G.C.E.(A.L) Support Seminar - 2015
Combined Mathematics I
Answer Guide

Part A
1. Whenn=1, LHS = 3 -4
1 -1
RHS = 1+42x1 -4x1 |_( 3 -4 | _{ gs
1 1-2x1 1 -1
.. The result is true forn = 1. @
Assume that the result is true for n = p.
b 1+2 -4
Then, 3 4 p p @
1 -1 p 1-2p

(3 -4)”“ [ 1+2p 4p (3 _4) ®

I -1 I -1

3(1+2p) - 4p —4(1+2p)+4pJ

(p#1) —4(p+1) ®
oD 1-2(p+1)

.. The result is true forn =p + 1.

— G
=€, (V5] (VB)+ € (5] (VB) - e (V5)(3) + e, (V)

2[“c0 (V5) +*c, (v5) (V) +*c, (\6)4]

2[25+6x15+9] ()
2x 124
248

(1

[see page two



(5+-43)(45-3)
= (V5-43) N
L 0<(BE) <1 @ (+454432)
= 0<(V5-43) <1

- From (1), 0 < 248 — (\B+x@)4 <1

Il
)
|
W
Il
\®)

[\

oy

— 247 < (J§+J§)4 <248

— n=247 ®
3. (3-2i)7-5i) = 21+10i’—14i—15i ©)
= 11-29 (sincei’=—1) ()
o 11 + 29 = (B+20)(T+50) ©)
117°+29% = 11°-(29)°

(2x—-m)cosx

41

2
T .
2 2cos2x—(2—x) sin x

2(x—’2”)sin(72’—x)

(510 i’ (g - x) - (er - x)2 cos (er - x)

23 3)

(=50 2sin? (x - ﬂ) @

g

I
5.

[see page three



sin (x - ﬂ)
2
= ( hr)n (xz_ er)
27 sin (x - g) i
2| ———+h| —cos|x—-2
5]t

ThenI:flﬁzl;dx

[see page four



s (@), - iy
When T =% | ;
(ﬂ) _ ﬂ - ®
S
Then (x,y) = (%, %) @

If any point on the tangent is given by (x, y), the equation of the tangent is

b= e ®

8 8
4x+4y-1=0
Let the tangent and the curve intersect at the point corresponding to t=T".
Then (x,y) = (T'(U-T),T*(1-T"))
= AT'(1=T'Y +4T>(1-T")=1=0 ©)
AT —4T' +1=0
2T'-1)*=0

= T =% ; This is the parameter cosresponding to the given pomt @
Therefore the tangent dogs not méde the ’ i

ve again. (&%
he ‘ggpgepf":4k+ 4y —1=0.

|3x+4y+5|=|3x—4y+1|

The bisectors of ABC are given by | \/32 e | ‘ \/32 ( 4)2‘.
+ +(-

ie., 3x+4y+5 = x£(0@Bx—-4y+1)
8y+4 =0 and 6x+6 =0
2y+1=0 and x+1 =0 3

Since the straight line given by 2y + 1 = 0 is parallel to the side AC, it is the exterior

bisector. @

The straight line x + 1 = 0 is perpendicular to the side AC. It is the interior bisector of ABC .

®

[see page five
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8. For ax’+ 2y* + bxy + x + 4y + 2¢ = 0 to represent a circle,
2
a=2,b=0 and (i) +12-c>0. ®

a=2.b=0 and c<1T.
16

. The positive integral value of c is 1.
Then the circleis 2x’+2y*+x+4y+2=0

That is, x2+y2+%x+2y+1=0
. 1
The centre is (_Z’_l) @

x+pP+y’=p* = x*+y°+2px=0

: |
The common chord of the two circles is (E -2p)x+2y+1=0

Since the given circle is bisected, its centre must be located on the common chord.

(%—2p)(—i)+2(—l)+l -0

r=+9+16-9 =4 }@

HC=0,0, =71

S,:xX*+y*-r’=0 >
For the two circles S anoL Sztett)uch eachother CC, =r +r, or CC, = |r1 - r2|
W 5=4+r o 5=|-4
r=1 @ r—4 = +5
r =4%+5

When the circles §, and S, touch each other internally,
the straight line C, C, is divided externally
at the point of contact P in the ratio C,P: PC, =9 : 4 @

. p= [9x3—4x0 9><(—4)—4x0]
' 9-4 ~ 9-4

550

[see page six



10. The cosine formula gives,
& = a+b*-2abcosC
16 = 25+36-60cosC (5
cosC = %
3
= 2

The sine formula gives,

6  _ 4 @

sin B sinC

3

=sinC
2

= sinB

= 2x éxsinC
4

= 2cosCsinC @
= sin2C

. B=2C or B=na-2C ; (since 0<A,I§,é<n) @
Since A=C, B=w-2C . (sinceA+B+C=m)
- B=2C

[see page seven



Part B
11. () a+p=-b, apf =c @
p+q = a+f+a*+p* = (a+Pp)+(a+p)Y-2af = b*-b-2c
rq = a+p+af+(ap)y = (a+pf) -3ap(a+p)+af +(ap)

= -b*+3chb+c+c?
.. The quadratic equation whose roots are p and q is,
x2=b*=-b-20)x-b0*+3cb+c+c* =0 @+

b @ © ©

The discriminant,
A, = (b =b-2c)+4(0b*>-3bc—-c—-c?)
= b*+b*+4c?-2b+4bc —4b*c +4b° — 12bc — 4c — 4c?
=  b*+2b°+b*—-4b*c-8bc—4c
= b2b*+2b+1)—4c(b*+2b+1)
= (b+1)?(b*-40)
When «a and S are imaginary, b? —4¢ < 0.

~As0 (O

©

OO © OO

(b) Let y=l*2) ®

x*+x+1

=  (-DeR+o-Dx+-4) =0 G

If y=1,then x = —1.In this case a quadratic equation does not exist.

- (y—l)(x+2(y 1)) L0 (2(yy 41)) _0 =D
R (x i) A0 4)2} 0
e (x = 1)) e

= 0D (x 20~ 1)) oo ©®

[see page eight



For all real x,

= 3yy-4 <0, (") since (y-12>0

= 0=sy=<4 @

= 0= (x+2) <4
xP+x+1

=y =0 and Voo =4 @

(x+2)

The graph of y=x2+x+l

2
. . . 2 1 3
is continuous, since x“ +x+1= x+§ +Z>0.

(0, 4) is a maximum. @
(=2, 0) is a minimum. (3)
Wheny =1, x>+x+1= x*+4x+4 = 3x+3=0 = x=-1

=x2+4x+4=1+%+%2 forx#0
X +x+1 1+%+%2

Whenx =+ o,y —1 @

(¢) If x>+ kx+1isafactor of x*— 12x*+ 8x + 3, there is A € Z such that,
X =12x2+8x+3 =2 +kx+ D(xX*+ Ax + 3)
®
= k+A=0and A+3k=8 (5
= k=4 @
= A=-4

x=12x2+8x+3 =0

@+ax+ D -4x+3)=0 )
x2+4x+1=0 or x*—-4x+3=0

_ —41\/216—4 or (x=1)(x=3)=0

=-2+.3 @ or x=1 or x=3@

[see page nine
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12. (a) Since each child should get at least three rupees, an amount of 15 rupees must be reserved

compulsorily. Then the remaining three rupees can be divided among the five children in
different ways as given below.

Division of money No. of ways

@3 o o o o® % =5 0O
2 1 0o o o O % =2 G
gr 1 1 o o ® %: 0 G

.. Total number of ways = 5+20+ 10 @
= 35

=—x+all?

a>b>0 A =

Since the solution set of b|x—1| > x—a| is {x|3<x<7;x ER},
A=@3,y);B=(,y,).

By considering y,, -3 +a=3b-b = a-2b=3 (1) @

Similarly by considering y,, 7-a=7b-b= a+6b="
From (1) and (2), a = 4, b=% ©)

_A . B . C _ 34l
© Lett = gt S ST e ey O

Then A(r+2)(r+3)+B(r+1)(r+3)+C(r+1)(r+2)=3r+1
By considering the coefficients of,
r’; A+B+C=0

r SA+4B+3C=3

Constant 6A+3B+2C=1

By solving the above equations ; A=-1,B=5,C=-4

" 1 5 4
4 r+l r+2 r+3

[see page ten
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rel r+2 r+2 r+3

This is in the form of A[f(r)=f+D)] + u[ fr+1) = fr+2)].

Here A=-1, u=4and f(V)=(L).@
®

) O

r+l

N
<
I

ALF() = f(r+D)] + uLf(r+1) = fr+2)]
cu, = AL =)+ ulfQ)-f3)]
= ALFQ—fO + ulf3) -1 O

<
Il

<
Il

w, ;= Alf(n=D=fm]+ ulf(n)—f(n+D)]
w, = ALfM)—fn+ D]+ ulf(n+1)-f(n+2)] ®

By adding,
ALf(D)=fn+ D] + ulf(2) - f(n+2)]

1tV
=
I

; o
. AN
= Since }}_{EE% 1s finite, the series is convergent. @
r=1

Further more, forall r &€ 7", u >0.
Sou s S <S8, @

1 3n+5

(n+2)(n+3)

=

5
S_—
6

[see page eleven
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13 p= -3
. (a) 6

det(P—AI) =0
5-4 3
=
6 —2-1

= 5+A)2+A)-18

= M+71-8 =
= (A-1)(A+8) =
= A=1 or A=-8 @
PX =X
= - 3 ooal X — —5x+3y _ Ax
6 2\ y 6x-2y | | Ay
When A=1, -5x+3y=x —6x+3y =0 @ \‘
6x — 2y , ~3y=0

alent, .‘;\};‘ o
Ster)

P o L

G\
AN

When A= -8, —gyfaﬁé'—&x}:: 3x + 3y
6x—2y = —8y 6x + 6y

©

Since the above two equations are also equivalent,
when x =T then y=—-T ;Here T is a real parameter.

X( r )T( 1 ) ®

-T

Pz, -2)

Re

[see page twelve
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P and Q are two points such that OP // A; A, OP = A;A, and OQ // A A,, 0Q = A A,
respectively.

Thenz:zl—z3andz =2z,— 2,

|Z1 Z3| | Z3| _opr _ AA, @

2=z -zl 00 AA,

arg(%) =arg(z, —z;)—arg(z,-z,)=0-P = PéQ
2 T X4

= POQ.

POQ = the angle between A A, and A A,. @

Therefore, for 275 (o be purely imaginary, A A, _h A A,. @

2

Im
7Z2=-27+2=0 = z=1=%x1i
Z-2az+b=0 = z=azxi\b-a°

’D (Cl+i\/b—a2)
(i) If cOD=Z,
2 ’/;i;.\;
*\"—;:l‘f‘-ul
{ o"v‘”“\\ Re

For this numbept‘qﬂbéiihrely imaginary, the real part =0 = 2a>=b

(i) OA=0B=0C=0D
. ZaZy = 2plp @
= 2 = d+b-a* @

= b =2

(iii) When ABCD is a square and its centre is O, Im
by symmetry,
a=-1 and \b-a*> =1 Da+i\b-a*>)* o A(1 +1)

- b=2 (0

Cla-iNb-a’)e * B(1 i)

[see page thirteen
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(©) argl(z+ii]=2Z Im
. . 21

arg(z+i) + argi = 3 P()

coarg(z+) = 2%—% = % @ .

= arg(z— (—i)):% ©) ON3 Re
A
R X'

s PAX'=Z: P2 A © =0 z

The locus of P is a line segment as shown in the figure.

OP= [ ©)
=0N=1.cos£=£ @

least 6 2

"z

_3-4x
14.  (a) f(x)——x2+1,x€]R

iy = DA~ Bdn)2a 2R +1)(x - 2)

(x* +1)° (C+1E”

For all x €1 1sc0nt1nuous
* ‘ —w(xé;y‘% —% <x<?2 ‘ 2<x<®
fO 1 e (+)(=) (+H)(+)
~ 2250 ~ 2 2 <0 27250
(+) (+) +) @
x=—% ,y =4 is a maximum. @
x=2,y=-1 isaminimum.@ (_%, ) Ay

-1 4 ____________________

Whenx=0,y=3

When x = %,y:O@
y=_%2;/%
1+, : . X

X 1 0 3

X —>+ 0,

|3—4x|ex—x2—1=0 —

[ see page fourteen



o = |3—4x| @

X +1

The roots of the
equation (1) are given |3 -4 x|
y =
by the x - coordinates
of the intersection points
of the curves y = e~ and
3-4x
. N6
x +1
According to the graph, equation (1)
has at least three distinct real roots.

X +1

(b) B Let the volume of the generated solid be V,
X when AB = x.
e A Then BC =2s — 2x,
D -
BD = 2s22x N @

AD =+ AB* - BD*? =\/_’l352—(s—x)2 =+/2sx - 5°

g

vV =
Q5

&V o 2 - -D+i-021 )
dx 3

= %Jrs[—2x+s+25—2x]

- %ﬂs(3s—4x) ©)
When x = %s, % =0. @
When % <x< % , % >0 ; ..Vincreases.
When % <x<s, % <0 ; ..V decreases. @

- Whenx = % s, Vis a maximum. @

.. The volume is maximum, when AB is of length 3 @
4

[ see page fifteen
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X +3x+5 B C

@ Gones) T ATIT T2
Ax—1Dx+2)+B(x+2)+C(x—1)
By comparing the coefficents of x>, A= 1 @
Whenx=1, B=3 (5

Whenx——2 C=-1 @

x*+3x+5 _ F ra| !
f(x SETS R {dx”{ﬁdx'{“zdx ®

= [p+3[mp-1] -[mp+2]  @©

= 2+3[Inl-In1]-[In4-In2]

= 2-m2 (®

15.

= x2+3x+5

(b) f e*sin3x dx

1
~—
=z
=
w
=
&le
—
V) r\:)
SN————
&

| I ax

= Eez sin3x — fi e**3co083x dx+ C
1
2

2¢ gin 3x — g[l 2"cos3x— fe (- 3sin3x)dx}+ C @

2
.,‘l

4

2
er cos3Xf— —fez"s1n3x dx +C @

When x =1,

When x =0,

0

sm0+\/1—sm20

— j‘ COSB (1)
) smt9+cos0

[ see page sixteen
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i

When 6= t,

When =0, 1= %
When =7, t=0 ©)
¢ sing
! B ;[cost+sint (=d»)
2

sint dr @

CcoSt+sint

1l
o ~—ly

o—ly o=y

. sin@
Replacing tby 6, 1 osO+snd dg— (2) @

MH+2); 21

NS

By solvingy = x and y = x?,

A=(1,1) ®
S, =%x1x1-}x2dx ®

0

_ 1 [2] L 1_(1) G
) 3], 2 3

_3-2 _ 1

-6 6

1 )
.. The enclosed area = 25, = —= square units
1 3 q @

[ see page seventeen
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6. (@ A = (g g) ©) R
V4
B =43 O qu’
The equation of the line AD, g
e
y—% = —x+%

Since BD // AC, the equation of the line BD can be taken as 2x — y — k= 0. Here k is a constant.

Since this passes through B, 8 -3 — k= 0

k=5 ®

. the equation of the line BD is 2x -y - 5= 0 @

é = 0,-10 B
iy

.. the gradientof CD = 83 = % @

The gradient of AB

A %
D is a‘parallelogram. @
Since its diagonals are. p@tﬁéﬁdioular, ABDC is arhombus. @

(b) |r-n|<C C<r+r, @
If the circles x% + y* + 6x + 2fy=0 and x*+ y*— 2y —3=0 intersect each other orthogonally,
230+2f(=1)=0+(-3)
= f =%
Let the circles S| = x*+y* +6x+2fy=0 and S, = x*+y*—2y~-3=0 intersect each other at the
points P (x,,y)and P,(x, y,).
S+AS=0 = (1+A)x* +(1+A)y* +6x + 2(f -A)y =341 = 0
.. When A is a parameter, this equation represents a circle. @
Since the circles S, =0and §,= 0 pass through the point P (x , y,),
x4y +6x +2fy =0 (1
x2+y2=2y =3=0——(2)
From (1) + A2), (1+A) x>+ (1+A)y > +6x +2(f -A)y, =34 =0
That is, the circle S, + AS = 0 passes through the point P (x, y,).

[ see page eighteen



-18 -
It can be shown similarly that the circle S, + AS,= 0 passes through the point P,(x,, y,). @

". §,+AS,= 0 represents any circle that passes through the intersection points of the two
circles §,=0 and §,=0. Here A is a parameter.

(i) S,+AS, = (1+A)x>+ (1+A) )" + 6x+ 2(f —A)y — 34 = 0. Here f-%

When this passes through (-2, 2), (1+/1)4+(1+)L)4—12+2(— -AM)(2)-3A4=0 @
= 8-12+6+8A—-4A-31=0

= 2+A=0

= A=-2

.. The equation of the required circle is —x*—y*+6x +7y+6=0
2+y—6x-Ty—6=0 (5)

(ii) The equation of the common chord is given by §, —S,=0
6x +(2f+2)y+3=0

6x+5y+3=0 (&)
S +AS, = (1+) x>+ (1+A) y* + 6x + 2(f -A)y =34 =0

_ -3 A-S
Centre = [ 1+A° 1+)L] ®

Since the centre of the smallest circle lies on the common chord,

3 3 ’:;'.\;L'\".
6( 1+ /1) +5( I+ i ) E ¢ "-;;;:*t‘-“:"v'

61 81y g a(3-35), 135
6 16 T 2(3716)Y 06 =
g 615 +61y* +96x —42y-135= 0 (5)
17. (a) cosA+cosB+cosC=%
1—251n2’§+ZCosB;CcosB;C=%
Since A+B+C=um, 2COS(% %)cosB;C—Zsin2%=%
ZSin% cosB;C—sing]=% @
CcOS——— —si A__ 1
2 . A
4sin 2
sin 2
C Si 1
4s1n5

[ see page nineteen
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4sin? 3 +1
2

. A
4sin=
sm2 2
(I—ZSin‘;) +4sin—A

- — O

4sin 2
sm22
(1—2sinA)
I U
4siné
2
2
(I—ZSing)
Since cosZ2=C < L, 1= @
4sin=
5 2
(1—2sin’§)
2
Since 0<A <1, sin%>0. 1—2sin§=o.
Then, cos=—— =1 and Sin%=l @
—B=Cand A=Z

(b) f(0) = 3cos? 6+ 10sinfcosO+ 27sin’0

3
= J1+cos26] + 5sin20 + % [1-cos201 ()

15 — 12c0s26 + 5sin26

15 - 13[%0%20— % sin26)] ©

15 = 13[cos26 cosa — sin20sina] ; here 0 < a< 7 such that

_ 12 .5
cosa = e and sina = 3 @

15 — 13co0s(260 +)

. f(0)1is of the form a + bcos(20 +a).

Here a =15,b=-13, a=cos™ (%)=sin'1 (i) .0<a< %

f(@) = 15 - 13cos(20+a) ; here a= cos™ (%) =sin™ (%)
f(6) is continuous for all 6.

[ see page twenty
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When 6= 0, £(0) = 15 — 13cosa = 15-12 =3
When 0=, f(m) =15 - 13cosQr +a) =15 —13cosax =3
—l= cosRO+a)<1 = —13=< 13cos(RQO0+a)=<13 = -13=< —13cos(20+a)=<13
B = 2=15-13c0s(20 +a)<28
= 2s< f(6) =28 ©)
At the minimum point, f(6)=2.Then cos(20+a)=1= 20+a=2nz;here nEZ @
H:nﬂ—gzn—%,sinceee[o,n] @
At the maximum point, f(6) = 28. Then cos(20+a) = -1 = 20+a=2na+x, n € Z@
0=nn:£—g=1—%,sincet9€[0,n] @

@) =0 22 2
f0)
28+ (%_ %’28)
0,3 (7, 3)
2709 (x=5.2)
0 x x 9
2

The equation f(8) — k=0

Let o =sin'1\/Z and B = sin”'x. a=sin |2 O<a<Z
3 3 2
g .
Thena—ﬂ:zrya=§+/3 s1na—\/;
= cosa = cos(%+/3’) cosa = 1_2
3
=sing
L [t
N K



G.C.E.(A.L) Support Seminar - 2015

Combined Mathematics 11
Answer Guide

1.

Part A

The path of the boat relative to the ship:
DC = ~24°+7°km = 25km

7
tano = 5 @

S - ship, B - boat, E - earth

) Vys = S 25 o @
2

The shortest distance between the ship and the boat =
i) V,, = Vst Ve
13
= 0> Y- W\\tan 6 = %

511;119—2— cosa

3 272 24

13 2 25
= 12-12

0

I

25 sina — 13cos @

=2 71 _13.5

2 25 13
7
= 5-5
- _3
2
2 V,, = 2kmh! (To the North) (3)
* "BE 2

24sina km

24 «m
25

168 1
25

[see page two
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2. Since AB_h BC and AD_k DC,
although the impulse applied to A generates impulses
I, and I, along the strings AB and AD respectively, m

no impulse is generated along BC or DC @
Since the strings are inextensible, let us take 3a
the velocities of the particles at A and B in the direction

BA as u and the velocities of the particles at A and D C
in the direction DA as v. @

By applying I = A(mv) to the system, in the direction BA , we obtain I cosa = 2mu

By applying I = A(mv) to the system, in the direction DA , we obtain I sina = 2mv @

34
SIna = 5 and cosa = 5

LA o
=500 T s,

31 37
L T e TR,

1 2 22 1
= — 4 3 - A%
The speed of A Tom + o
%u

B = tan'l(ﬁ) = tan™ (%) =a

The speed of B = 52—:1 in the direction BA

The speed of C =0
The speed of D =

4

By applying F =ma, P—'k .33= (2)
— H=27k 3)
P
For the upward motion along the inclined plane, !
by applying Pv=H, H=2P, 4)
By applying F = ma, P1—95gsin%—k.22 =0 s G \95¢
6
= % =475+ 4k (6)
From (3) and (6) 19k=950 = k=50
H=1350W = 135kWw (5
For the downward motion along the inclined plane,
by applying Pv=H, H=4P, P, &
By applying F = ma, P2+95gsin%—50.42 =95a (5 % 95¢g
@ +475-800 =95a
1
= —— (675 -650
2x95 ( )
25 5
w05 = ™ ©

[see page three
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4. Whenr=0
If the two particles collide when r =T,

o
/ ' 2,(_21 4 ]) the displacement of P = (l +])T
A(-10i+ 6j) the displacement of Q = (-2i+j)AT
@ o By considering the position of the point at which
B2i+3)) the collision occurs

—“10i+6j+{A+j)T = 2i+3j+(2i+tj)AT

®
= (-10+T-242AT)i = GB+AT-6-1)j
Sincei#j and i,j=0
2AT+T =12 and AT-T =3
= 37T =6
=T =2 24 =

5
5
A= 2
2

5. OA=a+2b, OB=3a-b
OALOB = 0A.0B =0 (5)
= (a+2b).3a-b)=0
2|b?

N ENW
LN
3

NG), sincea.b =ﬁa

(u_’

=3la*+5a.b

2] @ Here 61is the angle between a and b.
O<sO=m

Since the weight of the cylinder and the force
applied on the cylinder by the rough horizontal
plane pass through the point C, the force applied
on the cylinder at the point D by the rod should

also pass through C. @
Then, OCD = 0DC = g
S . F
For the equilibrium of the cylinder W su. @

taantan)L
= )LZQ, (Since 0<A, < )
® ’

[see page four



-4-
7. Let A, B and C be respectively the events of the three children A, B and C independently solving
the problem correctly.
1 1

Then P(A) = % P(B)= 5 and P(C) = 3.
Let X be the event of exactly two children independently solving the problem correctly.
Then, X = ANBNCYUMANBNC)UMANBNC)
P(X) P(ANBNC)+P(ANBNO)+P(ANBNC) (Axiom) (5)
= P(A) P(B) P(C) + P(A) P(B) P(C) +P(A") P(B) P(C) @
(Since A, B, C are independent of each other)

1 1.1
)+ (=25 +(1-9)

W —

1 11
(=3 "6 2

+

= N~
W[

+

W=

1
2

(ST
ANt

11
6 2

11
oINS W A= QN
I Poe O |

8. R : Obtaining a plant with pink flowers .
P(R) = % and P(R)=1- 1
n : Number of seed
X : Obtaining at le
PX) =
1 / / /
= 1= P(ROR..OR)S ©)
=1-{P(R)}>0098 ©)
5w
002 > (g )
n> ln(0.§)2) = 2146 ©
In(2
“(6)
minimum = 22 @

[see page five



9 X -2 -1 0 1
! 4 1 3 1

f.x -8 -1 0 1

fox 16 1 0 1

NN I N IE NS

25 6
Ef_lo_

D

O, = -x = — —0. =
; Ef 10 0.36
s o, = 184
Let y = 2000 — 4x
Then y = 2000-4x
= 2000 +2.4
= 20024 O
2
o, =4.0;
= 16x1.84
o,=4/184 (5

20 x40 = 800

The sum of the highest six marks

6x25 =
= 440

150

.. The sum of the marks of the remaining 8 children

= 800-5% = 210 (5)
(i) .. The mean of the marks of the remaining 8 children
- 22-225
(i)  The third quartile = Q
3 3 3
Z(l’l+1)— ZXZI— 151
The 15" mark -0 O
The 16" mark = 71

70 +%(71 —70)

®

70.75

[see page six



-6-

Part B
\%
1. (a)
at, p--=--mm-mm - .
C N\ 8
: tan S =g
at. b------- !
0 ©) N8 !
a (BN B\T

If the time taken for QO to come to instantaneous rest is 7,

_ a[l _ atl _ _ at1
tan 8 = T-1 = g = T = T-1t= . @
\4
tan p =
b T-1

Vo= gT-1)

[see page seven



b 8

%140 »

A S 20kmh?! O
>3 Skmh™

V(. X)

V(Y,E)+ V(E, X)

@ 40kmh + —<—20kmh! (5)

Il
)
O
+
=
I
3

and a(Y, X)

I
2
=
3
+
2
S|
>

= LN+ NM = LM

. 40sina
@) tanf = 40cosa —20 @

(i) tan B,

Q)

B n/)’li 5
(048, 8,<m) ©

= VO X) A7 g% O
~. The path of Y relative to X is a straight line.

From (i) and

If &= 60°, then tan f3, tan §, are not defined.
B == ()
.. The path of Y relative to X is perpendicular to OA.

\s

The shortest distance between X and Y
= AL= 10 - 10co0s60°

. mm B =Sk ©
L

[see page eight



aM,E) = —=>—a, a(mE) = <5 a @

By applying F = ma 4,
m: i ymgsina = m(a, +acosq) ———(1) @
M,m —; 0 = Ma+m(a+alcosa)

0 = M+m)a+ma cosa ——(2) @
From (1) and (2) ;

0 = (M+m)a+m(gsina— acosa)cosa @

—mgsinacosaa = (M+m—mcos’*a)a

mgsinacos @ mgsin2a S
i M +msin® @) ¥

_masina @

m’gsin® acosa
M +msin’ a

_MEeOSA_ g1y siwed - msiay (5)

M +msin* a

mgcosa —

Mmgcosa
M +msin* a

v, u
—0 o—<—
) 3m m
By the law of conservation of
linear momentum;
3my, = mu @
= u
’n—@& vl - 3 @

[see page nine
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(i) By the law of conservation of energy

2
%(3m)v2 +3mg(a — acosf) = %(3m)% (®

2
Vo= %—Zga(l—cosﬁ) ©)

Applying F= ma
—_— V2
PO; R-3mgeost =3m() @©
R = 3_’”{”_2 - 2ga + 3gacost9} @
a'to9
(iii) When 0= 2z, Vo= w_ 2ga(1+l) = w_ 3ga @
37 9 2 9
2
@ (i 3ga>0 the particle leaves at C ;i.e., when u>3\/3ga

(iv) Applyings = ut+ —ar* for the motion from C to A,

2 a = ﬁ—3a

48 9 8
u 9
9 = Zga+3ga @
u = % 2lag

(b) By the law of conservation of linear momentum
(i ©
(i) ©

From (i) and (i) v, = % and v, = ’ZZSU))

my, + Mv2 = mu

By Newton's law of restitution v-v,=  —eu

[see page ten
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Applying AE= E% L{U+V) @

L)+ Lenwer) = =S @rv-v) = - w-e) @

= —é(l—e)u@ ; where I = My, = % @
leu2(1+e)(l—e) _ 1
2 (M+m) o ©

M(1-2¢%) = m@ = 1—262>0C5>=>e<L

J2
13. A 4 B

M@ Qm

/S / / // / //

A

)

/
A T
)

By applying ’I‘ F = ma to the pa
By applying — F = ma to the

-~ %= -E(ﬂﬁ) W

.. the motion of the particle is a simple harmonic motion with the centre of oscillation

. a
given by x = a1 @
By taking x+% =qacoswt + fsinwt, ——— (2)
. a
= h = = —
sincex=0whent=0, a 1 @
By differentiating with respect to #, X = —-awsinwt + fwcos wt —— (3)
. . \V8a
Since x =./ga whent=0, \/ga =fw = f = p @

By differentiating again with respect to ¢, X = —aw’coswt— fw?sinwt
= — w*(acos wt + Bsin wr)

-o*(x+ %) @

[see page eleven



2g 2g
2 —
From (1), w*==> = o= |8 @

Since x =0 at the maximum extension,
from (3), asinwt = fcoswt

a _ al i2\/§
From (2), x+Z— 43+ 7 3
a
= 12(1+8)
_ 3a
4

NG,

a

S > S
For the equili o,_t:,‘gaiff:‘i\‘é‘lke A, F$T
\k\ 4 M g

S=Mg and Q& F

L F 1 mg 1
Smcessz, MgSZ @

M =2m
1 A Q
y _mg
—>»—2
y
—T+%mg =my @ E
2mg mg . E
a2 T 2
2

[ see page twelve



Centre of oscillation

©

Angular velocity = 28 @

By considering the circular motion corresponding to the simple harmonic motion :

. a
Time taken to return = 2_g @ 3a E
Time taken to reach maximum extension ,'19 :
0 a -1 1 ’ I
= — = —COS — a
w \j 2g 3 @ 1
*. Total time = 4 cos™ 1 + a4
v h 2g 3 2g
_ ol a
= |(m+cos |=||. |—
(3)] 2g ©

28

. . a(- |25\ . [2g

For the return motion, y = Z( a )sm t @
When ¢t = =, |—

Aliter :

For the motion of particle B :

Let the time for particle B to reach the maximum extension be .

When tan wt = 2\/5 ,then cos wt = 1 @

3
. cos wt, = 1
o 0 T 3
(1
wt, = cos 1(5)

t, = %cos"(%) = \/%cos‘l(%) @

For the return motion of particle B :

Let the time taken to reach the initial point be 7.

Then y =0. @

cos,fz—g t, = -1
a

[ see page thirteen



2g a
7t1 =7 = L = 2—gJ‘E @

.. The time taken for particle B to reach the initial point
= It

If the velocity when ¢, = /Za_g mis y,

2¢ . |2g
- oy
PeanfEl
‘/2_g sin,}z—g iﬂ
a a \/2g
®

.. Particle B comes to rest definitely at the initial point @

y = —

[
Al A

OB + BG
OB + A[BO*OE |
OB+ 1.(-0B + 3 0A)

oA (% a—b) (1) (®)

= OA%UAO+0D]

=  OA+u(-OA+ %O—B)
) (®)

= a+u(%b—a)
From (1) and (2),

b+l(%a—b) - a+u(§b—a) ®

Since a and b are independent vectors,
3A

= = l-u 3 ©®
1-A= 57“ 4) ©)

($+%x@>

SR T—u+ 154

7 49
Y 2 17 34
b=

[ see page fourteen



14
- H =17 ®
yava 14 .5 10 14
oG = a+ﬁ 7b—a) = a+ﬁb—ﬁa
3 10 1
= {gat b = 77 (3a+10b) (D)
(b) D 2P C
p O
P AP -
P 3a ,77/ R
a 3P (a~J.- 0
A Aa T B
(i) R =0 when the system is equivalent to a couple. @

Then —> X=0, | ¥=o.

—X ) |
= 0 4
\o
= 442 O

3 3
=3P+Pz+uPz =0 (O

= -5 @ ©®
(1) +(2) x 4
15
TR ety @15 25
A=-S-u=-5+p =2 ©)
(i1) VB =0 @
2R X 3w + R x 4w — AR x 4w sina =0
3 _ 3Q25 _ 25
6+4—AX4X5 =0 = A = \13\6 = ?
—> Rcos# = P+ (A-u) Pcosa (D @
NRsind = 3P+ (A+ ) Psina @ O
P+ (A+u)Px>
From (2)/(1), tan® - 45 ©
P+()L—/,4)P><g

[ see page fifteen
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Since R is parallel to AC, tanf = tana
0 =«
25 3 5 3u
O 3+(6+“)"5 _ Ots
4 a 25 4 5x2 4u
14+(&=- — 1 -—=
+Cg xS T3 s
_12u Ly 24 __#
13 5 = 22 + = 0 = 3 =" @

For equilibrium, R = 0 and the moment about any point should be zero.
From parts (i) and (ii), it is clear that it is not possible to find A, u satisfying both these

conditions simultaneously.

Pthe; rodAB ,

AN
r) A

For the equilibrium o
X x2a sin% ~wxa cos% =0

w T
—Ccot—

X = 505

For the equilibrium of the rod AB /I\,

.

For the equilibrium of the rod BC,

é& Xx2asin2—ﬂ +Yx2acosz—ﬂ+wxacosz—ﬂ —Txasinz—n =0

5 5

©
®

5 5

T = 2X+ Y2c0t2—Jr +wc0t2—]r
5 5
= 2y —COt—+2wcot2 +wcot2—Jr
5 5
= w(cot—= +3cot2—”) @
- 5 5

[ see page sixteen
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D
(b)
1{9\ ;i Fxa—-Pxa = 0
@ F = PN @
E Llce
]
© e 006"
A /450 459\ ‘
O
—a—>
> a=f
— ] asf a and f are concurrent. @
P
45° []
d b
Rod Magnitude Stress
AB PN Thrust
BC V2PN Thrust -
DE A76
AE /L“‘ /
BE
ec [/ D
The reaction on thé guf pc“)}rt_n,‘R’} —2PN
16. Y
P Due to symmetry about Oy, the centre of mass lies on Oy. @
i) @ Let p be the mass of a unit length. The radius of the wire
] X frame is a.
)

The mass of the elemental arc PQ = padf
The distance from Ox to the centre of mass of PQ is y = asinf
If the distance from O to the centre of mass of the objectis y ,

fydm

y - fdm

[ see page seventeen
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}pasin@a de azp}sinﬁdﬁ
0 _ 0
- pa do ap | do
[rev@ ol
a’p[-cosO] a[-cosm+cos0]
- apldl g
2

Let p be the mass of a unit length.

Object Mass Distance fl.'om Distance fl.'OlIl
the x axis the y axis
4qa
2 — 2
map - a

2a - he® 3a
.7[' ::';(\»’
0 .
3map+2ap y x
= _ 2ax2map+3axmap+2apxa @
3xap+2ap
_ 4ma+3ma+2a _ Ima+2a @
a 3m+2 T 3m+2
4a 2a

RING) <a
e nap+ﬂxnap . 10a

3map +2ap 0 T 3m+2

@

G 3)= (7m+2)a  10a
V)= 3z+2  3a+2

[ see page eighteen
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10a
Yy 3m+2 10
@ tan 6 = X (77["'2)61 - Ta+2 @
3m+2

<Bwy taking moments about O,
)

@ , P x4da wXxy @

_ w 10a
L AT T

Sw
2G7+2) 2)< ‘“ﬁlts

yeio \

X -2a

y
Uﬂ+@a

A1 _2a
3m+2
= 10a @
3m+2

tan

(Tr+2)a-2837+2)
10&

tan

S
Il
-
o
=
—
[y
~——

[ see page nineteen
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P(ANB)

17. (a) P(AB) = e ¢ P®>0 ©)

P(ANA,NA,) = P[(A,NA)NA,]
= P(XNA,) ; HereX=A NA,.

= PX).P(AX) ©,
P(X) = P(A,NA))
= P(A).PAJA) ®
- P(ANA, ﬂA3)=P(A,).P(A2|A1).P(A3|AIHA2)
A The selected member being an adult
C :  The selected member being a child
F :  The selected member being a female
M :  The selected member being a male
S The selected member being one who uses the swimming pool.
3 1
P@A) = g PC) = o
P(M|A) - 3 P(F|A) - 1 p
3 2 A
PM|C) = 3 3
P(S|ANM)= POSHAP %
20 4 4
P(s|crm)= peléan= = relo=3 ©

N

ALY

i) P = 5.;{{}1‘{%)(%5) +P(ANFNS) +P(CNS)
= P(A) P(M|A) P(S|ANM) + P(A) P(F|A) P(S|ANF) + P(C) P(S|C) @

_ 3,3 1. 3 1 1 1 4
= g2ty g3t x5 ®
9 1 1 87
= 32t Ts T 160 ®
B P(MNS)
(11) P(MlS) = P(S)

P(MNS) = PANMNOS)+P(CNMNS) @

9 1.3 4
= 3}ty Xs5%3
01
= 20 ®
PMMNS) _ 10732t 16 107
Pms) PGS) ~ 5 860 < 8729 ~ 145

[ see page twenty
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P(CNMNS)

(iii) P(CNM|S") S)

P(CNMNS) = P(C)x PM|C)x P(S|MNC)
1 3 1 3
= 3%5%5 " O
<. The required probability = 1-P(CNM|S") @
3
_ __100 _ ,_ 3xI6}
1-87 1089 % 73
160
- 682
730 20
b u X -A
b) ==
Class Mark f, u, fiu, fu?
245 1 -3 -3 9
345 9 ) 18 36
445 35 -1 =35 35 ’
54.5 40 0 0| %
645 P 12 1(\2?,’1
74.5 512
104
() A =545
- -38
X = M&H%Ea ©)
= 545-38
= 507 ©)
Modal class 49.5 - 59.5
40-35
M, = 495 10
0 +(m0—3$+@m—1m)x ®
5
= 495+ 33 x10
= 5102 G
2
Dfu |, 104 (—38)2
SD = o = C|&-|L] = 10700 (o0 ©)
AW 100 \100
= 10+/(1.04-0.38%)
= 946 ©)

[ see page twenty one
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(ii) The actual mark corresponding to the mark x, is (x, — 3)

The actual mean = x-3 = 507-3.00

= 477 ©)

The actual mode M', = m -3 = 4802

Since the variance does not change, the standard deviation also remains the same @

The standard deviation =9.46 @
(i) ¥ _ 100 x 47.7x50 %55 — 5013 @
150
1 nn, ._ _
o? = e {n,o} +n,0; + " 1”212 (X, -X,)} @

1 5 > 50x100 2
- —{100x946-+50x%x2.5 73
151100x9.46 + 50525+ 3000 g3y (3

= 7359




