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Laws of indices

I (@) =4*2=4x° ®) = 9X3 w:% S0 =3P g = 3pg
4k* x 2k° N 1 -5)’a*h*c? bz"cz’2 b
d = - :_71{235 1 (e) _ (=5 _ =
—16k 2 2 ( —-bc*)(=5)’a 5a Sa
" = (_2)(]_15) P62 {50,409
s
a®b® x36a’b* 6+4-2
=—_ " " =_13 +4-— b8+6—l:_3 Sbl3
. “ “
® :xsy4 ><9x2y4 _ x8+2—10y4+472 :_Lé
—81x'""y? 9 9
) 3 bZ 374b74 33a12 371a16 alé
) ( ) (2 2p6 )3:2—2 e 26p18 = 22 :48b22
@ :( 4_62”1 ”pz (=3mn)(25n* ) 452l 22t 452
n"p~)(mn p) 10m*np mnp
2. (a) =—(1)x8=-8 (b) =(1)x81=2381 (c) —%
1 1 125 15
d) =——5=-— = ’—— —2—7——
(d) 3¢ (e) ( ) ® 3 8
) :—1x13*5x13“:—% (h) :—16—%+4:$:%
. 4 5 0 4 . 221 113
== =2 I I T
DY R I e
1o 1, 1o - 25 _25
k) =[-(=)+=]+(=)=
(k) [(2) 3](5) (1 ) o
2 3x 2 y 2y 2 4
3. (a) ==+ =Sx—="0 b —=—
@ x ¥y x 3x 3x* ®) = 6 b3 3b3
_ _ 2+57 -2-6 _ 7
a
x7y 1 1 2
(e = Js/ - 2 539 6X24‘x8:76
2 (-4x")y 2°xy xy
~ 5 _ 30 e 12
(f) _4p4q6><p3q2><3p]q2_12p431q622:?
3 3
(2 36;’ zb (= 24%a°D 12) 24 8><36a7372+6b271712:622880
8x7|y71 2 23x7|2 12 B 8 2x2y2 23y|5 B 9'8_)/]7 B 3y|7
(h) = 3 ) (-15) 3.3 ) _ 5 Q2 3 13
X'y 3" 15x 8 -15x 40x
4. (@ 10°=10", .. y-3=0,y=3 b)) 9*'=9%, .. 4x71=2,x=%
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=47 Sy:—3,y:—§ (d 5*'=57, . 2ntl=-3,n=-2
i} L 6 7. 7
27"=2% . -n=5n=-5 ()P =72, L oy=—
® » (7) (6) =%

5 27 3.5 2.5 . 2
x ' =—=()==), .. x==

8 (2) (3) 3
3D =320 3(x+2)=2(x+1), 3x+6=2x+2,x=—4
112 =11°, . x+3-2x=0, x=3
5x37 =5%x27, 5x3* =5x3%, . 2+x=3, x=1
52 x52 =, 5P =50 0 2402x-8=0, 2x-6=0,x=3
:23<YX52X2(7H1 23x+2v+2 S5x 22 4

2
_ Zznfl ><33n’il :2;1+1—(n—1) x 3n7(7171) :22 x 31 :12

X
:5n5+1 ::;71—2 — gn(nsl) o n=(n-2) _5-1 x32:2

x+l+x-1
:772x x ”77:(“71){{ :772x+2xf[x(x71)+x] :%
7

3.48 x107° (b) 2.50><10“ (¢) —9.42 x 10°

=[7.10x10™ = (6.29 x 10")]* ( )><10(17)X3—144><1024

=/49x107° =,[(7x10™*)* =7.00x10"*

=(28x107")+(5x10*)=5.60x107"

=23x10°+0.19x10°=(2.3+0.19) x 10*=2.49 x 10

=0.4x107 =2x107=(0.4-2)x107=-1.60x10""
11

2H==—=27, k=3
8 2

591 . 216 B 5

T4 ]l="— = = ==
Y5 T s () () 6
(272) ! = 230w | prbez _pbe2 —6x+2=6x+12, —12x=10, x:—%
5 x5t x5 =5 s =5 1 —dn=—4, n=%

2x x+3 -1 3x+3 -1 . 4
THXTR =7 P =7 s 3x+43=-1, x=-3
3x5 =75, 3x5° =3x5%, .. 6-x=2, x=4
=6"" - 6"=6"(6-1)=5x6" (b) =7"*(7*-6)=337x7""

=3 _ Il _pines _pdnl_pin-ln4 )15 23!
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_2"P(1-2% 15 C2x37—4x3 32-4) 2 1

d === 22 (g = e LA/ P
@ 2" %23 8 © 33233 3! (32 —3') 6 3
3x2x 2%6n72) 9 % 23m _3x 203 4 bl _ 26”73(3 + 24) 19
(ﬂ - 92Gm | 3(2n-1) - 96n | H6n3 - 26n—3(23 +1) _?
10. (a) 3*(3-1)=2x81, 3 =3% .x=4

(b) 10x2" +2"" =88, 2"(10+1)=88, 2" =2°, . n-1=3,n=4
() 4" +47"=80, 47'(4+1)=80, 47'=4*, " x-1=2,x=3

(d 373 -3+1)=7,3"=1,3"=3, .. n-1=0,n=1
© $7-5 = d 5o =4k, xS 2axsT, s penl yeos
2x 2x+3 7 2x /73 7 2x -2 .
® 27-2 +Z:0’ 272 —1):2,2 =27, . 2x=-2,x=-1
1. (@) = 41 71><ib: ab ) = 41 71)(2: Xy
2a” +b ab 2b+a 2x7 -3y" xy 2y-3x
1 5., s+5r., s’
c) =(—+-)"= =
© (r s) ( rs ) (s+5r)?
2.2 2.2
(@) = o Iy e
(m—n) m-—n" mn (m—-n)" n"—m
_ m2n2 _ m2n2
(n—m)*(n—-m)n+m) (n—m)*(n+m)
12. (2*9)? =10%, 2P =10, 2°-2°=10, =105
8 4
13. (3n+2)2:36:62’ 3n+2:6’ 3n+]><3:6’ R )
14, 22079 =272 (27 =27, .. y-2x=-1, .. y=2x-1...(%).
Sub (i) into 97 —3** =0, we have 9 _ 343 Dx — g 30D 37
Lobx—-2=T7x-4, x=2.
Sub x=2 into (i), wehave y=2(2)-1=3. .. x=2 and y=3
9 81 81 81
15, @) (r—x") =(), X -2x(x)xt =, P axtengop 5L
@ (o =G o2 = T T 400 400
81 81
b XAx )Y =420 ) +x =X +x 42=2—+2=4—,
® ( ) ()(x™) 200 200

e /4£=\/@=ﬂ, x,xt 14 41
400 400 20 2 2 220 40
16. (a) lem=10"2m= 10" x 10’ nanometer = 10’ nanometer
*. 126 cm = 126 x 107 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
17. (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.
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19.

20.

. Let the thickness of the oil layer be t mm. (40x10)° =4, ¢

5
(b) The relative error = M = € R
4.00x10° 80

the percentage error = SLO x 100% = 1.25%

(¢) 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 400000 m, and without knowing the degree of
accuracy, we can’t find the maximum percentage error.

- _796x10°mm.

(16x10H) 7

Ans. Thickness of the oil layer is 7.96x10 % mm.

(a) Speed =300000000 1000 x 3600 = 1080000000 = 1.08 x 10° km/hr

(b) Distance =(1.08x10°) x 24 x 365x100 = 9.46 x 10" 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.

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

Surds

1.

V32 =42 %2 = 42,4256 =/4* = 47 {9000 = /37 x 10> x10 = 30410, @:%
" \/ﬁ and /9000 are surds.
() 5V3-8/5 () 747-2411 © 3Jw @ S5Jy-2vx

(a) =422x15=2415 (b)) =v7x3=73
(©) =v2'x7*=22x7=142 (@) =v3'x5=3"x/5=94/5

(e) :ﬁx\/sizxx/?xx/nj:Smnzﬁ
() =v2x3*xabxb' =3b2ab

() =2V3+63-5J3 =343 (b) =2J7-5J7-3JT=-6J7
(¢) =8Jx-7Jx=+/x (d) =2m~2mn +3m~2mn =5m~2mn

(@) =(2xV2)x(2xy13)=4413 () =(\6x~/10)x~10=106

(©) =(6x43)x(5x3x/2)=90+2 d) =15J6
(e) =24/33x+/33=66 0 =3J17x2J17=6x17=102
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(g) =37ab x(aNTab x2)=3axTabx2=21a’by2
()  =(Bn xTmn)xTmn =Tmn~3n

6 (@ V2T _\2 by =335
’ 3x347 3 2x43 2
_22x14 _22 _(@xBx5)x(2x3x3)
© " 3 @ = 4x3x5 T3
7. (@) =2-4/2-5=-3-42 (b) =30-17+/5+12=42-174/5
(©) =(7-33)3-2)=7V3-14-9+6y3=13/3-23
(d) =147 1442 +5J7 =5J2=72 247 + 57 =542 =242 + 347
(e) =5y-6+7.[y (0 =3x—4\xy +6/xy -8y =3x8y +2,[xp
8. (@) =7-235+5=12-235 (b) =18+1242+4=22+122
(¢) =48+815+5=53+815 (d) =24-224412+12=36-242
(€) =25x+4-20x () =9x+49y+42[xy
9. (@ =5-4=1 (b) =9-20=-11 (©) x—4?
(d) =(4a —-3b)(4a +3vb)=16a — 9b
27x47 8x+/5 _8/5 _43x43
10. = =247 = = 343
(a) 7 (b) = xds 3 (©) 75
6\/7><\/7 \/Exf 2\/3 2m><f 2mf
d) = =3 = = =
@ ==z V1 (@ Tl a O ==
11, (a) V12 =243 ~2x1.732 = 3 464 (b) \/13:\/3§~1'7332:0.577(3sig. fig.)

I V15 _\1-\5_\5-42

BN - N N SN S R
®) 3 3+45 _33+45) _33+45)
T35 3445 9-5 4
© 8 N7-23_8(W7-2V3) _82V3-7)
VT T2 112 5
@ 4 3\B+I _4GV5+43) _4(3V5+4/3) _ 235 +43)
T35 35443 45-3 42 21
5oos-2 5-2)
13. (a) A s =5-2.5
) = V14 ﬁ+f _NAET+2) 24247
N N O S 5
© = 23 V2747 _233V3-47)_ 18-2V21_9-421
TV2T AT N2T AT 27-7 20 10
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34445 1+f _G+45)1+5) _3+7V5+20 _ 23+745

@ 31— f) 1445 3(1-5) -12 12
© - 0= Jx 3= Jx)

y+\/7 Y- f y -X
0 \/Ehf Vo+a _(Jo++a) _b+a+2+ab

“Vb—a bida  b-a b-a
_ 3 N NS
14, = Z(lo)ﬁ+7_2ﬁ+77‘E(§+E_2+§)7T

15. x=\/§,y=\/ﬁ=\/373:(\/§)3, Cooy=x'; but y=\/f=\/373:3\/§. ooy =3x.

Ans.  Both of them are correct.

16. (a) F\F\F—i—“zz%—l.mm

() V12 -48=23-2v2=2(+3-4/2)=2 (1.732 - 1.414) = 0.636

W10-DE10+1) 3 4101
3 V10 +1 3

=R.H.S.

17. (@ =(10)-1=9 (b) 9=(V10-DE10+1), .. 3=

3 \/7013(\/71)3(\/71)\/701
Ji0+1 Jlo-1_ 10-1 9

g o Gy Qa1 _a-a-l-1_ -2
" Vava+l Nava+1 Vavarl  Nada+l  Ja(a+1)

19. =[\/;(\/;_\/;)+(\/;(\/;+\/7)]7_(x \/7y+\/7y+y), X+y —l_x y
Wx+ ) x =fy) x— o y Xty

(c)LHS.=

NG 1ed6 V16 5L g

2 QR R v oy

. m—%Z(ﬁ—\/g)_(ﬁ‘L\/g):_z‘/g

6 6(G2-1)  _6&2-6 . o
21, x 1_ﬁ+1_(ﬁ+1)(ﬁ—1)_ o 1=63J2-6,x=6/2-5

23-1)  _2(3-1)_ 5
2 (Brhr=24x= ﬁ+1 TWBHABo) 341 =31
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23.

24.

25.

26.

27.

28.

29.

30.

Mathematics Exercises for Brilliancy 3
L x=W3-1)?=3-23+1=4-2Y3. . a=4b=-2.

xW3-2) <1, 3 <4, . B-2<0

1 V3 +2 V342
Soox > , x> , X > s x>—\/§+2
V3-2 (3 -42)\3++2) 3-4 32
(x—l)z:(3\6—2)2,)8—2+i2:45—12\6+4. x2+i2:51—12ﬁ
pe X X

AB = \/ﬁcm = 3\/§cm,BC = \/ﬁcm = 5\/§cm,AC =12cm = 2\/§cm
AB+AC=33+24/3=53=BC. .. A,B,Cforma straight line (line segment).

V32 +418 =4v2 +3v2 =72, but V147 =7 Tx3 =743, .32 +418 <147
Ans.  Since the sum of 2 sides is smaller than the third side, they cannot form a triangle.
(@) PQ*=93, PR>+QR>=(35)+(4/3)> =45+48=93

* PR*+QR?=PQ*, .. APQR is aright-angled triangle.

(b) . PRLQR, .. area:%(3\/§)(4\/§):6\/ﬁcmz
@V3) =(Wx)), 20 3=4x7, . 20 3=y, Jy =24,9=24" =576

=
N ER RN R T TR S

I e
\/§+\/§7(\/§+\/§)(\/§—\/§)7\/§ v2,

1 V4-43 e
Foda Wi hds

1 V100 -+/99 oo
@+M_(M+@)(M—@)_m v

. The given expression =(v2 =v1)+(v3=+2) + (V4 =/3) + ...+ (100 =/99)
=—J1+4/100=10-1=9

m N B -
(a) ;_(\B—z)f—ﬁ+2 W5-2)(\5+2) =5-4=1
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2005
m

) W:(%)2003.”12: (1)2003'(\/5_2)2 _ 5_4\/§+4: 9_4\/5

s 4 (i || [0 ] [k |

:[(\B)Z —(ﬁ—lﬂ { 3-(2-2v2+1) T =(2v2f

=2°.(V2) =32.(V2] V2 =32-22 V2 = 12842

30, Letx=0.4=04444.., . 10x=4444.. . 10x—x = (4.444..)—(0.444..) = 4
. 4 - 4 2 . \F V2 oa
ox=4, - x==_ Nod= |22 - o4 = [F_¥I_a
* 7y \[9 3 3B b

Percentages — Interests, growth and decay
1. Simple interest= $8,800x 4% x 3.5 =$1,232. Amount = $(8,800 + $1,232) = $10,032

2. Let $P be the principal. Px5% x% =360, P=9,600. Ans.  The principal is $9,600.

3. Let n years be the time taken. 60000x3%xn =4050, n=2.25.
Ans. It takes 2.25 years to earn $4050 simple interest.

4. Letr% p.a. be the interest rate. 72,000 % r% x% =1,080,r%=0.06=6%.

Ans.  The interest rate is 6% p.a.

5. Let $P be the principal. Px (5% —3%)=230,Px2% =230, P=11500.
Ans.  His principal is $11,500.

6. Amount=3$65,000x[1+4%x2+5%x(5.5-2)]= $81,575.

7. (a) Amount=$50,000(1 + g%)sz =$56,275
b) Amount=$50,000(1+ §% >4 = $56,325
4
(¢) Amount=$50,000(1 +%%)2*‘2 =$56,358

(@ Amount=$50,000(l + %%)M“ —$56,374

3
8. (a) Amount=$64,000(1 +%%)34 " $64,000(1+1%)* = $100,148

(b) Total interest= $100,148 —$64,000 = $36,148
9. (a) Interest=$280,000[(1+10%)* —1]= $92,680
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10.

11.

13.

14.

15.

20.

21.

22.

. Decay factor=

Mathematics Exercises for Brilliancy 3

(b) Interest=$280,000[(1+ g%)”12 —-1]=$97,491

Compound interest= $55,000(1 + 5%)* —$55,000 = $11,853,
Simple interest= $55,000x 5% x 4 = $11,000, .". Difference=$11,853—$11,000 = $853

(a) Amount=$28,000(1 +%%)‘*4(1 +§%)2-5*4 =$28,000(1.01)*(1.02)""=$35,518

(b) Total interest= $35,518 —$28,000 = $7,518

. (a) Amount=$15,000 (1 +7%)° + $15,000 ( 1 +7%)* + $15,000 (1 + 7%)*+

$15,000 (1 + 7%)> + $15,000 (1 + 7%)
=$15,000 (1.07° + 1.07* + 1.07° + 1.07> + 1.07) = $92,299
(b) Total interest=$92,299 —$15,000x 5 = $17,299

(a) Let $P be the principal. P(1+?%)‘M =114,466, P(1.1)’ =114,466,

P =86,000. Ans. The principal is $86,000.
(b) Total interest= $114,466 — $86,000 = $28,466
After 1¥ payment, amount he owes = $20,000(1 +10%) — $5,000 = $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= $10,070;
.". After 4™ payment, amount he owes= $10,070(1 + 10%) — $5,000 = $6,077.
(a) Growth factor=1+15%=1.15
(b) Increase in members = 3,000(1.15)* —3,000 = 3,000[(1.15)* —1] = 2,247
4,000 8

4500 9

. Value=$7,500(1 - 9%)>? = $7,500(0.91)° = $4,259
. (a) Salary after 3 years= $24,200(1+10%)* = $32,210

(b) Let $y be the salary 2 years ago. y(1+10%)> = 24,200, y = 20,000.
Ans.  Her salary was 320,000 2 years ago.

. (a) Volume after one day = 3,000(1 — 6%)** = 680cm’

(b) Lety cm’ be the volume 3 hours ago. y(1-6%)° =3,000, y=3,612.
Ans.  The volume of the balloon was 3,612 cm’ 3 hours ago.

(a) Value after 1 year=$3,100(1+2%)’ ~ $3289.7 ~ $3,290

(b) Value after 2 years=$3,289.7(1-2%)* = $3,034

(a) At beginning of 2™ month, amount he owed = $35,000(1 + %%) —$10,000 = $25,525,

.". At beginning of 3™ month, amount he owed = $25,525(1 +1.5%) — $10,000 = $15,908

(b) At beginning of 4™ month, amount he owed = $15,908(1 +1.5%) — $10,000
=$6,146, atend of 4™ month, amount he owed = $6,146(1+1.5%)
=$6,239<$10,000.  Ans. 4 payments were needed.

Amount owed after 1 installment = $8,000 — $1,200 = $6,800,

Amount he owed after 2" installment = $6,800(1+ %%) —$900 =$5,956.67,
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23.

24.

25.

26.

27.

28.

.. Amount he owed after 3" installment = $5,956.67(1 + %%) —$900 =$5,106
Amount at end of 1% year = $20,000(1 4—%%)2

Amount at end of 2™ year = $20,000(1 +%%)4

. Interest earned in 2" year = $20,000 [(1.025)* —(1.025)*]= $1,064
Let x be the growth factor. 182 =36,x*=2,x= V2

.". No. of bacteria in %hour: 18(\/5)30 =590,000 (corr. to nearest 1000)

Let $x be the amount of each payment. [90,000(1+ 25%) — x](1+25%)—x =0,
(112,500 - x)(1.25) —x =0, 140,625 -2.25x=0, x=62,500,

*. Total interest= $62,500 x 2 — $90,000 = $35,000
Let $P and r% be the principal and the minimum interest rate respectively.
P+7r%)" > P(1+100%), 1+7%)"* > 2,1 +r% > 1.0718, % >7.18%.
Ans.  The minimum interest rate is 7.18%.
(a) Value of his flat= $4,000,000(1 +10%)* = $5,324,000

(b) Amount he owes Peter = $2,500,000(1 +%%)3X|2 ==$3,175,593

(c) Increase in value of the flat=$(5,324,000—4,000,000) = $1,324,000
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
(a) His debt=$30,000(1 + 40%)’ = $82,320
(b) After 1* payment = $30,000(1 + 40%) — $15,000 = $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
(¢) Amount he owes after Imonth= $30,000(1+40%) —$10,000 = $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.

Taxes & multiple percentage changes

Rates payable each year =85000 x 5% = $4,250
Quarterly rates payable = 314000x 5% +4 =$3,925

Rates payable = 85600 x 5% x 1% =$5,350

Rateable value = 585+5% =$11,700
Rateable value = 1120 x4 +5% = $89,600
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Rateable value = 3570+ % +5% =$95,200

Property tax payable = 659000 x (1—20%)x15% =$79,080
Property tax = (7200x12) (1-20%)x15% =69120x15% =$10,368
Annual rental income = 6300 +15% +(1-20%) = 42000+ 0.8 = $52,500

. Monthly rental income = 9648 +15% +(1—-20%) +12 =80400+12 = $6,700

Difference in property tax payable = difference in monthly rentx 12 x (1-20%) x15%
=(8500x10%) x 12 x80% x 15% =$1,224

. (@) .7 Netchargeableincome=98000 <100000, i.e. the basic allowance,

*. salaries tax = 0.

(b) Net chargeable income =202000 — 100000 = 102000 = $30000 x 3 + $12000
Salaries tax =30000 x (2% + 8% + 14%) + 12000 x 20% =7200 + 2400 = $9,600

(c) Net chargeable income =180000 —100000 —30000 = 50000 = $30000 + $20000
Salaries tax =30000 x 2% + 20000 x 8% = $2,200

(d) Net chargeable income =282000—100000 —30000 x 2 =122000 = $30000 x 3 + $32000
Salaries tax =30000 x (2% + 8% + 14%) + 32000 x 20% = 7200 + 6400 = $13,600

(a) Net chargeable income =415000—200000—30000x3 =125000 = $30000x 3 + $35000
Salaries tax =30000 x (2% + 8% + 14%) + 35000 x 20% = 7200+ 7000 = $14,200

(b) Net chargeable income =370000 — 200000 — 30000 x 3 = 80000 = $30000 x 2 + $20000
Salaries tax =30000 x (2% + 8%) + 20000 x 14% = 3000 + 2800 = $5,800

. Net chargeable income =18000 x 12 —100000 — 30000 x 2 =56000 = $30000 + $26000

Salaries tax =30000 x 2% + 26000 x 8% = $2,680

. Max. total income = total allowance =100000 + 30000 x 2 = $160,000

Salaries tax on the first $90000 = 30000 x (2% + 8% + 14%) = $7,200
*. Income = 90000 + (8000 — 7200) + 20% + 100000 = $194,000

. Net chargeable income =2400000 — 100000 — 30000 x 4 =2180000 = $30000 x 3 + $2090000

Progressive salaries tax =30000 x (2% + 8% + 14%) + 2090000 x 20%
=7200+ 418000 = $425200
Upper limit of salaries tax = 2400000 x 16% = $384000 < $425200,
*. salaries tax = $384,000

. Let his total income be $x. The standard rate is 16%.

xx16% = 30000 x (2% + 8% + 14%) +[(x —100000) — 30000 x 3]1x 20% ,
7200+ (x—190000)x 0.2 =0.16x, 0.04x=30800, x= 770000
Ans. His total income was $770,000

. The amount he spent =1440 +15% = $9600
20.
21.
22.

His original budget =88000 + (1 +20%) = $73300 (3 sig. fig.)
His present monthly income =15000 (1—30%) (1+20%) = $12600

Let the original length and width be x and y respectively.
Original area = xy. New area= x(1-10%)xy (1-12%) =0.792xy
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23.

24.
25.

26.
27.
28.
29.
30.

31.
32.

33.

34.

xy—0.792xy
xy

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

Let the side of a small cube be x, .".the side of the large cube=3/8x’ = 2x.
8x 6x% — 6(2x)*
6(2x)°
_48-24

Percentage increase in total surface area = x100%

x100% =100%

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

Original area =%xy . New area =%>< x(14+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 (3sig. fig.)
Total pass percentage = 60% + (1 — 60%)(1 —45%) = 60% + 22% =82%
Amount paid by Miss Ng =60000 (1+5%) (1—8%) = $57960
The cost paid by Andrew =282 + (1+50%) + (1 — 6%) = $200
Percentage change in the running cost
= [45% (1+20%)+35% (1-5%) +20% (1+ 10%)]— 100%
=54%+33.25%+22%—-100% =9.25% (increase)
A=C(1-10%)(1+20%)=1.08C, .. 4:C=1.08:1 =108:100 =27:25
(a) Letx cm be the height of Helen.
Height of May =x(1 -15%) (1+10%) = 0.935x

Percentage change in area =

Percentage difference = 0'935$>< 100% = —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%.
Let A be the original area, 7 be the original radius and 7, be the new radius,

mi=A...(1) and  m =A(1-11.64%)=0.88364...... Q)
2

%:0.8836=rz—2, Jr' =40.8836r7, r, =0.94r,
i

(1, —0.94r)

n

Percentage decrease in radius = x100% = 6%

Let n% be the percentage change in height.

Page A12
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0.9

15 (1 +20%) x 18 (1 + 15%) x 18 (1 +n%) =15 x 8 x 18 x (1 — 10%), n% = ——————
(1.2)(1.15)

s

n=-34.8 Ans. The percentage decrease in height is 34.8%
35. Letthe lengthbe ¢ cm and the width be w cm. ¢x(1+12%)=wx(1-20%),

l=—w= &l w. The percentage = (1 —g) x100% = 28.6%

Ans. The length is shorter than the width by 28.6%.
36. Let the percentage decrease be 7%, and the original weight be W kg.
100 5

W4202%) (1=r%) =W, 1=r% =190 23 or 2L 1 00% =162 %
120 6 6 6 3

Ans. The percentage decrease should be 16%%.

100 -
100
100 1= 100-(100-y) __ » L xe 100y
100 -y 100 -y 100-y 100 -y
38. Let his original hourly income be $x.
9xx(1-15%)—8x
8x
39. Let the original total cost be $C.
Material A Material B Material C

37. Letthe numberbe N. N(1+x%)(1-y%)=N, (1+x%)( y):l,

x% =

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

Original cost =0.1C =0.5C =04C

Cx Cx Cx
1+5+4 1+5+4 1+5+4
New cost 0.1Cx(14+30%) =0.13C | 0.5Cx(14+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%.
40. Percentage change = (1+15%) (1-15%)—100% =—-2.25% (decrease)
41. Let the selling price of one pen be $S and the cost price be $C. 155=18C,
S§=12C. Profit percent = %x 100% = %x 100% =20%.
42. (a) Profit percentage = (1+40%) (1-25%)—-100% =5%
(b) Marked price = 8820+ (1-25%)=$11760. Cost price =11760 + (1 +40%) = $8400
43. The cost paid by B=2100+15% = $14000 .
*. The amount paid by C =14000+2100=$16100,
and profit gained by A = 14000 — 14000 + (1 + 28%) = $3062.5
44. Total cost price = 3300+ (1+10%)+ 2100 + (1-20%) = 3000 + 2625 = $5625
Selling price of wardrobe =5625—2500 = $3125

45. 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
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Ans. The percentage profit on the whole is 5.64%
46. 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.IN, 40=0.5N, N =280
Ans. The merchant had 80 monitors at the beginning.
47. (a) Letthe number be N, N (1-10%) (1+50%) =810, 1.35N =810, N =600

Ans. The original number is 600.

(b) 600><(1+25%)><(1—y%):600+75,l—y%:&:o.% % =0.1=10%,
600x1.25
oy=10
. 120 . 5
48. Let P kg be Paul ’s weight. D = P (1+20%), D:@P, L P:gD
5 11 11 1

Weight of Mr. Lau = D+6D=ZD:D><Z><100%=D><183§%.

49. Let his monthly income be $/.  Original expenditure =/ (1-30%) =0.77;
new expenditure = new income — new savings
=1 (1+5%) - Ix30%x (1+20%) = 1.05] —0.361 =0.691,

o ee e s <SR TEx100% =-143% (3 sig. fig)
50. Let his original income be $/. 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%

51. Ratio of liquid A to liquid B in the mixture = 1000:250=4:1.

Amount of liquid B remained = (1000 + 250) x (1 —40%) x =150 cm’.

4+1
52. 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 e’ of water should be added.

53. Let the amount of salt to be added be £ kg.
x-x%:(x+k)%%, x:(x+k)é, dx=x+k, . k=x

Ans. x kg of water should be added to the salt water.
54. Let t;, vi and v,, and be the original walking time, original speed, and the new speed
respectively.  The distance = vit; = v2£1(1-20%), vi=0.8vy, v,=1.25v;,
.". The percentage change in speed = (1.25-1)x100% = 25%
Ans. Miss Chan should increase her walking speed by 25%.
55. Let his original speed be v; m/min, new speed be v; m/min. 45v, = (45-5)v,,
v, = %vl , .. Percentage increase in his speed = (z —-1)x100% =12.5%
56. Let the distance between P and Q be d m, and his speed in the return trip be x km/h.  The total
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. d d 2d o1
time take= —+—=—, .. —
60 x 72 60

. x=90. Percentage increase in speed =

Factorization: Cross-method
1. (@ y o +13 (b)

y +4
+13y+4y=+17y
Ans. (y+13) (y +4)
(©) x  +6 (d)

X -2
+6x—2x =+4x
Ans. (x +6) (x—2)
) (c+16)(c-2)
(h) (a+6)(@-10)
k) (+2)(t+10)
m (@-2)(@@+12)

2. (a) 9 -X
7 —-X
—7x-9x =-16x

Ans. (9 —x) (7—x)

(c) =-(m*—18m+65)=~(m—13) (m—5)

(&) =—( +19x +48) = —(x + 3) (x + 16)

(@ =-*-21n+90)=—(n—6) (n—15)

3. (a) 3x +2 (b)

X +3
2x+9x=11x
Ans. 3x+2) (x+3)
(c) 3x -1 (d
5x ><+ 4
Sx+12x=+7x
Ans. 3x—1) (5x+4)

(e ¢+3)12y-7) ®

1
+—=—,
x 36

90 - 60

® (@+8)(@-11)
(@) (m-3)(m-15)
O o+12)-4

Mathematics Exercises for Brilliancy 3

r_r r_1
x 36 60 90

=x100% = 50%

a -9
a -6
-9a —6a =-15a
Ans. (a—9) (a—6)
y -7
e
—-T7y+4y=-3y
Ans. y-T7)(y +4)
(8 (m-8(m+9)
0 G+3)x-14
(m) (k—3)(k—24)

(b) =)*+7y— 44

y +11

X

y -4
+1ly—4y =47y
Ans. (y-4) (v +11)
d) (18-a)(3+a)
®H 20+y)@E-y)
(h) =50+23x—x*=(25-x) (2+x)
2y -1
7y><—1
-Ty-2y=-9y
Ans. 2y—-1)(7Ty-1)
2y -3
7y><+3
—-2ly+6y=-15y
Ans. 2y —3) (7y+3)

= 401> + 781 — 27 = (4n + 9) (101 — 3)

(g0 5-2x)(1-6x) (h)y (5Gm+3)(3m+5) @A) Ty+2)(5y+2)
G O-4p)2-3p) (k) (6a-35)Q2a+1) O @Bm-3)CBm+4)
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10.
1.
12.

13.

14.

(m) (4b+5)(2b+3) M) (5a—1)(a—4) (0) Ox+4)(2x-7)
M (116-5)3b+5)
() =3(*—1lx+24)=3(x-3) (x-8) (b) =207 +5y-36)=2(y+9) (y—4)

(©) =62 +13a+15)=6Q2a+3)(@+5  (d) =736 +5b—12)="7(b+3)(3b—4)
() =5(-13m+ 10 m*) =54 —5m) (1- 2m)
() =6(14n*+31n—10)=6(7Tn—2) 2n +5)
(8) =—4(15+8x—12)=—4(3x—2) (5x+6) (h) =3(9+30y+ 162 =33 +8) (3 +2))

(@ xy -7 (b m +8n
_w -6 _m
—Txy —6xy =—13xy +8mn —3mn = +5mn
Ans. (xy—6) (xy—17) Ans. (m —3n) (m + 8n)
(©) (x+16y)(x+4y) (d) (ab+12) (ab-38) (€ (P*-35)(x*+9)

0  @-m’)(14-m’) (@ & +10)(’+5) () (=11 (" +6)

(i) (@-150) (@ +3b) () -5 -147)

(k) =x+14x+48=(x+6) (x+8) () =d*-17a+60=(a—-5)(a—12)

(@) =Gy-3)(-2) (b) =23x—-12x% =10 = —(12x2 = 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) b) Gy+2)(y-3) (c) can’t be factorized.

(d) can’t be factorized. () (a —l)(a + é)
a a

Ls? —oy—18) = Liym
=5 @x* =9 =18) = (x=6)2x+3)

=(x"+3)(x* =9) = (x" +3)(x+3)(x-3)
=(x? —4y*)(4x* -9y%) = (x +2y)(x - 2y)(2x +3y)(2x - 3y)
=2a(x® +3x+2)+3b(x* +3x+2) = (2a +3b)(x* +3x+2) = (2a +3b)(x + 2)(x +1)
(@ (6a-1)(2a+5)
(b) Put2x+ 1 =ainto part (a), we get: [6(2x+1)—1][2(2x+1)+5] = (12x+5)(4x+7)
(@ (x—6y)(x+2y)
(b) =3[b*—4b(a+1)-12(a+1)*]. Put b=x,a+1=y into part (a), we get:
3[b—6(a+D)][b+2(a+1)]=3(b—6a—6)b+2a+2)
(@ (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)

L@ =L@y -8y d=1Gy-2(-2)

4 4
(b) =3m—n+%(m+n)2 —5m—n+1=%(m+n)2 -2m-2n+1 =%(m+n)2 —2(m+n)+1

Put m + n =y into part (a), we get:
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%[(3(m +n)-2][(m+n)-2]= %(3m+3n—2)(m+n -2)

16. () =x(y+8)-2(0+8)=(x-2)(y+8)
(b) & —b*=(a+b)a-b), letx=a-b,y=atbh,
C. 8x—2y=8(a—b)—2(a+b)=8a—8b—2a—2b=6a—10b
.. From(a),d* —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 +87—-5x—84=x"+7*+ (P —5x—84)=X*(x + T) + (x + 7) (x — 12)
=+ [P+ E-12)]=x+7) (x+4) (x—3)

Factorization : Cubes
1. (@ =da+2°=@+2)(@-2a+4) b) =b*-3*=(B-3)(p*+3b+9)
(©) =(10y)’ - 13 =10y — D[(10y)* + 10y + 1] = (10y — 1) (100y* + 10y + 1)
d) =5*+@m)*=(5+3m) (25— 15m + 9m?)
(€ =) +(5y)° = (2x + 5y) (4" — 10xy +25)%)
H) =6 (ab)’ =(6—ab) (36 + 6ab + a*b*)
2. (a) =3(+64)=3(0+4})=3(x+4)(*—4x+16)
(b) =40"-125)=4(" - 5% =4(y - 5) (O + 5y + 25)
(¢) =2(64-27b%) =2[4> — (3b)’] = 2(4 - 3b) (16 + 12b + 9b?)
(d) =3(125-x") =3[5"— ()’] = 3(5 — ) (25 + 5xy +x%7)
(e) =2(2164° +125b%) = 2[(6a)’ + (5b)*)] = 2(6a + 5b) (364> — 30ab + 25b%)
() =4(64p°q> —27) = 4[(4pq)’ — 3] = 4(4pq — 3) (16p°q" + 12pg + 9)
3. (@ =[x+3)-1][(2x+3)*+Qx+3)(1) + 17]
=(Q2x+2)A° + 12x+9+2x + 3+ 1) =2(x + 1) (4x* + 14x + 13)
(b) =[4+CGx— D4 -@GBx-1)+Bx—1)"]
=Gx+3)(16—12x+4+ 9% —6x+ 1)
=3+ 1) = 18x +21) =9(x + 1) (3x* — 6x + 7)
(©) =[B3—(x+ D3+ @)dx+ 1)+ (4x+1)]
=2 -4x)(9+ 12x+3 + 16x> + 8x + 1) =2(1 — 2x) (16x> + 20x + 13)
d) =5+2x+2P°=5+0x+4)
=[5+ Qx+4)][5° - (5)2x +4) + (2x +4)’]
= (2x +9)(25 — 10x — 20 + 4x> + 16x + 16) = (2x + 9) (4x>+ 6x + 21)
() =125[8-(x—-2)1=125[2— (x—2)[2%+2(x - 2) + (x — 2)*]
=125(4 —x)(4 +2x — 4 +x7 —4x + 4) = 125(4 — x)(x* - 2x + 4)
() =[&+4)+ Q= DI(x+4)’ = +4H2x— 1)+ 2x—1)]
=(Bx +3)[(* +8x +16) — (2 + Tx —4) + (4% — 4x + 1)]
=3(x+ DB’ -3x+21)=9(x+1) (x*~x+7)
(@ =[Bx—1D-(+3[Bx— 1+ Gx— Dx+3)+(x+3)]
=2 =4O —6x+1+3x°+8x—3+x>+6x+9)
=2(x=2) (132> + 8x +7)
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(h) =3[2°Qx+ 1)’ =33 (x+ 1)’] =3[(4x +2)* - (3x +3)*]
= 3[(4x +2) — (3x + 3)][(4x + 2)* + (dx + 2)(3x + 3) + 3x + 3)]
=3(xr— 1)(16x> + 16x + 4 + 12x° + 18x + 6 + 9x* + 18x + 9)
=3(x—1) (37x* + 52x + 19)
4. (@ =P+)’=1+xH1-x*+x
b) ===+ DO’ - D=0+ DE- DO’ +y+DHEP-y+1)
() = (a2)3 + (b2)3: (a2 +b2)(a47a2b2+b4)
d) =@ -2>=@m*-2) (m* +2m*+ 4)
(e) =3 -0 =3-xH©O+37+xh
O == [@)P=[1-@) 1 +@)1=0-2)1 +2)(1 + 2y +47) (1 -2y +47)

(@ =20Gm") + @] =20m’ +4n)[Bm’)’ = Gm’)dn’) + (4n’)]
=203m® + 4n®) 9m* - 12m*n* + 16n*)
5. =@m’+n*)? =(m+n)’(m*> —mn+n*)*

6. =’ -DQ7Y +8) =(y-D(* +y+ DBy +2)[(3y)* - (3y)(2) +2°]
=(y-DBy+2)(y* +y+DOy* -6y +4)

7. =@ =1)(@" +1) = (a’ 1)@ +D[(a*)’ +1]
=(a-D(a*+a+)a+1)(a’—a+1)a® +1)(a* -a’ +1)
=(a-D@+)(a*+1)a* +a+1)a* —a+1)a* —a’ +1)

8. =(16x"+2x)—(24x’y +3y) = 2x(8x” +1) = 3y(8x> +1)
=(2x=3y)8x* +1) = 2x - 3y)(2x + (4x* —2x +1)

9. (a) (x—4)(x*+4x+16)

b) =(x*-64)+(x—4) =(x—4d)(x* +4x+16)+(x—4)
=(x -4 +4x+16+1) = (x—4)(x* +4x+17)
10. (@) @y+DOy*-3y+1)
(b) =54y’ +2)-1-3y =2(27y° +1)= By +1)
=203y +DO9y* -3y +1) -Gy +1) =Gy +D[29y* =3y +1)-1]
=@By+1)(18y* -6y +1)

11. =19(a+2)—(a+2)(d*-2a+4)=(a+2)[19—(a*—2a +4)]
=(a+2)(15+2a—d*)=(a+2)5-a)3 +a)

12. 243 =9x27, the given expression = 94> —275%) — 9s* — * = 3rs
=9(r—3s) (1 + 3rs + 953 — (47 + 3rs + 95%) = (> + 3rs + 957) [9(r — 3s) — 1]
=@ +3rs +95%) (9r - 275 — 1)

Algebraic fractions (2)

3 3b* 3x+2y) 4
1. (a 5 (b) 7 © -2y @ 3(2a+b)
_ 8-k 8 9= 3
© “ean E O ey ¢
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:—3x2(5y—2x)= 3x? :9x2(6x—1): 3
(8 Gy —2x) 7 (h) —ox x(6x — 1)
2 () = —(a=b) _ -1 ® = 4 =2x+1) _ 4=D)7  4(x-D
(a=b)a+b) a+b x(x—a)-(x—a) (x-a)x-1) x-a
© :3x(x2 —a)+(x* —a) B BGx+D(x*—a) B X’ —a
7x(3x+1) T 7xGx+D)  Tx
3 () _X=D+3(»y=-D _(»=-Dx+3) _y-1
’ (x-8)(x+3)  (x—-8)(x+3) x-8
) = (=2)r+3) (=29 +3) _y-2
y(x-2)+3(x-2) (x-2)(y+3) =x-2
© :93(2x -2%) :3(x—23(x +2x+4):l(x_2)
(x"+2x+4) I(x" +2x+4) 3
() _(x-1 +x()i-;-8)(x—l)=(x—l)();—_11+x+8):2x+7
© _(x+3)(x+4)  (x+3)x+d x+4
P +3 (x+3)xP-3x+9) x*—3x+9
® X+ a-y) o Py o x-y ]
N () =y (x+)(x-p) x+y
4 @ =% VR 2 ®) =LtaprxDxqr =P
3(x-2) x° x-2 5 Sa 25
© :3(b+2)x4(b—2)_g d :m(l—a);c(l—a)_m(l—a)x—n(x—l)__@
6(b—2) 5(2+b) 5 b(x-1) n(l-x) b(x-1) c(l-a)  bc
5. (@ :12r—(92r+3):10r9—3 (b) :5(a—3)3+02(a+2):5a—1534(;2a+4:7a3;11
© :4x—(4x+2)=4x—4x—2:3x4—2
6. () _3-(4+b) 3-4-b_ b+l ®) _8x—(1-6x) 8x—l+6x 14x-1
3a " 3@ 3a 4x B 4x T 4x
© :3(2x+a)—2(a—3x)—(x+a)_6x+3a—2a+6x—x—a_&_l
6x N 6x T6x 6
7. @) = —— ¥ - 127y
y+5 3(y+5) 3(y+5)
b - 2,4 - 2
3(-y) -T(x-y) 2x-y) 2Ux-y)
© _10y+9y—-6y 13y
12(a-b)  12(a-b)
8. () :x(x—l)—2x2=x2—x—2x2=x(1+x)
' x—1 x-1 l-x
(b _2(y+2)-3(y-3) _2y+4-3y+9 _ 13-y

(-3)y+2)  (r-3)(+2)  (r-3)(+2)
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© 2Qy=0-xQx-y) 2y’ -my-2’+xy  Ay+ay-x)
(2x-»)(2y-x) 2x-y)2y-x)  (2x-y)2y-x)
_4b+D) 18a-3) 1 3

(a-3)" 4a-1) 6(b+) a-1
(b) :(x—zy)(x2+y)x i
x"+y)  (x+y)

_blatb) S2a-=b) 1 _ 5

a(Ra-b) b*Ga+1) (a+b) abBa+1)

@ _xAD -4 12D (=Dt -3-D) -3
Px=D-(x=1)" 8(r+1) (x=Dx+Dx=1) 2(y+1) 2(x+1)
e 4 1

() =(x-3)(x+4)x 9 X 26x3)
(4a® +6ab +9b*)

(2a-3b)(4a’ +6ab+9b*)

9. (a)

x(x*+y)(x=)x+y) =(x—p)x-p)=(x-p)*

©

:g(x+4)

H) =(Qa+3by(2a—-3b) -

= (2a - 3b) (2a+3b)>
5  a-b _Sb+2a-b)_ 3b+2a

10. (a) = = =
2(a—4b) b(a—4b) 2b(a—4b)  2b(a—4b)
(b) :4(x—2)+3(x+2)—7x=4x—8+3x+6—7x= -2
(x+2)(x-2) (x+2)(x-2) (x+2)(x=2)
© _20+k)+2(0-k)—4k _2+42k+2-2k—4k _ _ 4-4k _ 4=k 4
(+k)(1-k) (+k)(1-k) (+k)(1-k) (+k)(1-k) 1+k
@ = y 2 _ y—2(y+3)=y—2y—6= y+6
(r+3)" (r+3) (r+3)° (r+3)° (r+3)*
1. (@) = 1 N 3 _ o x—443x 4= 4
x(x=-1) (x-D(x-4) x(x=1)(x-4) x(x-D(x-4) x(x—4)
) = 5 _ 4 _ S(a+2)-4a+)) _ a+6
(a+D(a+6) (a+2)(6+a) (a+1)a+6)a+2) (a+D(a+6)(a+2)
1
T (a+(a+2)
© = 2 B l-x =2(x+4)+(1—x)(x+3)
(x+3)(x—4) —-(x—4)(4+x) (x+3)(x—4)(x+4)
_ 2x+8+3-2x—x" _ 11-x*
(x+3)(x—4)(x+4) (x+3)(x—4)(x+4)
@ = 1 + 4 _ (Bx+5+43x) _ 15x+5
3x(Bx+1)  Bx+D(Bx+5) 3xBx+1)Bx+5)  3x(Bx+1)(Bx+5)
_ 5(Bx+1) _ 5
3x(Bx+1)(3x+5) 3x(3x+5)
© = 4 2 _ A-x)-2(x-2)

Gr-4)(x-2) Gx-4(1-x) GCx-4)x-2)1-x)
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B 8—6x o -23x-4) 2
T Brx—4)x-2)1-x) GBrx-4)x-2)1-x) (x=2)(x-1)
) 2 N 4 _ 2(x+6)+4x  6(x+2) 6

Tx(x42) (x42)(x46) x(x+2)(x+6) x(x+2)(x+6) x(x+6)
12x x :2(x—2)2+12x—x(x—2)

12. (@) =2+

(x-2)° x-2 (x-2)
72x2—8x+8+12x—x2+2x7x2+6x+87(x+4)(x+2)
(x=2)° (x=2)° (x=2)°
) = 3x+2y _ 1 B 3x+2y—-(2x-3y)
(2x=3y)(4x> +6xy+9y%)  (4x> +6xy+9y%)  (2x—3y)(4x> +6xy+9y7)
B x+5y
(2x=3y)(4x* +6xy+9y?)
2_ .2 _ _
13, :(n m )+(m n): (n+m)(n m)>< mn ——(n+m)
mn mn mn —(n—m)
2 2
14 = P =25¢"  5Gq-p) _ (p+59)(P=59) 3 _ _i(erSq)
5 3 5 -5(p—-59) 25
15 :(2ab+az+b2;a2—b2 )2:[(a+b)2‘ ab 2_ (a+b)*
' ab " ab ab  (a+b)a—b) (a—b)?
16, x—1= 1 = I-(a+1) _ —a’ = 1 Pl= l+(@a-1)_ a ,
a+l a+1 a+1 a-1 a-1 a-1
x-1 _  a ‘(a—l) _l-a
y+1 (a+l) a a+1
2 .2 2
17 =1+ SZy)~y 2y2 _ 2y2+ 2y2 _ 1=y +2y2 +2y
=¥y 1=y I-y* 1=y -y
_ 1+2y+y? _ (1+y)? _ 14y
1-y* (1+»1-y) 1=y
18 —(4-Py4-r,. P-4 _ -9l  pq _P-q
8. =( ) ( )+ ( )
q p Pq rq (p+a)p—q) p+gq
19, = a b c

(a—b)(a—f?)_(b—C)(a—b)+(a—C)(b—C)
alb-c)-bla—c)+c(a=b) _ ab—ac—ab+bc+ac—bc _

(a=b)a-c)b-c) (a=b)a—-c)b-c)
20. The other adjacent side = Area x 2 + (2x + 1)
2
_6x -5x-4 2 (2x+D)(Bx-4) —3c_4
2 2x+1 2x+1

Ans. The other adjacent side is (3x —4) cm.
21. (a)Area of AACD = area of AABD — area of AABC
=% +7x—2)—(6x* - 10x+4) =3x*+17x-6
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(b) %XCDX(3x—l):3x2+ 17x-6,

_ 2(3x* +17x-6) _ 2(3x—-1)(x+6)
3x-1 3x-1

. CD

=2(x+6)cm

22. Let the time taken be y hours. In 1 hour, pipe A fills

>

! 3 of the tank, pipe B fills 3

while both pipes together fill 1 of the tank. .. r__1 + L
y y 2x+3 5-2x

5-2x+4+2x+3 _ 8
(2x+3)(5-2x) (2x+3)(5-2x)"

Sy= é(2x+3) (5-2x)

Ans. It will take é(Zx +3) (5 — 2x) hours for them to fill the tank together.

Congruent triangles (3)

1. (a) Yes. AABC=AEFD (R.H.S.) (b) No ("." it’s not the included angle).

(¢) Yes.AXYZ=ALMN (A.AS), "."~L=180°—32°—105°=43°. (d) No.
2. (a) APQR=ALMN (S.A.S.) (b) AABCz=AYXZ (R.H.S.)

(¢) APQR=AFED (A.A.S.)
3. (a) AABC=AQRP (R.H.S.) (b) APQR=AZYX (A.A.S.)

< EGF = 180°- 60° — 70° = 50° (£ sum of A)
In AEFG and AHGF, FG = GF (common), ~EFG =_./HGF (given),
<~ EGF = 2HFG (proved), ..AEFG=AHGF (A.S.A.)
5. (a) In AABE and ADCE, AE =DE (given), BE = CE (given),
< AEB = /DEC (vert. opp. £s), ..AABE=ADCE (S.A.S.),
.. AB =DC (corr. sides, =As)
(b) " AABE=ADCE (proved), .". ZABE =~/DCE (corr. /s, =As),
.. AB//CD (alt. Zs eq.)
6. In AQLM and AQNM, QL = QN (given), QM = QM (common),
QLM =~QNM = 90° (given), .".AQLM=AQNM (R.H.S.),
. LM =NM (corr. sides,= As).
In ALPM and ANRM, LM = NM (proved), ~MLP= MNR =90°(given),
PM =RM (given), .".ALPM=ANRM (R.H.S.)
7. (a) InAABC and AEDC, ~A=_/E (given), /C=_.C (common),
BC =DC (given), .". AABC=AEDC (A.A.S.), .. AB=ED (corr.sides, =As)
(b) "." AABC=AEDC (proved), .". AC=EC (corr. sides, =As), but BC =DC (given),
. AC-DC=EC-BC, i.e.AD=EB
8. In AABC and ADCE, AB = DC (given), ~A=.D =90° (given),
<~ ABC +90°=/BCD =90°+ /DCE (ext. /. ofA), .. ~ABC=,DCE,
. AABC=ADCE (A.S.A)), .. BC=CE (corr.sides, =As), .. ABCE is isosceles.
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Mathematics Exercises for Brilliancy 3

(a) In ABAE and ACDE, BA =CD (given), BE = CE (given), AE=DE= %AD (given),

..ABAE=ACDE (S.S.S.), .. Z“BAD=/CDA (corr. /s, =As)
(b) In ABAD and ACDA, AB = DC (given), AD = DA (common),
~BAD =~/CDA (proved), .. ABAD=ACDA (S.A.S.),

.. BD = CA (corr. sides, =As)
(a) In ACEF and ACDH, ~C=./C (common), CF = CH (given),

~CFE=90°=_2CHD (given), .. ACEF=ACDH (A.S.A.),
.". EF =DH (corr. sides, = As)
(b) "." ACEF=z=ACDH (proved), .. CE=CD (corr.sides, =As), .. ACDE is isosceles.

(¢) InAFGD and AHGE, ~DFG =90°=_2EHG (given),
~FDG =/HEG (corr. Z/s, =As), DF=DC-FC=EC-HC=EH,
. AFGD=AHGE (A.S.A)
In AABE and ACBD, AB =CB and BE = BD (equilateral As),
2 ABE =~ CBD = 60° (equilateral As), .. AABE=ACBD (S.A.S.),
. ZBAE= /BCD (corr. £s, =As)
In AABD and ACBE, AB = CB and BD = BE (equilateral As),
~ ABD =~/ ABC -~ DBF = 60° — ~ DBF (equilateral A),
~CBE =2DBE —~~DBF = 60° — ~DBF (equilateral A), .. ZABD =_.CBE,
..AABD=ACBE (S.A.S.), .. AD=CE (corr. sides, =As)
(a) In AABF and ACBE, AB = CB and BF = BE (equilateral As),
ZABF= /ABC-/FBC =60°-~/FBC (equilateral A),
~CBE =/FBE ~ ZFBC = 60° — ~FBC (equilateral A), .. ZABF=_./CBE,
.. AABF=ACBE (S.A.S.), .. AF=CE (corr. sides, =As)
(b) ABCE. In AFDE and ABCE, DE = CE and FE = BE (equilateral As),
~/DEF = /DEC -/FEC = 60° — ~FEC (equilateral A),
~CEB =/FEB ~ ZFEC = 60°~ ~FEC (equilateral A),

. Z/DEF=-CEB, .. AFDE=ABCE (S.A.S.). "." AFDE=ABCE (proved),

.". FD=BC (corr. sides, =As), but AB=BC (corr. sides, =As), .. FD=AB
(a) In AABD and AACE, AB = AC and AD = AE (equilateral As),

~ZBAD =~ CAE = 60° (equilateral As), .. AABD=AACE (S.A.S.),

. ZABD =/ACE (corr. £s, =As)
(b) In ACDF and ABDA, ~ACE =_-/ABD (proved),

~ CDF = 2BDA (vert. opp. £s), .. «DFC=_./DAB (the 34 of A).
~DAB = 60° (equilateral A), but < DFC =x +y (ext. £ of A),
Lx+y=60°

(a) In AACE and ADBF, AE = DF and CE = BF (given),
AC=AB +BC and DB =DC + BC, but AB =DC (given), .. AC=DB,
.. AACE=ADBF (S8.S.S.), .. ZA=/D(corr. /s, =As),
.. AE//DF (alt. /s eq.)
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(b) In ABAE and ACDF, ~A=_.D (proved), AE = DF and
AB =DC (given), .".ABAE=ACDF (S.A.S.),
.. EB =FC (corr. sides, =As)
16. (a) «BAE=s/BAC-~2CAE, ZACD=_/FDC-~CAE (ext. Zof A),
but «BAC=/FDC (given), .. ZBAE=-ACD
(b) In AABE and ACAD, AB = CA (given), ~BAE =.-ACD (proved),
</ AEB = 180° -~/ BEF and . CDA = 180° —~FDC (adj. /s on st. line),
but ~BEF =/FDC (given), .. ZAEB=_/CDA,
. AABE=ACAD (A.A.S.), .. BE=AD (corr. sides, =As)
17. In ABCD and AACE, BC = AC and CD = CE (equilateral As),
2 ACB =~ZECD = 60° (equilateral As), ~ACD = 60°—50°=10°,
. ZECA=60°-10°=50°=,DCB, .. ABCD=AACE (S.A.S.),
. =2CBD (corr. Zs,= As), .. 6=180°-100°—-50°=30°(~ sum of A)
18. (a) In AABP and ACBS, PB = SB (given), .~ APB =_.CSB =90° (square),
~ ABP =_~CBS (vert. opp. /s), .. AABP=ACBS (A.S.A)),
.. AB =CB (corr. sides, = As)
(b) In AABR and ACBR, BR = BR (common), ~ABR =_./CBR (given),
AB=CB (proved), .. AABR=ZACBR (S.A.S.), .. AR=CR (corr. sides, =As).
*." AABR=ACBR (proved),

‘. the L distance from B to AR = the | distance from B to RC=BS = %x9 =4.5cm

19. (a) In ABEC and ADFC, BC = DC (square), ~CBE =.CDF =90° (square),
/BCE=90°~-~/ECD=2DCF, .. ABECzADFC (A.S.A))

(b) Let EC =FC =x cm (corr. sides, = As), %xl =125, x> =25,x=5,

.. Area of ABCD = BC? = EC* - BE? = 5 — 1.4> = 23.04 cm’
20. In AQBP and ARCQ, a, =a, (given), QB =RC =6 cm (given),

ZBQP+a3=a,+ ZCRQ (ext. LofA), .". ZBQP= ZCRQ (a;=a,),
. AQBP=ARCQ (A.S.A.), .. BP=CQ =3 cm (corr. sides, =As)
21. (a) Let ~OKH=y. °.° OK=OH (radii), .. ZOHK=-0OKH =y (base s, isos. A),

. ZHOM =45°+y (ext. £ of A). LKLN =45° (vert. opp. £s);
ZLKN = 180°-90° - 45°=45° (~ sum of A),
. ZOKN=/OKH+/LKN=y+45° .. ZOKN= ~HOM
(b) In AHOM and AOKN, ~HMO = ONK = 90° (given),
OH =KO (radii), ~HOM =_-0KN (proved),

. AHOM=AOKN (A.A.S)), .. HM=O0ON=4+3 =7 cm (corr. sides, =As)
Similar triangles (3)
I. (a) Yes.AABC~AQRP(A.AA), '.© ZA=180°-75°-40°=65°
(b) No. (c) Yes. AABC~APRQ (3 sides prop.)
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(d) Yes. AABC~ARQP (ratio of 2 sides, inc. /)
(e) No. ("." sides not prop.) () Yes. AABC~APRQ (A.A.A)

2. (a) "." AABC~AFED (A.AA)), . izézlg—'s (corr. sides, ~As),
12 5 13
" a=gxl2:18 and b:gx5=7.5
13 13
(b) " AABC~AEDF (AAA), . 2-9 -9 3 (om sides, ~as),
18 24 12 4
3 3
. p==-x18=13.5 and g==-x24=18
r=7 9=
3. (a) . AABC~ADEC (A.AA), .. gz%:% (corr. sides, ~As),
" x:§><5=7.5
2
. 6 16 4 .
(b) "." AFHK~AFGE (A.A.A)), =—=— (corr. sides, ~As),
m+6 28 7
42=4m+24,18=4m, .. m=45
. .y 10 2 ,
(¢) ." AADE~AABC (A.AA), .. ——=—=— (corr.sides, ~As),
y+4 15 3
3y=2y+8, .. y=8
a 9

1 .
=— (corr. sides, ~As),

d) " AQST~AQPR (A.AA), =
@ Q QPR ) a+14 9+18 3

3a=a+14, .. a=7
4, (a) "." AABC~AEDC (A.AA), .. %:g:% (corr. sides, ~As),
y
" x=§><6=4.5 and y=6><ﬁ=8
4 3
m n 3 1
b) ".° APQR~ATSR (A.A.A)), .. —=—=-—=— (corr. sides, ~As),
(b) Q ( ) 2 10" 153 ( )
. 1 1
. m=—x12=24 and n=—-x10=2
5 5
.. . 10 8 2 .
5. (a) " ABDE~ABAC (A.AA), .. =—=2=(corr. sides, ~As),
10+ 12 3
30=20+2k 10=2k, .. k=5
m n 3 1
b) ".° AFPQ~AFGH (A.AA), .. —= == . sides, ~As),
®) Q ( ) 27 20+n 346 3(001-r sides 9
m=txa7=9; M5 004m s a-10
3 20+n 3
.. . 3 4 1 .
6. (a) . AADE~AACB(A.AA), .. =— (corr. sides, ~As),

4+m 3+13 4
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12=4+m, .. m=28

(b) " AMNR~AQPR (A.AA), .. % = % :% (corr. sides, ~As),
5n=70, .. n=14

(¢) " AABC~AEBD (AA.A), .. % = f—; :% (corr. sides, ~As),
2x=36, .. x=18

(d) "~ APQR~ATQS (A.AA), .. x;)4:20+y :% (corr. sides, ~As),
X

10x +40 =340, .". x=30;200+ 10y=17(30), 10y=310, .. y=31
7. (a) " AABC~AAPQ (A.AA), .. 6 :E:ﬂ (corr. sides, ~As),
6+x 10 5
30=24+4x, 6=4x, .. x=15

" AACD~AAQR (AAA), .. >=—8 8 (com sides, ~as),
y 6+x 6+1.5
3.5 56y o y=375
y 715
(b) . ANDE~ANLP (AAA), . —"— =2 (cor sides, ~As),
m+6 8
8m=5m+30, .. m=10.
" ALCD~ALMN (AAA), . L-_6 _ (corr. sides, ~As),
12 6+m 6+10
n_8 3 . a=3d2-4s
12 16 8 8
(©) . AHEF~AHCD (AAA), .. —2— =28 _2 (o sides, ~As),
y+3 5 8+4 3
. :g,3y=2y+6, L y=6; Ezg, z:gXSIQ
y+3 3 5 3 3 3
. *ADEF~ADGH (AAA), .. Z=—> =3 (corr sides, ~As),
x 34+4y 346
A S LT
x 3 3
8. (a) InAABC and AECD, ~A=_./E=90°(given),
/B +90°=BCE =90° + /ECD (ext.~ ofA), .. ~B=,ECD,
ZACB=,D (3" 20fA), .. AABC~AECD (A.A.A)
(b) ".© AABC~AECD (proved), .. iziz@:&(corr. sides, ~As),
10 24 26 13
a 100 . 21040100 50 b 10, 10,5, 240 156
10 13 13 13 137 24 13 13 13 13

9. (a) InAMNXand AYZX, /MXN =_./YXZ (vert. opp. ~s),
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MX_10_5 NX_15_5 . MX_NX
YX63’ zZX 9 3 T yxX zx’

. AMNX~AYZX (ratio of 2 sides, inc. /)

>

(b) " AMNX~AYZX (proved), .'. % = g (corr. sides, ~As),
5 40 1
Loy==x8=—=13=
YE3ITE TS
10. (a) In AABC and ABDC, ~A=/DBC (given), ~C=.C (common),
ZABC=,BDC (3" ~0fA), ... AABC~ABDC (A.A.A),
o XE6_ 14 Z (corr. sides, ~As), 3x+ 18 =98, 3x =80, .. x=-0_262
14 6 3 3
(b) In APQR and APSQ, Z/PQR =28 (given), «P =P (common),
Z/PRQ=,PQS 3 ~ofA), .. APQR~APSQ (A.A.A.)

Lo 6 E 2 (corr. sides, ~As), .". r=g><6=4;
6 r+k 21 3 3

6 6 2
r+k 4+k 3’

18=8+2k .. k=5

21

QR _6_ 3
—=— (corr. sides, ~As R=="x7=—
T4 ( ) Q 2 2

7

> 7i (corr. sides, ~As),
5+MQ QR

11. " AMNT~ARQT (A.A.A.),

* APMN~APQR (A.A.A.),

S _7.2.2 y5_1042MQ, . MQ=25
5+MQ 2 3

12. (a) InABAD and ACDB, ~A=_BDC (given), 226 _1 ~AD
cD 12 2° DB

o |
N | —

" BA = AD , .. ABAD~ACDB (ratio of 2 sides, inc. /)
CD DB
(b) ".© ABAD~ACDB (proved), .. % = % (corr. sides, ~As), .. BC=16
13. In AABC and ACDB, £=E=g, E=E=z, £=§=2,
Ch 21 3 DB 18 3 CB 12 3
AC BC AC
CD DB CB’
~ACB=-CBD (corr. Zs, ~As), .. AC//BD (alt. Zseq.)
14. (a) In AADB and ABDC, ~ADB =_./BDC =90° (given); ZABD=90°-ZCBD,
/BCD =180"-90° — ZCBD= 90°-ZCBD (ZsumofA), .. ZABD=/BCD;

/A =/CBD (3%~ ofA); .. AADB~ABDC (A.A.A.)

. AABC~ACDB (3 sides prop.),

(b) "."AADB~ABDC (proved), = 4 (corr. sides, ~As), x> =36, ..x= J36=6
X

X
)
15. (a) AABC~AACD~ACBD (A.A.A.)
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(b) AD=+15>-122 =481 =9 cm (Pyth. Thm.)

" AACD~ACBD, .. }lgf %*g (corr. sides, ~As),

BD—%X12=16 cm, BC=+16"+12> =400 =20 cm (Pyth. Thm.)

16. (a) In AECB and ADCA, <BEC =.2ADC =90° (given),
£ C=,C (common), ~EBC=,DAC (3" 2ofA),

. AECB~ADCA (A.A.A)
(b) °.° AECB~ADCA (proved), .. i 6+18 i (corr. sides, ~As),
18 30 5
. k:ﬂx18:14.4
5
- .. . CG_ 3 1
17. JoinBE. °." AECG~AEAB (A.AA), .. — — (corr. sides, ~As),
8 3+6 3
. CG:1><8:§. Lzl, 3EG =EG + GB, 2EG =GB,
3 3 EG+GB 3
° ABDG~ABFE (A.AA), .. % i 2EG g(corr. sides, ~As),
6 BG+EG 3EG 3
. DG:EX6:4, CD:§+4:6g
3 3 3

18. AC=+/(24+5)* =20% = /441 = 21 (Pyth. Thm.)

In ABDE and ABCA, /B =.B (common), ~BDE=_./BCA =90° (given),

Z/BED=-A(3"/0of A), .. ABDE~ABCA (A.AA)),
" DE _ i 1 (corr. sides, ~As), .. DE=1><21=5.25
21 20 4 4
19. In AADE and AACB, ~A=_./A (common), ~ADE=./ACB =90° (given),
Z/AED=_/ABC (3" 20ofA), .. AADE~AACB (A.A.A),
AE E (corr. sides, ~As), .. DE= lAE
25 7 25

* AC=+25%—7% =/576 = 24 (Pyth. Thm.), .". AE + EC =24,

AE + DE =24, AE+lAE=24 QAE 24, .. AE= 24x§_1875
25 25 32
20. In AABC and ABDC, £A=~/DBC (given), «C=-C (common),
Z/ABC=,BDC (3“ 20of A), .". AABC~ABDC (A.A.A),
" BC_ £(corr sides, ~As), 15 _12+AD
DC BC 127 15

21. In ABDC and AAEC, ~C=_.C (common), ~BDC =./AEC =90° (given),

,225=144+12AD, .. AD=6.75
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Z/DBC=/EAC (3"~ ofA), .. ABDC~AAEC (A.A.A),
E 6+18 g (corr. sides, ~As), .". DC=2><18=12 cm,
18 36 3 3
. AD=36-12=24 cm. BD’ =BC’-DC* = (18+6)* —12° =432,

. AB=vVBD?+AD? =+432+24 =41008 = 1247 cm

22. (a) ".© AADE~AAFG (A.AA), .. %: S+3 :2 (corr. sides, ~As),
FG 5+5+5 3

* ABDH~ABFG (A.A.A), bH i=l (corr. sides, ~As),
FG 5+5 2
bH_DH.DE_1.2.3 . pu:DE=3:4
DE FG FG 2 3 4
(b) bH_3 (proved), bH é, DH=EX24=18, .. HE=24-18=6
DE 4 24 4 4
23. " ABFG~ABAC (A.AA)), ﬁz 4+3 :z (corr. sides, ~As), 336=7BA,
BA 4+3+1 8
BA=48; . ACDE~ACBA (A.A.A)),
DE_ 3+1 _ 1 (om sides, ~As), .. DE=-x48=24
48  4+3+1 2 2
24. ' AABE~AACF~AADG (A.A.A), .. 6 3 (corr. sides, ~As),
6+EF+3 5
30=27+3EF, 3=3EF, EF=1, also —— 6 3 (corr. sides, ~As),
6+EF CF
3 _ 6 8 y1-6cr, - ocr=2lo3s
CF 6+1 7 6
.. . QR 5 5 .
25. (a) °.© APQR~APST(A.AA), .. =—=——== (corr.sides, ~As),
(a) Q ( ) ST " 3513 8( )
. QR:ST=5:8

(b) " APQR~APST, . Height of APQR _ ﬂ =§
* ' Heightof APST £, 8’

2
Areaof APQR _ 5~ _ 25 ca of APST =100x 2% = 256,
Areaof APST 8% 64° 25
*. Area of QRTS =256 100 =156 cm’

26. In ACDF and AGEF, ~CFD =_~GFE (vert. opp. £s), ~CDF =_.GEF and

~DCF = /EGF (alt. /s, AD//EG), .". ACDF~AGEF (A.AA),
BG 3 (com. sides, ~As), EG=2CD; " ABEG~ABAC (AAA.),
CD 4 2
BE E (COIT sides, "’AS) but £ é AC = ECD,
AB AC cp 2’ 2
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" BE _ éCD 3CD:l _BE l 2BE =AE+BE, BE=AE,
AB 4 2 2’ AE+BE 2’

ﬂ:1, . AE:BE=1:1

BE

27. In ABCE and ACHF, ~BEC =~ CFH =90° (square),
~BCE =~ CHF (corr. sides, CD//HG), ~CBE =~HCF (3rd 2 of A),
HF 3

. ABCE~ACHF (A.AA), .. ——===3 (corr.sides, ~As), HF=6,

3-1 1
. GJ=HG=6+3=9cm
B 18 3
28. In AABC and AADB, Z/A=-/A(common), —=—=—,
AD 12 2

AC _15+12 3 AB _ AC

AB 18 2’ ' AD AB
L 2o i (corr. sides, ~As), .". x=3><10=15
10 2 2

29. AC=EG=+I’+1> =42 (Pyth. Thm.)

In ADEG and AACG, ~DEG =~ ACG=90° +45° =135 (square),
DE 1 EG 2 f 1 DE_EG

AC 27 CG 1+1 2 27 AC CG’
. ADEG~AACG (ratio of 2 sides, inc. /)
. . FD_CD
30. .° AFCD~AFAB (A.AA), .. —— (corr. sides, ~As) ... (1)
FB 4
' ABCD~ABEF (A.AA), .. bB_CD (corr. sides, ~As) ... (2)
FB 9
(1)+(, F2+DB_CD CD FB_13CD . 36_,10
FB 4 9 FB 36 13 13
31. "' AECD~AEAB (A.AA.), Lf% (corr. sides, ~As),
)4
* AACD~AAEF (A.A.A.), 1:% (corr. sides, ~As),
q
r AE-CE . CE r Sl 11
T T A A T
q AE AE P P q p q r
Isosceles triangles
180" —90°
L () y=w=45° (b) 202y-8) +3y" =180°, 7y" =196",
(¢) (180°=2y")x2+y" =180°, 360° —4y" +y" =180°, .. y=60
d) (' +y )x2+4y"=180°, 8y" =180, .. y=225
(&) 2(y+5° =@y-18)", 2y+10=3y—18, .. y=28
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(B 180°—2(2y°)=5y", 9y° =180°, .. y=20
(2) The third angle = 180°—32°—74° = 74° ( £ sum of A),
o4y —-21=y+ 12 (sides opp. eq. £s), 3y=33, .. y=11
(b) ZR=sS=y(base,s,is0s.A); y+y="72°(ext. Lof A), 2y =72°, .". y=36°
(¢) ~ZEGF=180°- 120°=60° (adj. £s on st. line);
m +60°+60°=180° (~ sum ofisos. A), .. m=60°
(d) £A=2ABD =35°(base~s,is0s. A); ~DBC =n (base /s, isos. A);
n+n+35+35°=180° (£ sumofA), 2n=110° .. n=>55°
(¢) ~CDE=76°(alt.2s, AB// CD); ~ABE=115°—76°=39° (ext. £of A);
~C= ~ABE=39°(alt. s,, AB/CD), .. x=./C=239°(base.s, isos. A)
() ZLMN=180°—90°—63°=27°(/ sum of A);
ZKLN =27° (alt. s, LK/NM); ~KML =~/KLN = 27° (base £, is0s. A);

b+27°+27°=180° (~ sumofA), .. b=126°
(g) #BCA=,A=50°(base s, is0s. A); ~CBD =x (base s, is0s. A);
x+x=>50°(ext. Lof A), 2x =50°, .. x=25°

(h) ZCEB = 180°—25°—85°=70° (adj. £s on st. line);
~CBE =~CEB = 70° (base /s, isos. A); y+70°=85° (alt. /s, AB // DF),
Coy=15°
(1) £S=2SQR (base /s, isos. A); 2 2SQR + 46° = 180° ( £ sum of A),
/SQR =67 ~QRP=.SQR = 67° (alt. /s, SQ//RP);
" PR=PQ (given), .. ~QRP=.PQR=67";
a+67°+67°=180°(~ sumofA), .. a=46°
2~ C=,ABC (base /s, isos. A); .. 2C+38°=180° (£ sum of A),
2C=71°% «BDC=,C=71°(base ~s, is0s. A);
. ZABD =71°-38°=33°(ext. Lof A)

/R =,PQR (base /s, isos. A); .. 2/R+y=180°(~ sum of A),
R:90“7%; x+/R=90°(ext. ~ of A), x:9007(9007§):§, Sy=2x

~CBD =a (base /s, is0s. A); £ A=.ACB (base /s, is0s. A);

/A+/ACB=a(ext. Zof A),2 /A=a, 4A=%;

. b=sD +4A:a+%:37a (ext. ~ of A)

(a) InAACD, /D =x (base s, isos. A);

In ABCD, /D=y (base/s,is0s. A); .. x=y.

(b) ZABC=sD+y=2x(ext.£0ofA); ~ACB=.ABC =2x (base s, isos. A);
x+2x+2x=180°(~« sumofA), 5x=180°, .. x=36°

In AABC, /BAC =0 (base/s, isos.A), .. /B=180°-26(~ sum ofA).

In AADC, ZADC =0 (base /s, isos. A), .. ZDAB=.,B=180°-20.

/B +DAB =, ADC (ext. £ of A), 2(180° — 26) = 6, 560 = 360°, .". 0=72°
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8. ABC=18"(base s, is0s. A); ~BCD =18°+18°=36° (ext. Lof A),
. ZBDC = 36° (base £s, is0s. A); ~EBD =36° + 18° = 54° (ext. L of A).
" BD=DE (given), .. ZBED =54°(base /s, isos. A);
ZEDF = 54° + 18° = 72° (ext. £of A); "." DE = EF (given),
. ZEFD =72° (base /s, is0s. A), .. 0=72°+18°=90° (ext. Lof A)
9. /DBC=20°+28°=48°(ext. Lof A); ~C=180°—28°—20°—84°=48°(~sum of A).
* ZDBC=2C=48° .. DB=DC (sides opp. eq. £s), .. ABCD is isosceles.
10. Join BD. ~CBD =_./CDB (base /s, isos. A), but ~ ABC =~ ADC (given), A
. ZABC-~2CBD=~/ADC-~CDB,ie. ~ABD=-/ADB,
.. AB=AD (sides opp. eq. 2 s) B4 ®p
11. £XYZ=_,XZY (base /s, isos. A), but ~XYA=_-/AYZ and >
/XZA=/AZY (given), .. 2/LAYZ=2/AZY, L AYZ=/AZY,
.. AY =AZ (sides opp. eq. /s), .. AAYZis also isosceles.
12. In AABD and AFEC, AB = FE (given), ~B=_/E (given),
BD=BC+CD=DE+CD=EC("." BC=DE), .. AABD=AFEC (S.A.S.),
. Z/GCD=2GDC (corr. /s,= As), .. GC=GD (sides opp. eq./s),
. ACDG is isosceles.
13. (a) In AABC and ACDA, AC = CA (common), ~ACB=a,=a;=~CAD (given),
ZCAB=a;+by=a,+b,=-2ACD (given), .. AABC=ACDA (A.S.A.)
(b) .© AABC=z=ACDA (proved), .. BC=DA (corr. sides,= As);
*ar=ay(given), .. EA=EC (sides opp. eq. ~s);
BE =BC - EC=DA-EA=DE, ..ABDE is isosceles.
14. ~ZBPQ=2BQP (base /s, isos. A); £BPQ =x +z (ext. ZLof A),
. ZBQP=s/BQP=x+z(base /s, is0s. A); L CQR =y —z (ext. Lof A);
© ZBQP=2CQR (vert. opp. £s), .. xtz=y—z2z=y—x, ..z = %(y—x)
15. "." QR=RS (given), .. ZRSQ=40°(base /s, isos. A);
~SRQ =180°-40°—40°=100° (£ sumof A). ~PQR = 60°(equi. A),
~ZPRS =,PRQ +~2SRQ=60°+100°=160°. "." PR =RS (given),
. /PSR =0 (base /s, is0s. A), 20+160°=180°(~ sumofA), 20=20°, .. 6=10°
16. ".© CD=CE (given), .. ZCDE=_/E (base s, isos. A); E
. CD=CF (given), .. ZCDF =_/F (base_s, isos. A);
~/CDE +~/E+/CDF +/F =180° (£ sum of A), 2 2/ CDE + 2 ~ CDF = 180°,
~CDE +-CDF=90°, .. ~FDE=90° D E
17. ZA=-C (base Ls,is0s. A); ~BQC =0+ A (ext. Lof A);
Z/BQC+2C=30(ext. LofA); .. 0+2A+-LA=30,2,A=20, LA=0,
. AAQB is isosceles (sides opp. eq. £s).
18. (a) InAABC, ~C=2a(base/s,is0s.A), .. 2a+2a+100°=180° (< sum of A),
4a=80°, a=20°. 2a+a+2b=180° (ext.ZofA),100°+a=2b, 2b=120°,
b=60°. .. ZDEA=2a+b=2(20° + 60°=100° (ext. £ of A)
(b) In AABD and AAED, AD =AD (common), ~BAD =_~DAE (given),
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20.

21.

22.

23.

24.

25.

Answers

Mathematics Exercises for Brilliancy 3

~/DEA =B =100° (proved), .. AABD=AAED (A.A.S.),
.. DB =DE (corr.. sides,= As)

(a) " QP=QR (given), .. ZP=,QRP (base. s, isos. A);
. AP=AB (given), .. ZP=_-/ABP (base /s, isos. A),
.. AB//QD (corr. /s eq.)

(b) In AABC and ADRC, AB = DR (common), ~ABC=~/DRC and
~BAC =~/RDC (alt. /s, AB/QD), .. AABC=ADRC (A.S.A.),
.. BC=RC (corr. sides,= As), i.e.C is the mid-point of BR.

" AABC= AEDC (given), .. x=68°(corr./s,= As); “.° BC=DC (corr. sides,=
. ZBDC =x=68° (base /s, is0s. A), y+68°+68°=180°(~ sumofA), .. y=44°
B

As),

Draw MN L BC. In ABMN and ACMN, MN = MN (common),
MB = MC (given), ~MNB =_.MNC = 90° (construction), N

. ABMN=ACMN (R.H.S.), .. BN=CN= %BC (corr. sides,=  As), D

AreaofADMc:%chXCN:%(\/ﬁ)(%\/ﬁ):%:4.5 cm’

(a) ".© ZACB=a (base s, isos.A), .. ZCBD=2a(ext.ZofA),
. Z/FDE = 2a (corr. /s, BC//DF). In ADEF, ~DFE = b (base /s, isos. A),
U b+b+2a=180° (£ sumofA),2a+2b=180° .. a+b=90°

(b) a+b+AGE=180°(Zsumof A), 90° + 2 AGE=180°, .. ~AGE=90°

Let ~PHQ=~/PQH=aand ~RKQ =-RQK =5 (base /s, isos. A).

In APHQ, £P=180°—-2a (£ sum of A);

In ARKQ, ZR=180°-2b(~« sum of A);

In AHKQ, a+b+60=180°(~« sumofA),a+b=180°-6;

/PQR=/PQH+/RQK -0, 100°=a +b -0,

100° = (180°— 0)— 6,20 =80°, .. 6=40°

() ZPLM =q (base /s, is0s.A), .. ZP=180°—2a (£ sum of A);
ZRNM =b (base /s, is0s. A), .. ZR=180°-2b(~ sum of A);
ZP+/R+0=180°(~ sumofA), (180°—2a)+ (180°—2b)+ 0= 180",
360°—-2a-2b+60=180° .. O=2a+2b—180°

(b) O=2a+2b—180°% 2a+2b=0+180° .. a+b:§+90°;

a+b+2LMN = 180° (adj. s on st. line), §+90“+4LMN =180°,

. ZLMN=90° — g
(a) InAABC, £A=_-ACB (base /s, isos. A),
Co22ZA+20°=180° (£ sumofA), ~A=80°and ~£ACB =80°
In AACD, ~A=_-ADC (base /s, isos. A),
2/A+-ACD=180°(~ sumofA), 2(80°+.ACD =180°
/ACD=20°, .. ~DCE=380°-20°=60°

N

C
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In ADCE, ~DEC =_2/DCE (base /s, iso0s. A),

~ CDE +2(60°) = 180° ( sum of A), .. ~CDE = 60°

(b) ZEDB =60°—20°=40° (ext. £of A); .". ZEFD =40° (base /s, isos. A);
ZFEB =40°—20°=20° (ext. £of A); . ZFEB=,B=20°
.. BF =EF (sides opp. eq. ~/s), .. AC=EF=BF=6cm

26. (a) In AABC and ACDE, BC = DE and AB = CD (given),
2~ ABC =~CDE = 180° — 94° = 86° (adj. /s on st. line),

.. AABC=vCDE (S.A.S.), .. AC=CE (corr. sides,= As),
.. AACE is isosceles.
(b) " AABC=zACDE (proved), .. ZBAC=y(corr. /s,= As),

x+y=94°(ext. Lof A); But35°+x+0+y=180°(adj. £s on st. line),
. 0+94°+35°=180°% .. 6=51°
(¢) InAACE,AC=CE (proved), .. ZCAE=_/CEA (base /s, isos. A),
. 2/CEA+51°=180° (£ sumofA), ~CEA=645°
. ZCED=180°-52°-64.5°=63.5° (adj. ~ s on st. line);
Butx=~2CED (corr. Z£s,= As), .. x=63.5%andy=94°—x=94°-63.5°=30.5°

27. (a) AC=+AB’ +BC> = /(4+3)’ +24” = /625 =25 cm;

7x24 BDx25
2

(b) Leta=-BCE=/DCF. /BEC=180°-90°-a=90°-a(~ sum ofA);
~/DFC=180°-90°-a=90°-a (~ sum of A);

Area of AABC =

, .. BD=6.72cm

But ~/BFE =_/DFC (vert. opp./s), ..~/BFE=90°-a=-BEC,
.. ABEF is isosceles (sides opp., eq. £ s)
(c) BF=BE=4cm(proved), .. FD=BD-BF=6.72-4=3.72 cm
28. (a) Let ~AQR=xand ZAPB=y. °.° BP=BA/((given),
. Z/PAB =y (base /s, iso0s. A); ".° RQ=RA (given),

. ZRAQ=x (base /s, isos. A);

ZBAR =180° —x —y (adj. £s on st. line),

/PQR=180°-x-y (< sumofA), .. “/BAR=/PQR
(b) In AABR and ARCQ, /BAR =~/CRQ (proved),

~ ABR =~/RCQ (corr. /s, QC//AB), RA=RQ (given),

.. AABR=ZARCQ (A.A.S.), .. AB=CR (corr. sides,= As)
More about triangles
1. (a) orthocentre (b) in-centre (¢) circumcentre (d) centroid

2. According to triangle inequality:
x<3+8, x<I1; x+3>8, x>5; x+8>3,x>-5;
Combining the 3 cases, S<x<11, .. xcanbe6, 7,8, 9 and 10.
3. According to triangle inequality:
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XY+YZ>XZ, XY>XZ-YZ ....(0)
XW+WZ>XZ, XW>XZ-WZ ....(i)
From (i) and (ii), XY + XW > (XZ -YZ) + (XZ-WZ)
XY + XW +(WZ +YZ) > (XZ - YZ) + (XZ - WZ) + (WZ + YZ)

XY + XW+ WY >2XZ XZ<%(XY+XW+WY)

i.e. XZ is shorter than half of the perimeter of AWXY.
4. Z£Q=119" -57° = 62° (ext. LofA)
R =180" —119? = 61° (adj. £ s on st. line)
©ZQ>2QRP>/P, .. PR> PQ > QR (greater -, greater side)
5. ZC=180"-80° —65" =35°(«Lsumof A). ~LA=65"—-25°=40°(ext. £ of A)
~BDA=180° —65° =115°(adj. /s on st. line)

In ABDC: ".© #DBC>~/BDC>~C, .. CD>BC > BD (greater ~, greater side)
In ABDA: . ZBDA>-A>-ABD, .. AB>BD > DA (greater £, greater side)
InAABC: .© ZA>~C, .. BC> AB (greater /, greater side)

Insum, "." CD>BC, BC>AB, AB>BD>DA, ie. DA<BD<AB<BC<CD
. AC,BCand CD
7.  ZSPQ=180"-46" —113° =21°(«sumof A), .. £ZSPQ+# ZSPR,
ZSQR =180" =110 —24° =46°(Lsum of A), .. ~SQR=,SQP,
ZSRP=180" —19° —21° —46° —46° —24° =24° (Lsum of A),
.. ZSRP=/SRQ, .. OSandRS are angle bisectors.
8. Let LZABD=a=ZCBD. ZBCA=180°-90°— ZCBD (£ sum of A),=90°—a
ZBAC =180°-90° — ZABD (£ sum of A),=90° —a
* ZDCA=ZBAC (alt. Zs,AB//DC), .. ZDCA=90°-a
© ZDCA=«ZBCA, .. ACis an angle bisector of ABCD.

9. (a) AC=+12%+16% =+/400 = 20(Pyth. thm.), .. EC=20-10=10
(b) . AE=EC=10, .. BEisamedian of AABC.

(¢) IfBE LAC, thenin AABE, BE= 412210 =+/44.
If BE L AC, then in ABEC, BE= +16*-10* =+/156.

However, +/44 =156, “BE_LAC” mustbe false. .". BE is not an altitude of A4BC.

10. (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 (S.A.S.), .. CE =CE (corr. sides,= As),
.. ACDE is an isosceles triangle.
11. (a) InAPTS and ARTS, PS=RSand ~PST=_/RST (given), ST=ST (common),
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15.

16.

17.
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(b)

14

. APTS = ARTS (S.A.S)
" APTS = ARTS (proved), .". PT=RT (corr. sides,= As),

~/PTS =~/RTS (corr. £8,= As),

. ZPTS =90°% ie. QS is the perpendicular bisector of PR.

.. AACQ = ABCQ(S.S.S), .. ZAQC=,BQC (corr. /s,=As),
.. OC is the angle bisector of ~PQOR.
(Z sum OfA), 2a1+2b1= 180° ( alzaz,b1=b2),

. ()

(b)
(©)

by + a1t+by + a; = 180°

ay+b=90° . ZBDC=a;+b; (ext. LorA), .. ZBDC=90°
i.e. BD is an attitude of AABC.

ZABC=a;+by=a;+b;=90° .. AABD is aright-angle triangle.
BD, AB and BC.

. Let ZECD=a. ZDBC=
/ZEDC=ZECD=a

90° - ZECD =90°—a (ext. Zof A)

(base s, isos. A)

" 90°+ ZBDE + ZEDC = 180° (adj. £s on st. line)
. ZDBE=90° - ZEDC =90° —a
* ZDBC=90°-a=«BDE, .. BE=ED (side opp. equal £s)

But ED = EC (give),

.. BE=EC, .. DEisamedian of ABDC

~QPH =~RPH and ~ QRH =_~PRH (given),

~Z QPR+ QRP +50°=180" (£ sum ofA),

.. 2/RPH+2/PRH=130°, ~RPH +/PRH = 65°,

~PHR =180° — ZRPH — ZPRH =180° —65° =115 (£ sum ofA)

(2)
(®)
(©)

(d)

(a)
(b)

©

(b)

*." AE=EB=5cm,

.. ECis a median of AABC.

" EDLAC, ..ED is an altitude of AAEC, AAED and ACED.
AB?=5%=25 EF* + BF?=4%+3%*=25,

" AB’=EF’ +BF,

.". ZBFE =90’ (converse of Pyth. thm.)

.. EF is an altitude of AEBC.

ED =vy5*-2%=21.

ZPTS +/RTS =2 /PTS = 1807 (adj. ~ s on st. line),

. InAACQ and ABCQ, AQ =BQ (radii), AC = BC (radii), CQ =CQ (common),

In ACDE and ACFE, CE = CE (common) but ED # EF,

.. ACDE is not congruent to ACFE, .. ZDCE # ZFCE.
Ans.  EC is not an angle bisector of Z£ACB.

. AB=15,AD=12,
" BC=14,CD,

. ZADB> _~ABD (greater side, greater )

. Z/BDC> /DBC (greater side, greater /)

. ZADB+2BDC> ZABD+«DBC, ie ~ADC> _~ABC

Join AC. In AABC,
In AADC, ZACD >

. ZACB>_~2CAB (greater side, greater )
~CAD (greater side, greater /)

. ZACD+ZACB>2CAD +2CAB, ie =DCB>_-DAB

/R =x (base /s, isos.

A), .. ZKSQ=x+0 (ext.2ofA),

and ZTKP=x-6 (ext. Zof A)

ZQKS =~TKP (vert.
. ZKSQ>~/QKS,

opp.<s), .. ZQKS=x-0, . x+60>x-0,
.. QK>QS (greater /, greater sde)

A 15
”'4

D 10 C
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19. (a)

(b)

(©)
20. (a)

(b)

(©
(d)

Mathematics Exercises for Brilliancy 3

.. It is impossible for QS to be longer than QK.

Draw SA | MR, SB | MN and SC L NR. p

In AMSA and AMSB, MS =MS (common),

2~ AMS =2 BMS (given), £SAM = ~SBM = 90°(construction), L3
. AMSA=AMSB (A.AS.), .. SA=SB (corr. sides,= As). AN R
Similarly, ARSA = ARSC (A.A.S.), .. SA=SC (corr. sides,= As).

.. SA=SB=SC, ie. Sisequidistant from MN, MR and NR.

In ASNB and ASNC, SN = SN (common), SB = SC (proved),

2 SBN =_~/SCN (construction), .. ASNB=ASNC (R.H.S.),

.. ZSNB =~/SNC (corr. /8,= As), i.e. NS is the angle bisector of ~MNR.
From (b), the three angle bisectors of a triangle intersect at a point.

In AADE and ABDE, AE = BE and ~ AED =/ BED = 90° (given),

DE =DE (common), .. AADE=ABDE (S.A.S.),
.. AD =BD (corr. sides,= As), .". ABDA is an isosceles triangle.
Similarly, AADF = ACDF (S.A.S.), .. AD=CD (corr. sides,= As),

.. AADC is an isosceles triangle.
BD=AD=CD (proved).
In ABDG and ACDG, BD =CD (proved), BG =CG (given),
DG =DG (common), .. ABDG=ACDG (S.S.S.),
. ZBGD =_-/CGD (corr. £s,= As),
/BGD +-/CGD=2./BGD=180° (adj.Zsonst. line), .. ~BGD=90°.
" BG=GCand BG L DG, .. DG is the perpendicular bisector of BC.
From (b), the three perpendicular bisectors of a triangle intersect at a point.
" DA=DB=DC, .. 4D, BD and CD are radii of the circle passing through A, B
and C with D as the centre.

AE = %BA:24X%:12 cm, and radius = AD,

. radius =VAE® + DE* =122 +5% =169 =13cm  (Pyth. thm.)

Quadrilaterals

In questions (1), the following reasons are simplified: (1) the properties of parallelogram as

“//gram’

1. (a)

(b)

(©

(d)

(2) Zsum of Aas “A”; (3) adj. s on st. line as “st. line”.

a+4=20-a(// gram),2a=16, .. a=38

x+50° =3x-"70°(// gram),120° =2x, .. x=60°

y+x+50° =180°(int. £s, AB/DC), .. y=180"-60°—-50° =70°
3x+5=5x-3(// gram), 8=2x, .. x=4.

Tx—y=Ty+x(//gram), 7(4)—y=Ty+4, .. y=3

m+155° =180° (int. s, QP//RS), .". m=180" —155° =25°
n+2m=180°(int. s, QP//PS), .. n=180" —-2(25%) =130

Z/PSR =c (// gram), £PSR +70°=180° (st. line), .. ¢=180°—-70° =110°.
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c+d+10°+2d =180°(A), 3d =180°-110"—-10° =60°, .. d =20
(¢) «DFE=180" —102° =78°(st. line), «DEF =_~/DFE =78° (base /s, is0s.A),
2D =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 + 2 PST = 100° (ext. Lof A), 2y =100°,
o y=50°% x+2PST+90°=180°(A), .. x=180°-90°-50" =40°
(d) RS =12 (rectangle), 12* +(a—4)* = (a +4)*>(Pyth. Thm.),
144+a*> —8a+16=0a’ +8a+16,144=16a, .. a=9
(&) a+90° =4a+15°(ext. £Lof A), 75°=3a, .. a=25°
2/ APQ = a =25° (baseZs, is0s.A), £ QAP =180" —25° —25° =130° (A),
.. b=2QAP = 130° (vert. opp. £s)
3. (@ 3m+8=13-2m(thombus), 5Sm=5, .. m=1. 6a=144°(thombus),
. a=24° 4b+144° =180°(int. £s, BA/CD), 4b=36°, .. b=9°
(b) 4x=24° (thombus), .. x=6°. 4x+y+90°=180°(A),
. y=180°-90° —24° =66°. 5z=90° (thombus), .". z=18"
(©) 3x=51°(alt.Ls, 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=7(2)-6=8, .. n=+6>+8 =100 =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 :%
(¢) ZACB=45"(square), m+45°=110°(ext. Lof A), .. m=65;
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? =57 +57(Pyth. Thm.), x*>=50, .. x=+/50=52
5. InAPSXandARQY, PS=RQ (prop.of//gram), ZP=/R (prop.of// gram),
PX =RY (given), .. APSX=z= ARQY (S.A.S.), .. QY =XS (corr. sides,= As)
6. " AB=DC and DC =EF (prop. of / gram), .. AB=EEF;
" AB//DC and DC // EF (def. of / gram), .". AB//EF,
.. ABFEis a// gram ( 2 sides eq. and //)
7. (a) In AABE andACDF, AB=CD (prop. of // gram),
ZBAE =ZDCF (alt. £5, AB//DC), °.” AF = CE (given),
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.. AE=AF+FE=CE+FE=CF, .. AABE= ACDF (S.A.S.)
(b) ".© AABE= ACDF (proved), .. BE=DF (corr. sides, = As),
ZBEA=ZDFC (corr. £s,= As), .. BE//FD (alt. s, eq.),

.. BEDF is a// gram ( 2 sides eq. and //)
(&) In APQN and ARSM, PQ = RS (prop. of // gram), £ PNQ =~ZRMS =90° (given),
Z QPN =ZSRM (alt. Zs, PQ//SR), .. APQN=z= ARSM (A.A.S.)
(b) ".© APQN= ARSM (proved), .. QN =SM (corr. sides, = As),
© ZPNQ=ZRMS=90°(given), .. QN//SM (alt.ZLs, eq.),
.. QNSM is a // gram (2 sides eq. and //)
ZFEG=ZFGE =(180° —30”) +2 =75 (base £ s, is0s. A)
Z CFG +30°=90° (square), £ CFG=90"-30"=60°.
" CF=FE =FG (square), .. ZFCG=ZFGC=(180"-60")+2
=60 (base £ s, is0s.A), .. ACFG is equilateral, and FG=CF=CG=CD,
£ZDCG=90°-60°=30°. In ACDGand AFEG,
£/ DCG =Z EFG = 30° (proved), CD =FE (square), CG =FG (proved),
. ACDG= AFEG (S.AS.), .. m= ZCDG=75°(corr. £s,= As).

n+ZCDG =90’ (square), .. n=90°-75° =15°

/ ADE = 60° and AD = DE (equilateral A), £ ADC =90° and AD =DC,

. ZCDE=90"-60° =30°and DE=DC, .. ZDEC=ux(base £s,is0s.As),
. 2x+30° =180°(ZLsumof A),2x=150°, .. x=/£DEC=75"

Similarly, £ AEB =75° but £ AED = 60°,
oy +75°+60° +75° =360°(Lsatapt), .. y=150°
Z ADC =180” —115° = 65 (adj. £ s on st. line),
. m= ZADC =65’ (prop. of / gram), £DCG =m =65 (corr. £s, AB//DC),
. n=4DCG = 65’ (prop. of / gram). *." EG = FG (given),
. ZFEG=n=65"(base £Ls, is0s.A), but ZFED=115°(alt. Zs, EF//AD),
o p=115"-65° =50
(a) In ACMBand ACMN, CM =CM (common), £BCM =~2NCM (given),
ZB=ZCNM=90°, .. ACMB=ACMN (A.A.S.)
(b) £ NAM = 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
PS = QR = 10cm (prop. of / gram), PT=10-3=7=PQ
. ZPQT=ZPTQ (base £, isos.A), but £ PTQ =ZRQT (alt. £s, QR//PS),
. ZPQT=ZRQT,i.e. QT bisects £ PQR.

. (@) ZBCM=180°-90° — ZCBN =90" — Z CBN (£ sum ofA),

Z ABN +Z CBN =90’ (prop. of square), .. ZABN =90’ -/ CBN=/BCM
(b) InACBM and ABAN, ZBCM =~/ ABN (proved),

ZMBC =Z A=90°(prop. of square), BC = AB (prop. of square),

. ACBM=ABAN (A.S.A)), .. BN=CM (corr. sides,= As)
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15.

17.

19.

20.

21.

22.

In ABEP and ADEQ, BE = DE (prop. of // gram), £ PBE =2 QDE and
ZBPE =ZDQE (alt. £s, AB//DC), .. ABEP=ADEQ (A.A.S)),
. PE = QE (corr. sides,= As)

. InAAPD and ACPD, PD =PD (common), AD = CD (prop. of rhombus),

Z ADP = Z CDP (prop. of thombus), .. AAPD=ACPD (S.A.S)),
. ZAPD=ZCPD (corr. Zs,= As), 1i.e. PB bisects ZAPC.
AE =y — 1 (thombus),(y +1)> + (y —1)*> =10 (Pyth. Thm.)
Y42y +1+y2 =2y +1=100, 2y* =98, y* =49, .. y=+/49=7

x =y+1=7+1=8(rthombus)
180° —36°

. (8 ZA=ZBEA (base Ls,is0s.A), ZA:f:D" (£sumof A),

£ C=4A=T72°(prop. of //gram); £BDC=,C =72°(base Ls, is0s.A),
0+36° = ZBDC =72°(alt. £s, AB//DC), .". 6=36"

(b) ZEDB=180°-ZA-0-36"=180" —72° =36° —36" =36°( Lsum of A),

* ZEDB=6 =36°, .. BE=DE (sides opp. eq. £s),
‘. ABED is isosceles.
(a) ZSQN=90° +45° =135° (prop. of square),
ZNQM=ZSQM =135° +2=67.5°, £ QPM = 45’ (prop. of square),
. ZLM=67.5-45" =22.5" (ext. ZLofA)

(b) ZSQR =45° (prop. of square), ZRQM =67.5° —45° =22.5° = /M,

.. RM =RQ (sides opp. eq. £s), .. AQRM is isosceles.

AC=BCand ZACB=60°(equilateral A), .. ZACD=60°+90°=150°

. ZCDA=ZCAD (base s, is0s.A),

ZCDA = w =15 (ZLsumof A),but £CDB =45’ (prop. of square),
. a=45°-15°=30°; ZADE=90°-15° =75°, similarly, £ AED =75°
b+75°+75° =180° (Lsumof A), .. b=30°

(a) In APQTand ARQT, PQ =RQ (prop. of rhombus),

ZPQT = ZRQT (prop. of thombus), 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°(Lsum of A),
but LRQS= ZRSQ=ZPQT =55’ (prop. of thombus),

. ZQRS=180" —55° =55° =70° (L sum of A)

InA AED and ACGD, AD = CD and DE = DG (prop. of square),

Z ADC =Z EDG = 90° (prop. of square),

ZADE= ZCDE+ZADC= ZCDE+90°= ZCDE +ZEDG =/ CDG,

. AAED=ACGD (S.A.S.), .. AE=CG (corr. sides,= As)
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24.

25.

26.

27.

28.

Mathematics Exercises for Brilliancy 3

QN = NS (prop. of //gram), NS = LP (prop. of //gram), .. QN =LP;
LP//NS (def. of //gram), i.e. LP/QS. .. QNPL is a //gram (2 sides eq. and //),
*. LN and QP bisect each other (prop. of /gram), .. LM =MN

(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 =YS and 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)
£ CBF = 28° (prop. of rectangle), ZBFC=180" —28° —28° =124° (£ sumof A),
Z AFE = 60° (equilateral A), Z DFE + 60° = 124° (vert. opp. £s), £ DFE = 64°,
"." DF = AF (prop. of rectangle) and AF = EF (equilateral A), .. DF=EF,
‘. LFED=ZFDE (base £s,is0s.A), .. In AEFD, ZFED= WZ 58°,
. ZAED =/ AEF +58° = 60° + 58° =118
(a) ZCDE=(5-2)x180" x é =108° ( £ sum of polygon)

In ACDE, £DCE =/ZDEC (base £s, is0s.A),

" LDCE:M:SG’ (£ sumofisos.A)

(b) £ BCD =~ZCDE = 108° (prop. of regular pentagon),
but £ BCF =4 DCF (prop. of rhombus),
. ZDCF=108"+2=54°, .. 0=54°-36"=18°

DC = AB = 7 (prop. of // gram), A B

". BD=v25% -7 =+/576 =24 (Pyth. Thm.), ‘K
DM =BM =24 +2 =12 (prop. of // gram), i

S, CM=y7> +12%> =4/193 (Pyth. Thm.), DR
" AM=AC=4193 (prop. of // gram), .. AC= 24/193=27.8
[Method 2: Produce CD to E such that AEL CE. ED=AB=7, AE=BD=24,

LOAC=(T+7) +24% =772 =27.8]

(a) InAAXM andACYM, £LMAX=ZMCY (alt. £s, AB//DC),
£ AMX =/ CMY =90° (vert. opp. £s), MX=MY (given),
. AAXM= ACYM (A.AS)

(b) InAAXM andACAD, £MAX =2DCA (alt. £s, AB//DC),
ZAMX=/CDA=90°, ZAXM=/CAD (3" ZofA),
. AAXM ~ACAD (A.AA)

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

.. AM =CM (corr. sides,= As), .. AM=13+2=6.5 cm,
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XM_AM 65 o 65

° AAXM ~ACAD (proved), .. —=——, s
AD CD 12 24

.. Areaof AAXM %(6.5)(%) =88 cm’

29. (a) °." AB=BD(given), .. ZADB=ZDAB (base/s,is0s.A),
Z ABD =/ BDC (alt. £ s, AB//DC),
. ZCDA=4ZBDC+ZADB=ZABD +~ZDAB=ZEDA (ext. Lof A),
(b) InAACD andAAED, AD =AD (common), DC =AB (prop. of // gram),
.. DC=AB=BD=DE, ZCDA=ZEDA (proved),
. AACD=z= AAED (S.A.S.), .. AC=AE (corr. sides= As),
. AACE is isosceles.
30. (a) In AACE and AABD, AC =AB and AE = AD (equilateral As),

ZEAC=60°+/DAC=4ZDAB, .. ZEAC=ZDAB,
. AACE= AABD (S.A.S.), .. EC=BD (corr. sides,= As)
(b) In AACE and ADFE, AE = DE and CE = FE (equilateral As),
ZAEC=60°-ZCED=ZDEF, .. ZAEC=ZDEF,
. AACE= ADEF (S.A.S.), .. AC=DF (corr. sides,= As)
(c) °." BD=EC (proved) and EC = CF (equilateralA), .. BD =CEF,
." AC =DF (proved) and AC = BC (equilateralA), .. DF =BC,

.. BDFC is a //gram (opp. sides eq.)

31. (a) £BPS=4BSP=/BRS =45 (prop. of square),
/BPA =/SPA=45°+ 2=225°, /ABP=Z/BRS =45"(corr. Zs, AB//SR),
. ZBAC=/BPA+ZABP=22.5"+45"=67.5° (ext. Zof A) and,
ZBCA=24BSP+2£SPA=45" +22.5° =67.5° (ext. L of A),
. LBAC=4BCA, .. BA=BC (sides opp. eq. £Ls)

(b) InAPBA and APRT, ZBPA=ZRPT (common),

ZPBA=/PRTand ZPAB=/PTR (corr. £s, AB//SR),
. APBA~APRT (A.A.A))

1
(c) °.© PB=—PR (prop. of square), PB = 1 , "." APBA~APRT (proved),
2 PR 2
BA = PB = 1 (corr. sides, ~As), but BA=BC (proved), .. BC ==,
RT PR 2 RT 2
.. 2BC=RT.
32. In AGBFand AGCD, ~G=_/G (common), ~GBF=_-/GCD and
~ GFB =-GDC (corr. /s, BF//CD), .. AGBF~AGCD (A.A.A)),
BF _GF_ 2

2
= =——=2=(corr. sides,~ As), 3BF=2CD, but BA=CD (prop. of //gram),
Cb GD 241 3 ) " (prop. of //gram)

cD

3(BA-FA)=2CD, 3CD-3FA=2CD, .. CD= 3FA,§

3.
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In ACDE and AAFE, ~DEC =/FEA (vert. opp. ~/s), ~CDE =.AFE and

~DCE = ~FAE (alt. /s, BA/CD), .. ACDE~AAFE (A.A.A.),
E:Q:B’ (corr. sides,~ As), .. DE:EF=3:1
EF FA

Mid-point theorem & intercept theorem
1. (@ °.° AB/CD//EFand BD=DF, .. x=>5/(intercept thm),
y = 6 (intercept thm)
(b) ".© AC=CEand AD =DF (given), .. x= %x 20 =10 (mid-pt thm)
* AC=CE and BD = DE (given), .. y=2(10)= 20 (mid-pt thm)
2. (a) °.© AC=CE and AB//CD (given),

. BG =GE (intercept thm), .".CG :% x 4 = 2 (mid-pt thm),

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

" BG7%><10 5 (mid-pt thm), GE—%X18:9(mid-ptthm),

Ly=5+9=14
3. (@) 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)
- %x 16 = 8 (mid-pt thm)

(b) . AE=EF and AB//EG (given), .. BD = DF (intercept thm),
. AB=2(3) = 6 (mid-pt thm). ZBAD =2GDC (corr. Zs, AB//EG),
ZGDC =ZGCD (given), .. ZBAD=ZGCD,
. y=AB =6 (sides opp. eq. £ s)

8 2 _x
4. (a) °." BC//EF (given), .". — =——(extension of int. thm. =
(a) (given) TR (X ), 379
=2><9=6. *." BD//EG (given), .. §=6+ (extension of int. thm.),
3 12 S5+y
219 052y=30, < y=10
3 S5+y
(b) " QRJ//ST (given), %=?=2(extension of int. thm.), a =2b
* QT//SU (given), a gb - % = 2 (extension of int. thm.),
2b+b=12, 3b=12, .. b=4anda=2(4)=8
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5. (a) °." AD=DC and BE =EC (given), .. AB//DE and y = 2x (mid-p. thm),
. a’=2/B=90° (corr. £ s, AB//DE), .. a=90
Z CDE =180° —90° —45° =45° (£ sum ofA), '.© ZCDE=£C=45°
. x=CE=6(sides opp. eq. £Ls). y=2(6)=12

(b) PQ=2(3)=6, QR =410> —6> = /64 = 8(Pyth. thm.),

* QS =SPand ST//PR (given), .. y=QT =%>< 8 = 4 (intercept thm)

x = /3% +4? =425 = 5(Pyth. thm.)

6. (a) °." DE//FG (given), .. % = % = %(extension of intercept thm.),
p=%x15=22.5. " AABC~AEDC (A.AA),
- 20 (corr. sides, ~As), .. g= 20 x15= 137
15 225 22.5 3
.. . x-2 x . .
(b) "." BC//DE (given), 2 = g(extenswn of intercept thm.),
6x—12=4x, 2x=12, .. x=6.
* CF//AG (given) and AC = CE =6 (proved), .. y =8 /(intercept thm.)
7. . BE/KN (given), .. g = g (extension of intercept thm.),
6 18 ..
x:gx32?23.6. ." AADE ~AAMN (A.A.A)),
4
" 4_ i (corr. sides, ~As), —=£, Cooy=4x E Q=7l
y 3.6+3 y 11 6 3 3

8.  EF//CD//ABand EC=CA, ..AG = GF and BD = DE (intercept thm),
. CG —lx 9 =4.5cm (mid-pt thm). CD —% x15 = 7.5 (mid-pt thm),

.. GD=75-45=3cm
9. . AB=BDand AC =CE (given), .. BC//DE (mid-pt thm),

.". BCED is a trapezium.
10. "." QH=HR and RN//HK (given), .. NK=KQ (intercept thm.)

. PM =MH and RN//HK (given), .. PN =NK (intercept thm.), .". PN =KQ
11. ".© 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
12. Join PR. "." PA=AQ and RB = BQ (given),

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

AB =DC and AB//DC (proved), .. ABCD isa// gram (2 sides eq. and //)

13. Join DE. . BE=EC and AD =DC (given),
. AB//DE and AB =2ED (mid-pt thm), AB z .
ED |
* AABG ~AEDG (A.AA), ..— BG _AG ﬁ*g (corr. sides, ~ As),
GD GE ED 1

S.BG:GD=2:1,andAG:GE=2:1

14. (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),

:%CR,but QC=CR, .. AD: DB=%QC:%CR:1:1

15. HP//KQand MP=PQ, .. MH =HK (int. thm.). KR //HPand NR =RP,
. NK=HK (int. thm.). fcm=NK=HK=MH=5cm, ¢=5.
KR = % HP =3 cm (mid-pt. thm.). KQ =2HP = 12cm (mid-pt. thm.)
Co3+x=12, x=9
16. ".© ZSQT=ZQPR (given), " QT//PU (corr. £seq.), QR//TU (given),
. RQTUisa//gram, .. RU=7cm (prop. of // gram).
* PQ=QS and QR//SU (given), .". a =7 (intercept thm)
APQR /S (corr. Zs, QR//SU), butZS=~P, .. ZPQR=/P,
. QR =7 (sides opp. eq. £s), .. b=7T(prop. of / gram)
17. (@ . QL=LP=10and QM =MR =15, .. LM//PR (mid-pt. thm.)
(b) z=2(14) =28 (mid-pt. thm.). .- ALMN ~ ARPN (A.A.A.),

XX 2B o sides, ~As), <.x=2x6=12 andy=2x13=26
6 13 14
18. *." BP=PAand BQ =QC (given), .. PQ 2% 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, .. PQRS isa// gram (2 sides eq. and //),
PS = QR (prop. of // gram)
9. Let P, Q, R be the mid-points of AB, BC and AC respectively.
Join PQ, QR and PR. "." BP=PAand BQ =QC

—_

(construction), .. PQ =% AC (mid-pt thm),

. PQ=AR =RC. Similarly, QR =BP=PAand PR =BQ=QC.
. ABPQz= APAR=AQRC=ARQP (S.S.S.)
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20. (a) .© RA=AQand RB=BP (given), .. AB :% PQ (mid-pt. thm.),

*."’PC=CS and PB=BR (given), .. BC 2% RS (mid-pt. thm.),

but PQ =RS (given), .. AB=BC, .. AABC isisosceles
(b) Z£QPR=180°-95"-15° =70°(£LsumofA), °.° AB//QP (mid-pt. thm.),
. ZABR =70° (corr. Z s, AB//QP). BC//RS (mid-pt. thm.),
.. ZRBC +100° = 180° (int. £ s, BC//RS), £ RBC = 80",
. ZABC=70°+80"=150"

21. Join EE. BE =ED and BF =FC,
.. DC = 2EF and DC//EF (mid-pt. thm.)

B
A
. F
AD = DE and DC//EF (proved), .. AG = GF (intercept thm.) ‘\
PN

. EF =2 DG (mid-pt. thm.). LetDG=x, .. EF =2x,
DC=4x, GC=4x-x=3x. .. DG:GC=x:3x=1:3
22. (a) InAKHP and AKHQ, KH = KH (common), £ KHP =/KHQ =90’ (given),
ZHKP=2/HKQ (given), .. AKHP=AKHQ (A.S.A)),
*. 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

23. (a) " AMUW ~ASPW (A.AA),

" m=£=§=3(corr. sides, ~As), PW=3UW,
UW UM 6
PU=3UW+UW=4UW. " QR//TU (given),
ru = 12 = 4 (extension of int. thm.), PU -8 , .o 4UW -2 , UW =7
7 9 3 3 3 3
(b) . AWQR ~AWMU (A.AA), .. QR = WR (corr. sides, ~ As),
MU WU
7
T+—
QR 3 21+7 .
——=—== =4, .. QR=4x6=24
6 7 7 Q
3
24. (a) °." QH=HR and PK=KR (given), .. HK//QP (mid-pt. thm.),

.. ZKHR =90° (corr. £ s, HK//QP),
. ZKHQ =180 —90° =90°(adj. £ s on st. line).
In AQHK and RHK, QH =RH (given), KH =KH (common),

. ZKHQ=ZKHR =90°, .. AQHK=ARHK (S.A.S.),
.. QK =RK (corr. sides, =As), .. ARKQ isisosceles

(b) ".© QK=RK (proved) and PK =PK (given), .. PK=QK,
. APKQ is isosceles
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25. In ADEB and ADEF, BD = DF =7cm (given), DE = DE (common),

26.

27.

28.

29.

/DEB = Z/DEF =90° (given), .. ADEB = ADEF (R.H.S.)
*. EF = BE = 5cm (corr. sides, = As). . ZDEF =/ AFC = 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= 10cm (intercept thm.)
DH_CB_7

" CD//BH (given), .. =—— =— (extension of intercept thm.),
(given) oA _BA 3( P )
AH :% DH. °." DF/HG (given),

DE_EF_15_5 (extension of int. thm.), DE =3 DH,
DH FG 12 4 4

3
3 DH + DH
" ég=AH+DH=75 10,5 8 . AD:DE=38:7
DE  DE Son 7 47

(a) Draw GD//FA,
" BD = DA (given) and GD//FA (construction),
.. BG =GC (intercept thm.), .. AC=2DG (mid-pt. thm.),
In ADEG andAFEC, DE = FE (given),
£ DEG = ZFEC (vert. opp. £ s),

Z GDE =Z CFE (alt. Zs, GD//FC), .. ADEG= AFEC (A.S.A)),
*. DG =FC (corr. sides,= As), A—C:@:L . 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
(2) InABAD and ABCD, BD = BD (common), £ BDA =/BDC = 90° (given),
Z ABD =/ CBD (given), .. ABAD=ABCD (A.S.A.),
. AD=CD (corr. sides,= As), i.e. D isthe 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)
(a) .© AM=MB and CN =NB (given), .. MN//AC (mid-pt. thm.)

InAABC andAMBN, ZB =/B (common),

ZBAC =ZBMN (corr. £ s, MN//AC),

ZBCA=2ZBNM (corr. Zs, MN//AC), .. AABC ~AMBN (A.A.A)
InAABC andACBM, £B=2/B (common), £BAC=/2BCM (given),
ZBCAand ZBMC (3 ZofA), .. AABC ~ACBM (A.AA)
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Ans. AMBN and A CBM are similar to AABC.

(b) " AABC ~ ACBM (proved), .. % = % (corr. sides, ~ As),
‘. BC’=BMxBA
(¢) BA=2BM and BC =2BN (given), . BC’=BMxBA,
2
. (2BNY=BMx2BM, 4BN’=2BM°, 2-8M_ BM_ 5

BN?’ BN

. BM:BN=42:1

Mecasures of central tendency
1. (a) Mean= % =6.125, Mode = 8, Median= % =7

(b) -14,-11,-11,-10,-7; Mean=_?53=—10.6, Mode =-11, Median=-11

(¢) -18,-13,-10,13,15,18; Mean :g, No mode, Median :y =15
d -8°C,-5°C,—4°C,-1°C,0°C,0°C,2°C;
-16 2° 5 . o
Mean=T=—27 C, Mode=0°C, Median=-1°C
() 2.4m*,6.2m*,7m*9.4m* 10m*,11.5m* 12m*;
Mean= ? =8.36m*, Nomode, Median=9.4m’
(f) 20.4,23.2,24.1,24.3,24.7,24.7,28.5;
169.9 o 0 . 0
Mean= — =243°C, Mode=24.7°C, Median=24.3°C
(g) x-2,x-1,x,x,3x,5x; Mean= 12x67 3 , Mode=x, Median= xrx_ X
60cm,0.6m,75cm,\m,1.3m
425 .
Mean= ? =85¢m, Mode = 60cm, Median=75cm
2. () Mean= (212 1310+ 1AXIS+15x13 679 1350 \redian =14, Mode = 14
12+10+15+13 50
Mean Ix6+2x15+3x16+4x1+5x%x2 =§=2.45’ Median =2, Mode =3
6+15+16+1+2 40

3. (a) The class marks are 145, 245, 345, 445 and 545.
Total number of shoes =7 + 16 + 33 + 24 + 20 = 100;
. Mean= (145x7+245%x16+345%x33+445%24 +545%20)+100
= 37900+100=3$379
(b) The modal class is $300 —$390.
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4. (a) [Weight (kg) 30-34 35-39 40 -44 45-49 50 -54
Frequency 3 14 9 4 6
(b) The modal class is 35kg — 39kg.
5. (a) Weight mean score of Apple= 72x3+85x3+74x2 = Ll =774
3+3+2 8
Weight mean score of Banana= 6dx3+ 87; 3+76x2 = 605 =75.6
Weight mean score of Cherry = T4x3+ 678X 3184x2 _ % =739
(b) Apple achieved the best result.
6. (a) The modal classis 161cm—165cm.
(b) Mean= 153x3+158%x9+163x14+168x12+173x2 _ 6525 ~163.1em
40 0
7. (a) A4=25,B=11500 (b) Median salary = $11500
8. The class marks are
14.5,24.5,34.5, 44.5, 54.5, 64.5 and 74.5. gsc il
Mean = (14.5x18+24.5x114+34.5x 15+ 44.5x26 Er
+54.5%22+64.5x30+74.5x28)+150 =7425+150 =49.5 2xf
9. (b) From the graph, the median daily production is 575. =
(c) From the graph, the lower quartile is 375. Ew
(d) From the graph, the upper quartile is 775.
250 (© 5 0%;;750 1000 1250
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
® Mean mark = 2260 =56.5.
40
The modal class is 60 — 69. .10(d,
(© Marks less Cumulative 40
than frequency A A
39.5 4 - 30
49.5 12 g
59.5 22 g
69.5 34 £ 20
79.5 40 é
(e) From the graph, the median mark is 57.5. 3
— 10
® Percentage = 40-25 x100% =37.5%
(g) 75% of the students pass means 25% of the students 0, ot )
fail, from the graph, the passing mark is 47. 295 395 495 595 695 795
Marks (less than)
(h) 40x40% =16, from the graph, the 40" percentile is 43.5.
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11.

20.

21.

22.

23.

24.

40x85% =34, from the graph, the g5 percentile is 69.5.

Mean fare= 10 *12+69x8 198 _ o5
20 20

3+x+2x+(x+6)+11
5
Salary in December =9000 x 12 —8500 x 11 =$14500
_a+b+c+d+17+19 15x4+17+19 96 _

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

. Mean= 16

6 6 6
48x25+35x15 1725

. Mean weight= —————— 0 43.125kg

40

. The last number=14x10-15x9 =35

65x40-17+71 2654

. Correct mean mark=——— = —— = 66.35

40 40

. (@) Meanage=22+9=31

31x11-36 305

(b) Mean age of the remaining 10 members = 0 10 30.5
* xisthe median, .. 6<x<8, .. Possible values of x are 6, 7 and 8.
17+20+y+27+31+36  y+27 131+y y+27
6 276 2 7
131+ y=3y+81, 2y=50, .. y=25
3FXH849 5. 204x=26, - x=6, OH6x6+8FIxy
4 546+9+y
12349y 51, 12349y 2142471y, 19y =19, . y=10
20+y

(a) 2,45,6,6,10,12,15; Mean= % =7.5, Mode=6, Median :% =6

(b) (i) Mean= 75%54—12 =8, Mode=6and 12, Median=06
(i) Mean= w =8, Mode=6, Median="6
(iii) Mean= % =6, Mode=0and6, Median= SL26 =55

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

X x 2x 3x 6x  2x _

T 10, .. x=15

6234’5 3

A VAT i yell=24, y—l3—y; SFXF2X
4 3

16+4x=21, .. x=5, .. y=13-5=8
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o5, KXn=3oTR2 ok odomk-3k, k=22, o k=22
n-3 3
26. Median=20x9-25x4-16x4=16
27. a+b+c=12x5-9x2=42, but b=a+2 and c=a+4,
L a+(a+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

(b) xX=-9+x-5)+x+3)+(x+7+(x+9) :L” S5x+5 :L”

5 2 5 2
2x+2=x+3, .. x=1
29. " Mode=33andp<g¢q, .. p=33.
* Median =37, .". ‘“239:37, g+39=74, . q=35

76x40+58x32 4896

72 72
(b) Correct mean mark = 76x39+ 587)(232 —48+84 % =674

63X1+84X2+77X1+"X3=83, 308+3"=83, 308+ 30 =581,
1+2+1+3 7

3n=273, .. n=91
63x1+84x2+77x1+91x4
1+2+1+4 B
-83

30. (a) Mean mark = 68

31. (a)

(b) The new result = 84,

.". Percentage change = x100% = 1.20% (increase)

32. (@) 15+4324+x+y+6+4=100, y=43—-x;
Ox15+1x324+2x+3y+4x6+5%x4

100
2x+3(43-x)=99, -x=-30, .. x=30, .. y=43-30=13

(b) Modal number = 1 (c) Median number =2

33. (a) 32,36,40,48,52,60; Mean 2% = 44% ,  Median =

=1.75, 2x+3y+76=175,

40+48 _ 44

268-x 442 22 216 s 216,
37155

x=52. Ans. The removed number is 52. .". The new median is 40.

(b) Letx be the number removed,

34, 0 Mode=16, .. r+l=16, .. r=15. w:“’ piliq=22,

44+6+6+p+(p+D)+(p+)+g+q+15+16+16+16
12
3p+2q+81=132, 3(21-gq)+29=51, —-q=-12, .. ¢=12, .. p=21-12=9

11

p=2l-g;

s
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35. (a) Median=y = 36; i=§, x=27; 1:2’ =18
36 4 36 4
(b) Letx=3k y=4k z=2k 3k+3k+45k+2k+2k: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 andx + 16 are the greatest, and 4 —x <8 —x. "." 8—xis the median,
. 8—x2>x, 2x<8, x<4,sincexis positive, .. x=1,2,30r4
38. (@) 18-n>15,n<3...(1); 18—n>n+1,17>2n. n<8.5... (i)
Combining the two cases,n <3. Ans. Possible values of n are 0, 1 and 2.

(b) n+1>15, n>14...(1); n+1>18—-n, 2n>17, n>8.5... (ii);
18—n>0, n<18...(ili) 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.
.". It is possible for both the median and modal age to be 14.

_ 8400 +10000 +14000 + 20000 + 25000 + 28000 + 120000

39. (a) Mean 5

=$28175,

Median = 14000 -; 20000

=$17000
(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.

Introduction to probability

I Pmotwy= —>+6 _14_7
101816 24 12

2. Favourable outcomes: 3, 6,9, ... 27,30; .. P(correct date) :g

100-16 84 28
100-1 99 33

3. P(good apple) =
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4. P(red or Queen) = 2642 _28_7
52 52 13
5. (a) Favourable outcomes: 6, 12, 18, 24, 30; .". P(even and multiple of 3) 2%*é

(b) Favourable outcomes: 1 -9, 11, 13, 17, 19, 23, 29;
15 1

. P(prime number or smaller then 10) = —%—5

(c) P(an integer) :% =1 (d) P(divisible by 40) =— =
(e) Favourable outcomes: 1, 2, 3,4, 5, 6, 10, 12, 15, 20, 30. .. P(factor of 60) 2%

Let 7 be the number of $2 coins. i:3,54:36+2n,18:2n,n:9
18+n 3

Ans. The number of $2 coins is 9.
3.1
+3-1 9 3
8. Number of possible outcomes =2x2x2 =8; Favourable outcomes: BBB, BBG, BGB, GBB;
1

‘. P(not more than 1 girl)=—=—
( girl) 33

9. (@ pe=22_-L (b) P(smaller than 4) =100+ 160+140 400 _ 4
500 25 500 500 s

7. P(2™ one is $2 coin) = Z

10. Number of green balls =12 x % =3.06~3

Number of blue balls =12 x 6 =4.14~4
200

Number of white balls =12 x 30 _ =48=5
200

11. Number of possible outcomes =2x2x2=8.

Favourable outcomes: HTT, THT, TTH; .. P(1H and 2T)==

Favourable outcome: TTT; .. P(no H)= é

12. (a) Number of possible outcomes =6x 6 = 36

Favourable outcomes: (5,5), (5,6), (6,5), (6,6); .". P(both not less than 5) —i 1

36 9
(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.) 7% %

(c) Unfavourable outcomes: (1,3), (2,2), (2,6), (3,1), (3,5), (4,4), (5,3), (6,2), (6,6);
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. P(sum is not multiple of 4) _36-9_27_ g
36 36 4
(d) Favourable outcomes: (1,4), (2,4), 34), (54), (6.4), (4,1), (4.2), (4.3), (4,5), (4,6);
5
‘. P(‘4’ occurs exactly once) =— = —
¢ TN
(e) Favourable outcomes: (1,1), (1,3), (1,5), (3,1), (3,3), (3,5), (5,1), (5,3), (5,5)
9 1
.".P(product is odd) =— = —
® 7364
(f) Favourable outcomes: (2,3), (3,2); .. P(‘2’and ‘3’ )7£ é
(g) Favourable outcomes: (1,2), (2,1), (2,3), (3,2), ....., (5,4), (5,6), (6,5);
. P(difference =1) = 10_5
36 18
5 20 11
13. His expected age = 13x—+14x—+15x—= 147—14 2 years old.
36 36 36 6
5’ 1 . 20°-5" _ 15
14. (a) P (6-mark region)= —= —, P (3-markregion)= ———= —
@ P gion) = 402 o g T T
40°-20° _ 3
P (1-mark region) = ———= =
(1-mark region) 20° y)
(b) The expected score = 6xi+3x£+l 34350 1.55
64 64 4 64
15. Favourable outcomes: (O,F), (F,0), (R,0), (O,R), (T,0), (O,T)
No. of possible outcome =4x3 =12, .". P(meaningful English word) 2% = %
16. Favourable outcomes: (49, 52), (49, 60), (52, 49), (60, 52), (52, 60) (60, 49)
No. of possible outcomes =4x3 =12, .". P(exceed 100 kg) = ——2 %
17. (a) There are 20 possible outcomes: Favourable outcomes: (2,3), (2,9), (2,11), (3,2), (9,2),
(11,2), (11,12), (12,11); .". P(prime number) = 280 %

(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) :% _3
18. Number of possible outcomes =10x10x10 = 1000,
1
*. P(open the safe in 1* trial) =——
(op )= 1000
19. Let n be the number of girls,
n___n_100_20
n+55%n 1.55n 155 31
20. Let n be the total number of students,

‘. P(getting a girl) =
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0, 200
*. P(boy not wearing glasses) _nx40%x(1-30%) _ 40 x 70 _7

n 100100 25
21. Number of students passed both subjects =200 — (200 x 27% +200x 32% —16) =98,
*. P(the student passed both subjects) BB
200 100

22. The possible position of the yellow ball: YOOO, OYOO, O0OYO, OO0Y
*. P(at least one orange ball separated by yellow ball) :% = %
50 4
23. P(get a marked fish)= — = %,4x =2500,x = 625.
X
Ans. The approximate number of fish is 625.
24 (a) Favourable outcomes: 3004, 3008, 3012, ...., 3096, 3100,
25 1
100 4
(b) Favourable outcomes: 3003, 3006, 3009, ...., 3096, 3099;

.. P(multiple of 4) =

33
.. P(multiple of 3) =—
(multip ) 100
(c) There are 8 multiples of 12: 3012, 3024, 3036, ...., 3096;
‘. P(either multiple of 3 or multiple of 4) _25+33-8 = S0 = 1
100 100 2
1

25. Let n be the number of white balls. "." P(W) :g < 3

‘. the no. of black balls =n+ 4. =
n+n+4
‘. Total number of balls =16 +16 + 4 =36

26. The last 2 digits must be a number divisible by 4. Favourable outcomes: 0, 4, 8;

" g, 9n=8n+16, n=16,

*. P(divisible by 4) :%

27. Assume the seat of B is fixed. Number of possible seats of A =4,
1

. 2
number of seats not nextto B=2, .. P(A doesn’t sit next to B) 22 = 5

28. Number of possible outcomes =4x4 =16. Favourable outcomes: ES, SE ( E: east, S: south).
*. P(reach (-1,2) after 2 moves) -2 = 1
16 8

29. Number of favourable outcomes = 3x4=12.

There are 2 unfavourable outcomes: (R, R), (R,R)

*. P(different colours) _12-2_ 105
12 12 6
30. Favourable outcomes: 101, 102, ...., 109; 110, 120, ..., 190,

201, 202, ...., 209; 210, 220, ...., 290,
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901, 902, ....,909; 910, 920, ...., 990;
*. P(exactly one digit is 0) _9x949x9 = 162 = Ed
900 900 50
31. Divide the rod into 5 equal parts. Ifthe rod is cutata pointinthe =T —T T T3

shaded regions, the longer part will be at least 4 times as long as the shorter part.

*. The required probability =§

32. (a) No. of possible outcomes =2x2x2=8. Unfavourable outcomes: all go

to restaurant B, .". P(at least one go to A) :% = %

(b) P(same restaurant) :é = %
33. Let the envelopes and the letters for Adam,

. o
Benjamin and Cart be E4, Eg, Ec and La, Lg, Lc¢ (i)  P(only Adam right) 6

respectively. - ] 2 ]
Possible outcomes: (EaLa, EsLg, EcLc), (i) P(none of them right) :g = 3
(EaLa, EgLc, EcLs), (EaLs, EsLa, EcLc), 1
(EaLg, EsLc, EcLa), (EaLc, EgLa, EcLp), (iii) P(all of them right) =—
(EaLc, EsLs, EcLa). 6
D ky=24k (i) Sub. (i) into (if), 24k = 72k — 12, 48k = 12, k = % . Put
24
34,
y+12 . k= 1. 3 v —aacly -
=2k,y="72k-12 ...(ii = into (i), y = 24() =6.
212 Y (i) 4 4
Ans. The solutions are y = 6 andk = %
35. (a) Sub. (ii) into (i), 4n+n=1, Sn=1, -n= é

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

Ans. The number of red marbles is 0.8y.

3-D figures
Aand C. 3. (a) v 4. (a)

\
De

B
(b) Order2. Itis drawn by joining the mid-points of two opposite sides of the cube. Since

B. )
(b) There are 6 planes of reflection A

5 A
* there are 6 edges).

el

there are 6 pairs of opposite sides in a cube, 6 axes of rotational symmetry of order 2 can
be found.

(c) No. of axes of rotational symmetry of order 2 =6
No. of axes of rotational symmetry of order 3 =4

No. of axes of rotational symmetry of order 4 =3
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15.

18.

20.

Mathematics Exercises for Brilliancy 3

opposite base of the tetrahedron. ~Since there are 4 vertices in a

(a) (b) Order 3. Itis drawn by joining the vertex and the centre of the
4§ tetrahedron, 4 axes of rotational symmetry of order 3 can be found.

(c) No. of axes of rotational symmetry of order 2 =3
No. of axes of rotational symmetry of order 3 = 4

C,E,F,GH,Jand K 7. 3 8. (@ S (b Q 9. D
. (a) Rectangular (right) pyramid. b) G (¢) B
(A) and (C) are the nets of the given solid. 12. (a) (b)
Net A Net C V¢ | | |
A ]
A D D
v v v AN
B\ /C
B C ©
C \% _
@ [ ! (b) |

Y (b)
Fron Side [Top Fron Side [Top
(a) Front Side Top 16. (a) (b)
(b) |_| [ ]
[ ] [
©) N M
, ©

. (@ WhenF=8,F=18, V-18+8=2, .. V=12

(b) WhenF=9, V=14, 14-E+9=2 .. E=21

(¢) WhenV=20,E=30, 20-30+F=2, .. F=12

19. (a) (©
Lo
B C B
(a) 4.4 () 6,6 (c) 6,1 @ 9,9
(e) infinitely many, infinitely many (f) infinitely many, 1

Answers Page A57



Mathematics Exercises for Brilliancy 3

21. (a) 22, y—z+x=2(Euler’s formula),z —x=y—2;
whenF=x+1,E=z+5, V-(z+5)+(x+1)=2,
S V=6+z-x=6+t(y-2)=y+4.
Ans. The number of vertices is y + 4.
(b) 23. : -
24. (a) °." The internal triangle has 3 right angles, making a total sum of interior angles of 270°.

(b) . The lowest step is also the highest step, i.e. starting from the lowest step at the left, the

steps keep rising and return to the starting position.
25. (a) A pyramid whose base is an isosceles triangle has one plane of reflectional
symmetry but no axes of rotational symmetry. Therefore the statement is not
true.
(b) A pyramid whose base is a parallelogram has one axis of rotational symmetry
(from the vertex to the centre of the base) but no plane of reflectional
symmetry. Therefore the statement is not true.
26. (a) GH=FC=6cm. AH?=DH?+DA’=8+8>=128, (b)
.GA= VAH? +GH® =128+6" = /164 = 2/41cm

BH” = CH” + CB® = 4> + 8* = 80,
. GB= VBH>+GH? =/80+6> =+/116 = 2429 cm

sin,GAH= S _ 6 . Gan-27.94°, A
GA 2441 ©
which is the angle between AG and ABCD. HN =BC = 8cm;
GH 6 . .
sin ZGBH = @:L, .. ZGBH =33.85°, tana= —=—, .. a=36.87
GB 2v29 HN 8

Ans.  The angle between BG and ABCD is 33.85°
(b) ADHB is an isosceles triangle.

(c) AC=VAD?+DC? =+/122 +12% =/288 =124/2 cm
BH and DH are half of the diagonal in Fig 27a,

BHzDHz%BD:%AC= 642 cm

8 , .o x=28.1°. " ADHB is isosceles,
288
DB 143
©osin)=2—=—"" —0.8426, L=574° .. p=114.8°
2" DH 2(6v2) 2

Pyramids, cones & spheres

1. (@ VM= /252—(%)2 =576 =24 cm

14x24

Total surface area = 14 + x4 =196+672 =868cm?
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(b) Height = 242—(%)2 =4/527 =23.0cm

Volume = %x142 x+/527 =1499.8 cm’

(a) Volume = §><20><10><12 =800 cm®

(b) VN=, 12%(%)2 = 4169 =13 cm
VK =, 12%(%)2 =244 =261 =156cm

13x20 , 24/61x10
2
Diagonals of a rhombus are perpendicular to and bisect each other,

(c) Total surface area = (

)x2+10x20 =616.2 cm®

*. base area = (%x24><§)><2 =120cm? .. Volume = éx120x16 =640cm’

Let 4 cm be the height of the base. % =sin60° = g, h=23

4x243
2

*. Total surface area = x4 = 1643 =27.7cm’

(a) Lethcm and k£ cm be the two slant heights.
13% - ( ) =144 =12, k=[13? —(g)2 =4/153

\~
12x10+\/153><8)X2+10Xg hem~/i

*. Total surface area = (

=299.0 cm®

b) Height of the pyramid =, /12 — 3 =4/128 cm L0cm
g py 5

*. Volume = %xleSx«/lZS =301.7 cm®

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

y=4/400=20. .. Areaofthebase= 20° =400 cm’

(b) Slant height =15 +(?)2 = /325 cm
". Length of slant edge =, (V325)° +(§)2 =425 =20.6 cm

\325%x20
2

(c) Total surface area = x4+20° =1121.1 cm®
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8.

10.

11.

15.

26627 s
= cm

1
2 3

Volume = gﬂ'(l 1)° x

Total surface area = 47(11)* x%#— z(11)* = 2427 +1217x = 3637z cm’

Let 7 cm be the radius.  4m° = 100, ? =§, r= 25
Vid

.. Diameter = 2 x §:5.64cm
Vg
80

Let 7 cm be the radius. 4m° = 320, r=.—
T

.. Volume = ﬂ;z( /@)3 =538.3 cm’
3 4

(a) Letrcm be the new radius. gzzf = gzz(33 +5 47,

v

P=33+5+73=495 .. r=3/495=7091. Ans. The radius is 7.91 cm.

(b) Original surface area = 47 (3% + 5%+ 7% =3327 em?,
new surface area = 47(3/495)* =250.37 cm’.

25037 -332x

.. % change in surface area = —————— x100% =-24.6%

332x

Ans.  The surface area decreases by 24.6%.

Let R and r be the radii of original and new spheres respectively. gﬂR3 = %mfs x8,

R =87, R=38r =2r, r=§.

4 x 8 — 47R?

% change in total surface area = ———————x100%

47R?

RY2 _ 2 2

_ 327(%) 247ZR «100% = 47zR2
47R 47R

15-2x2 11

x100% =100%

. .. 15 .
. External and internal radii are X cm and ——= Y cm respectively.

2
15

Volume of hollow sphere = gzz (=)’ —(1—21)3]: 1070.235 cm®

2
. Weight = 1070.235 x 150 = 160535 g

. Let & cm be the rise in water level. 7(6)*h = %7[(%)3 x10, 36h=45 h=1.25

Ans. The rise in water level is 1.25 cm.

(@) Volume = %ﬁ(6)2(7) =847=263.9 cm’. Slant edge =v6% + 7> =+/85 cm
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16.

20.

21.

22.

23.

Mathematics Exercises for Brilliancy 3
.. Total surface area = 7(6)(+/85) + 7(6)> =286.9 cm’

(b) Height =413 -5 =/144=12 cm

.. Volume = %H(S)Z(IZ): 1007 =3142 cm’

Total surface area = 7z(5)(13) + z(5)* = 90m = 282.7 em’

Let  cm be the base radius, 2z =30, r= E, .". Slant edge =, (1—5)2 +20° =20.562,
z 7

.. Curved surface area = 72'(1—5)(20.562) =308.4 cm’
T

. Let ¢ cm be the length of slant edge, #(5)(¢)=40x, (=38,

.. Height=+/8>-5> =39. .. Volume= %72’(5)2(\/5):163.5 cm’
Let 7 cm be the base radius, %ﬂ(r)z(IZ) =7(6)*(10), 4*=360, =90,

. r=+90=9.5.  Ans. The base radius is 9.5 cm.

Let » cm be the base radius, then the height is 2r cm.

%m2(2r) =11527, r=31728 =12, .. Slant edge =+/12% + (2x12)> =720 =124/5

.". Curved surface area = 7r(12)(12\/§) = 144+/57 cm?

0 =60°+2=30° Lethcm be the height. tan 30° = 1—5, h=

h
*. Slant edge =+/15% + (15v/3)> =30 cm,

*. Total surface area =7(15)(30) + ©t (15)2 =6757=2120.6 cm’

Volume = %ﬂ(lS)z(IS\/g) =1125\37 =6121.6 cm’

Let » cm be the base radius of the cone, 27 = 271(%) X % , r= %
- eight= (04— Dy =73 Notme = Ly 203 2 3BT g o
2 2 2 3 2 2 24

(a) Curved surface area = 7(9)° x % =637=197.9 cm®

(b) Let » cm be the base radius of the cone. m(9)=637, r=7,

. height=4/9 -7 =42, .. Volume %;:(7)2(4\5): 290.3 cm®

Volume = 5(1)(1)+ ()(5-2-1)(3-1)+ % (M)G-2-1)2)=5+4+ g = 10% om’
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1 N N 4 !
24. (a) Volume 2372'(5) (12)+z(5)°(25-12-5)+ 572'(5) X 5 4A
= 1007+ 2007+ @ = “530” =1204.3 em’ .
\\‘

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

*. Total sruface area = 7(5)(13) +27(5)(8) + 47(5)" x % =1957=612.6 cm®

25. (a) ' AVMA-AVNB, ., MA_VM MA_ 4 3
NB VN’ 5 448’ 3

. Length of base of upper pyramid = 5 x2= ? cm

104007

‘. Volume of frustum 2%72'[(10)2(12) —(?)2 @] = 77

=1210.1 cm®

(b) VB= 122 +5* =13, VA:‘42+(§)2: = /%:?

*. Total surface area = 102+(Q)2+4x%x(10x13—§xg) =3422 cm®

26. (a) " AVQP-AVRS, .~ _QP VP _3_1 yp_yg
VS RS’ VP+10 6 2’

. VQ=+/32+10% =109, VR =4/6 + (10 +10)* =+/436

" Lateral surface area = 7(6)(+v/436) — 7(3)(\/109) = 295.2 cm?

(b) Volume = %7[[(6)2(10 +10)—(3)%(10)] = 21077 =659.7 cm’
27. The space is one-eighths of a sphere with radius 1 m.

". Volume of space = %7[(1)3 xé = %: 0.524 m’

28. (a) Slant height = [(2.6x)* — =+/5.76x* =2.4x cm
(b) %xum)z:mo, 13.6x* = 1360, x> =100, .. x=~100=10

(c) Height of pyramid =+/(2.4x)° — x> =+/24> =10’ =+/476 ,

*. Volume = %(20)2\/476 =2909.0 cm’

29. AD=AH=AB= ¥acm.

. Volume of tetrahedron BADH = % xarea of AABH xAD = l(\/g Na YXa)
= g(%f = % em’. .. Volume of remaining solid = a —% = 5?0 cm’
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31

32.

33.

34.

35.

Mathematics Exercises for Brilliancy 3

(a) Capacity = gir(lf x—+z(1)’(10-1) = 2—397r =30.4 cm®

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

29 2 2 58 52
D () +—x(1 ><7 = —ngx=—, h+=="—, h==—"F—
w(1)* (h) ﬂ( )’ 3773 375 9
*. Total area of wet surface = 272'(1)(2)+47r(1)2 x% 2%4—2” % =42.6 cm®
Let  cm be the radius. AM? + OM” = OA2 3P+ —1)7=r,
9+ -2r+1=/ 10=2r, r=5.
.". Surface area =47(5)* =100z =314.2 cm®

Volume = %7[(5)3 :¥ =523.6 cm’

(a) Capacity =7(4)*(5-4) + %71'(4)3 DI .

M ﬂfg , VM =12,

(b) " AVAM~AVBN, .".
VM+6 6

“ VN=12+6=18.

*. Volume of mould = *7[[(6) (18) - (4)2(12)] 17672' _2807

2807

. Weight = x0.8 =2346¢

(@) . AVAM~AVBN, VM _AM = VM —g

VN BN’ VM+h
VM=3h, .. VN=3h+h=4h

_3
T

7{(8)*(4h) - (6)*(3h)] =148~ , @ =1487,h=3

Ans. Height of the frustum is 3 cm.

(b) VA=,6>+(3x3)> =+/117, VB =4/8% + (4x3)> =+/208 ,
", Total surface area =7(8)(+208) — 7(6)(W117) + 7(6)* + #(8)* =472.7 cm®

(a) Letrcmbe the radius. Volumenemisphere : VOlumecone =

[N
W

(b) Let base area of the tank = 4 cm?, rise in water level = A cm.
A(6) : A(h)=2:1, .'. rise in water level = 6><% =3cm

(a) ﬂ( )(X)+ as )(8—7) (5) l—7r( ) (x +8)(1-20%),

25x 275 125 25 4 S5x 55 25
—+—+—f— 7( 8), —+—=x+8,
12 8 12 8 12

10x+165+50=24x+192, 23=14x, .. x=§

14
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(b) Slant edge fo circular cone = (g)2 + (%)2 =2.9915 cm,

36. (a)

(b)

(©

37. (a)

38. (a)

(b)

39. (a)

(®)

Page A64

‘. Total surface area = 71'(%)(2.9915) +7(5)(8 - %) + 471'(%)2 x% =149.2 cm?

.. Cost=149.2 x 0.4 =$59.7
Let ) cm and /4, cm be the heights of cones A and (A+B) respectively.
no 5 hy, 12

A== =10, 2= =24

30 15 30 15

.". Volume of frustum B = %n[(12)2(24) —(5)%(10)]=3357.3 cm’.
Lateral surface area of frustum B = 7(12)(v12* +24% ) — z(5)(v/5> +10%)
=7(12x12+/5 =5x5/5) =1194/57 cm?

Total surface area = 7(15)(v30% +15%)=119+/57 + 7(15> +12> =5%) =1825.3 cm®

ZOVA=60°+2=30". TnAOVA, sin30' =28 1_7 oy=o.
oV’ 2 oV
Height of cone = OV + ON = 2r + = 3r
In AVNB, tan30" =2~ L _BN gy 5
VN' 3 3

.". Volumecone : Volumegphere = %7[(\/5}’)2(3}") : %717”3: 3m? :%mﬂ‘3 =9:4

2
Base radius of cylinder =,[12° —(g)2 =, 144—% cm,
2
2 2
.'.V—;{1 144—};)] (h) :ﬂh(144—%) :’%576—}:2)

%:12, h=18. .. V:IST”(576—182)=113471'

.. Volumecylinger : Volumeyood remained = 1134;::[%;;(12)3—11347;]

= 11347 :1170r =63 :65

" AVMA ~ AVNB, ﬂzﬂ, &—ﬂ, 2VM =VM + 12,
VN BN VM+12 8
VM =12, .. VN=12+12=24.

.. Volume of frustum = %(16)2(24) —%(8)2(12) =1792 cm’

VM AM 12 4
VP CP’ 12+9 CP’
CP=7. .. Length of side of water surface =7 x 2= 14 cm

. AVMA ~ AVPC,
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.. Volume of water = %(14)2(21) —%(8)2(12) =1116 cm’

(c) Water flows from the pipe to the frustum in 1 second = 7r(0.8)2 (6) cm’
Time taken = 1116 + 7 (0.8)* (6) = 92.5 seconds.
40. MN=12-9=3cm, VN=9cm, .. VM=9-3=6cm
LAM_ VM 616
8 VN 9 3
Let 2 cm be the new water level.  7(8)*% = 7(8)*(9) —%U(AM)Z(VM) s

" AVMA ~ AVNB,

(8)211:(8)2(9)—%(?)2(6), 64h:576—%, h:%3=8.11

Ans. The new water level is 8.11 cm.

Area and volume of similar solids

1. Ratio of heights =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)2 :(V¥125)* =9:25

3. Ratio of diameters = (10+2x2):10=7:5
*. External surface area : internal surface area = 7% : 52 =49 : 25
4. Ratio of heights =9 : 12 = 3: 4, ratio of volumes = 3*:43=27:64

*. Weight of bigger pyramid = 270 x % = 640g
5. Ratio of volumes =1 kg : 125 g=1000: 125=28:1, ratio of surface areas
= (3\/5)2 2(3\/1)2 =4:1, .. Cost of painting the larger solid = 18 x 4 =$72

6. (a) Let the original radius and area be 11, 4;; those of the new ones be r,, 4.

s

4, 4, 17 5 11

[rzjz 4, A1+69%) 169 r  [169 13

i

. . . 1.3 -
‘. Percentage increase in radius =N Th 100% =30%

B
3 3
w L2on :(E) _2197
no\n 1 L

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

x100% = 119.7%

1

7.  Let the original length, area and volume be r, 4;, V; those of the new ones be 7, A2, V2.

= =3— —

el
v, v, 17 5 1 17 4

1

1

s

[rZJB_VZ_Vl(I—27.1%)_O.729 n_[0729 09 4 _(rz]z_(oyjz 0.81

h 4l

Answers Page A65



Mathematics Exercises for Brilliancy 3

0814 =4 1 00%=-19% (decrease)

*. Percentage change in area =
1

3
Vol.of sm.all pendulum = ! . Let & cm be the height of a small pendulum, (—j = 1 R
Vol.of big pendulum 16 4

4
h 1 . . .
=3l—, h=10.1  Ans. The height of a small pendulum is 10.1 cm.

16
Va:(Va+Ve):(Va+Va+Ve)=y 12y :Byy’=1:8:27

9.
Vi:V:Ve=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 Il =2%: 32 :6=4:9: 36
Vol.of small pyramid _ | |49 3(7 37& weight of frustum _ 512-343 169
Vol. of big pyramid 64 8 512 weight of big pyramid 512 512
. . 169
. Weight of frustum =2 x——=1.32 kg
256
3
o (AQy__ 216 216 _8 AQ_ 8 2 . p.oB=2:3-2=2:1
AB 216+513 729 27 AB 27 3

Old volume 60 1 Old wetarea iﬁ ’ (1 : 1
8’ New wetarea 8 2 4’

13. =
New volume  60+420

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

14, (@ Oldvolume (16 P(2Y_ 8
' New volume \ 24 3 27"

‘. Volume of water added = 400 x %7 — 400 = 950cm’

(b) Old wet surfacearea 16 : (2 : _4
New wet surfacearea \ 24 3 ’

_4><100% =125% (increase)

*. Percentage change in wet surface area =

15. PT=3TR, .. PR=3TR + TR=4TR; QR =3TR, .. QR = 3SR + SR = 4SR
PR 4TR _, QR 4SR _

In APQR and ATSR, ZR = ZR (common), ——= =4, = =
TR TR SR SR

s

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

4) "16° Arcaof PQST 16-1 15

AreaofASTRi[szi[lJz I Areaof ASTR 1 1

Areaof APQR | PR
Answers
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AD

2 2
16, " AAEF~AADB (A.AA), .. -Areaof AAEF (AEJ =(ﬂj 2ED,,

Area of AADB AE+ED,) ~GED’ -

BC

2 2 2
. ACGH ~ACBD (AAA), . AreaofACGHz(GCj _( GC j:[GCj _1

Area of ACBD “\BG+GC 2GC) 4

Since area of AADB = area of ACBD,

". Percentage of ABCD shaded = gx 50% + % x50% =34.7%

17. " APXY ~APRS (A.A.A)), QmR
_ AreaofAPXYi[ﬁjzi(ijzig p s
Areaof APRS | PS 5 25°
AreaofAPRS—%*lS m .". Shaded area =15 — 15x % =54cm’

2
18. (a) " AABC ~AADE (AAA.). (BC) _Areaof AABC 50 25

DE) Areaof AADE 50+112 81’
" BC:DEIB:M=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 ArcaofAADE (DE) (9) _8t

Areaof AAFG \ FG 13 169

. Area of AAFG = (50 + 112) x g =338 cm?

19.  Let Ay, A2, A3 be the curved surface areas of portions I, I, III respectively.

>

2
4 :(%j :ﬁ 94, =4(4,+36), 54,=144, A, =28.8

A+A4, \3h

2 2
$:[%j :(lj :1, L:l,115.2:28.8+36+A3, A3=504.
A+ A, +4, \4h 2) 47 288+36+4,

Ans. The curved surface areas of portions I and 1II are 28.8 em? and 50.4 em’ respectively.
20. Vol.of B: Vol.of C=3:2, Vol.ofA:Vol.of B= (v/4)*:(\1)’=8:1=24:3

. Vol. of A: Vol. of B: Vol. of C=24:3 :2,
. Vol.of A: Vol.of C=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.
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Vol.of N _ Vol.of waterriseninB | z(3x)’h _8 9h _ g n
Vol.of M Vol.of waterrisenin A~~~ z(2x)*(6) 1 2 ’ 3

Ans. The rise in water level in B is 21% cm.

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 4 cm be the depth of water now. L 3 19 , 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 a0d Apew.

2
A, 8 4 A 9-4 5 5
Dee (| 2| 220 ) ol ZTF 0 Avrginal= X
x [ 27} 9 x 9 g TEmg
2
Ao _[J19) _ @19y’ A QIO A Q197 5 @9y
x 27 9 9 originald 9 9 5 7
.. Percentage change in curved wet  (3/19)* -5

x100% = 42.4% (increase)
surface areas

23. (a) Volume of water = %71(3)3 X % +7(3)>(19-3) =187 + 1447 = 1627 cm®
3
(b) Let Vem® be the volume of oil. 162z = (ij = 27 s
V+162z \3+1 64
103687=27V+4374r, V=222x
Let 4 cm be the depth of oil in the glass-tube. giz'(3)3 X % +7(3)*(h-3)=222x,

187 +97(h—3)=222x, 9(h-3)=204, h=257
Ans. The depth of oil in the glass-tube is 25.7 cm.

Trigonometric relations

[c2 22
1. (@) sin@=06=>, cos0="> "3 _%_g3 15 3
5 5 5 o
2 2 2
(b) tanx=2=—, sinx= =— 2
1 NCENSTRING *_d
2 2 2
N/ _ 4
(c) 0056’:&, tang:u:ﬁ
4 % k 49

4sinf-3cosf _ 4tanf-3 _4(3)-3 _20-39 19
10sin@+cos® 10tand+1 10(3)+1 50+13 63
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V3 V3 1.3

L@ =G hd D)=+
(b) sin® 45° tan230 (T) _(ﬁ)z l—i l—i 9-243
cos60”  cos30° < 53 N 9 9

A R

© —)’ —( )’ = (d)
f f NG} f f 22
4. (a) tan@:cf’sj;:t 1470=tan(90°—47°)=tan43°, S 0=43
sin an
1 1
b) tan’6 =—,tanfd =—=tan30°, .. =30
®) 3 NE)

(©) sind=cos(40" +8) = sin[90" — (40" +8)] = sin(50" —6),
L 0=50"-0, 0=25
5. (a) =sin 9cos€(sin2 6 +cos’ 0) =sinfcosé(l) =sinHcosh

sin’ @ +cos” @

1
b in20(> +1 =sin’ @ =sin’ @ =tan’ @
®) ( )= ( 0s> @ ) cos* @
© _(51n6—1)—(1+sm6)_ -2 2
(1+sin@)(sinf-1) —(1-sin*@) cos’ O
@ = sin@+cosd _cos’O(sin@+cosd) _ cos’ O(sin& +cos )
1—sd cos’ @ —sin* @ (cos@ —sin §)(cos @ +sin &)
_ cos’@ _ cosf
cos@—sind 1-tanf
6. (a) L.H.S.=cos*@—sin*O=(cos’#—sin* @)(cos’ & +sin’ )
=(1—sin’ @ —sin’ #)(1) =1-2sin*#= R.H.S.
(b) LH.S.=(1-cosy)(1+cosy)=1—cos’y=sin’y
2
R.H.S.=cos’ ytan® y = cos’ ysmizy =sin’ y=L.H.S.
cos” y
sin @ :
(© RHS.= 0 _ oo __ sinfcosd G h0so-LHs.

I+tan®@ 1+322  cos® @ +sin’ @
7. (a) cos’35 +cos’55 =sin’(90° —35°)+cos’ 55° =sin” 55° +cos’ 55" =1
(b) tan59°-tan31°:%-tan3l°:;o-tan3l°:l
tan(90° —59°) tan31
(c) sin*22° —cos’ 68" =cos’(90° —22°) —cos’ 68" =cos’ 68" —cos’ 68° =0

sind __ cos@ sin” f—cos’ 2 _ 2
8. (a) _tanf-y hi-af sl sin"@-cos’d —sin?0—cosf
: L sing | cosO  sin’frcos’d  qin? 29
tane + e tan@ cos@ +ino sin@ sin@cos @ s 0 +cos 0

(b) 720056’511‘1 0 2sin @ 2 tand
cos’fsind  cosd
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. . _ 1 o .
(c) tan(30° —x)xtan(60° +x) = —tan[90° —G0 )] tan(60° + x)
1

" tan(60” +x)
9. (@ . a=180"-60"-30"=90 N 5
. X . 1
300 =—, x=10sin30°=10(=)=5 m
sin 10 X sin (2) S A O\

", sin60° = %, y =10sin 60" = 10(@) =5\3

x tan(60° +x) =1

(b) sind5 = - Basings | . V2
32’
V32 V2)() . -
e (D)L
sin30° = ﬁ a= h Sooa= 3?51n45 :( 2 =2x4=8
a’ sin30° sin30° + =
10-7 3 1
() .0 cosa= =45
r TR
* sing=-——, b=\/185in45°=3\/§(

T N
(d "1+22 08307, x+2:§-12, x=643-2

9.3

10. TnACDB, DC =9tan30° :?:3\6

InACAB, x+DC=9tan60° =9v3, x=9/3-DC=943-313=63

I
11. tan30°:L:ﬁ, h:Stan30°:ﬂ
243 5 3
60" = v =33, a=3V3-h=33- S‘f _4B u
3 3 s O
18 18
12. AD=80- - =80-18v3 ~18=(62~18,/3) cm
tan30” tan45°
13. - tanH:;, .. tan@-tan(90° —@)=1. The given expression

tan(90° —0)
=(tan1’ x tan89°) x (tan2° x tan88”) x......(tan 44" x tan 46" ) x tan 45° = (1)(1).....(1) tan45° =1
14. (a) LHS. =cos'@-sin*@+2sin*@ =(cos” @ +sin’ §)(cos’ §—sin’ )+ 2sin*H
=cos’ @ —sin’>@+2sin>@ =cos’ @ +sin’ @ =1=R.H.S.
(b) LHS. = cos¢ 1-sind _ cos@(1—sind) _ cosf(1—-sind) _ I_Simg:R.H.S.
1+sin@ 1-sin@ 1-sin’@ cos’ 6 cos@
(¢) LHS. =(sin’8)’ +(cos’*H)’
= (sin® @ +cos’ @)(sin* § —sin* Hcos” § +cos” )
=(1)(sin* @ + cos* @ —sin*Pcos’ O)
= (sin* @ +cos* 6 + 2sin” O cos’A) — 3sin’ G cos” O
=(sin* @ +cos’ 0)* —3sin’ Hcos’ @ = (1)> —3sin* Hcos’# =R.H.S.
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15. (a) - -
cosd(1+sin0) cosd(1+sind)
_242sin@  2(l+sinf) 2
cosO(1+sinf) cosf(1+sinf) cosb
® = z;fzz B sin” @ B sin’ @ -1
w0 cos@(cos’@—1) cosO(—sin’ @) cosd
_ _ 2
© :1+c059 (1-cos 9):cosﬁ(l+cosa)= o056
1+cosé 1+ cosé
. V3 A
16. InAABD, AD=ABsin60 =(8)(7)=4\/§ ,
B4 C
BD:ABcos60°:(8)(%):4, . DC=BC-BD=20-4=16, S
AC=+/AD? +DC” =/(43)" +(16)" =/16(3+16) =419
A
17. h=6sin30"=3cm. Areaof AABC:%xhXAC:27, c
o™
AC:ZXh27:ﬁ:180m s
18. AABE is equilateral, .. e=60°,AE=12cm N
a=e—-30"(ext. LofA), a=60° -30° =30’ WAV
.. AAEC is isosceles (base £ s equal), ..AD=DC
. B V/ e
InAAED, ED = AEsina = 125in 60" =12()= 6J3cm B £
AD =AEcosa =12cos60’ :12(%): 6 cm
AreaofAAEC:Z-(%-ADED):6-6\/5:36\/5cm2
19. - sin(m+n):73, S.om+n=60"...(1), .- cos(m—n):?, Som=—n=30°
@)+ (1), 2m=90", .. m=45,From(l), 45 +n=60", .. n=15"
/ 2
20. 18cos’x+5(1—cos’x)=9, 13cos’x=4, cosx:\/z= 2 , .. tanx= 13-2" _
13 13 2
21. a*sin*@=2>=4,and a’cos’@=3"=9, .. a*sin’@+a’*cos’0=4+9=13,
. d(sin?@+cos’0) =13, a*(1)=13, a=A13
V2 V2.1 2
22. sin9—ﬁcos9=0, sin0=\/§cos6’, tan6’=\/5=—, sinfcosl =(—)(—=)=—
1 (ﬁ)(ﬁ) )
23. (sin@—cos&)zz(%)z, (sin29+00520)—25in9c059:é,
Answers

Mathematics Exercises for Brilliancy 3

_cos’@+(sin@+1)° _cos>@+sin’ §+2sinf+1

(),

3

2
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. 1
1-2sinfcosf =

e 2sin00050=§

24.

sin@ +cosf = 18 _ W2

N
25. 1 !

1

1 1-cos@ 1+cos 6
cos6 +1 cos6 cos6

_ 0050[(1 +cosf)—(1 —cos@)] _
(1+cos@)(1—cos0)

tan30° = BC_ BC L £
AC  2MC’

1

26.

27 al=a2:180 -90° -30

=30°,
2
. e
But— =sing, =sin30° = —,
AC 2
BC:CD=1:2

28. LetBD=a

DC=3a,BC=a+3a
AC = 3a

AC 34
\/ga . tanf=——=
B
29.

B¢ 243 _BC

2 MC
But tan&zB—C,

. tan@zﬁ

. 4
..sinfcosf =—

_ 310
5

SO( 11
1-cosé

1+cosé

SO( 2cosé )= 2cos’ 0

(sin@ +cos@)* = (sin’ O+ cos” @) + 2sinfcos =1+ 2(—) = —

2

1-cos’@

sin’ @
1,BC

3 MC

AC = CD (sides opp. eq. £s)

2BC=AC=CD BC

_1
cpD 2’

—4a tan60 = 2= 394

AC AC
Va_V3
BC 4a

4

AM = \/3PM.

AABM ~ APQM
30.

(a) ZANM =ZACB =90°

(b) tanLA=M—x:1, L ZA=45°,

MN//BC (proved) and MB = AM (given)
NC =AN (intercept theorem) =—AC

Unit 20 Applications of trigonometry
1. (a) area of ABCD = 14 x 9 sin 60°=109.1 cm
20x15sin 72°

=142.7 e’

(b) area of APQR =

Page A72

AM 1 BM and ZBAM = 45° (prop. of square)

2

" tan’ 0 ?

a

s

ZBPM = 60° (equil. A)

AB _AM

InAABC, B¢

— =tan 45°,
C

—AC
tan g, = tan @, _NE

In ABMP, BM = PM tan 60° = \/3PM ; in ABMA, BM = AM tan 45° = AM

AB _+3PM
PQ PM  y PM
MN//BC (corr. s equal)
6, =0, (alt. Zs, MN//BC)

. BC=AC

Answers
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2 I
(c) the height =.[26° —(%) =+/595, .". area of AMNR = % =219.5 cm?
d) area of AABC = 3x3sin60" _ 10.8 cm?
2

2. The hexagon can be cut into 6 congruent isosceles triangles whose vertical angle

= % =60". Leth cm be the height of the isosceles triangle. tan% = % s

h= 4 ... Area of the hexagon = 6 x (l><8><
tan30° 2

4

=96+/3 cm’.
tan 30°) f

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

Ans.  The angle of inclination is 3.81°

4. Horizontal distance = /116> =30 =+/12556, .". Gradient= 30 =0.268.

5. tana= %,a:5.71°; .. AM=15sin5.71°

tan f= é,ﬁ:4.76°; .. BN=20sin4.76°;

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

Let 0 be the angle of inclination, tan 6 =
1000

>

Ans.  The angle of inclination is 2.86 °
7. Fiona’s height = 2.14 tan 35°. Let the new shadow be x m long.
w =tan 60°, the new shadow = 214tan35° 0.865
the new shadow tan 60°
Ans.  The length of the new shadow is 0.865m.
8.  The angles of elevation are also 47° and 63°.

22 22

‘. Distance between A and B = + =31.7m
tan47° tan63°
9. The angles of elevation are also 24° and 36°.
*. Distance between the cars = 120 _ 120 _ 104.4 m
tan24° tan36°
10. (a) L=tan40°, . AD= h . L=tan25°, o AC= h
AD tan 40° AC tan 25°
1 1
b g5 Lo,
tan25° tan40° tan25° tan40°

1 1

h=75+( -
tan25° tan40°

)=179. Ans. The height of the cliff is 79 m.
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11. E:ta.n38°, AQ= PQ ; &:tan22°, QB = PQ ;
AQ tan38° QB tan 22°
PQ_, PO _ 15 po(— w1 -1,
tan38° tan22° tan38° tan22°
PQ=120+( ! ! )=32. Ans. The height of the lighthouse is 32 m.

tan38° " tan 22°
12. (@) a=90°-40°-15°=35° b =40° (alt. Zs, // lines),
y=45° (alt. Zs, // lines), x=40°+ a (alt. ZLs, // 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°.
13. 0=42°0+39°=42°+39°=8]1°.
Ans. Bearing of Q from P is S81 E.
14. B=35°% a=45°- =45°-35°=10°% O=a=10°
Ans. Compass bearing of P from R is S10 E.
15. a=60°—-(360°—-318°) =18 B=a=18°
‘. True bearing of M from N = 180° + 5+ 60° = 180° + 18° + 60° = 258°.

16. ".© ZPOQ=65°+25°=90°, .. tanZOQP= % , Z0QP=38.7°%

38.7°+25°=63.7°.  Ans. Compass bearing of P from Q is N63.7 W.
17. OA=80x2=160; OB=060x2=120;

ZAOB =360° —325° +55°=90°, .. AB=+160"+120° =200 km

Ans. Distance between A and B after 2 hours is 200 km.

18. AX=1.5sin50°;, BX=1.5co0s 50°, BZ=3cos 50°; CZ=23sin 50°;
AY =CZ - AX =3 sin 50° — 1.5 sin 50° = 1.149,
CY=BX+BZ=1.5cos 50° + 3 cos 50° =2.893,

AC=vAY? +CY? =/1.149? +2.893* =3.1124 km = 3112.4 m
*. Shortest time = 3112.4 + 50 = 62.2 min.

19. (a) BZ =240 cos 60°; BY = 150 sin 74°;

.. 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=240sin 60°; CY =150 cos 74°; Ly
.. CX=AZ - CY =240 sin 60° — 150 cos 74° = 166.5
Ans.  Heis 166.5 m south of the starting point.

(¢) Distance from the starting point =y AX> + CX?> =v264.19? +166.5° A

=3123m
20, OV=MV-MO=8—r. InAOVA, —— =sin>%). 7
UG
7= 8 sin 28° —r sin 28°, r:851.n728:2.56. 56°
1+sin28° M

Ans.  The radius of the sphere is 2.56 cm.
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21. (a) DM =20sin 60°=17.3; CF =30 sin 30°;
CN =DM + CF =20 sin 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 =20cos 60°; AE =30 cos 30°
ME =AM + AE = 20 cos 60°+ 30 cos 30° =36.0
Ans.  Distance from D to BE is 36.0 cm.

22. (a) Distance between H and K = 180 x ;—3 =45 km

(b) Letx km be the perpendicular distance from A to HK.
X X 1 1
tan 44° " tan79° =45, x=4 +(tan44° * tan79°): 366
Ans. The altitude of the helicopter is 36.6 km.
23. (a) LetP’Q be the horizontal distance between P and Q.
P’Q=4x400=1600 m, P'P =300-100=200 m,

.". Actual length of road PQ = v200> +1600> =200~/65 = 1612.5 m

(b) Gradient of road PQ = 200 = 1
1600 8

Let 0 be the angle of inclination, tan 6 = é, 0="7.13°

Ans.  The angle of inclination of road PQ is 7.13°
(c) Vertical distance between A and B=200+ 1.6 — 6 =195.6 m,
horizontal distance = P’Q = 1600 m.

Let a be the angle of depression, tan o = % , a=06.97°

Ans.  The angle of depression from the man to the tree is 6.97 °
24. Let 2k be the height of the building. % = tan 32°;

tanZBCO = % =2tan32°, .. ZBCO=51.3°

Ans.  The angle of depression from the top of building is 51.3°
25. Their horizontal distance = OQ = 100 cos 20°; OP =100sin20°;
their vertical distance = OP + PB — AQ =100sin20° +5-2
3+100sin20°
=100sin20°+3; tana=1ggcos20° - =21.6°

Ans.  The angle of depression required is 21.6°
26. Let 2 m be the height of the building, .. CD=(h—-18)m.In ABCE,

E- " ;in AACD, AD = h=18
tan 68° tan58°
h _ h-18

tan 68° tan 58°

h= _ 18tan68° 50.9.  Ans. The height of the building is 50.9 m.
tan 68° — tan 58°

" BE=AD,

, htan 58° = K tan 68° — 18 tan 68°,

Answers

C
300 .

F X
60°

71 [
A N7 E
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27. (a) In AACE,CE= > ; in ACDE,BD=

28.

29.

30.

31.

32.

33.

65-h

tan2 tan39°

65-h _  h
tan22° tan39°’ = 39"7""-3 :
65 tan 39° — /i tan 39° = A tan 22°,

po _ 03@n39° s e~z
tan 22° + tan 39°

.~ CE=BD,

(b) Distance between two buildings = 43364 53.6 m
tan39°

Let & m be the vertical height of the balloon,
. CD=(Ah-80)m. In AACD, AD= h=80 ; in ABCE,
tan37°
E- AD=BE, .. h=30 _ _h ,
tan 65 tan37° tan 65°

h tan 65° — 80 tan 65° = h tan 37°, h= _ 80tan65° =123.3.

tan 65° —tan37°
Ans.  The vertical height of the balloon is 123.3 m.

é:tan%":l, BE=y; AD=BE=y;CD=ADtan0, .. y—x=ytan0,

X
1-tan0
(a) Typhoon is nearest Hong Kong when TA 1L AH.

ZATH =70° - 18° = 52°, AH sin 52°,
TH

AH = 680 sin 52° = 535.8 km.  Ans. The shortest distance from Hong Kong is 535.8 km.
(b) AT =680 cos 52°=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.
CE=AB; BC=ABtan 69°; AE=BC=ABtan 69°; AD =AB tan 55°;
CE AB 1 ot

tan 6 = = = , 0=40.4°. o
AE-AD ABtan69°—ABtan55° tan69°—tan55° o
Ans. Bearing of C from D is N40.4 W.
(&) PR=060x @:20km; " ZPQR = 180° - 50° — 40° = 90°, 2 A,
60 550 oo

..QR =PR cos 50° =20 cos 50° =12.9 km
(b) QM = QR sin 50° = 20c0s50°sin50° = 9.848;
MS =RM + RS =20c0s50°c0s50° + 10 = 18.2635;

tanZMSQ = QM _ - 9848 ZMSQ = 28.3°.

MS 182635’
.". True bearing of Q from S =90° + 28.3° = 118.3°

(©) SQ=4/MS>+QM?> =4/18.2635" +9.848> = 20.7 km
.". Time taken = (20.7 + 60) x 60 = 20.7 min
(a) The ship is nearest to Q when PS L. SQ. In APQS,
ZQPS=60°-32°=28° .. SQ=40sin28°=18.8.
0 =180° —90° — 28° — 32° =30°.
Ans. At that instant the ship was 18.8 km in the direction of N30 °E from Q.

S R[S0NM p
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34.

35.

36.

37.

38.

39.

Mathematics Exercises for Brilliancy 3
(b) é =cos(90° —30°), x = (40sin 28°)cos60°; y=r,

(40 sin 28°) cos 60°
sin 20°

. y=(40sin 28°) cos60°. é=sin20", . RS= =27.453 km

In APQS, %2 cos 28°, PS =40 cos 28°=35.318 km

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

LetAB =aq; BC:\/aeraz:\/Ea; AC:1/a2+(\/5a2:\/§a
BC_3a_7_s

. cos ZACB —Rfﬁ—f— 3
LR = /P =52°(base Ls, is0s. A); ZAQD = 180° — 2(52°) =76°
In AAQD, AD _ sin76°, AQ= L , ZPBA=/R=52° (corr. Zs,AB// QR),
AQ sin 76
6
sin76°
(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. Zs on st. line),
/PCA=Z0CA=180°+2=90°
(b) AC=8:2=4, 0OC=+5"-4"=3, PC=5+3=38,
S AP=VAC?+PC* =\/# +8 =894 cm

© PC_tans6°, cQ=—1— =5.306,
cQ t

.. PA=AB=06cm (sides opp. eq. £s). .. PQ=PA+AQ=6+ =122 cm

an 56°
.". Area of AAPQ :% x PC x AQ :% (8) (4 +5.396) = 37.6 cm?
Z/BAC = ZBCA (base Zs, isos. A),

L 0+30°= w (/ sum of A), 0= 40°,

.. CD=BD (sides opp. eq. £s),
.. ADCE = ADBE (A.A.S.). CE =BE (corr. sides, = As),

=7.83cm

CE :i BC=6. InADCE, C—E: cos40°, .. CD=
2 CD c0s40°

Draw SA L PT, .". APQS is a rectangle.

.. ZAST =0 (corr. Zs, AS // PR). ﬁ
In ASTA, ;—:: cos 0, AS=2cosb. m
" PQ =AS (rectangle property), .. PQ=2cos0

(a) In AEAB and AFBE, ZA = ZB (prop. of square);

ZADE +90° = /DEB (ext. Z of A), ZADE +90° = 90° + /BEF,
‘. ZADE=/BEF; /AED=/BFE (3“ZofA); .. AEAD~AFBE (A.A.A)
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(b) Let the side of the square be x.

* AFBE ~ AEAD (proved), .. —=——, —=

3
. CF=x- lx: ix, .. tan = CF_3x_3
47 4 CD x 4
PA . .
40. In AAPT, EzstS",PAZIZ sin 28°. Q ¢

In APSA, sin/PSA = L& 128028 o) 18040,

PS 18
RB .
ZBRS = ZPSA=18.24°. InARBS, v =cos 18.24°;

*. Height of R =RB =6 cos 18.24°=5.70 cm

. Height of Q=AC = CP+PA=RB+PA=5.70+ 12 sin 28° = 11.3 cm A
41. (a) 0=180°—60°— 75° = 45° (£ sum of A); ﬂ
X o Gin4se, x=8sinds%; Fosin60°, - y= ¥ = ST _ g
8 y sin 60° sin 60° v
(b) a=60°—20°=40°, b=180°-90°—60°=30° (£ sum of A)

© %: tan 60°, = 2.3 tan 60° = 3.98

Ans.  The height of the lamppost is 3.98 m.

(d) %: sin b, ¢ = 2.3 tan 60° sin 30°, < =sina,
X
= 2.3tag60 sin 30 ~3.10
sin 40°

Ans.  The length of shadow on the slope is 3.10 m.

Coordinates - Distance & slope

1. (a Slope:wzé (b) Slope:M:@ZSO
24-0 4 -18—(-20) 2
(c) Slope = 8-8 —9:0 (d) Slope:M:Q:undeﬁned
2-(-3) 5 6-6 0
-18.5-(-9.5) -9
e) Slope=—"-—"""=—=1
© P -8.5-0.5 -9

ploced oy 22,1288
() Slope === (-1 )]=[-17~(2)]=">—==

2. (a) Distance =+[(5-2)> +(12-16)° =4/3’ +(—4)> =425 =5

(b) Distance =[-10— (=) +[5— (D) =+/(=6)> +6> =72 =6+2

. 2 4, 3 1, \/ 172, 7.
¢) Distance =,/(-4=-6—=)"+(=——)" +=,/(—) " +(—)" =11.5
© \/( 3 5) (5 4) ( 15) (20)

(d) Distance :J(—4.2 —1.7)* +[-10—(-6.8)]" =+/45.05=6.71
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. 4-8
3. Slope of the | (=28 2
(a) Slope of the line segmen 93" "3

*. slope of the lines parallel to it is _72

-2-5 -7

b) Slope of the line segment =
(b) Slop g () s

s

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

4. (a) Slope of the line segment = ! ;(_61) = % =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
) ( 03 )(—5):—1, 18=—4-2a, 2a=-22, .. a=-11
—-2-a 2

-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.

6. (a) Slope=

970 _ 3 45-3043x, 3x=15, . x=5
-10—x 5
9-y 3

=-=,45-5y=30, 5y =15, .". y=3
“10-0 5 Y g g

Ans. PQ cuts the x-axis at (5, 0) and cuts the y-axis (0, 3).

7. JB=k) +[-12=(-2)T =k, J64—16k+k>+(-10) =k,

k2 —16k+164=k*, 16k=164, .. k=10.25
8. (a) theslope= %:9, .". the angle of inclination = tan™ (9) = 83.7°
1-(-8) 9 a4, 9
b) the slope = =——, tan (—)=-39.3°,
®) P -5-6 -11 (—11)
‘. the angle of inclination = 180°— 39.3° = 140.7°
o L1l 6 ot 31
-7-1 3-1 -8 2 -2 2
9-18  16-12 -9 . 4
=1L, (——)(=—)=-1, 12=9-k, .. k=-3
(15—12)( 9-k ) ( 3 )(9—k)
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1-(=2)_3 0-(=2)_2 .. . .
11. (a - = = ==, " #mqgr, .. P, Q, Rare not collinear.
@ mrom TS TS M T T Ty e Q
3-(-3) 6 3-1 .. . -
b) map= =—=2, mpc= =2, . mag=mpc, .. A, B, C are collinear.
(b) map 52 3 BT, AB=MBC

12. (a) BC=4(-2-8)’+(3-1)> =104, AC=\[-2—(-3)F +[3-(-2)F =26,

AB = [8—(3)F +[1-(-2)F =130, " BC*+AC?=104+26 = 130 = AB’,
. AABC is right-angled.

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

-1-4 5 2-(-3) 5 3-(-I) -2 2 4-2 2
13. mpo= =—c, MRSS—— ——=——, MQR=——— ==, M= =C
3-1 2 —4-(=2) 2 -2-3 -5 5 1-(-4) 5

. -5.2

mpQ X MQR = MRS X MQR = MpQ X Msp = MRS X Nsp= (7)(? =-1,

*. PQLQR,RSLQR,PQLSP,RSLSP. PQ=+/(3-1)*+(-1-4)* =429,
QR=1[-3-(-DF +(-2-3) =29, RS=q[2-(-3) +[-4-(-D)F =29,
SP=+/(4-2)* +[1-(-4)] =429, .. PQ=QR =RS=SP.

Ans. P, O, R, S are the vertices of a square.
14, J(k=17) +[3=(<29) =40, (k—17)+32>=40%, (k-17)’=576,
k—17=%+/576 =424, k=24+170r-24+17, .. k=41 or-7.
15. PQ=25=4/(x—6)>+(~12-8)%, 25°=(x — 6)> + 400,
(6-x?=225 .. 6-x=150r-15, .. x=210r-9
16. Let coordinates of N be (-6, n). n:\/[—6—(—2)]2+(n—8)2 s
W=16+n*—16n+64,16n=80, .. n=5.  Ans. The coordinates of N are (-6, 5).

17. \/[(n+1)—n]2+[2—(1—n)]2:\/%, 1+(n+1)°=26, (n+1)*=25,

n+l=45, n+l=5o0rn+l=-5 .. n=4 or n=-6.

18. Let the coordinates of P be (0, p). \/(0—9)2 +(p-3)7° = \/[0—(—7)]2 +[p-(=5T,

81+ p>—6p+9=49+ p*> +10p+25, 16p=16, .. p=1
Ans. The coordinates of P are (0, 1).
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19. Distance =/(1-m*)* +(2m—0)> =1-2m> +m* +4m> =/m* +2m*> +1 =[(m* +1)’

= (m2 + 1) units.

20. Let the coordinates of P be (p, 0). p =+/(20— p)> +(=12—0)*, p> =400 — 40p + p* + 144,
40p =544, p=13.6. .. Areaof AOPQ= %(13.6) (12) = 81.65q. units

21. AB=[0—(=6)] +(-2-0)* =~/40 =24/10, BC =AB =24/10 ,

. area of AABC = %(2\%) (6) = 6+/10 sq. units

22. ABZ\/[19—(—21)]2+(12—3)2:\/1681:41, U AP:BP=5:2, . AB:BP=3:2,
- Bp=2AB=2X4_p;1
3 3 3
23. Angle of inclination of L = 180°— 45° = 135°. .". slope of L=tan 135°=-1
y=0
=-1, y=—x-3, x=-3-
—(3) y y
24. (a) map= 2_(_6):§:1, .. angle of inclination of AD = tan™' (1) =45°,
3-(-5 8
O+45°=90° (ext. L ofA), @ =45°
7-0 7 4-0 4
b) m,,= tanf=——=—=35, .. fx~T74°. m, = tana= =—,
b = = =2 d " 5—(—4) 9
. a=24°.  Let ybe the vert. opp. £ of 6.
y=f— a="74°-24°=50° (ext. Z of A); .". 6= y=50°
25. Slope of AB = tan a = H:_—4:3, J.a=33.69°
—4-2 -6 3
slope of BC =tan ¢ = i*_—lzfé, .. c=5631°

-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.
3-0 3

(b) The line passes through (0, 3) and (6, 0), .". slope= ——=—=—

1
0-6 -6 2

27. (a) AB=4/(-3-0)*+(6-4)" = /(=37 +2* =413,

BC=4/(6-0)" +(0-4)> =,/6” +(—4)> =/52 =213,

AC =J[6-(-3)]F +(0—6)> =97 +(=6)* =117 =313 .
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(b) AB+BC= +13+213=3/13=AC. .". A, B Care collinear.

28. J(m—4)+(2=7) =[(1-4) +(2-7)*, m*~8m+16=n’—8n+ 16,
m?—n*—8m + 8n =0, (m — n)(m + n)—8(m —n) =0, (m — n)(m +n—8) =0,
. m+tn—8=0(C. m#n), m+n=8.

29. (a) AB=4[3-(3)]’ +[2-(-6)]’ =67 +8 =+/100 =10,

BC=(5-3)" +(-2-2)" =22 +(~4)* =420 =245,

AC= 5= (3P +12-(6)F =V + 47 =80 =445,

slopeofAB=2_(_6):§:i, slopeofBC=ﬂ:_—4=—2,
3-(-3) 6 3 5-3 2
slopeofAC:ﬂ:ﬂ:l,
5-(-3) 8 2
(b) slope of BC x slope ofAC:—2x% =-1, .. BCLAC

Area of AABC= %(2\6 ) (4+4/5) = 20 sq. units.

(c) sinzA:E:ﬁ, S LA=266, ZB=90°-26.6" =634
AB 10
(d) Slope of the altitude x slope of AB=—1, .". y;(_i)xgz—l, 4(y+2)=36, y=7
30. (@) may=mH=2__m=6 0 IO 3 AMLBC,
m—(-1) m+1 6—(-2) 4
m—-6 3 .
x==-1, 3m—-18=-4m—-4, Tm=14, .. m=2, m—-4=-2.
m+1 4

Ans. Coordinates of M are (2, —2).
(b) BC=4[6-(-2)F +[1-(=5) =~100 =10, AM =4/(2-2)> +[2— (-]’ =+/25=5

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

(c) map= 31_:;; = % L AB =\[2-(=5)] +[-1-(-2)] =+/50 =52
Slope of CN=—1 +mpap=—1+ 7= —%. Area ofAABC:%(AB) (CN) =25,
1 25%x2 10 1042
c. =(5J2)(CN)=25, .. CN= =—=—T"2-5/2.
SN =25, C N R V2

Page A82 Answers



Mathematics Exercises for Brilliancy 3

3-0 3 b-0 b .. . B b 3
31. mLz—m:—Z, le_a—O:; . L]J_Lz, . lexmsz—l, ZX(_Z):_I’
. b:ﬁa....(i) my, =b_3:—é, 4b-12 =-3aq....(i1)) Sub. (i) into (ii),
3 > a-0 4
4(ia)—12:—3a, 16a—-36=-9a, 25a=36, .. azﬁ, b:i(ﬁ :ﬁ.
3 25 3°25° 25
36 48
Ans. Coordinat P —,—).
ns. Coordinates of are(25 25)
-5-1 k-3 k-3 .
3. =227 oo, =22 " PQJSR, .. 2=""""k=2n+9..
TTTI TS TS Q h+3 ®
3-1 2 k—(-5) k+5 .. . 2. k+5
= -_Z2, = ==22, U PRLSQ, .. (-9)(—H=-I,
MR T s T T Oy T Q G
2k+10=5h+5, 2k=5h-5...(G1i) Sub.(i)into (ii), 2Q2h+9)=5r-5, .. h=23,
k=223)+9=55. Ans. Coordinates of S are (23, 55).
33. () "~ AM//DC, 0-2 =) 1 3y
-6-0 -2-1 3 -3
* tanZBAO = slope ofAB:%, .. ZBAO =18.43°
tan ZOAD = Ve.mcaldls.tancebetweenD,A _ 0-4 :izl’ - JOAD = 45°
horizontal distance between D,A -2-(-6) 4
(b) AB=[(=6)~0F +(0-2)* =40 =410
CD =[-2— 1 +[-4-(3)]} =10. AD=\/[(=6)-(2)] +[0— (-4’ =32 =42
Let / be the perpendicular distance from D to AB.
ZDAB =/DAO+/ZBAO =45° + 18.43° = 63.43°
" sinLDAB:L, sin63.43°:L, =442 x5in 63.43° =5.06
AD 42
(c) Area of trapezium ABCD = %(AB‘FCD) x h
=% (2410 +4/10)x5.06 =24.0 sq. units.
4-0 2 2.3
34, (a = ——=-=. "0 ORLPQ, .. slopeofPQ= —1+(—=)==
(@) mor 620 3 Q p Q (3) )
(b) Let the coordinates of P and Q be (p, 0) and (0, ¢) respectively.
" PR,Q are collinear, .". mpr=mrq=mpq= é 4-0 :é, 8=-18-3p,
27 —6-p 2
26  g-4

, 29-8=18, 2¢=26, .. q=13

N | W

3p==26, . p=—22, -
P P77 0 (Ce)
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.. Area of AOPQ :% (OP) (0Q) :%(?) (13) =56.3 sq. units.

6-4 2 1
35. (a) Let the coordinates of E be (x,y). mpc=———=—=——
(a) (*x, ) BC 10 —3 4
.. . y—1 1
.~ AMLBC, . mapxmpe=-1, ——=-l+(-—)=4,
x—1 4
. . 4-1 .. .
Soy-l=4x4, y=4x-3...(1) mAc:m:E, " BNLAC, .. mpgxmac=-1,
=6 il 6=6-3x y=12-3v.. (i)
x=2 3
Sub (i) into (ii), 4x-3=12-3x, .'.x=1—5, .'.y=4(1—5)73=£
7 7 7
Ans. The coordinates of E are (g g)
6-1 5 . . 1
(b) mBA:ﬁ:TZS; e slope0fthealt1tudethr0ughC=—1+5:—g.
But mgc= (g -4)+ (E -10)= RiN = 1 .. mgc=slope of the altitude through C,
7 7 -55 5
". the altitude from C to AB passes through E.
36. (a) Coordinates of A = (-r, 0), coordinates of B = (r, 0).
(b) slope of AP = y=0 __» s slopeofPB:y—_O: Y.
x—=(=r) x+r x-r x-r
2
*. slope of AP x slope of PB = Y 2 :%.
X+r x—-r x -r
However, OP’=1%, .. X*+)y* =/, xX*—r =47
2
*. slope of AP x slope of PB = y2=—1. .. AP LPD, ie. LAPB=90°.

Unit 22 Coordinates - Point of division
—8x2+2x3 5x2+4(=1)x3, —10 7 7

1. P= R =(—,0)=(-2,~
@ P=—3 PRSIy A )
=3x1+(-12)x2 4x1+0x2 =27 4 4
b) P= , ==L, 5 =(-9,=
® ( 1+2 1+2 )=( 3 3) ( 3)
1 3
2><5+(—Z)><4 [gjx5+6x4 9 27
¢) P= , -2, h=,3
© ( 5+4 5+4 ) (9 9) (1, 3)
(@) AP:PBZI:% =7:3,
—Tx3+3x7 —=Tx3+(-2)x7 0 -35
P=( : Ty = (& 2330, 55
3+7 3+7 10 10
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T+(=5) —2+(-8) -10

2. (@ M=(—22 22802 20 =(,-5
(@ ( B ) )(2 2)( )
-3+4+0 2.5+(-5.5) -3
b) M=(——, 2 —y=(—=, =
(b) ( 2 2 )= (2 2)
R
c) M= —X—=,—=X=)=(=,——
© = 3 —)= (3 X 2) ( )
3. Let the coordinates of A be (x, y). 0:%, 0=4x+24, .. x=-6
+
o XA 33, —26=4y, . y=—65
3+4
Ans. The coordinates of A are (—6, —6.5).
x+5.5

4. Let the coordinates of N be (x, y). =1

x+55=2, x=-35.

>

2
yrE) Ly

22
5. (@ PQ:QR=(3-1):(9-3)=2:6=1:3
Tx3+(9)x1_21-9 12 _

y=4. Ans. The coordinates of N are (<3.5, 4).

b) k=
®) 3+1 4 4
6. Let the coordinates of the points be (x;, y1) and (x2, y2).
Theratio=2:1, .. x, = M,i,l = M,i
2+1 3 2+1 3
Theratio=1:2, .. XZ_M_E_4 _8x1+(=2)x2 _ ﬂ
2+1 3 2+1 3

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

7. (a) Lettheratiober:s. The y-coordinate of the point of division =0,
. s(—7)+ (—) 0, 28 —Zs, PTS 5 s Theratiois 5 - 12,
3 s 3 28 12
(b) The x-coordinate of the point of division = 0,

", The ratio = (57—0) [0 (-1 )]_ﬁ_ﬁ_ﬁ 4_14

4 6 5 3
8. . AB:AC=3:5 .. AB:BC=3:2.
Let the coordinates of C be (x, y). %=—1, 3x+16=-5, x=-7.
+
yx3+(A)x2 —7, 3y-8=-35, 3y=-27, y=-9.
3+2
Ans. The coordinates of C are (-7, —9).

6+3 9+(-12),

9. (a) The mid-point of PR = ( 5

) =(4.5-1.5)
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(b) Let the coordinates of S be (x, y). °." diagonals bisect each other,
. 45= 122”, ¥==3; —15="20%Y L 3.30-27.
Ans. The coordinates of S are (-3, 27).
10. * APHK~APQR (A.A.A), .. tH_HK_1
PQ QR 4
PH:PQ=1:4, PH:HQ=1:3 .. QH:HP=3:1.
Let the coordinates of H be (x, y), x = Z7x3+9 __ , V= 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.

0><3+12><1: 3x3+0x1

Let the coordinates of P be (x, y). x= 371 3, y=——=12.25.
+

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). Z:M, 6=—4+x, x=10. S:M
2+1 2+1
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 (xp, yp) respectively.

s

x,,=7X1+(_2)X3:7_6:0.25, y,,=6><1+0><3:§:1.5.
1+3 4 1+3 4
xQ:7><1+10><3:377:9.25’ yQ: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:w:L:_l’SlopeOfPQ:ﬂ:ﬁ:_l’
-2-10 -12 2 925-025 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=$=l, y=#= -1.
" Pisapointon BD, .". slope of BD = slope ofBP:’lg_i(_ll):%
15 a_b_2><4+5><3_—9x4+5x3:8+15_—36+15:ﬂ
’ 443 443 7 7 7
16. m:axa+( b)xb _a” —b" _(a+b)(a b):a—b
a+b a+b a+b
2 2
n:(—a)xa+b><b:b -a :(b+a)(b—a):b_a
a+b a+b a+b

17. Let the coordinates of P and Q be (0, ) and (x, 0) respectively.
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20.

21.

22.

23.

Mathematics Exercises for Brilliancy 3

a:0+x, x=2a; b=y—+0, C.ooy=2b
2 2
. PQ=yx" +y> =\/(2a) +(2b)’ =/4d® +4b> =2Ja’ + b’
. LetAB=x. .. CD=3x,AD=5x, BC=5x-x-3x=x, AC=x+x=2x

. AB:BC=1:1, AC:CD=2:3.
-2+48 =3+7
1+1 7 1+1

Coordinates of B =( )Z(g,g):(?’, 2).

X, X2+ (=2)x3

Let the coordinates of D be (x2, y>).
2+3

=8, 2x, =46, x, =23;

Y, x2+(-3)x3 2x, -9
=17, =7, 2y, =44, =22.
243 5 P2 P2

Ans. The coordinates of B and D are (3, 2) and (23, 22) respectively.
Ix24+46x1 2x2+(-10)x1 8 -6 8

241 GG

Coordinates of P = (

s

Sub. the coordinates into 3x — y + k=0, we have 3(%) —(2)+k=0, 8+2+k=0,

o k=-10

3a-1+(-3) 4+5—a):(3a—4 9-a
2 2 2 72

Sub. the coordinates into the equation x — 2y + 6 = 0, we have

3a—-4 9—-a

(

;)

Coordinates of the mid-point = ( ).

s

)+6=0, 3a—4-209-a)+12=0, 5a-10=0, .. a=2

(a) PC=CRand PA=AQ, .". AC//QR//BR and AC :é 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,
Lox+(=4) _1+(=D ‘= y+6 7+3 _
T2 2 o2 2’

Ans. The coordinates of R are (4, 4).
3_(m=-9x3+(m+4x2 -13 3n-27+2m+8

) , , 6=3n+2m ...(1)
5 3+2 5 5
_6i:(5m+1)><3+n><2’ _ﬁ:15m+3+2n’ 37 = 15m+2n .. (ii)
5 3+2 5 5

{)x2 - (i3, .. 12—(-111)=4m—45m, 4lm=-123, m=-3

Sub m=-3into (i), 6 =3n+2(-3), 12=3n, n=4.

Ans. Coordinates of A = (49, —3x5+1) = (=5, —14),; Coordinates of B are (-3+4, 4) = (1, 4).
Consider 3x + 5y —30=0: when x=0, 5y=30, y=6;when y=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
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. Coordinates of R =(X310x1 6x3+0x1y 1018, ) 5 45y
3+1 311 474

24. (a) AreaofAOPB=%><areaofAOAB, %nr=%x%mn, Sor=

w3

(b) Area ofAOPA:% x area of AOAB, %ms :% x%mn, Sos=

w3

2n

—:522:1
33

© BP:PQ=(n7s):(s70):(n7%):(§70):

d) r= % = % =6, m=3(6)=18.  Ans. The coordinates of A are (18, 0).
+

25. (a) Coordinates of M :(a 0 ,IH—O) = (E éj . Coordinates of N :(c er 0 ,O] = (E ,O]

2 2 2’2 2

1(a)+2(5)
(b) Coordinates of G = 2~ 15)+2(0) = [Lw é)

1+2 7 1+2 373

(c) Coordinates of H= s ,
1+2 1+2 3 3

1©+2() 10)+2C) (Hc b)

(d) Coordinates ofR:(a +C,wj = (a e ,éj
2 2 2 2

a+c b
9 10+26) :(a+c éj

1+2 373

1(0) + 2(
.". Coordinates of K =

s

1+2

(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

b id-point of AC = ,—) = ,—

(b) mid-point o (2 2)(2 2)
mid-point of OB = (L@ +) 0+by_ate by

2 2 2 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.

(c) Slope ofOB:b;O= b , slope ofAC:b_c: b

(a+c)-0 a+c a-s a-c

OA?=0C% . .(a=-0)+(B-02=c, .. a+b*=c%, a*-c* =-b
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bZ
== 2
i.e. diagonals of a rhombus are perpendicular to each other.

b b b’
% -

at+c a-—c¢ az—cz

=1,

.. OBLAC,

Inequalities

LW 7
0 4

b <1

-1.7 0

© <7
0

2. (@ x>-2 (b)x<15 (c) x20 (d)x<—3%
7
@ xzt —6—; (b) xS73.4S34—6—> © x=11 _(.)_HB
I 3.
@ x>0 _(F; (©) x<0 ﬂ0_>
4. (a)x<I3 () y<7 () 5x+3>13 (d) %—29
x+10 2
e >8 —m—-1<11
(e) 2 ® S
5. (@ -9x<9, x>-1 (b) 4x>-14, .. xZ—%
(c) —-8x<0, .. x>0 (d 7-x<7, —x<0, .. x>0
(e) 6x—-9<4x, 2x<9, .. XS%
) -20x+5>2x-6, —22x >-11, x <=
(g) 12x+823x+14-7x, 16x2>6, .. xZ%
(h) 5-4x<8-6x+3,2x<6, .. x <3
(@) 2(x-7x-14)>12-3x, 2(-2x—-14)>12-3x,
—4x-28>12-3x, —x >40, .. x<-40
6. (a) 3x+4<54-12x, 15x <50, .. x<?
() 3(Bx+4)252-x), 9x+12210-5x, 14x>-2, .. xz—%
() (5x-1)-9<0, 5x<10, .. x<2
(d) (8x+12)-5>50x, —42x >-7, .. x<é
(e) 4Q2x+11)+3(6-x)>12, 8x+44+18-3x>12, 5x>-50, .. x2-10
(H  —3(x-5)+24<2(2x-3), -3x+ 15+24 <4x - 6, -Tx <45, .. x>g
(g) x+6-2(x—3)<20, x+6-2x+6<20, —x<8, .. x>-8
(h)  6(1+2x)-2(4x+7) <3(9-x), 6+12x—8x—14 < 27-3x,
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14.

15.

16.

17.

18.

19.

20.

21.

4x—-8<27-3x, 7x<35, .. x<5
2(15+x) <18, 15+x<9, x<—-6. Ans. The greatest value of x is —6.

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

Let x be the smallest integer. x+ (x+1)+(x+2) <15, 3x <12,x <4.

Ans. The maximum value of the smallest number is 3.

. 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 16.
Let 4 cm be David’s height. s+ (h—14)>280, 2h>294, ..h>147.

Ans. The height of David is at least 147 cm.

. Let x be the number of hotdogs. 16x+8.4x5<150, 16x <108,x <6.75.

Ans. She can buy 6 hotdogs at most.

. Let x 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.

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.

Let x 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.
2(9+a)=40, 9+a =20, a=11

Minimum area = Minimum widthx 9 = 11x9 =99 cm?

Let x be the smaller number. x > X—J;‘, 2x > x+4, x >4;and x must be a multiple of 4.

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) Letxbe 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.... (1); b<15 b-3<12.......... (ii);

From (i) and (ii), a+b<b-3<12, .. a+b<l12

(a) Leta= % ,a' = (% )y = % ,a*<a. .'. The statement is not correct.

(b) Ifa=-5 b=-3, a<b, butd’=(-5)7=25 B =(-3=9, do*<b*
‘. The statement is not correct.
11 1.1

(© Ifc=2, d=-2, c<d, but L=1, ,
c

1

2°d 2 ¢ d
.. The statement is not correct.

d) Ifa=-4, b=3, ¢c=-6, d=-2, a<b, andc<d,
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22.

23.

24.

25.

26.

27.

28.

29.

30.

(a)
(b)
(@)

(b)

(2)
(b)
(©

(@)
(b)
(©

Mathematics Exercises for Brilliancy 3

butac=(—4) (—6)=24, bd=3(-2)=-6,axc>bxd.

.". The statement is not correct.

6x+9—-1-5x >x-5, x+8>x-5 8>-5, Ans. xcan be anyreal numbers.
3—-4x

>2x-1, =3+4x >4x—-2,-3>-2  Ans. There is no solution.

0.81-3.24x+6.97x <1.05(3x+1.6x - 0.8), ~
0.8143.73x <1.05(4.6x—0.8) 0 L5

0.81+3.73x<4.83x—0.84, —1.1x<-1.65, xzﬁ, Soox215

1.1
9 8 1 6x—-1 6-x 1
—+—+—x-1)]>60x + +—
45 O] 3 6 30 02

1
60x—[—
3[

9 8 9x 1
20(—Z+?+7—Z)>12(6x—1)+10(6—x)+2,
—45+32x+45x—-5>72x - 12+ 60— 10x +2
77x — 50> 62x + 50, 15x> 100, .'.x>%

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

True. "." a<b, .. a+5<b+5, butb+5<b+6, .. a+5< b+6.
True. bt B <hx+I, W —E<hx—kx, (h+k) (h—k)<(h-kx,
Vh—=k>0, Chtk<x, x>h+k

Not true. For example, whenp=-1, ¢=-2, (-1)+(-2)=-3<0.
True. " g<p, .. gq-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 (¢ + 6) is positive,

*. their product must be negative.

In a triangle, the sum of the lengths of any two sides must be greater than that of the third side.

x<6+3, x<9....03) 6<x+3, x>3...G); 3<6+x, x>-3...(ii);
x must be integers from 310 9.  Ans. The possible values of x are 4, 5, 6, 7 and 8.
1
by, o1y, o FslL
y y 6
. . 8—4k ..
k>5,1e.5-k<0. Sy+k—ky<8-3k (5-k)y<8—4k, ..yZS . (" 5-k<0)
(@ m=1-n, and m>-8, .. 1-n>-8, -n>-9, n<9
) n=2m+4, "o PR 8 u_a>_16 a>-12
© 20=T-3m, m=l"2 - T2 g g _op>_24 —2p>-31, <)
3 3 2
(a) 24+y=>3x, x:243+y, x>0, L 24¥>0, 24+4y>0, y>-24
(b) y=3x-24, "." y <-15, .. 3x—-24<-15, 3x<9, x<3
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() " x>7, .. 24%>7, 24+y>21, y>-3, .. ycanbeO.

e L S S S
x oy ox oy xy

*>o. Butx>y, 0>y-x, ie. (y—ux)Iisanegative

. -X . . . . . .
number.  Since 2 is positive but (v — x) is negative, .". xy must be negative, that is, x
Xy

and y must 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 ofy2 =(=2)* =4,
", the smallest value x* + y* =0+ 4 =4,
The greatest value of x> = 6% =36, the greatest value of y2 = (—12)2 =144,
*. the greatest value ¥ er2 =36+144=180. .. 4 <x* +y2S 180

(c) The smallest value of ¥ — X = Ysmaties: — Xpigges: = —12 — 6 = —18.

The greatest value Ofy — X = Vbiggest — Xsmallest = -2- (_3) =1L .. -18 sy—-x< 1
(d) Least value = 6o -3, greatest value = =3 = é, ooo3<tc 3
-2 -2 2 y 2
33, (a) 12-3(Q2x+1)>4(6x—4), 12—-6x—3>24x-16, -30x>-25, .. xS%

(b) Letx :% . The inequality becomes: 1— % 2x+1) > %(6)6 —4)

5 6y+1 _5 1
From (a), x<-—, .. ——<—, 12y+2<5, <-—
(@) 6 3 6 7 !
34, (a) 4dx+1>-19, 4x>-20, .. x>-5

(b) 4-—x<18-8x, 7Tx<14, .. x<2
(¢) "." k>-5andk<2, .. karenumbers from -5 to 2. —_(SZ“‘%—)
35. (a) Letn bethe number of sides. 3n<45, n<]5;
but the smallest number of sidesis 3, .. n>3.
(n—=2)x180° _ 180°2-360 :180"7360 ’
n n n

Each interior angle =

it is greatest when n = 15, and smallest when n = 3.
(e}

.". The greatest angle =180° —% =156°,

and the smallest angle =180° —% =60°.

(b) Least possible size of an interior angle = 60° (equilateral triangle);
Let x be the size of an exterior angle, 180°—-172°<x<180°-60°, .. 8°<x<120°
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.
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For Shop B, 900+ 1.5x<2000, 1.5x<1100, xS733%,

*. 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. It is cheaper to choose A when the number of copies is more than 2000.

37. (a) Letxbe the no. of $2 coins. .". no. of $5 coins = 140-2x _ 28—§x.
. . . .2 .
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.

) 140-2c

>3, 140-2x-5x>15, —=7x>-125, x<17.9;

* x must be a multiple of 5, .. x=15. Ans. The maximum number of 32 coins is 15.
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