of APXY 7(§T 7(&]2 16 q DI EEL
Area of APRS PS 5 25 P S
Area of APRS = 65 _ 150m2, .. shaded area= 15— 15x % =54 cm?
2
18. (a) " AABC~AADE(AAA), .. (E] _ Areaof AABC _ 50 25
DE Areaof AADE 50+112 81
. BC:DE= +25:4/81 =5:9
(b) " AC:AE=BC:DE=5:9, .. AC:CE=5:(9—5)=5:4,
AE :AG = (5+4) : (5+4+4)=9:13. " AADE ~AAFG (A.A.A.),
2
. DE:FG=AE:AG=9:13 ArcacfaADE (DEJ [9j -8
Area of AAFG FG 13 169
169

. Area of AAFG = (50+ 112) x ~ = =338 ¢

Let Ay, 4>, A3 be the curved surface areas of portions I, IL, III respectively.

4 % 4 941 =4(A4, +36), 54,=144, 4,=28.8
A+ A4, 3h

Awugu

_ 28 1522288436445 As=504.
288+36+4, 4

Ans. The curved surface areas of portions I and III are 28.8 cm’ and 50.4 cm’ respectively.
20. Vol.of B: Vol.of C=3:2, Vol.ofA:Vol.ofB= (+4)':(+[1)) =8:1=24:3
*. Vol. of A: Vol. of B: Vol. of C=24:3:2,
. Vol.ofA:Vol.ofC=24:2=12:1
21. (a) Volume of M : volume of N = 1*:2°=1:8
(b) Let the radius of A be 2x cm, radius of B be 3x cm, water risen in cylinder B be / cm.
Vol.of N Vol.of waterrisen in B . wBx)’h 8 9k 64

Vol.of M Vol.of waterrisenin A~~~ w(2x)2(6) 1 24 =% A=

1
Ans. The rise in water level in B is 215 cm.
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22. (a) Vol. of space : Vol. of vessel = (12 —4)* : 12 =8 : 27
.. Vol. of water : Vol. of vessel = (27 -8) : 27=19:27

Let & cm be the depth of water now. E:} Q, h=12x3 19 10.7
12 V27 27

Ans. The depth of water now is 10.7 cm.
(b) Let the curved surface area of the vessel, the curved area of the original space, the

original wet lateral surface and the new wet surface be x, Agpace, Aoriginal a1d Ancyy.

2
Ague _[,]8 :i Aoz :ﬂ:i Aoriginal = X
N 27 9 X 9 9 9
2 3 2 3 2
h: 3B :ﬂ, U Aew = (\/E) x
x 27 9 9
A Q197 5 @QN9)
Aoriginald 9 9 5
.". Percentage change in curved wet _ % x100% = 42.4% (increase)

surface areas
23. (a) Volume of water = %75(3)3 x % +71(3)>(19-3) =181+ 1441 = 162w cm’
(b) Let ¥ cm’ be the volume of oil.
162 —( 3 )3 =27 10368r =27V +4374n, V=222n

V+le2m \3+1) 64’
Let 4 cm be the depth of oil in the glass-tube.

gn(3)3x%+n(3)z(h—3):222n, 18n+9m(h—3)=222m, 9(h—3)=204, h=25.7

Ans. The depth of oil in the glass-tube is 25.7 cm.

24. (a) Areaof ACDE _ CE (As with same base), area of ACDE = % x 152 =76 cm®

Areaof ABDE BE
(b) Areaof ABMN _[@I _( BM jz _[ljz 1
Areaof ABAD (BA) ~(2BM) (2

2
Areaof ABMN 1 l’ area of ABMN =

Arcaof ADNM  4-1 3

CD _areaof ABCD _ 152+76 _19 (As with equal height)

x 360 = 120 cm?

[SSENE

C = =
© AD areaof ABAD 120+360 40
Cb__ > _ 19 19 CE__CE _ 1 _1,19
AD CD+AD 19+40 59’ CB CE+EB 1+2 3 59
CD CE . . ..
——#——, .. AABC is not similar to ADEC.
CA CB
25. (a) EF=DE (given), ZBEC=ZCDB (given),
ZEFC = ZDFB (vert. opp. Zs), .. AEFC = ADFB (ASA).

(b) .~ AD=BD and AE=EC (given)
.". DE // BC (mid-pt theorem.), .". ZDEF = ZCBF (alt. Zs, DE // BC),
ZEDF = ZBCF (alt. Zs, DE //BC), ZDFE = ZCFB (vert. opp. £s),
.. ADFE ~ ACFB (AAA). .". The claim is agreed.

Page A46 Answers



Mathematics Exercises for Brilliancy 3 (2nd edition) Unit 10

(¢) (i) DE= %BC (mid.-pt. thm) and ADFE ~ ACFB

BC = BE = CF = 2 (corr. sides, ~As)
DE FE DF 1
2
Areaof ACFB (217 . 4 ca of ACFB = 4(25) = 100,
Area of ADFE 1

iy Arcaof AEFC_FC _ 2\ \ith equal height) |
Areaof ADFE DF 1
Area of AEFC = 2(25) = 50

(iii) Area of ADFB = Area of AEFC = 50 (zAs) ,
.. Area of BCED = 100 + 50 + 50 + 25 = 225

(iv) DE//BC, .. ZAED=/ZACB and ZADE = ZABC (corr. Zs,// lines),
BC 2 Areaof AABC _

2
. AADE ~ABC (AAA), BC_2  Arcaof AABC_(2) 4
DE 1 Area of AADE 1 1

Arcaof AABC _ 4 _4 = . areaofAABC:§(255)23OO.

Arcaof BCDE 4-1 3
26. Let h cm be the depth of the water.

3
s 6in(g)
[i);iziﬂ:, SRS B
12 1(4)2(12) 64n 8 12 2’ ’
3

Ans. The depth of the water is 6 cm.

3 3
Volume of A 36 6 216
27. (a) —( j :[7J =7125

Volumeof B~ | V25 5
Volume of A= ix6 1387 = ﬁx6 1387 =3 888m cm’
216+125 341

(b) Volume of B=6 138t — 388871 =22501 cm’
Let » cm be the radius of B.

l(ﬂnﬂ] =2550m, 3Ttr3 =2550m, »=3375 , r=15.
2(3 3
Ans. The radius of Bis 15 cm.
(c) Surface area of B = %[4n(15)2]+ n(15)* = 4507 + 2257 = 6757 e’

675n

25
28. (a) Let L denote the large cone, S denote the small cone, and F denote the frustum.
Height;, : Heights =20:(20-10)=2:1
.. Volumey : Volumeg = 2%:13=8:1
.". Volumer : Volumep, =(8 —1):8=7:8

.". Total surface area of A and that of B =

x (36 +25) =1647r cn’.

Volume of frustum = én(12)2(20) x% = 840m cm’

(b) With the notation in the figure below:
Heigthy : Heightap : Heightatg:c=10:10+ /4 : 20
Volume, : Volumeasp : Volumeaspic= 10°: 10+ h)3 :20°
=1000: (10 + /4)* : 8000
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*. Volumeg : Volumeg;c | I/‘\\
=[(10 + #)* = 1000] : [8 000 : 1 000] ‘Of[m LA
=[(10 + k)* = 1000] : 7000 foemend

(10+ )’ =1000 hem| FE
V =Volumeg = ————————x840

2000 m (10— h) cm[ “

3 3
_ [840(10+h) —120}1 _ [3(102?) —120}:

7000
3

340 150 |x = gdon x L,

25 2

3

%:540, (10+h)*=4500, h=34500-10.

‘. The water level = 10— (/4500 -10) = 3.49 cm.

@) h=10-4=6

3
Volume of water = 8407 — {% - 120}: =468.481 cm®

(i) When the frustum is upside down, # cm becomes the water depth.

25

Ans.  The new water level is 7.0 cm.

3
{MfIZO}I:468.48n, (10+ 1)’ =4904, h=34904-10=7.0

Coordinate gecometry: Distance & slope
Slope:wzé (b) Slope = 25-(=75) _ 100 _
24-0 4 —18-(=20) 2
Slope = -8 :9:0 (d) Slope = 10-4 Efundeﬁned
2-(-3) 5 6-6 0
Slope = ~185=(95) _ =9 _
-8.5-0.5 -9
1 1 3 29 12 58
Slope = B3-—(-1)]+[-1-=(22)]=—x—=—
p [3 ( 2)] [ 7 (-2 )] x—=
Distance = /(5-2) +(12-16)’ —\/32+(74) =25=5

Distance = \[[-10— (—4)]> +[5— (-)* =+/(=6)* +6’ fﬁzﬁﬁ

. _ 2 He, 3 1, 1725, _
Distance \/(—43 65) +(5 4) \/( )+( ) =115

Distance = /(—4.2—1.7)> +[~10— (—6.8)] = \/45.05 =6.71
4-8 -4 -2

Slope of the line segment = ——=—=—,
9-3 6 3

. L. =2
". slope of the lines parallel to it is E

—2-5 -7

3-(-2) 5

Slope of the line segment =

s

Answers



Mathematics Exercises for Brilliancy 3 (2nd edition)

". slope of the lines parallel to it is —%.

Unit 11

4. (a) Slope of the line segment = # =% =2,
". slope of the lines perpendicular to it = —1+2 = —%
(b) the given line is vertical (x-coordinates equal),
". slope of the lines perpendicular to it = 0.
(c) the given line is horizontal (y-coordinates equal),
". slope of the lines perpendicular to it is undefined.
5. (a) 9-3 =§, 30=—6-3a, 3a=-36, .. a=-12
—2-a 5
(b) (i) (—2) =-1, 18=-4-2a, 2a=-22, .. a=-11
—-2-a 2
6. (a) Slope= _—3-9 _-12_ 3
10-(-10) 20 5
(b) Let PQ cuts the x-axis and y-axis at (x, 0) and (0, y) respectively.
970 _ 3 4523043y, 3x=15, .. x=5
—-10-x 5
9-y 3
=—=, 45-5y=30, S5y=15 .. y=3
~10-0 5 g 4 g
Ans. PQ cuts the x-axis at (5, 0) and cuts the y-axis (0, 3).
7. JB—k)} +[-12—(-2) =k,
\/64—16k+k2 +(—10)2 =k, k*-16k+164=k>, 16k=164, .. k=10.25
8. (a) theslope= = 32) 9, .. the angle of inclination = tan™' (9) = 83.7°
1—(—8) 9 4, 9
b) theslope= ———=——, tan (——)=-39.3°,
®) P -5-6 -11 (—11)
". the angle of inclination = 180°— 39.3° = 140.7°
S e D S U T |
-7-1 3-1" -8 2 -2 2
9-18 1612
10. —)=-1, (—)(=—)=-1L, 12=9-k, .. k=-3
(15_12)( ) (= 3 )(9 k)
1- (2) 3 0-=2)_2 .. . .
11. (@) m —, MQrR= ————=—, .| mpQ#Mmqr, . P, Q, R are not collinear.
(@) mpq= 51 T2 " T3 PQEMQR Q
(b) map= 3-3) Q , mpc= 3-1 =2, . mag=mpc, .. A,B,C are collinear.
5-2 3 5-4
12. (a) BC= /(-2-8)"+(3-1)> =10 = \/[—2—(—3)]2 +[3- (2T =26,
AB= \[8=(=3)P +[1-(-2)] = \/130 , . BCP+AC?=104+26=130=AB%
Answers Page A49



Unit 11 Mathematics Exercises for Brilliancy 3 (2nd edition)
". AABC is right-angled.

(b) Area of AABC = %(AC)(BC)z%(\/%)(\/@) = %(\%)(2\/%) =26 sq. units

-1-4 5 2-(-3) 5 -3-(-1) -2 2
13. mpg= ——=—=, Mps= —————=——, MER= ————=——=—,
PR T Y Ty 2 T T3 TS5 s

m - 42 2 .7 mpQ X MQR = MRS X MQR = Mpq X Msp = MRS X M *(_—5)(3)*—1

SP —4 5 PQ X MQR = MRS X MQR = NipQ X Misp = MR X Mgp 5 )

. PQLQR, RSLQR, PQLSP, PSLSP. PQ =\(3-1)+(-1-4)’ =429,
QR =[-3—(-DP +(-2-3)> =429, RS =,[2=(-3)F +[-4—(-2)] =29,
SP =\/(4-2) +[I-(-4)F =v29, .. PQ=QR =RS=SP.
Ans. P, Q, R, S are the vertices of a square.

14, (k=17 +[3=(229)F =40, (k- 17>+ 32> =40, (k-17)’=576,
k—17= £/576 =424, k=24+170r-24+17, .. k=41 or-7.

15. PQ=25= /(x—6)’ +(-12-8)>, 25 =(x—6)+ 400,

(6-x°=225, .. 6—x=150r-15, .. x=21or-9
16. Let coordinates of N be (-6, n).
n=y[-6-(=2)] +(n—8) , =16+n"—16n+64,16n=80, .. n=>5.

Ans. The coordinates of N are (6, 5).
17. J[(n+D)=nP +[2=(A=n)] =26, 1+(n+1)=26, (n+1) =25,
n+l=45, n+l=5orn+1=-5 .. n=4 or n=-6.
18. Let the coordinates of P be (0, p).  /(0-9)% +(p—3)> =[0- (=7} +[p—(=5)T .
81+ p>—6p+9=49+p>+10p+25, lep=16, .. p=1
Ans. The coordinates of P are (0, 1).
19. Distance = /(1-m*)> +2m—0)> = 1-2m> +m* +4m*> =m* +2m* +1 = /(m* +1)°
= (m* + 1) units.
20. Let the coordinates of P be (p, 0).
p :\/(207]7)2 +(=12-0)%, p*=400—-40p+p*+ 144, 40p=544, p=136.

.. Area of AOPQ = %(1346) (12) =81.6 sq. units

21. AB= \J[0-(=6)] +(-2—0)’ =40 =210, BC=AB= 210,

‘. area of AABC = %(2\/@) 6)= 6410 sq. units

22. AB= \[19-(22D)] +(12-3)> =+/1681 =41

© AP:BP=5:2, . AB:BP=3:2, .. BP= %AB= 2“”:27%
23. Angle of inclination of L = 180°— 45° = 135°, .". slope of L =tan 135°=-1
y-0
=-1, =—x-3, x=-3-
oy y y
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Unit 11

24. (a) map= 2_(_6):§:1, .". angle of inclination of AD = tan™' (1) = 45°,
3-(-5) 8
0 +45°=90° (ext. Z of A), 0 =45°
7-0 7
b = tanf = =—=3.5, .. f=74°.
(b) mu, B 1> B
my = tana = 4-0 :ﬂ, CLoax24°.
5-(-4) 9
Let k be the vert . opp. £ of 0.
k=f— a=74°-24°=50° (ext. Lof A); .. O=k=50°
25. Slope of AB =tan g = ﬁ:jZE, S a=33.69°
—4-2 -6 3
slopeofBC=tanc=$:_—12:§, .. c=56.31°
—12—(-4) -8 2
ZABC = (180°- ¢) + a = 180°— 56.31° + 33.69° = 157°
26. (a) Whenx=0, 2(0)+4y—-12=0, 4y=12,y=3.
Wheny=0,2x+4(0)-12=0, 2x=12, x=6.
Ans. The x-intercept is 6, y-intercept is 3.
(b) The line passes through (0, 3) and (6, 0), .". slope= %:%: %
27. (a) AB= \/(-3-0)+(6-4)> =/(-3)’ +2? =13
BC= /(6-0)> +(0-4)" =./6> +(—4)> =/52 =213
AC= J[6-(=3)] +(0-6)> =97 +(=6)’ =117 =313
(b) AB+BC= +13+2413=3/13 =AC. .. A, B C are collinear.
28. Jm-47+2-7)" =/(n-4* +(2-7)%,
m’—8m+16=n"—8n+16, m*—n*—8m+8n=0, (m—n)(m+n)—8m—n)=0,
m-n(m+n-8)=0, .. m+n-8=0(C." m#n), m+n=8.
29. (a) AB =4[3-(=3)]’ +[2—(-6)]’ =v/6> +8 =+/100 =10
BC =/(5-3) +(-2-2)> =/27 +(—4)’ =420 =25
AC = [5-(3)] +[-2—(<6)]’ =8> +4> =80 =45
slope of AB :2_(_6):§:i; slope of BC :_2_2:_—4:—2;
3-(-3) 6 3 5-3 2
slope of AC :L(_é):i:l.
5-(-3) 8 2
(b) slope of BC x slope of AC :—ZX%:—I, .. BCLAC
Area of AABC = %(2\6 )(44/5) =20 sq. units.
(©) sinLA:B—Czﬁ, S ZA=26.6°, /B=90°—-26.6°=63.4°
AB 10
Answers
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Unit 11 Mathematics Exercises for Brilliancy 3 (2nd edition)

(d) Slope of the altitude x slope of AB=-1, .". %x?z—l, 4(y+2)=36, y=17

_m=4H-2_ _m-6 _1-(5 3

30. (@) m s = =
@ mam m—(—1)  m+l  C 6-(2) 4
* AM L BC, m-63_.,
m+1 4
3m—18=-4m—-4, Tm=14, .. m=2, m—-4=-2.

Ans. Coordinates of M are (2, -2).
(b) BC= \[6—(-2)F +[1-(=5)F =4100=10, AM= ,/(-2-2)> +[2—(-1)] =~+/25=5

*. Area of the AABC = %(BC)(AM) = %(1 0)(5) =25 sq. units

(©) map= i;f_(g =%, AB= \/[2—(_5)]2 +[=1=(=2)] =450 =5v2
1

Slope of CN=—1 + mpap=—1+ 7= -

Area of AABC :% (AB) (CN) =25,

o1 _ . _ _ 1o _
..E(Sﬁ)(CN) 25, .. CN N

3o, =20= 3y 20D
CTR To-a 4 M T a0 4
. , b3 T
L L L, ..mL]xmLZ**L ;X(fz)zfly .- b:ga....(l)
b-3 3 y
m,= ——== 4b—12 = =3a....(ii)

Sub. (i) into (ii),
36 4 36, 48
a= b=

4(§a)—12=—3a, 16a —36 =—9a, 25a =36, =—()===

257 325 25
Ans. Coordinates of P are (ﬁ, ﬁ).
’ 25° 25
-5-1 k-3 k-3
32. mpg= ——=2, =——, " PQ//SR, ..2=—=, k=2h+9...G
T Q h+3 ®
3-1 2 k—(=5) k+5
MpR= ———=—_, MmMsQ= =
-3-2 5 h—(-1) h+l
" PRLSQ, .. (—%)(%)=—1, 2k+10=5h+5, 2k=5h-5...(i)
+

Sub. (i) into (i), 2 (2A+9)=5h-5, .. h=23, k=2(23)+9=55.
Ans.  Coordinates of S are (23, 55).
0-2 t—(-3) 1 t+3

33. @ . AM//DC, .. —= = e i
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* tanZBAO = slope of AB = %, .. ZBAO =18.43°

vertical distance between D, A _ _0-4
horizontal distance between D,A -2 —(-6)
. ZOAD =45°

(b) AB= [(=6)-0F +(0-2)" =+/40 =410
CD = [-2—1F +[-4—(=3)]’ =410
AD = {[(-6)- )] +[0- (-4 =32 =42
Let 4 be the perpendicular distance from D to AB.
ZDAB =/DAO+/BAO = 45° + 18.43° = 63.43°
h

" sinA)AB:i, §in63.43° =——, h=44/2xsin63.43° = 5.06
AD 42

(¢) Area of trapezium ABCD = %(AB+CD) x h= % (2410 +4/10)x 5.06 = 24.0 sq. units.

tan ZOAD =

>

e
4

34. (@) mor= ——=——. .7 ORLPQ, .. slopeofPQ= —1+(—§) =

N | W

(b) Let the coordinates of P and Q be (p, 0) and (0, ¢) respectively.
" PR,Qare collinear, .". mpr=mro= mpo=
A S P —3p, 3p=-26, .. p= %
p 2 3
4 :é, 2g—-8=18, 2¢g=26, .. qg=13
0—(-6) 2

—6—
q-

. Area of AOPQ = %(OP) 0Q)= %(?) (13) = 56.3 sq. units.

35. (a) Let the coordinates of E be (x, ).

6-4 2 1
mpc =——=——=——, " AMIBC, .. magxmpc=-1,
BC =0T 0" 28 4 AEXMBC

Y el s =44 y=aeo3 )
x-1 4

4-1 1
mac =——=—,; . BNLAC, .. mggxmac=-1,
AC 10-1 3 BEXMAC
y—6
x-2

:—l+é:—3, y—6=6-3x, y=12-3x...(i)

Sub (i) into (ii), 4x-3=12-3x, .. x= 175, y=4(175)73= ?

Ans. The coordinates of E are (175, g).

(b) mpa =—=

6-1_5
-1 1

=5; .. slope of the altitude through C= —1+5= —%.
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39 15 11 1
But mpe =(——-4)=(—-10)= ——
S A
" mgc = slope of the altitude through C, .". the altitude from C to AB passes through E.
36. (a) Coordinates of A= (-, 0), coordinates of B = (r, 0).

(b) slope of AP = y=0 __»y slope of PB = y=0__y

5

x—(-r) x+r x—r x—r
2
". slope of AP x slope of PB = P AR A zy 5.
X+r x-—r X —r
However, OP2=r2, x2+y2:r2, xz—r2=—y2,
2
*. slope of AP x slope of PB = Y >=-1. .. APLPD, ie ZAPB=90°.
37. (a) Slope of PQ = Slope of QR, 1-6 :67(74), ;5:7’ p=-4
p-0 0-(8)" p 4
5 4
(b) Slope of L, x 2 =-1. SlopeofL,= rh
c—-1 4 4 11
¢) Suppose L, cuts the y-axis at (0, ¢). =, ¢=—@D+1=——
(¢) Suppose L, y ©,0) 0—4 3 5@ 3
. . .1
.". The y-intercept of L, is s
(d) The required area = 1 6—(—2) (4) = 82
2 5 5
38. (a) Let (s, 0) be the coordinates of S.
Slope of QS = Slope of PQ
0-5 = =5 s =3 =—, s=14. .". The coordinates of S is (14, 0)
s—24 36-24"  s-24 2
(b) Slope of RS = 0-(32) _,
14-30
.". Slope of RS x Slope 0fPS=(—2)(%)=—1 , ..RSLPS.

(©) () RS=(30-14)’ +(-32-0)° = 16’ +32° = 165
(i) PS=/(36-14)+(11-0) = V22’ +11> = 115

Area of APRS = %(RS) (PS) = %(165) (114/5) = 440

39. (a) Let (e, 0) be the coordinates of E.
Slope of AE = Slope of AD.
0-(-8) 16—(-8) 8 4
e—(=2) 16—(=2) = e+2 3°
.". The coordinates of E are (4, 0)
(b) Slope of BE = Slope of CD.
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2-0 18-16 1

29 —— L, b=-26
b—4 —14-16 15
(©) “.* Slope of BC= — 52 _ % _gjone of AD
(C14)—(26) 3

.BC//AD, ie.BC//DE, andBBE//CD, .. BCDE is a parallelogram.
) BC= [(-26)- (-14)F +(2-18)> =20, AB= [(-2)-(-26)F +[(-8)-2F =26
cD= \[(-14)-16F +(18-16)* =904, AD= |[16-(-2)F +[16—(-8)F =30

Perimeter of ABCD =AB + BC + CD + AD =26 +20 + 4904 + 30

=76+ 4904 =106.0665928... > 100
". The claim is agreed.
40. (a) (i) y-coordinates of H=2

(ii) Let coordinates of H be (A, 2). Slope of BC = 2;(_05) :%

s

Slope of AH x slope of BC =—1, (ﬂ][zj =-1, h=14.
h—-0 6
*. The coordinates of H are (14, 2).
(b) Let (a, b) be the coordinates of K.

b-2 14-2 b-2

Slope of CK = Slope of AC, =—), =-2, b=14-2a..(1)
a-6 0-6 a-=6
Slope of BK = Slope of BH, b=(=5) _2-(=5 , b+3 :l, 26+10=a..(2)
a-0 14-0 a 2
38

Sub (1)into (2), 2(14-2a)+10=a, 38-4a=a, a=

b:14_@=_§

.
oo (0] 5] - 22

Unit 12 Coordinate geometry: Point of division

". Coordinates of K = (35—8, —Ej

_ —8x2+2x3 5x2+(-D)x3. _ ﬂ 7. 7
1. (@ P=( EFER 53 ) = ( ) (-2, )
=3x1+(=12)x2 4x1+0x2 ;27 4. 4
®) P=( 1+2 142 )=« 3 ’3) 5, 3)
2><5+(—%)><4 (gjx5+6x4 9 27
(c) P=¢( <2 , sia )—(f f) (1,3)

() AP:PB:I:% =7:3,
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p= —Tx3+3x7 =Tx3+(=2)x7

B

- 35 0.
) =G 100 ~0:3

3+7 3+7
T+(=5) —-2+(-8) 2 -10
2. (@ M=(——=, ——2)=(=,—) =(1,-5
(a) ( 5 : ) (2 2) 1,-5)
-3+0 2.5+(-5.95) -3 -3
b) M= (——, =22y = (22 =2
(b) ( 5 : ) : 2)
4+4 _13+2
3 6 3 16 1 9 1 3
c) M= (=—, = (—x—, ——=x=) = (=, —=
(©) ( 3 5 ) (3 2 e 2) ( 4)
3. Let the coordinates of A be (x, ).
J X483 g _4vi24, cox=6
3+4
o A3 133, 26=4y. . y=—65
3+4
Ans.  The coordinates of A are (-6, —6.5).
4.  Let the coordinates of N be (x, y). x+25.5=1, x+55=2, x=-35.

%(_3) = % , y=3=1, y=4 Ans.  The coordinates of N are (=3.5, 4).

5. (@ PQ:QR=(3-1):(9-3)=2:6=1:3
7x3+(-9)x1 _21-9 _ 12

b) k= =Z=3
®) 3+1 4 4
6. Let the coordinates of the points be (x1, y;) and (x2, y2).
Thertio=2: 1, . x oZ2X24TX1 3 8x24(Dx1 14
2+1 3 2+1 3
Theratio=1:2, .. XZZM:E:AL yzzwzi‘
2+1 3 2+1 3

1
Ans. The coordinates of the points are (1, ?4) and (4, ;).

7. (a) Lettheratiober:s. The y-coordinate of the point of division =0,
s(—z)+r(§):0, §r:ZS, K:ZXi:i. Ans. Theratiois 5 : 12.
3 5 5 3 s 3 28 12

(b) The x-coordinate of the point of division =0,
5

*. The ratio = (5§—O)+[0—(—ll)] = 3—2 = E><i _ 14
6 4 6 4 6 5 3
8. " AB:AC=3:5 .. AB:BC=3:2.
. xx3+8x2
Let the coordinates of C be (x, y). BETCI -1, 3x+16=-5, x=-7.
+
P3HED2 5 5 g 35 3y=-27, y=-9.
3+2

Ans.  The coordinates of C are (-7, —9).
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9. (a) The mid-point of PR = %,@) = (45-15)

(b) Let the coordinates of S be (x, y). ".° diagonals bisect each other,

Logso2EX g 522300y 530207,
2 2
Ans.  The coordinates of S are (-3, 27).
10. . APHK ~APQR (AAA), .. PH_HK :i,
PQ QR 4
PH:PQ=1:4, PH:HQ=1:3 .. QH:HP=3:1.
Let the coordinates of H be (x, y), x= 7349 -3, y= 2x3+12 4.5.
3+1 3+1

Ans.  The coordinates of H are (-3, 4.5).
11. Sub.x=0and y =0 into the equation, we have 4y =12, y =3 and x = 12,
*. coordinates of A and B are (0, 3) and (12, 0) respectively.

Let the coordinates of P be (x, y). x=70><3+12><1 =3, =73X3+0X1 =2.25.
3+1 3+1
Ans.  The coordinates of P are (3, 2.25).
12. *© AC:CB=3:2, .. AB:BC=(3-2):2=1:2.
Let the coordinates of C be (x, y). 2=w, 6=—4+x, x=10.
+
3x2+yxl .
5=T, 15=6+y, »y=9. Ans.  The coordinates of C are (10, 9).
+
13. (a) Let the coordinates of P and Q be (xp, yp) and (xg, yp) respectively.
P:7><1+(*2)><3 _7-6 025, yP:6><1+0><3 _6 —15
1+3 4 1+3 4
xQ:7><1+10><3 :£:9.25, Q:6><1+(*6)><3 _ 12 -3
1+3 4 1+3 4
Ans.  The coordinates of P and Q are (0.25, 1.5) and (9.25, —3) respectively.
(b) SlopeofaB=""CD = 6 L gopeorpe= 37l 243 L
-2-10 -12 2 9.25-0.25 9 2
" slope of PQ =slope of AB, .. PQ//AB
14. Let P(x, y) be the intersection point of the diagonals.
*." Diagonals bisect each other, .". x=_32+5 =1, y=# =-1.
" Pisapointon BD, .. slope of BD = slope of BP = 7;(_11) :g
15 a_b_2x4+5><3_—9x4+5><3 _8+15 -36+15 _ 44
' 4+3 4+3 7 7 7
2 2
16. m=axa+(—b)><b _a =b _(a+b)a-b) _ aeb
a+b a+b a+b
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(-a)xa+bxb _b’-a’ _ (b+a)(b-a) _,

a+b a+b a+b
17. Let the coordinates of P and Q be (0, y) and (x, 0) respectively.
a:0+x, S x=2a; b:y—+0, Cooy=2b
2 2
SLPQ= x4y = JQ2a) +(2b) = Jad® +4b> = 20’ + 1
18. LetAB=x. .. CD=3x; AD=5x; BC=5x-x-3x=x; AC=x+x=2x
. AB:BC=1:1, AC:CD=2:3.

Coordinates of B = (ﬂ, —3+7
1+1 1+1

Let the coordinates of D be (x;, y2).
0X2HED3 o 5y 46, x, =23

~8 4
) =(5,7)=6.2).

2+3
y,x2+(=3)x3 2x, -9
=7, =7, 2y, =44, y, =22
243 5 2 %

Ans. The coordinates of B and D are (3, 2) and (23, 22) respectively.
19. Coordinates of p= (LX2+6x1 2x2+(Z10)x1,_ 8 =6, 8,
2+1 2+1 373 3

Sub. the coordinates into 3x — y + k= 0, we have

() (k=0 20k=0, 2 k=o10

3a-14(-3) 4+45-a,_ 3a-4 9-a

20. Coordinates of the mid-point = ( s ( s ).
2 2 2 2
Sub. the coordinates into the equation x — 2y + 6 = 0, we have
(?)—2(9;a)+6:0, 3a-4-29-a)+12=0, 5a-10=0, .. a=2
21. (a) PC=CRandPA=AQ, .. AC/QR//BRandAC= %QR =BR (mid-pt. thm.),
.". ABRC is a parallelogram (opp. sides equal and //).
(b) Let the coordinates of R be (x, y).
* mid-point of BC = mid-point of AR, o +§_4) = 1+;_1) s 4;
24 ; 6 = %H , y=4. Ans. The coordinates of R are (4, 4).
”. _2§= (n—9)><3+(m+4)><2, -13 3n—27+2m+8’ 6=3n+2m ..(i)
5 3+2 5 5
—6i= (Gm+1)x3+nx2 ’ _ﬁz 15m+3+2n =37 =15m+2n. (i)
5 3+2 5 5
()x2 - (@[)x3, .. 12—-(-11)=4m—-45m, 4lm=-123, m=-3

Sub m=-3 into (i), 6=3n+2(-3), 12=3n, n=4.
Ans. Coordinates of A= (4 =9, =3 x5+1) = (=5, —-14);
Coordinates of B are (-3 +4, 4) = (1, 4).
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23. Consider 3x + 5y —30=0:
whenx=0, 5y=30, y=6; wheny=0, 3x=30, x=10
Coordinates of P and Q are (0, 6) and (10, 0) respectively.

* AOPR and AORQ have the same heights, .". ratio of areas=PR:RQ=1:3
‘. Coordinates of R = (L3F10x1  6x3+0xly (E §) = (2.5,4.5)
3+1 3+1
1 1 1 1 m
24. (a) Areaof AOPB= — xareaof AOAB, —nr= — x —mn, r=—
3 2 32 3
1 1 1 1 n
(b) Area of AOPA= — xarea of AOAB, —ms= — x —mn, s= —
3 2 32 3
n n 2n  n
c) BP:PQ=n-5):(s-0=n—-=-): (= -0)= — : ==2:1
(©) Q=(n-5):(s=0)=(n 3)(3)33
@ r= w 13 =6, m=3(6)=18. Ans. The coordinates of A are (18, 0).
+
25. (a) Coordinates of M = (‘H—O b+0j [a, éj
22
Coordinates of N = ( j = [ Oj
I(a)+2(5)
(b) Coordinates of G = 2 , 10)+20) | [a e ) é]
1+2 1+2 3 °3
1(e)+2(%) 1(0)+2(é)
(¢) Coordinates of H= 2 , 2 |- (a—w, éj
1+2 1+2 3 3
(d) Coordinates of R = ["”, bioj =("+C, 3]
2 2 2 2
a+c b
10+279 10220 | (4,0
". Coordinates of K = s = [ s fj
1+ 2 1+2 3 °3
(e) PN, QM and OR are the medians of AOPQ. °." Coordinates of G, H and K are the same,

the medians are concurrent, and their point of intersection, centroid, divides each of
them in the ratio 2 : 1.
26. (a) AB=0C =c (prop. of rhombus), .". Coordinates of B=(a + ¢, b)
a+c b+0 a+c b)

TR

O+(a+c) 0+b a+c b

5 2)( )

* mid-point of AC = mid-point of OB, .". AC and OB bisect each other,

i.e. the diagonals of a rhombus bisect each other.

(b) mid-point of AC = (

mid-point of OB = (

s
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27. (a)

(b)

(©)

28. (a)

(b)
©

(d)

Page A60
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SlopeofOB:A: b , slopeofAC:b_c: b
(@a+c)-0 a+c a-s a-c
OA’=0C% .. (a-0)+(b-0)=c*, .. a+b*=c?, da*—c*=-b
2 2
slope of OB x slope of AC = b X b__ Zb = bzzfl,
a+c a-c a —-c- -b

.. OB LAC, i.e.diagonals of a rhombus are perpendicular to each other.
_ 9(52)+4(0)
9+4

(i) AD:DC=9:4, ..3d =12.

s

(i) Let A be (a, 0).
9(96) + 4(a) g 240 _
9+4 4
Ans. The coordinates of A are (—60, 0).
(i) AE:ED=[0-(-60)]:(4x12-0)=5:4
(ii) LetEbe(0,¢). c¢= 36x12)+4©0) =20
5+4
Ans.  The coordinates of E are (0, 20)

4(12) = -60

(iii) area of AAEB : area of AACB = % (AB) (20) : % (AB) (52)

=20:52=5:13
Let (p, q) be the coordinates of P.
PC : AC = area of APBC : area of AABC=2:1
p><1+(760)><2:96’ = 408; gx1+0x2 _
1+2 1+2
.". The coordinates of P are (408, 156).
Ox14+21x2 0x1+24x2
+2 7 1+2
33+21,0+24j —(27.12).
2 2

14r+33x1 16r+0><1) _ (14r+33 16r)

52, g=156

Coordinates of R = ( ) = (14, 16).

Coordinates of S = (

Coordinates of T = R >
1+r 1+r l+r l1+r

Slope of OA = Slope of OS

y-0 12-0 y 4 4 .
=——, ==—, y=—x ..(%
0 27200 x 9 YToF

Substitute x = 14r+33 and y= 16r into ().
+r 1+r

>

16r _4[14r+33

—=— , 36r=14r+33, r=
1+ 90 I1+r

3
2

.. RT: TP :1:222:3

[\S)
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Unit 13 Trigonometric relations

2 a2
. (a) sin6:046:§, cose=E=i=0.g p) 3
5 5 5 A6 ;
2 2 2
(b) tanx=2==, sinx= == )
i NEERNG o
k Ja g e-k 4
(¢) cosf=—, tanf=——=—"———
4 k k 6

5
4sin0-3cos® 4tan0-3 4(5)_3 _20-39 _-19

2. - = - -
10sinO+cos® 10tan0+1 10(%)+1 50+13 63
11 3.3 1.3
3. @) =)0+ =—+2=1
(a) (2)(2)(2)(2) R
1Y (1Y
® sin245°_tan230°_[ﬁj _[ﬁ) 2, B 923
c0s60°  cos30° 1 3 NE 9 9
2 2
1 1, 2, 4 11 2 2
¢c) =(—=+—=)" =(—=)" =— d :1+7_7:\/5_7:7
(© (\@ ﬁ) (ﬁ) 3 @ 7 2 5 "3
4 (@ n0="05Y"__ 1 i 000°—47°) = tand3°, . 0=43°

sin47°  tan47°

1 1
b) tan’@=—,tan0=—=1tan30°, .. O=43°
() 3 NG
() sin® = cos(40°+0) = sin[90° — (40° + B)] = sin(50° — ),
. 0=50°-0, 06=25°

5. (a) =sinBcosO(sin’>0O+cos’0) =sinBcosO(l) =sinHcosh

.2 .2 2
) =sin?0C Y 11y = sin2 09T 0y _Gag 1) tante
cos” 0 cos” 0 cos“ 0
© _(sin@-1)—(1+sin0) -2 2
(1+sin@)(sin@—1) —(1—sin*0) cos* @

d = sin0+cos0O cos? 0(sin 0 + cos0) _ cos’ 0(sin 0 + cos0)

_ sin’0 cos’H—sin’ 0 (cosB —sin0)(cosO +sin )

cos’0
cos’ 0 _ cos0

- cosO—sin® 1—tan0
6. (a) LH.S.= cos'0—sin’0=(cos’d—sin’0)(cos’+sin’0)
= (1-sin’0—sin’0)(1) =1-2sin*® =R.H.S.
(b) LHS.= (I-cosy)(l+cosy)=1—-cos’ y=sin’y

2.2
R.H.S.= cos® ytan® y = cos’ J’M =sin’y =L.H.S.
cos” y
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sin 0
(¢) RHS.= tan92 = cqsez = SI?GCO§92 =sinBcos6 =L.H.S.
1+tan” 0 sin“0 cos 0+sin” 0
I+—
cos 0
7. (a) cos®35°+cos”55°=sin*(90°—35°)+cos’ 55° =sin” 55°+cos’ 55° =1
(b) tan59°xtan31°:;xtan 1°= xtan31° =1
tan(90°—59°) tan31°
(c) sin®22°—cos” 68° = cos’(90° —22°) —cos’ 68° = cos” 68°—cos” 68° =0
1 sin® cos® sin’H—cos’O
tan0 — —— —_— .2 2
8. (a) = tan® _ cos® sin® __ sinBcos® _ S 0—cos” 0 —sin20—cos2
¢ 1 sin® cos®  sin’0+cos’®  sin’O+cos’0
an0 + +— it
tan® cos® sin6 sin0cos0
) = 200526si.r12 0 _ 2sin® —2tan6
cos” 0sin0 cos6
(c) tan(30°-x)xtan(60°+ x)
1
= ——xtan(60°+x) = ;xtan(60°+x):l
tan[90° —(30° —x)] tan(60° + x)

9. (a) . a=180°-60°—30°=90°
L sin30°=5, x=10sin30°=10(1) =5
10 2=

", sin60° :%, y =10sin 60° = 10(?) =53

h h
b) sin45°=—, h=4/32sin45°, sin30°=—,
(b) Ay p

1
Fsinass V)

=X —2x4=38
sin30° 1 =
2

10-7 3 1
¢) Vocosa=E——=——==—=, .. a=45°
© NN RN

b 1

©osing = ——, b=+/185in45°=3/2(—=) =3
NE N

o) x1+22:cos30°, x+2:§-12, x=63-2

10. TnACDB, DC=9tan30°= ? =33

In ACAB, x+DC=9tan60°=93,

x=9/3-DC=9V3-3/3=63
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h 5V3

11. tan30°:L: , h=5tan30°=—- I
5 3

a
an60°= i ho3 . asa3ono33o V343 |
3 3 3 h
12, AD=80-—5 18 g0 18/3-18=(62-18,3) cm 0 As )
tan30° tan45° i3
S T
tan(90° —0)
The given expression
= (tan 1° x tan 89°) x (tan 2° x tan 88°) x ...... x (tan 44° tan 46°) x tan 45°
= (1) % (1) X v x (1) tan45° = 1
14. (a) LH.S. =cos'0—sin*@+2sin”> O = (cos> 0 +sin’ B)(cos> @ —sin’ 0) +2sin’ O

=cos’H—sin’O+2sin’ 0 =cos’H+sin’H=1 =R.H.S.

13. . tanBxtan(90°-0)=1.

cosf 1-sinB cosB(1-sin@) _ cosO(l-sinf) _ l-sinf _

(b) LHS. = —. — = — 5 R.H.S.
l+sin® 1-sin6 1-sin“ 0 cos“ 0 cos6

(¢) LH.S. =(sin’0)’ +(cos’0)’

= (sin” 0 +cos’ 0)(sin* 0 —sin” O cos® 0+ cos* 0)

= (1)(sin* 0+ cos* 8 —sin’*H cos” 0)

=(sin* 0 +cos* 0+2sin’ 0 cos*0) —3sin’ O cos” O

=(sin* @ +cos’0)* —3sin’ O cos” B = (1)> —3sin*Hcos*® =R.H.S.

15 (@) = cos’ 0+ (sin®+1)°  cos®O+sin” 0+2sin0+1
' cos0(1+sin0) cosO(1+sin0)
_ 2+42sin®  2(1+sin0) 2
cosO(1+sin0) cosO(1+sinB) cosO
sin’ @
) - cos’0 _ sin” 0 _ s’ -1
cos’0—1 cosB(cos’0—1) cosO(—sin’0) cosO
cos®
_ _ 2

© = 1+cosO—(1—cos” 0) _ cos0(1+cos0) = cosh

1+cosO 1+cosO

\/g A
16. In AABD, AD = ABsin60°= (8)(7) =443, g n
BD:ABcos60°:(8)(l):4, . DC=BC-BD=20-4=16, B4 C
2 —20——

AC=VAD? +DC* = (443)> +(16) = 16(3+16) = 4/19

17. h=65sin30°=3 cm. A
g
Areaof AABC= LxixAC=27. AC=222T_3% _ig.m >C
2 R —

B

18. AABE is equilateral, .. e=60°,AE=12cm
a=e—30°(ext. Zof A), a=60°-30°=30°
.. AAEC is isosceles (base Zs equal), .. AD=DC
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19.

20.

21.

22.

23.

24.

25.

26.

217.

In AAED, ED = AEsina =12 sin60°:12(£) = 63 cm
2 & D
1 J
AD =AE cosa =12c0s60° =12(=) =6 cm
2 e N
E
Area of AAEC :Zx(%xADxED):6><6\/§:36\/§ cm’
sin(m+n):§, S.om+n=60°...(1)
cos(mfn):g, CS.om—n=30° ...(2),
2)+(1), 2m=90°, .. m=45° From (1), 45°+n=60°, .. n=15°
[ _n2
180052x+5(1—cos2x)=9, 13cos’x=4, cosx= i=i, tanx=¥=3
13 13 2 2
a’sin’0=2"=4 and a’cos’0=3=9, .. a’sin’0+a’cos’H=4+9=13,
. a*(sin*0+cos’0)=13, a’(1)=13, a=+13
sinB—-~2cos0=0, sin®=-2cosh, tan@zfzﬂ, sinecosez(ﬁ)(i):—2
1 J3OBT3
(sine—cose)z=(%)2, (sin29+c0529)—2sinecos6=%,
I—ZSinGCOSG:é, ZSinecosezg, sinecosG:i
. 2 .3 2 . 13, 18
(sinB+cos0)” = (sin” 0+ cos 6)+2smecos@:1+2(m):?
sin®+cosf = B:ﬁ:@
5 5 5
1 11 — cosh 1
Lo, 1 +1‘1—cose 1+cos0 1-cos® 1+cosB
cos6 cos6 cos6 cosf
_ _ 2
— cosd (1+cos0)—(1—cosh) :cose( 200529 j:20~0§ 0_ 22 :%
(1+cos0)(1—cos0) 1—cos” 6 sin“0 tan“0 a
., BC BC . 3 1BC, 23 BC
tan30°=—=——, .. —=—(—2), —=—nr
AC 2MC 3 2 MC 3 MC
But tanG:E, tanezﬂ
MC 3
_ o__ o_ o A
G =a; - w:m", .". AC = CD (sides opp. eq. £s) D
But E=sinal =sin30°=l, m~
AC 2 B C D
.. 2BC=AC=CD, E:l, BC:CD=1:2
CD 2

Page A64 Answers



Mathematics Exercises for Brilliancy 3 (2nd edition)

28.

29.

LetBD=a, .. DC=3a; BC=a+3a=4a

tan60° = 2€ = 34 , AC= 3a =3i=\/§a_ tanezﬂzﬁzﬁ
AC  AC tan60° /3 BC 4a 4

AM 1 BM and ZBAM = 45° (prop. of square), ZBPM = 60° (equil. A).

In ABMP, BM = PM tan 60° = \3PM. InABMA, BM = AM tan45° = AM.

AB_AM  AB_+3PM

. AM=3PM. " AABM~APQM, .. —=——, , AB
PQ PM’ y PM
30. (a) ZANM=ZACB=90°, .. MN//BC (corr. Zs equal),
. 0, =10, (alt. Zs, MN//BC)
(b) tan LZA= m:1, . ZA=45° In AABC, BC =tan45°, .. BC=AC
AN AC
MN//BC (proved) and MB = AM (given)
1
—AC
.. NC =AN (intercept theorem) = 1 AC. tan 0, = tan 6= NE =2 - 1
2 BC AC 2
31, (@) LHS.— sinczcosa  cosasina _ sinacosa( 1 j
' o 1+cosa l-cosa l+cosa 1-cosa
. (I-cosa)—(l+cosa) . —2cosa)
= sinacosa = sinacosa| ————
(I+cosa)(l—-cosa) (I-cos” @)
—2sinacos’ a (cosaj ( 1 ]
= ————— = —2cosqa| — = —2cosa
sin” sina tan o
= —2cosatan(90°—a) =R.H.S.
(b) Leta=90°-p, ..90°—a=p.
LHS.= sin@0°-a)sina _ cos@0°~ajcosa _ _ 2cosatan(90°—«) [from (a)]
1+cosa 1-cosa
= —2c0s(90°— f)tan f = —2sin ftan f =R.H.S.
32. (a) (sin® + cos®)’=sin’® + 2 sinOcos O+ cos’0 =1+ 2 sin O cos O
SCA=1, B=2
(b) LHS.— cos’0—cos’(90°—0) _ cos’0—sin’ 0
T 2sinBsin(90°—0)+1  2sinOcosO+1
_ (cosb— §m 0)(cosO :rsm 0) [from (a)]
(sinO + cos0)
cosO sinf sin 0
. - 1-
cos0—sin® _ cos0 cosh cos§ _ l—tan0
- —— = ¢ = ¢ = =R.H.S.
cos0 +sin O cose+sm6 1+sm9 1+tan6
cos® cosO cosf
33. (a) L.H.S.=sin*x + cos*x
= (sinzx)2 + (coszx)2 + 2 sin’x cos’x — 2 sin’x cos’x
= (sin’x + cos*x)* — 2 sin’x cosx
=1 —2 sin’x cos’x
=R.H.S.
Answers

Unit 13
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2

(b) LHS.= ——— ! —2tan’y = ! o[ SV
3 3 2

sin”(90°— y)cos y cos” ycosy cos” y

1 2sin’ 1-2sin’ ycos® cos® y+sin*
- = FR Y - SR ITRT by ()]
cos'y cos’y cos’y cos' y

-4
SNV ianty = 14— L —RHS.

=1+ 3
tan” (90°—y)

cos’y

Unit 14 Applications of trigonometry

1.

(a) area of ABCD = 14 x 95in 60° = 109.1 cm?

(b) area of APQR = w = 142.7 cm’

=219.5 cm?

2
¢) the height = [26% — 18 =ﬁ’ - area of AMNR = @
g 2 :

(d) area of AABC = % =10.8 cm?

The hexagon can be cut into 6 congruent 360°
isosceles triangles whose vertical angle 6

Let & cm be the height of the isosceles triangle.
60° 82 h— 4
h tan30°

4

=96 \/gcmz.
tan30°)

tan

.". Area of the hexagon = 6 x (%x 8x

Let 0 be the angle of inclination, tan 6 = %, 06=3.81°.

Ans.  The angle of inclination is 3.81°

Horizontal distance = V116> —=30% =+/12556, .. Gradient= i =0.268
V12556

tan o= %, a=571° .. AM=15sin5.71°

1
tan f= 15, f=4.76°, .". BN=205sin4.76°;

.. Vertical distance = 15 sin 5.71° + 20 sin 4.76° = 3.15 km
Vertical distance =400 — 350 = 50,
horizontal distance = 25000 x 4 + 100 = 1000.

Let 0 be the angle of inclination, tan 0 = %, 0 =2.86°.

Ans.  The angle of inclination is 2.86 °
Fiona’s height = 2.14 tan 35°.
~ 2.14tan35°

M =tan 60°, the new shadow= —— =0.865
the new shadow tan 60°

Ans.  The length of the new shadow is 0.865m.

The angles of elevation are also 47° and 63°.
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

.". Distance between A and B = 22 + 2 31.7m
tan47° tan63°
The angles of elevation are also 24° and 36°.
.". Distance between the cars = 120 _ 120 _ 1044 m
tan24° tan36°
(a) L:tan40°, .. AD= h . L:tan25°, L AC= h
AD tan 40° AC tan 25°
e e L

tan 25° tan 40°
1 1

tan 25° tan 40°

h=175+( 25 ndo° )=179. Ans. The height of the cliff is 79 m.
E:tan38°, AQ= PQ ; &:tanZZ", QB= PQ ;
AQ tan38° QB tan22°
PQ_ PQ 0 po—l L -2,

tan38°  tan22°
1 1
+
tan38° tan22°
(a) a=90°—-40°—-15°=35° b=40°(alt. Zs, // lines),
y=45°(alt. Zs, // lines), x=40°+ a (alt. Ls, // lines) = 40° + 35° = 75°
(b) 40°+a=40°+35°=75° .. the compass bearing of B from A is N75°E.
(c) 180°—y=180°—-45°=135° .. the true bearing of B from C is 135°.
(d) The true bearing of C from A is 040°.
6 =42°0+39°=42°+39°=81°.
Ans.  Bearing of Q from P is S81 °E.
B=35% a=45°-pB=45°-35°=10° O=a=10°
Ans.  Compass bearing of P from R is S10°E.
o =60°—(360°-318°)=18° p=oa=18°
.". True bearing of M from N = 180° +3 + 60° = 180° + 18° + 60° = 258°.

tan38° tan22°

PQ =120+ ( )=32. Ans. The height of the lighthouse is 32 m.

© ZPOQ =65°+25°=90° .. tan ZOQP = %, Z0QP =38.7°;

38.7°+25°=63.7°.  Ans. Compass bearing of P from Q is N63.7 ‘W.
OA=80x2=160; OB=60x2=120;

ZAOB =360° - 325° +55°=90°, .. AB= 4/160°+120*> =200 km
Ans. Distance between A and B after 2 hours is 200 km.
AX=1.5sin50°; BX=1.5c0s50°;, BZ=3cos50°% CZ=3sin50°
AY =CZ -AX=3sin50° - 1.5sin 50° = 1.149,

CY =BX+BZ=1.5c0s50° + 3 cos 50° = 2.893,

AC= AV’ +CY? = 1.149° +2.893> =3.1124km=31124m

.. Shortest time =3112.4 + 50 = 62.2 min.
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19.

20.

21.

22.

23.

24.

(a) BZ=240co0s60° BY =150sin74°,
. AX=BZ+BY =240 cos 60° + 150 sin 74° = 264.19 = 264.2
Ans.  He is 264.2 m west of the starting point.
(b) AZ=1240sin60° CY =150cos74°;
.. CX=AZ - CY =2405in60° — 150 cos 74° = 166.5
Ans. He is 166.5 m south of the starting point.

(c) Distance from the starting point = v AX? + CX?

= 4/264.19° +166.5° =312.3m

OV=MV-MO=8-r. InAOVA, Sizsin(%),
-r

e 8sin28°
 1+sin28°
Ans.  The radius of the sphere is 2.56 cm.
(a) DM =20sin60°=17.3; CF =30sin30°%
CN =DM + CF = 20sin 60° + 30 sin 30°= 32.3.
Ans. Distances from C and D to AE are 32.3 cm and
17.3 cm respectively.
(b) AM =20cos60°; AE =30cos30°
ME =AM + AE = 20 cos 60° + 30 cos 30° = 36.0
Ans.  Distance from D to BE is 36.0 cm.

7= 8sin28° — rsin 28°, =2.56.

(a) Distance between H and K = 180 x % =45km

(b) Letx km be the perpendicular distance from A to HK.

T T _—us, x:45+( L, 1 J =36.6
tan44°  tan79° tan44°  tan79°
Ans.  The altitude of the helicopter is 36.6 km.
(a) Let P’Q be the horizontal distance between P and Q.
P’Q=4x400=1600m, P’P=300-100=200m,
.. Actual length of road PQ = +/200% +1600* = 200465 =1612.5m

200 1
b) Gradient ofroad PQ= ——=—
®) Q= 1600 8 A

B,
Let 0 be the angle of inclination, tan 6 = é, 0="7.13°. 6
Ans.  The angle of inclination of road PQ is 7.13 ° Q P
(c) Vertical distance between A and B =200+ 1.6 — 6 =195.6 m,
horizontal distance = P’Q = 1 600 m.

Let o be the angle of depression, tan o = %, o=6.97°.
1600
Ans.  The angle of depression from the man to the tree is 6.97 °
B
Let 24 be the height of the building. - tan 32°; h
ocC Al
@n/BCO= —2 —2tan32°, . /BCO=513° h N
0OCX O (N c

Ans.  The angle of depression from the top of building is 51.3 °
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25.

26.

27.

28.

29.

30.

Their horizontal distance = OQ = 100 cos20°; OP =100sin20°;
their vertical distance = OP + PB — AQ = 100sin20°+5-2

~1008in20° + 3;:  tanq = S 1008IN20° o) 60
100cos20°

Ans.  The angle of depression required is 21.6
Let 2 m be the height of the building, .. CD=(4-18) m.

In ABCE, BE= h . inAACD, AD= h-18
tan 68° tan 58°

h h_lg, J tan 58° = / tan 68° — 18 tan 68°,

tan 68° tan 58°

h= _ 18tan687 _ 50.9. Ans.  The height of the building is 50.9 m.
tan 68° —tan 58°

" BE=AD,

_ A
(a In AACE,CE= 65-h ; in ACDE, BD = h
tan 22°

tan39° " c <570

65-h _ h

s hm ’
tan 22° tan 39° 305 0]

65 tan 39° — htan 39° = h tan 22°,

pe 031n39 _4isca~aza.
tan22° + tan 39°

" CE=BD,

43364 _ 53.6m
tan39°

Let 2 m be the vertical height of the balloon,
. CD=(h-80)m. InAACD, AD= h =80 ;
tan37°
h—-80 h

(b) Distance between two buildings =

inABCE, BE= —"_ ‘* AD=BE, .. ,
tan 65° tan37° tan 65°
Jrtan 65° — 80 tan 65° = j tan 37°, h= — 0@N65" oy
tan 65° — tan37°

Ans.  The vertical height of the balloon is 123.3 m.
Yy

—=tan45°=1, BE=y, AD=BE=y;

BE ¥y ¥y

X

1—tan@
(a) Typhoon is nearest Hong Kong when TA L AH.

CD=ADtan0, .. y—x=ytan0, y=

ZATH =70° - 18° = 52°, AR _ sin 52°,
TH

AH = 680 sin 52° = 535.8 km.
Ans.  The shortest distance from Hong Kong is 535.8 km.
(b) AT =680cos52°=418.65, .". Time taken=418.65+ 160 =2 h 37 min.
Ans. It will be nearest Hong Kong at 2 h 37 min after 11:00 a.m., that is 1:37 p.m.
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31. CE=AB; BC=ABtan69°; AE=BC=ABtan69°; AD =ABtan55°
CE AB 1

tan 0 = = = , 0=404°.
AE—-AD ABtan69°—ABtan55°  tan69°—tan55°
Ans.  Bearing of C from D is N40.4 W.
32. (&) PR=60x % =20km; "."ZPQR = 180° —50° —40° =90°,

.".QR =PRco0s50°=20co0s50°=12.9 km

(b) QM =QRsin50° =20 cos 50°sin 50° = 9.848;
MS =RM + RS =20 cos 50° cos 50° + 10 = 18.2635; S R[505M
tanZMSQ = QM _ 9348 , ZMSQ =28.3°.

MS  18.2635

.". True bearing of Q from S =90° + 28.3° =118.3°

() SQ= \/MS2 +QM* = V182635 +9.848° =20.7 km

*. Time taken = (20.7 + 60) x 60 =20.7 min
33. (a) The ship is nearestto Q when PS L SQ. In APQS,
ZQPS =60°-32°=28° .. SQ=40sin28°=18.8.
6 =180° — 90° — 28° — 32° =30°.
Ans. At that instant the ship was 18.8 km in the direction of
N30 °E from Q.

(b) Si =c0s(90°—-30°), x=(40sin 28°)cos60°;

y=x, .. y=(40sin28°)cos60°
Y _gin20e, . Rs=A0sin289€0s60° _ oy 4oay
RS sin 20°

In APQS, % =c0s28° PS=40c0s28°=35.318 km

.". Time taken = (27.453 + 35.318) =+ 28 =2 h 15 min.
Ans.  The ship reached R at 3:45 p.m.

34. LetAB=a; BC= Va’+d> = V2a; AC= \a*+(H2a)* = 3a
BC _ V2a _ V2 _ ﬁ

. cos LZACB= — = — = — =
AC 3z 3 3
35. ZR=/P=52°(base Ls, isos. A); ZAQD =180° —2(52°) = 76°
In AAQD, ﬂ =sin76°, AQ= L , ZPBA=/R=52° (corr. Zs,AB// QR),
AQ sin 76°
.. PA=AB =6 cm (sides opp. eq. £s). .. PQ=PA+AQ=6+ — 676° =122 cm
sin
36. (a) In AOAC and AOBC, OA=O0B (radii), OC = OC (common),
AC=BC (given), .. AOAC=AOBC (S.S.S.), <
. ZOCA = ZOCB (corr. Zs, = As). \
Z0CA + ZOCB = 180° (adj. s on st. line), .
ZPCA=Z0CA=180° +2=90° A 5>

(b) AC=8+2=4, OC=+52-4*=3, PC=5+3=8,
. AP= JAC?+PC* = 4218 =894cm
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37.

38.

39.

40.

41.

©) PC =tan 56°, CQ= 8 =5.396,
CQ tan 56°

. Area of AAPQ = % x PC x AQ = %(8) (4 +5.396) = 37.6 cm’

Z/BAC = ZBCA (base Zs, is0s. A),
. 9+300= % (£ sum of A), 0 =40°,
.. CD=BD (sides opp. eq. £s),
. ADCE = ADBE (AAS). CE =BE (corr. sides, = As),

CE:%BC:& In ADCE, C%:COS“O", ;D= > —783m

Draw SA L PT, .". APQS is a rectangle.
*. ZAST =0 (corr. Zs, AS // PR).

In ASTA, % =cos 0, AS=2cosb.

"." PQ =AS (rectangle property), .. PQ=2cos0
(a) In AEAB and AFBE, ZA = /B (prop. of square);
ZADE +90° = ZDEB (ext. £ of A), ZADE +90°=90°+ ZBEF,

. ZADE = /BEF; ZAED = /BFE (SrdéofA); .. AEAD ~ AFBE (AAA)
(b) Let the side of the square be x. 1
—X
. AFBE ~ AEAD (proved), .. oL - BE BE_ 27 " pp 1.
AE  AD’ 1 x 4
2
3y
S CF=x—tx =3y tane= S5 -4 -3
4 C X 4

In AAPT, % =sin28°, PA=12sin28°.

In APSA, sin/PSA = % = % /PSA = 18.24°;

Z/BRS = Z/PSA=18.24°. In ARBS, R—6B =c0s18.24°;

.. Height of R=RB =6 cos 18.24° =5.70 cm
.". Height of Q=AC=CP+PA=RB+PA=5.70+12sin28°=11.3 cm

(a) 6=180°—-60°—75°=45° (£ sum of A); A
f:sin45°, x = 8sin45°; fzsin60°,
8 y
_ X _ 8sin45 ~6.53

sin 60° sin 60°
(b) a=060°—-20°=40°,
b=180° - 90° — 60° = 30° (£ sum of A)

() % =tan60°, & =2.3tan60°=3.98
Ans.  The height of the lamppost is 3.98 m.
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(d) =sinb, c¢=2.3tan60°sin30°; =sina,

|0
= |0

‘= 2.3tan60°sin30° _
sin40°
Ans.  The length of shadow on the slope is 3.10 m.
42. (a) ZBAC=185°-95°=90°
ZABC =95° — (234° — 180°) =41°
(b) Vertical distance between A and C =350 — 150 =200 m.
Horizontal distance between A and C =3 x 4000 cm = 12000 cm = 120 m.
Let 0 be the angle of elevation of A from C.

tan@ = %, 0=159.0° (3sig. fig.)

3.10

Ans.  The angle of elevation of A from Cis 59.0°
(¢) (1) Letx m be the horizontal distance between A and B.
From (a), #ZBAC=90°, ZABC=4I1°
tan41°:ﬁ, x= 120 _ 138 (3 sig. fig.)
X tan41°
Ans.  The required distance is 138 m.
(i) The vertical distance between A and B =400 — 350 = 50 m.

Let a be the angle elevation of B from A.

tana :%, a=19.9° (3 sig. fig.)

Ans. The required angle of elevation is 19.9°
43. (a) Distance between Q and R =0.808 (6 x 60 + 15)=0.808 (375) =303 m.
Vertical distance between Q and R =420 — 360 = 80 m.

Horizontal distance between Q and R = V303> - 607 =297 m.
Scale of the map =9.9 cm : 297 m=9.9 : 29700 = 1:3 000. R
(b) With the notations in the figure,
x=90°-10°=80° »y=90°—-x=90°-80°=10°
z=y=10° 90°-z=90°-10°=80°
Ans. The require compass bearing is NSO E.
(¢) cosZQRP = %, .. ZQRP=41.9°.
41.9°—a=41.9°-10°=31.9°.
Ans.  The compass bearing of P from R is S31.9 “W. P
44. (@) (i) ZPQR=46°+68°=114°
" PQ=QR, .. ZQPR=ZQRP (base Ls, isos. A)
ZQPR + ZQRP + /PQR = 180° (£ sum of A)
2 ZQPR + 114°=180°, ZQPR=33°, 46°+33°=79°
Ans.  The compass bearing of R from P is N79 °E.
(i) Let M be the mid-point of PR. Note that QM L PR.
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M cos ZQPR, PM =6 cos 33°,
PQ
PR=2PM =2 (6 cos 33°)=12 cos 33°=10.1 km (3 sig. fig.)
(b) (i) LetS'beapointon PR such that SS' L PR. SS'=/ km.
ZPSS'=90° — 64°=26°, ZRSS’'=90°—25°=38°,
PS =tan ZPSS’, PS’'=htan26°; l;: =tan ZPSS’, RS'=/htan38°
PS'"+RS'=PR, htan26°+ htan38° =12 cos 33°
h (tan 26° + tan 38°) = 12 cos 33°
he 1200833 5030577=7.93 (3 sig. fig)
tan 26° + tan 38°
(i) Let a be the angle of depression of Q from the helicopter.
o is greatest when the helicopter is above M.
tana = w , a=67.6°>65° (3sig.fig.)
6sin33°
*. The claim is disagreed.
45. (a) AB=80x1.5=120km
ZBAP =300°-270°=30°, ZCAP=270°—225°=45°
BP = AB sin ZBAP = 120 sin 30° = 60 km
AP = AB cos /BAP = 120 cos 30° = 60~/3 km
PC = AP tan ZCAP = 604/3 tan45°= 60+/3 km
BC=BP+PC=60+ 6043 =60 (1+ +/3)km
PC__ 60N3 _ /6 km

smLCAP sin45°

60\/7

. Exact speed of car Q = —— = =406 km/h

(b)

(c) «BCD=1360°—323°=237°
BD =BC tan Z/BCD =60 (1 + /3 ) tan37°
Time for car P to travel from B to D
=60 (1 + +/3)tan37° = 80 = 1.54 h (3 sig. fig.)
BC  60(1++/3)
cosZ/BCD ~ c0s37°

Time for car Q to travel from C to D = L-;;/E) +404/6 =2.09h (3 sig. fig.)
cos

1.54h<2.09h, .. the claim is agreed.
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Unit 15 Measures of central tendency

1. (a)

(b)

©
(d)

(e)

®

(&)
(h)

2. (a)
(b)
3. (a)

(®)
4. (a)
(b)
5. (a)
(b)

Page A74

Mean :%:6.125, Mode =8, Median :%:7

-14,-11,-11,-10,-7; Mean :_?53:710.6, Mode =—11, Median=-11

-18,-13,-10, 13, 15, 18; Mean= %, No mode, Median= yzlj
—8°C, —5°C, —4°C, —1°C, 0°C, 0°C, 2°C;
-16 2 .
Mean=T=—27°C, Mode = 0°C, Median=-1°C
24m?, 62m* 7m’, 9.4m?*, 10m*, 11.5m?, 12m?;
Mean :gz&%mz, No mode, Median = 9.4 m*
20.4, 23.2, 24.1, 24.3, 24.7, 24.7, 28.5;
169.9 .
Mean =T=24.3°C, Mode =24.7°C, Median =24.3°C
x—-2,x—1Lx,x3x,5x; Mean = 12)6673 , Mode=x, Median= x-2#x =X
60 cm, 0.6m, 75 cm, 1 m, 1.3 m;
425 .
Mean :?:85 cm, Mode=60cm, Median=75cm
Mean = 12x12+13x10+14x15+15%13 :@:13.58, Median = 14, Mode = 14
12+10+15+13 50
Mean = Ix6+2x15+3x16+4x1+5%x2 :%:2.45, Median =2, Mode =3
6+15+16+1+2 40

The class marks are 145, 245, 345, 445 and 545.
Total number of shoes =7 + 16 + 33 + 24 + 20 = 100;
. Mean= (145x7+245x16+345x33+445x24+545x%20)+100
=37900 + 100 = $379
The modal class is $300 — $390.
Weight (kg) 30-34 35-39 40-44 45-49 50-54
Frequency 3 14 9 4 6
The modal class is 35 kg — 39 kg.
Weight mean score of Apple = 72x3+85x3+ 74x2 = o1 =774
3+3+2 8
64x3+87x3+76x2 605

Weight mean score of Banana= g e =75.6

. 4 4x2 1
Weight mean score of Cherry = T4x3+ 67; 3 +84x = % =73.9

Apple achieved the best result.
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6. (a) The modal classis 161 cm — 165 cm.
153x3+158x9+163x14+168x12+173x2 6525

(b) Mean = ~163.1cm
40 0
7. (& A=25 B=11500 .
(b) Median salary = $11500
8.  The class marks are g
14.5,24.5,34.5,44.5, 54.5, 64.5 and 74.5. &
Mean = (14.5x18+24.5x11+34.5x15+ 44.5x26 %20
+54.5x22+64.5x30+74.5x28) + 150 =7425 + 150=49.5 =
9. (b) From the graph, the median daily production is 575. E 10
(c) From the graph, the lower quartile is 375.
(d) From the graph, the upper quartile is 775. P 0%“;750 PP —s
No. of toys (less than)
10. (a) Marks Class boundaries Class mark(x) Frequency (f) fx
30-39 29.5-39.5 34.5 4 138
40-49 39.5-49.5 44.5 8 356
50-59 49.5-59.5 54.5 10 545
60-69 59.5-69.5 64.5 12 774
70-79 69.5-179.5 74.5 6 447
Total: 40 2260
2260
(b)  Mean mark = 0 - 56.5. ovd
The modal class is 60 — 69. 40
() Marks less Cumulative
than frequency -3 y
39.5 4 S
49.5 12 Z
59.5 22 24
69.5 34 -
79.5 40 E
(e) From the graph, the median mark is 57.5. 10
@ Percentage = 404_025 x100% = 37.5%
(g) 75% of the students pass means 25% of the students 295 395 495 595 695 795
fail, from the graph, the passing mark is 47. Marks (less than)

(h) 40x40% =16, from the graph, the 40™ percentile is 53.5.
40x85% =34, from the graph, the g5t percentile is 69.5.

11. Mean fare _119x12+69x8 =g=$9.9

20 20
3+x+2x+(x+6)+11
5 =
13. Salary in December = 9000 x 12 — 8500 x 11= $14 500
_atb+tc+d+17+19 15x4+17+19 96 _
6 6 6

4RI TS oo
40 40

16. The last number=14x 10-15x9=15

12. 8, 4x+20=40, .. x=5

14. Mean 16

15. Mean weight =
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65x40-17+71 2654
40 40
18. (a) Meanage=22+9 =31

17. Correct mean mark = =66.35

31x11-36 305

(b) Mean age of the remaining 10 members = 0 10 30.5
19. " xisthe median, .. 6 <x<8, .. possible values of x are 6,7 and 8.
20 17+20+y+27+31+36  y+27 131+y  y+27
’ 6 2 7 6 2 7
131+y=3y+81, 2y=50, ..y=25
a1, 3B s 204x-26 o oxmp. DOFOXOEBITIy o
4 546+9+y
123+9y:7.1, 123+9y =142+7.1y, 19y=19, .. y=10
20+ y
22. (a) 2,4,5,6,6,10,12,15; Mean:%:7.5, Mode = 6, Median:&;:6
(b) (i) Mean :%:8, Mode =6 and 12, Median=6
(ii) Mean:Lf_“:S, Mode = 6, Median=6

(iii) Mean=7.5+4=11.5, Mode=6+4=10, Median=6+4=10
(iv) Mean=7.5x2=15, Mode=6x2=12, Median=6x2=12

X x 2x 3x 6x = 2x _

BL S =10 xS

24. Lﬁ”:@ x+y+11=24, y=13-x; %:7, 3+(13-x)+2x =21,
16+x=21, .. x=5, .. y=13-5=8

25. %:l@ nk—22=nk-3k, 3k=22, .. k:23—2

26. Median=20x9-25x4—-16x4=16

27. a+b+c=12x5-9x2=42, but b=a+2 and c=a+4,
Loat(@+2)+(a+4) =42, 3a+6=42, 3a=36, .. a=12,
b=12+2=14 and c=12+4=16

28. (@) x-9,x-5x+3,x+7,x+9; Median= x+3

(x=9N+(x=5+(x+3)+(x+7N+(x+9) _x+3  S5x+5_ x+3

b : ,
®) 5 2 5
2x+2=x+3, .. x=1
29. " Mode=33andp<gq, .. p=33.
" Median = 37, q+239:37, g+39=74, . g=35
30. (@) Moan mark = J6X40+58x32_ 489 _ (o
7 7
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76x39+58x32-48+84 4856

Unit 15

(b) Correct mean mark = =674
72 72
31, () 63><1+84><2+77><1+n><3:83, 308+3n:83, 308430 = 581,
1+2+1+43 7
3n=273, .. n=91
(b) The new result = 63X1+84X2+77X1+91X4=84,
1+2+1+4
. 8483 .
.". Percentage change = x100% = 1.20% (increase)
32. (a) 15432+x+y+6+4=100, y=43-x;
0><15+1><32+2x+3y+4><6+5x4:1.75’ 2x+3y+76=175,
100
2x+3(43-x)=99, —-x=-30, .. x=30, .. y=43-30=13
(b) Modal number = 1
(¢) Median number = 2
33. (a) 32,36,40,48, 52, 60, Mean:?:M%, Median = 40+48:44
(b) Letx be the number removed, 2687x:4427g:ﬁ, 268 —x =216,
5 3 15 5
x=52. Ans. The removed number is 52. .". The new median is 40.
34. " Mode=16, .. r+l=16, .. r=15.
7(1”;)”:11, prltq=22, p=2l—g
4+6+6+p+(p+1)+(p;21)+q+q+15+16+16+16:11’ 3p+2g+81=132,
L 3QR1-q)+2g=51, —g=-12, .. g=12, .. p=21-12=9
35. () Median=y=36; =2, - x=27: -2 =18
36 4 36 4
(b) Letx=3k y=4k z=2k 3’”3’”45]”2’”2]‘:8.4
14k =42, k=3, .. x=9, y=12, z=6
36. (a) Every datum is multiplied by 3, .. Mean=3x, Mode =3y, Median=3z
(b) Each number of data is trebled, .. Mean=x, Mode=y, Median=z
(c) Every datum is multiplied by —1 and then plus 4,
. Mean=4-x, Mode=4-y, Median=4-z
37. x+ 10 and x + 16 are the greatest, and 4 — x <8 — x.
* 8—x isthe median, .. 8—x>x, 2x<8, x<4
Since x is positive, .. x=1,2,3or4
38. (a) 18—mn>15, n<3..();
18—n>n+1, 17>2n, n<8.5...(i1)
Combining the two cases, n<3. Ans.  Possible values of n are 0, 1 and 2.
() n+1>15, n>14...(»);
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n+1>18-n, 2n>17, n>8.5...(i);
18—n>0, n<18...(iii) Combining the three cases, 14 <n<18.
Ans.  Possible values of n are 15, 16, 17 and 18.
(¢) Ifmedianis 14, 10+18—n>n+1+15, 12>2n, n<6
On the other hand, mode = 14 whenn=0, 1 or 2.
.". Itis possible for both the median and modal age to be 14.
_ 8400+10000+14 000+ 20 000+ 25 000+ 28 000 +120 000
8

=$17000

39. (a) Mean =$28175,

Median = 14000+ 20 000

(b) Median is a better measure of central tendency since it is not affected by the
extreme data ($0 and $120 000).
40. (a) Extreme data exist and these data are much higher than the average.
(b) Extreme data exist and these data are much lower than the average.
(c) IfClass A is chosen, the reason should be: (1) there are some very able students in Class
A; or (2) there are some very weak students in Class B.  If Class B is chosen, the reason
should be: the difference between the mean and the median is smaller in Class B, and

therefore the difference among students are not so great in Class B as in Class A.
41. 120(55)-3x= 120(55)[1 —1%%) , 3x= 120(55)(1%%) , 3x=120,x=40

9(0)+6(1)+n(2)+4(3)+3(4)
9+6+n+4+3 -
30+2n=1.4422+n), 0.56n=1.68, n=3
(i) Number of students of Class 3A=9+6+3+4+3=25
median=1, mode=0
(b) Let m be the mean number of hikes of Class 3B.
25(1.44) + 30m
25+30
Ans.  The mean number of hikes of Class 3B was greater than 2.65.
43. (a) k=8
(b) (1) 7+6+3=16
k<9+16, k<25 Ans.  The greatest value of k is 24.
(i) k+9>16, k>7 Ans.  The least value of k is 8.
() (1) 2k+93)+7(4)+6(5)+3(6)=3.06k+9+7+6+3),
2k+103=3.06k +76.5, 1.06k=26.5, k=25
(i) Total no. of teenagers = k+9+16=25+25=50
Median = 25th datum + 26th datum _ 243 25
2 2
_173+175+178+182+184+187(2) +189+190+191(2) +193 _ 2220

12 12
Median =187 cm. Mode =187 cm and 191 cm

2. @ () 1.4,

>2.1, 36+30m>115.5, 30m>79.5 m>2.65

>

44. (a) Mean =185 cm
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(b)

45. (a)

(i) New mean height = w =185.75 cm
+

(i) a+b+188+189=4(188), a+b=375
(iii) 188 cm and 189 cm are both greater than the original median 187 cm.

For the new median to be 187 cm, the necessary condition is:

a<187and b< 187, a+ b <187+ 187 =374, which contradict the result of (b)(ii).

Thus, it is impossible.
375+377+(380+a)+382+(380+b)+391 _
Note that 6 < b <8, ar?dOSaSZ.
Forb=6,a=7-6=1. Forb=7,a=7-7=0. Forb=8,a=7-8=-1 (rejected)
Ans. a=landb=6; or a=0andb=7.

382, 2285+a+b=2292, a+b=7

(b) Median =396 Mbps
(¢) (i) New median=396(1 +20%) =475.2 Mbps
(i) The sum of the 13 known data = 4756
Original mean = 4756+ (380+4a)+(380+5)+(390+b) _ 5906+a+2b
15 15
a+2b is greatest whena =0 and b =7,
.". the greatest original mean= w = 394% Mbps
The greatest new mean = 394%(1 +20%) =473.6 Mbps <475.2 Mbps
Thus, the claim is disagreed.
Unit 16 Introduction to probability
I Photw)= —o+6 _14_7
10+8+6 24 12
2. Favourable outcomes: 3, 6,9, ... 27,30; .". P(correct date) = %
100-16 84 28
3. P(good apple) = =—=—
(& pplc) 100-1 99 33
4.  P(red or Queen) = 26+2 = 28 = 7
52 52 13
5. (a) Favourable outcomes: 6, 12, 18,24, 30; .. P(even and multiple of 3) = 3—50 = é
(b) Favourable outcomes: 1 -9, 11, 13, 17, 19, 23, 29;
*. P(prime number or smaller then 10) = 5_1
30 2
. 30 o 0
(c) P(aninteger)= —=1 (d) P(divisible by 40)= —=0
30 30
(e) Favourable outcomes: 1, 2, 3,4, 5, 6, 10, 12, 15,20, 30. .". P(factor of 60) = ;—(1)
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6. Let n be the number of $2 coins. 13 =g, 54=36+2n, 18=2n, n=9
18+n 3

Ans.  The number of 82 coins is 9.

7. P(2" one is $2 coin) = 3 3.1
7+3-1 9 3
8. Number of possible outcomes =2 x 2 x 2 =8§;
Favourable outcomes: BBB, BBG, BGB, GBB; .". P(not more than 1 girl) = g =%
9. (a) P(6)= 20 ! (b) P(smaller than 4) = w 400 _4
500 25 500 500 5
10. Number of green balls = 12 x S =3.06~3
200
69
Number of blue balls= 12x——=4.14~ 4
200
. 80
Number of white balls = 12x ——=4.8=5
200
11. Number of possible outcomes =2 x 2 x 2 = 8.
(a) Favourable outcomes: HTT, THT, TTH; .. P(1H and 2T) = é
(b) Favourable outcome: TTT; .". P(no H)= %
12. (a) Number of possible outcomes = 6 x 6 =36
Favourable outcomes: (5,5), (5,6), (6,5), (6,6); .". P(both not less than 5) = % é
(b) Favourable outcomes: (1,1),(2,2), (2,1), (3,2), (3,3), (3,1), ....., (6,6), (6,5), (6,4), (6,3),
(6,2), (6,1); .. P(1* no. not smaller than 2™ no.) = 2A_7
36 12
(¢) Unfavourable outcomes: (1,3), (2,2), (2,6), (3,1), (3,5), (4,4), (5,3), (6,2), (6,6);
*. P(sum is not multiple of 4) = 36-9 _ 27 = 3
36 36 4
(d) Favourable outcomes: (1,4), (2,4), (3,4), (5,4), (6,4), (4,1), (4.2), (4.3), (4.5), (4,6);
. P(“4’ occurs exactly once) = 10_5
36 18
(e) Favourable outcomes: (1,1), (1,3), (1,5), (3,1), (3,3), (3,5), (5,1), (5,3), (5,5)
9 1
". P(productis odd) = —=—
® )= 362
, 2 1
(f) Favourable outcomes: (2,3), (3,2); .. P(‘2’and ‘3’) = 36 ﬁ

(g) Favourable outcomes: (1,2), (2,1), (2,3), (3,2), ....., (5,4), (5,6), (6,5);
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*. P(difference =1) = LO i
36 18

13.  His expected age = 13xi+14x§+15x£ = 14l =14.2 years old.
36 36 36 6

14. Favourable outcomes: (O,F), (F,0), (R,0), (O,R), (T,0), (O,T)

No. of possible outcome =4 x 3 =12, .". P(meaningful English word) = % = %
15. Favourable outcomes: (49, 52), (49, 60), (52, 49), (60, 52), (52, 60), (60, 49)
No. of possible outcomes =4 x 3 =12, .". P(exceed 100 kg) = % = %

16. (a) There are 20 possible outcomes.
Favourable outcomes: (2,3), (2,9), (2,11), (3,2), (9,2), (11,2), (11,12), (12,11);
8 2
*. P(prime number) = — ==
(pri )= 205

(b) Favourable outcomes: (2,3), (3,2), (3,12), (9,11), (11,9), (12,3);

No. of possible outcomes =5 x 4 =20, .". P(divisible by 5) = % %
17. (a) P (6-mark region) = —2 -1 P (3-mark region) = 20° -5 -5
’ £ 400 64’ £ 40° 64
40 -20° 3
P (1-mark region) = ——— = =
( gion) 407 4
(b) The expected score = 6xi+3x1—5+1 £ 1E =1.55
64 64 4 64
18. Number of possible outcomes = 10 x 10 x 10 = 1000,
1
. P(open the safe in 1 trial) = ——
(op )= 1000
19. Let n be the number of girls,
n n 100 20
. P(getting a girl) = —— = =—=—
(getting a girl) n+55%n 1.55n 155 31
20. Let n be the total number of students,
0, —200°
*. P(boy not wearing glasses) = nx40%x (1~ 30%) = 40 0 _7
n 100 100 25
21. Number of students passed both subjects = 200 — (200x 27% + 200 x 32% —16) =98,
. P(the student passed both subjects) = 8 _ ﬁ
200 100

22. The possible position of the yellow ball: ' YOOO, OYOO, OOYO, OO0Y

*. P(at least one orange ball separated by yellow ball) = % =

| =

23. P(get a marked fish) = 0 %, 4x=2500, x=0625.
x
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24

25.

26.

217.

28.

29.

30.

31.

Ans.  The approximate number of fish is 625.

(a) Favourable outcomes: 3004, 3008, 3012, ....,3096, 3 100;

25 1
. P(multiple of 4) = — =—
( P )= 100 4
(b) Favourable outcomes: 3 003, 3 006, 3009, ...., 3096, 3 099;
33
. P(multiple of 3
(multip )= 100

(c) There are 8 multiples of 12: 3012, 3024, 3036, ..., 3096;
25+33-8 50 1

". P(either multiple of 3 or multiple of 4) = ===
100 100 2

Let n be the number of white balls. " P(W)= g % s
. n 4
. the no. of black balls = n +4. —, 9n=8n+16, n=16,
n+n+4 9’
*. Total number of balls = 16 +16+4 =36
The last 2 digits must be a number divisible by 4.

Favourable outcomes: 0,4, 8. .. P(divisible by 4) = %

Assume the seat of B is fixed.
Number of possible seats of A=4, number of seats not next to B =2
1

. P(A doesn’t sit next to B) = % =3

Number of possible outcomes =4 x 4 = 16.
Favourable outcomes: ES, SE ( E: east, S: south).
. P(reach (-1, 2) after 2 moves) = % é
Number of favourable outcomes =3 x 4 = 12.
There are 2 unfavourable outcomes: (R, R), (R,R)
. P(different colours) = 12-2 _ 10 _3
12 12 6
Favourable outcomes: 101, 102, ...., 109; 110, 120, ..., 190,
201,202, ....,209; 210, 220, ...., 290,
901,902, ....,909; 910, 920, ....,990;
*. P(exactly one digit is 0) = 79X9+9X9 =Q = i
900 900 50

(a) No. of possible outcomes =2x 2 x 2 =8.

-1
Unfavourable outcomes: all go to restaurant B, .. P(at least one go to A) = ST =

0|
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32.

33.

34.

35.

36.

37.

(b) P(same restaurant) = 2 = %
Let the envelopes and the letters for Adam, . 1
Benjamin and Cart be E, Eg, Ec and L, Lp, Lc (a) P(only Adam right) = 6
respectively. _ 2
Possible outcomes: (EaLa, EsLg, EcLc), (b) P(none of them right) = 573
(EaLa, EgLc, EcLs), (EaLs, EgLa, EcLc), |
(EaLs, EgLc, EcLa), (EaLc, EgLa, EcLs), (c) P(all of them right) = —
(EaLc, EgLg, EcLa). 6
A k,y=24k ...... (1) Sub. (i) into (ii), 24k =72k —12,48k=12, k= % .
24
y+12 _ 2k, y =72k 12 ...(ii) Put k= into @, y= 24(1) =6.
24+12 4 4
Ans.  The solutions arey = 6 and k = %
m+n=1 ... i) A . . 1
(a) B Sub. (ii) into (i), 4n+n=1, Sn=1, .. n=—
m=4n .....(ii) 5

(b) Letx be the number of red marbles, X m= 4(%), x= 4% =0.8y
y

Ans.  The number of red marbles is 0.8y.
1(a)+2(7)+3(b)+4(5) _

(a) =25,a+3b+34=25(12+a+b),05b=15a—-4,b=3a-8
a+T7+b+5
(b) L:i,14b:5(12+a+b),9b:60+5a,9(3a—8):60+5a,22a:132,a:6
12+a+b 14
Sub.a=6intob=3a—-8,b=3(6)-8=10. .. n=12+a+b=12+6+10=28
(a) The required probability =

W= W=

(b) Required probability =% =
. . 1 1 1
(¢) (i) Expected amount received = 3 7N+ 3 (6)=%4 N

(ii) $4§ #8$5, .°.itis nota fair game.

(a) (i) The points awarded =3
(i) The points awarded=1+3+5=9
(iii) The points awarded = 1
(b) (i) The required probability = 10 = 1
20 2
3

(i) The numbers include: 42, 44, 46, 48, 54. The required probability = 20 =

N

(©) %175:43.75, Cok=44
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(d) There are 10 numbers containing “4”,
.". the expected points awarded = %(1) + %(3) + 5(5) =3.25

38. (a) Not greater than 5:
(LD)...(1,4), (2,1)...(2,3)...(4,1).
The required probability = 4+3+2+1 = 10 = el
6x6 36 18
18
1

(b) (i) The expected amount that the player is awarded = %(3 0)+ ;5 (12) =$17<3%20

Thus, the claim is disagreed.
(ii) Expected net loss =20 - 17 =$3
18-5
18

() %(30) + (k)>20, k> 16% , ... the least integral value of k is 17.
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