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14. (a) O Gex FxREdens A Eesed BBOD ececBmn V3i+j 8. B oz OB =10 & BOA=60° &®

&D8 § eesen 60. 6®8 I ) j oew) ge30tg g &g, a+= 0 8O OB = ai + Bj et 6 OB
BENBBD.

(i) C oxn OB ®» AC = gi —gj O® V8 B8O enesn®. 0C: CB gxenoe e 04 8 805

@esn D &8 BD QD®SD.
(i) E oxn AE = % AC O® =02 8 eSescs ®® BE et 988 B,E,D eues Tocbde O
QD esOSD.

(b) ABCD 588xe® ABeon DC dBemwm0 e5@ssod O god AB L BD, DAB = 60° &» CAB = 30°
8. ﬁ, ﬁ, C_A, DB ) ®dded BEOES up, 2p, 3\/§p DAp D@ BEOEB.
(i) A oy & SBO oD 65CH) 608 SEOBG RARBD 6DD DD 65BDBDD.
(ii) >208ed e®yrmn AD @it 68 B A ®) U & FOGS 6EIESD.
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DO7) @eR. ®D &BHEEE DB Ddetl 68 8 a ) G & #mnS 6650S.
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01. u

@*@ =>v2=%(1+e)
@@ ﬁv1=%(1—e)

—>
[ =AMV for the system

0=m(; —uw) + m(v, —0)

U1+v2:u 4(:>

v, — v, =e(u—0)

n-v,=eu—

_)vl_)vz _)vg_)vg

-V & O

For system A :=» 1 = Amv

0= m(vg - vl) + m(vg - 172)

v1+v;,

u
2
ForA I = Amv - e

I =m(vs —vy)

—>

OR for partical B «

I = m(—v3 — (—vz))

V3

mue
2

—> us3

2



=m(%—%(1—e))

mue
2

Q2

45°

I

For motion upto B
AT v =u+at forB Tv =u+at

0 = usin45° - gt 0 =v cos60° -gt

usin45° v cos 60°
t = t =
g g

By equating t

u sin 45° _vcos 60°
s

u _ 3v

V2 2

u _V3v

v V2

wv =V3 2
a;+a =a
U cos45°usin45° v c0s 60°.vsin 60°
+ = a
g g

2 32
u_ +\/_'V = a
29 4g

2u? +V3v? = 4ag

2
2u? +\/§§u2 = 4ag



6u? +2v/3 u2=12ag

u2 = 6ag _2V3 ag
T (3+V3) V3 +1

23 ag
V3+1



3) &
\
\
N mg
\
\
\
>
;
x+2y+z=1
X+2y+z2=0

o | (x+2) .
y 2

For P ¥ mgsinx —T = mx —@
For Q « T=—-mz —®
For Rl M—2T =My () I



04.
R <— | ——> P
Mg
P—R=MXxO0
P=R

Pu = 3H = Ru = 3H

R = 3H > Ru =3H

O
u

P

. 1
sinf = —
30

P —R+Mgsind =M X0

1 3H M
P, =R-—Mgx—==>—--2
30 u 30

P,V = 3H @

Gr-5)v=sm

00,

3H x 30u

Ve D st
90H — Mgu

S



(5)

mg

m
TF=ma
T T cos6 =mg

T
T_ﬁ

06. A

~ 0C // OD(~ point O is common)

~ 0,C and D Collinear.

- F =ma
R + T sinf = m. aw?

R ~ 2mg 1
=Mmaw: — =
\,5 2

V3aw?-g)

_ . 2XO0A +1x0B

ob = 2+1 ( )
. 2(i+)) 4;1(4g+i‘)
_ 6i+3j
0D = =
3

=)
S|
I
[\
|~
+
| ~~.



7)

L \\\\\\\\\\\\\\\\\\\\\\\\\

F

5 P

sin @ cos @
5=Wsin#f

P=Wcos@

By considering the equibbrium

=W
S=Wsingd
a
P=Wcosf
:



mg

P &0 — pRcosO+ T sinf —mgsinf =0

Qlmg—-T=0 @

T =mg
P TRcos6 +Tcos@ + puRsind —Mg =0 @
Q) =+ P(A/B) =P(B/C) =0

P(ANB) = @ and P(BNC) = 0

A, B mutually exclusive and B, C mutually exclusive.

ANBNC=(ANC)NB =0

PANBNC)=0

- P(A/C) = P(A) = P(ANC) = P (A).P(C) = 3k?
P(AUBUC)= P(A)+P(B)+P(C)-P(ANB)-P(BNC)-P(ANC)+P(ANBNC)

=3k +2k+k-0-0-3k*+0

11

= 6k - 3k?
12
~ 36k*-72k + 11 =0

(6k-1) (6k-11) = 0

c6k—11#0, k ==



Q(10)

X -2
f 4
fx -8
fx? 16
> - Xfx _ _ 6 _
X T3 T T T
2. _ Xfx* -2 _ 22
ax_Zf AT

Let y = 2000 — 4x

Then' y = 2000 — 4x
=2002.4

0%y = 4%0%x = 16 X 1.84

oy =+ V1.84

-1 0 1
1 3 1
-1 0 1
1 0 1
-0.6

— 036 = 1.84 -

2000 + 2.4



Q.11(a)

t; t; p

(ii) For the motion of small stone

v
tana=/1g=t—=>v:)lgt1

1
H = Etlv

1v

1

H==-—v =v=,/21gh e

2g

(iii) Height attained by particle small

H 12 t h t g
vi, where
2 g t, 2

AN\

A

t

Motion of second stone



(iv) Time taken to collide is equal to t

%(2v+2v).t=h

Question 11 (b)

UA,E:YU Vp 4= |N\ Vo 4=

v = 3v Vg, =V =eeeemmeees (5)

A Vpg =VUpat+ Vyp
Jv=N+ vl - (5)
vQ'E = vQ’A + vA,E
v=7 v e (5)

OAB for the motions of A and P

OAC for the motions of A and Q

Let UP,A == vl

UQ,A == Uz

(v + vycosa)? + (vysina)? = (3v)?

1,2 + 2vv,cosa+v? = Qp? cmmmmmmmeeeee- (5)
v,% + 2vv,cosa+vicos?a+visin?a = 9v?
(v1 + veosa)? = 9v? — v2sin’a




v; + vcosa = vV9 — sin?a --------------- (5)
v, = v(V9 — sina - cosa)
vp 4 = (V9 — sinZa - cosa) -------------- (5)

(v — vycosa)? + v,ysin*a = v?

v? + 1,2 — 2vv,cosa = v?

(v, — veosa)? + v2sin*a = v?

v, = v{V1 — sin?a + cosa}

Vo = v{V1 — sina + cosa} --------- (5)

Vo4 = 2vVC0SQ

B PP!
cosa = —
PP! = 24cosa ------------ (5)
_ Distance travelled by P relatedto A
Time taken =

Up,A
24cosa

= )

- v{V9—sinZa -cosa} -

Distance travelled by Q at this time = vp 4 X t
24cosa

v{V9—sinZa -cosa}

= 2vcosa X

48cos?a

B \/{\/ 9—sin2a -cosa}




(12)a

YT, | =
A T.’. LZ
O g
Yy me

x,+x, =1

f1+£2=0

ytztk=1
y+i=

ayg =¢ ¥

F =ma

For P ¢ 2mg sin2 « —T; = 2m(%; + y cos x)

agg =L Z

©)
For Q; N mgcosx — T, =m(x,) @

ForR; l mg — T, =m(2)

For the system PandQ

T, — 6mg sin <= 2m(—y — ¥;cos ) = 3m(y) + m(—y) @

For Rl.s=ut+§atZ




©
=

vi = 2gasin

vy



"’V"')o ""V: ""lv'z

9]0 0]C)

=1 =Amv

0 =(m + im)v, — mv,
_J%s
V2 =+ @

%(m +im)vi = i (m+ Am)u? + (m + Am)gla — acosB)

r
ﬁ%:%-&-ga(l—cosﬁ)

uw? = (Tzf:? —2ga(1—cos8)=2ga

1
T + cosf 1)

whenu=0, 6=

1 —
m+00€“ 1=0

1 .
X=1-
oos 0= 1w @ \F=ma
when oc<§

cosa > cos~ R—(m+ Am)gsinx= (m+1m)-'§ @
3

RO e R=m(1+ g sinT

1 (1+A)1>2 g 3

1 1 o ﬁ_ 3

(1+A)3<3 R-\Emgxz —\sz"g @

(1+1)2>2-=

1421+ >2

Wi+2)>1 <:>

A=2-1



< >

~ 5 g
@ 3400000000.

< =

@59900000090¢00)

£ tﬁ&w@w&b c_%bbb_w@,_

—

When the particle at A

T3mg—mg—T=0

15

A =6mg

mi

When the partical lies between at B

T —-mg-T

mi

Sl)
2

6mg(x—31)
3
At center X =0 o x

30




After Collision | [ = Amv

O=m(+v—2\/a)+m(v—0)
e

When the partical lies between B&D

10

T f=ma
T —2mg = 2my
—6mg;3ll_y) —2mg = 2my

y=-30-2D o

At the center y = 0 y = 21

AtB;t=0,y =31,y =./gl

y =2l + acoswt + fsinwt



y = —aw sin wt + fw cos wt
—J/gl = po ‘ﬂ'»

y = —aw? cos wt — w?sinwt ‘
= —w?(y — 2D ‘
o= b
‘@ 20

At the end of the amplitude y = 0

tanwt:—l o wt=%ﬂ
= 20+ los T _ 1sin T
y— coS 4 Sin 4 e

l l
T V2 2
=2l — - amplitude = /21

25




14. 14.]
60
O
0 D A AWBi+))
m-ﬁ:(ﬁi"‘]_’)-(‘li"‘ﬁ[) a? + B2 = 102
2

— sy ——s 2 —
|04||0B| cos 60° =v3a + 8 a?+(10 - V3a) =100

a? + 100 + 3a2 — 20v/3a = 100

V3 +12 ><10x— V3+8
4a? —20V3a =0

10 =v3a +p
a(a—5\/§)=0
5j

0B = 5v3i —

0C:CB =1:1
0C=—- 0B=—=(5V3i-5))

A+1 /1+1

AC =40 +0C
Vi 5j_
T—?——\/_l (/1+1)(5\/_l )

Vi 55 . 5 .
2 ~ A+1=

Comparing Coefficients of : LJj




A+1 2
2 + 10 =1
A+1
10
A+1
10=31+3
-7
_ 5__,__5
- —_——_—= -1 —
! 2 1+ 1
. 10
B A+1
0 _,
A+1
10=31+3

OC:CB =1:

Wl 3

0C:CB =3:7

BD = B0 + 0D

1,
= ~5V3i+5] +5 04
1
= —5V3i+ 5]+ (V3i+))

1
= E(—1o\/§g +10j +V3i + )

T A |
) 2




wﬁ AO +0¢C

,T=10< V3i— ]_'+%(5\/§£—5]_’)>

< ]+— 5\/_1 ))
( %5\/_1—5])>

st

AE

D C

2P 3v3

~ c
30°
30° B
A
B = —3v3P x AB Sin30 + 2P X AB Sin 60 °
1 V3 V3P

B™ = —3+/3P ><§><A3+ 2P><7><AB = —TXAB
B =Q><AB £ 0

=~ the sys from in not equilibrium Value of 4, u



A~ =0

AP X AB =0
P+0AB#0 1=0

D~ =0
_ 4P XDBSin 60 +3v3 P XAD Sin 30° =0 @
uxosx§=3\/§xADx§;AD¢o
p =3
D C D
3V3P
2P aP
AP
302
30° 5
A up B A
C+v=3PxACsin30— 2P X ACsin30 = aP x AC sin 30
3 Z_a
2 2 2

a = 1if the line of action of new resultant ... ... ... ... e e ...

=)

aP G=0




15 a) a
a
Y, ) D
Cc
B D
a
C Xc 3w
AO
- ¢ 4w n—X 4 n
.acos = Xc.4acos
Rc:,’XCZ‘H/C2 X, =W
— 2 4 252
e+ Zwe " ‘
= w2z +Ew2 YC.20Lcosz=XC.2(7LcosE+3W.acosE
- 4 4 4 4
Y, —5W
)

BC



B\[\

I s s s
T. aCosZ =2W. aCosZ + Xc. ZaCOSZ + Y. ZaCOSZ

& T =2W +2W + 5W

Yg.4aC 7T+2W3C 7T+3W n—T3 i
B.aos4 .aos4 acos4— .acos4

4Yy + 6W + 3W = 3T = 3(9W)

9

oo YB = EW

BC

w ‘

=§W ‘

A Ry.2a + (3W + W)acos = 2W.a + (W + W) (2a+acos§) -------------- (10)
5
RZ = EW """"""" (5)
I Ry + R, = 8W

Only the rod EF,




< E F,. 2acos% +W. acosg =R, Zacosg .............. (10)

2
FZ = EW """""""" (5)
I Ry=Ye+W
Y =W oo (5)
2
— XE = FZ == EW ------------------- (5)
Entire system
' 2
FL=F= EW ------------------ (5)

Only the rod DE

< D T. acos% +W. acosg =Y. 2acos§ + Xg. 2acosg -----------

-3

T = 2v/3W
E
Xg
For the equilibrium at A
F; < pRy
2 W< 11W
— S #_
\3 2
4 (
11V3 Su (5)

For the equilibrium at F

F, < uR,



Even though the point A is in equilibrium, the point F is not in equilibrium.



b)

Lets take AB = BC = AC = a
CD = 2a

By considering the entire system,

< A P. acos% =nWa+w (Za + %) (10)

= (p)w

® ®

600 30°




Rod Tension Thrust
AB (D) Werere(545)
2

BC H(HW-romee (5+5)

CD V3W -—---—-(5+5)

BD 2W
(DB)cos s = (1)(2) 2)3) = (HB3)cosz (3)(4)cos T = nW + W
(DB) =2w = V3w @@ = Z(m+ W

() = (2)3) + (3)(4)COS§

n+1)
4)(5) =V3W + w
4)(5) 7
If the maximum possible tension for the rod BC is 10V3W,
Then 2(7\21) A (1Y) /A — (10)



16.

(a)(1) Y

v

X
By the definition of center of mass.
T Zrc0se 2r2aep
X = 3 T o =
AN O
2 %Mrz %rf:‘“cose dé se: ET [sin® ::
smr? [, d6 3 [6)% @
_ 21‘ [sinx=sin(-x)] _ 2 - 2sin __ 2rsinx
E [x—(-)] =g | e =

The center of mass of uniform secter lies on its symmetrical axis at a distance

T2 from 0.

®

25




(a) ()

-

— dx =

=

=1

h
- fn Imxtantdxsectp x ® 2ntan E-Isacﬂip_r;lxz
X =-5 = h

Iﬂ Inxtan=dxsec®p @ Intansecp .rn x

4O,
o

The center of mass of uniform hollow cone lies on its symmetrical axis at a distance

2h
5 formO. @
25

Il
}E;'I E;-

| |
-
| ——




Object Mass x
ma* Ha
12 3x
° O,
2 2
a‘p Za
’ ®
a*(Tf—1)p
® )
ma® ga 3 2 4a 2a
2z Psg 2 P38 _ 35 _ _4a
Tla-1 a(m-2)

X= az(;/z_l)

about ox

Centre of gravity of the object is on the ox symmetric axis asit is symmetric

®




2a
c === %
o V2a B
Object Mass i 7
2Ta Za
3(n-2) -2
M
5M VTa 0
]
oM i 5
- _ Mx2yia ¥z = _ MivIa
eMT = T +5M X rals 6My =
— _ HEassTa(n—2) __ +Za
= 18 —2) T an-3
__ 245(=-2) 2Ta
18 (m-2)
_ (Bm=2)4Ta
(-3

40




x

tanf = s

a(sx—avza
18(x-2)

=
V2052

(sm-8W2a

= 2[9vza(n-2)-v2a]
sm-8
2[9(r—2)-1]
sm—8
2[om—19]

()

20




Part B (CM2)

17.

(a) P(B)=3, P(Bu(C)=0.37and P(C)=0.2

()  P(AUB) = P(A) + P(B) — P(A)P(B)
(+~ A and B are independent)

0.37 = P(4) + 0.3 — P(4).0.3

0.07 =P(4) x0.7=P(A) =0.1

i) PB4y = 2E04)

P(A")
P(BPNnA)=P(BUA) =1—-P(BUA)

=1-0.37 =0.63

P(A)=1-P(A)=1-0.1=09

' ' 0.63

(iii) P(AA'NnB'nC)=PA)P(B")P(C)
=09%x0.7x0.2

= 0.126

(ivy LetX= (AnB'NnCHYUPMA'NBNC"YU(A'NnB'NnC)
~PX)=PMANB'NnC")Y+PANBNC)+PANB'NnC)
= P(A) P(B") P(C")+ P(A") P(B)u (C") + P(A")P(B"HP(C)
=01x%x07%x08+09x%x03x0.8+09x0.7x0.2

= 0.398

P(ANX)
P(X)

__ P(anB'nc’)
P

0.1x0.7x0.8
0.398
28

_E

= P(A/X) =




(b)

Distance X; ) = X 1—045 f fy fy?
0-10 05 —4 10 —40 160
10-20 15 -3 19 —57 171
20-30 25 -2 43 —86 172
30-40 35 -1 25 -25 25
40 - 50 45 0 8 0 0
50 -60 55 1 6 6 6
60— 70 65 2 5 10 20
70-80 75 3 3 9 27
80-90 85 4 1 4 16

120 -179 597

-

: %=10y +45
Hency=z§=%709=—1.49

# % =10(—1.49) + 45 = 30.08

2 _nyg_—z

9=y

= — (597 — 120 x 2.22)
120

y

= — (597 — 266.40) = 2.76
120

ox? = 10%0y% = 100 x 2.76 = 276




s ox = 16.61

11. Number transfixed = 15

.. The new distribution has only 15¢ ... ... ... ... ...

120 — 15 = 105
15E s et e e e e . [10,20]

v Q= % X 105" position = 26.25" position

3 (26.25-10) ‘
=10 + —/—Xx10 @
— 10 +8.55 = 18.55

3
3" Quater Q3 = 2 (105)t" position

= 78.75" position
The requared. ... ... ... ... ... ....is [30,40]

0, =30 + (76.7255—72) % 10

=30+ 2.7 = 32.7
«» IQR = 32.7 — 18.55 = 14.15

18.55

65

e e e a tOtal number

17.3

Ql Q2 Q3

=~ The distribution is approximately Symmetric.

30
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n
1. Using the principal of Mathematical induction prove that Z 2r=2(02"-1)
foralln € Z* —

Whenn=1 L.H.S. 2" = R.H.S.22'1-1)=2

L.H.S.=R.H.S.

~Itistrue forn=1

Assume that it is true forn =k, k € Z*

k
erzz(zk—ﬂ
r=1

k+1 k

whenn =k +1 ZZT=ZZT+2"+1
r=1 r=1

=2(2k —1) + 2k

=2(2k1 - 1)

~ theresult istrue forn=k +1

By principal of mathematical induction The result is true for alln € Z*




2

Sketch the graph of = Hx - 2| - 2‘ . Hence or otherwise solve the equation ||x - 2| - 2‘ = %

O,

’
’
N

>< R ——
N
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an Argand Diagram.

Also find the least Value of |iZ + 2| in the region R.

3 Shade the region R that represents the complex number Z satisfying the condition 0 < ArgZ < % in

0=<ArgZ

Y(im)

A(2,0)

I
w |3

liZ + 2| = |i(Z - 20)] = |Z — 2i]

= AP

IEZ + zlleast = IZ - Zillsast = APEeast

= AL = 2sin = |
[

= 1 unit

X(Re)




4  Write down the binomial expansion of (1 4+ x)" in ascending powers of x. Given that the
coefficient of x2 in the expansion (1 + x + ax?)” is 14. Show thata = —1.

nr €Eztn=r

(14 x)" =="Cox%."Cy x1."Co x?%.

n

n!

ncr —

ri{n—-r)!

(1+x)" = 2 nCrx"

=0

(1+ x + ax?)’

=1+ (x+ax?))])’
="Co+C1(x + ax?) +'Co(x + ax?)? +
+(7a+21) X% + e,

-------------------

--------------------------

Coefficient of x? = 14
= 7a+21=14
a=-—1
. 2x—m 2
5 Show that lim ‘E—"f ==
X7 sm(x-:} T
lim Al LA
x_Tsm x—z) \TT
(Z\rx \,rn') (Z\rx+\r’_) e
sm(x——) (va‘l' VT)
I 4x — 1 I 1
im  ———F X lim
x—yg sin(x—z) X7 (2vx + V)
lim o X lim L
x_,g sm(x—z) ‘t:—>— (2vx++7)
4 1 | 1
X X lim
sin (x_%) x—% (2'\/;"‘ '\/E)
lim —————=
(x—E)—:O (x —E)
4 4
1 1 _ 2 25
¥R B
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6 If f(x)=(x+ Dtan"*yx —/x , then find %. Hence, deduce [ tan~'/x dx. The region

enclosed by the curves y = +/tan~1/x , x = 3and y = 0 is rotated about the x — axis through 2m
radians. Show that the volume of the solid thus generated 1s %(4?{ - 3@ cubic units.

£ N S o 1 - 1
— [(x + Detan~Wx —vVx] = (x + 1) o T tan Vx s

= tan~"Vx//

= [tan Wxdx= (x+ Dtan"*Vx—+vx +¢ y
/

x=0,y= Vtan~1WO

=0

V= f;rryzdx: :ﬂrf;tan'l \de

= n[(x + Dtan~1 Vx - VT]B x=3
= n[4tan~1 V3 - ﬁ—{}]n y
=n(47/3-3) =< > x

0
= (4m— 3\4@) Cubicunits
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7 A curve C is given by the parametric equations x = acosf and y = bsinf for (0 <8 < n).
Show that the equation of the normal to the curve C, at point P, 1is

axseca —bycoseca +b%—a?=0.

.\ . b .
Also find the normal to the curve C, at point (— %’E) on the curve C.

x=a cosf, y=>b sinf

dx ing
70 - a sin

Yy _

70 = bcosf

dy —bcos6 —b .
dx asinf® a co
Gradient of the normal %tan@ = %tana

atana asina

-~ Equation, y — bsina = (x — acosa) = (x — acosa)

bcosa
bycosa — b%sinacosa = axsina — a’sinacosa

axsina — bycosa — (a? — b?)sinacosa = 0

axseca — bycoseca +b? —a? =0

—a b
T = acos6 ﬁ = bsinf
cosf = L = sinf = L
V2 2

—V2ax —2by + b2 —a? =0

V2ax +V2by+a%?—-b%2=0
.25




8 The straight line [ = y — mx = 0 passes through the point of intersection of two
straight lines 4x + 3y — k = 0, where k 1s constant and 5x — 12y + 7 = 0. Find the
value of m in terms of k. Further, given that the line, [ = 0 is perpendicular to the line

x + y = 0. Find the values of m and k.

dx +3y—k=0

Sx—12y+7=0

4x+3y—k+A5x—12v4+7)=0

(4+50)x+(B3-120)y—k+7y=0c=2y—mx=0

m = 2tE —k+71=0
124-3

k

4+5(%) 28 + 5k

12(%)_3_ 12k — 21

(~x+y=01)

28 + 5k
m=1=——— 12k — 21 = 28 + 5k
12k — 21
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9 A circle § with centre on the y-axis intersects the circle x? + y? = 9 orthogonally and the circle
x2+y?2+4+x—7y+5 =0 bisects the circumference of the circle S. Show that there are two such

circle S, and find their equations.

LetsS=x"+y* +2gx+2fy+c=0
g = 0(~ Centre lies on y axis)
x*+y*—9=0

g=0f=0,¢,= -9

2g(0)+2f(0)=¢c—9 =c=9

x*+y*+2fy+9=0

x*+y*+x-7y+5=0

Commonchord x—7y—2fy—4=20
0+7f+2f*—4=0

2f*+7f—4=0

Ef-uF+4 =0

f=zlﬂ*rf=—4
~equationis x*+y +y+9=0
x*+y*—8y+9=0

w x + v = 0 line in perpendicular to the linel = 0
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10 Given that tand = % and sinB = E; Where A and B are such that 1 < A < 3?“ and % < B <.

Find the value of sin(A + B)

tan®Ad + 1 = sec?A

1 _
cosd = + —— cosB = +y1 — sin24
—ranZA—-1 TV
1 16
=+ o + /11— ’r
Ji’f—ﬁi
12 3
=i 3
im T
'.'?T{A‘—‘-‘:? '.'E{A‘—‘-‘:i"{'

12 3
cosA = —— cosB = —¢

sind = ++/1 — cos?A4

sin(A + B) = sinAcosB + cosAsinB

(DO

_ 15 48
65 65

3
85
25
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Part B

11(a) Write down the sum and the product of the roots of quadratic equation ax? + bx + ¢ = 0, in
terms of @, b and ¢ wherea,b,c e R,a# 0
Given that f(x) = x? — p%qx + q* where p,q € R* and roots of the equation f(x) = 0 are
a and .

3 3
(1) Find a2 + 2 in terms of p and g.
(i1) Ifa and (8 are real, then find the least integer value of p.

(i11) For the above p value find the quadratic equation in terms of g, whose roots are

a; and ,ﬁ’; .
(b) Let P(x)=2x3®+ x?—2x+ A;whered € R*
(i) If A is zero of the polynomial P(x), find A
(i1) If —A is zero of the polynomial P(x), find A
(ii1) For the value of A which satisfies both (i) and (ii), write down the polynomial P(x) and
express P(x) as a multiple of linear factors.

(iv) Find the remainder, when P(x) + 3x + 2 is divided by x2? + 1.

ax? +bx +c = 0 roots are &, f3
b €
f(x)=0,x2-p%qx +q*> = 0 ,

E] 3,2 I
(:xz +,82) = a®+ B3+ 2azf>

= (¢ +f)(x2 +2 xf) + 23 f3 ‘
= (¢ +p) [(x¢ +B)*> =3 «x B] +2,/(x B )3

= p?q (p*q®* —3q*) +24°

=q° [p* (* 3)+2] ‘
o2 +f32 =q3[p? (p* - 3) +2]
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Real roots for o,f Ax = 0

p*q® —4q9°> = 0
‘o4

g°>0 p*-4 =0

(p2 —2)(p2 + 2) = I]

(p —V2) (p+v2) =z 0

(p —V2) (p+v2) = 0

.
2 V2 2
least integer of pis 2

Sum of two roots

3 3
oz +f2 = /g% (p2(p*3) +2

P=2

= Jg3(4 (16 —3) +2

- ()

Product of two roots

=y B2 =J/(q*) =¢°

Quadratic Equation > x?— J54qg*x +q* =0
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(b)
(1)

fx)=2x*+x*—-2x+ 21

Ais Zero for a polynomial f(x),f(1) =0
2R+ AP -20+1=0

ARAE+A-1)=0

2A—1)A+1)=0( A=0)
}L=§ar£l=—1

(i)
(=A) is a zero of f(x), f(=A) = G
2 B2+ 4+20+21=0

22+ +31=0

(A+0) —-AR2AFF-1-3)=0
(24-3)(A+1)=0

A= % orA=—1
(iii)
From (i) and (ii)

when A = —1

fx)=2x*+x*—-2x—1

=(x—-Dx+1)2x+1)
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(iv)

gx)=f(x)+3x+2
=(x—Dx+1D)2x+1)+3x+2
= (x*+1)(2x+a) +px+q
x=1 5=22+a)+p+q
x=—-1 —-1=2(-2+a)—-p+gq

x=0 —-1+2Z=a+gqg

l1=2a+p+qg @
3=2a—-p+gq @
l=a+gq @

@0 '
©@ -9

~ when g(x)is divided by x* + 1, the reminder is — x.
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12 (a) An institution has 8 cars and there are parking facilities in two rows, 4 cars in each row in the

(b)

park.

(1)  Find the number of ways in which 8 cars can be parked.

(11) Find the number of ways in which 8 cars can be parked, if the first place in the first row is
to be reserved for chairman’s car and a place in the first row for the car of secretaries.

(i1) If the first place in the first row should be given to either one of the two cars of
chairman’s or secretaries, and if the other car should also have a place in the first row,
find the number of ways in which the cars can be parked.

Find the value of the constants A and B such that,

r2+3r—1 Ar+ B Ar + 2B

— _ : where reZ*.
(r2—r+D(r*+r+1) r?-r+1 r2+r+1

r243r—1
(r2—r+1D(?+r+1)

If, Ur= then determine f,. such that U, = f. — f,44

T
Hence, show that B (n+2)
Up=2-——7
o n“+n+1

Is this series convergent? Justify your answer.

n
If, 11 then find greatest value of n.
U, <2 - ﬁ
r=1

(a)

— 40320

L 6, X 3IX4C, X 41 =22 X 3X2X1X1Xx24

=15x6x24
=2160

L. 2C; X8C;, X 3! X 4! X *C, e
6x5

—2X—xXx6x24x%x1
12
=2 X 15 %X 6 X% 24

= 4320

L 8C, X 4! X *C, x 41 == » 41x 41 = 8!
4!
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(b)

rZ+3r—1 __ Ar+B Ar+2B

(r2—r+1)(r2+r+1)  (rz2-r+1) (r+r+1)

4+3r—1=Ar+B)r*+r+1)—(Ar+2B)(r* —r+1)
=Ar® + Ar® + Ar + Br* + Br + B — (Ar® — Ar?
r?+3r—1=2Ar*—Br*+3Br—B

Comparing coefficients

r?=24—-B=1
r-3B=3 =B=1

coefficients

A:1

Constant satisfied —B = —1

r+1 r+2
"rZ—r+1 rZ24+r+1

U=fr=frsx ;i fr= r;—tlﬂ
u=fn-rf ]
U, =f5—f
Uz =f3—fa4 -

ﬁl 1 fn ‘
Uy =fn fn+1

Zu ﬁ1+1
Tl
St (2
U, =2 ——
r n2+n+1

+ Ar + 2Br?

— 2Br + 2B
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This series is convergent

I - lim 2 n+2
im U.=1lim2———
n—co R nZ+n+1

r=1

—2-0=2¢R
T
Z <, 4
Ur 91
r=1

n+ 2 |
n2+n+1

n+2

_ n>1
n2+n+1 91

91(n+2) > 11(n*+n+1)

91n+ 182 > 11n®* + 11n + 11

0>11n*—-80n—171

0>11n>—99n+ 19n — 171

0>1ln(n—9)+19(n—9)

0>(1ln+19)(n—9) ;neZ*
-

Thus maximum value of n = 8

9=n
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13 (a) If A = ( f %}), show that any real matrix B which commutates with A, under multiplication,

can be written in the form A4 + ul, where A and u are real numbers and [ is the identity matrix
of order 2. Find the value of A and u when B = A% Hence Find A™1.

(b) By Factorizing Z°-1, completely solve the equation Z° = 1.
If Z, and Z, are any two distinct roots of the equation Z® = 1, show by reference to an Argent

diagram, or otherwise, that the three possible values of |Z; — Z,| are 1, 2 and V3.

(¢) By using De moivre’s theorem for positive integer n,

in@+i g\ -
Show that (M) = CO0Ss n(g — 9) _|_ ISin n (g_ 9)

1+sinf—icos@

2
Deduce that, (E) n = (-1

(a) Let3=[“ 2]

€
men[2 A3 ol =17 o[t )
SReth =P 2
=2at+tb=2a+c

a+2b+d @

2Zc+d=a

c=h =a=2b+dc=b

e N
=s[; ol+dfy 1]

=Ad +ulwhered=bandu=d
#=aa=[1 ot o= 1] .
2A+u A 5 2

2
B2 =4 ﬁ[ ﬂ] ) 1]
~Ad=2andu=1

n AT =2A41 ce. A2—24=1]

A(A—2D =1
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b) Z°—-6=0
=((Z-1)(Z*+1 =0
Z-DEZ*+z=1DCZ+1)EZ*-Z+1)=0

71 -1++v1—-4 1++v1-—4

2 2
This gives the six results

—1+iy3  1+i43
2 'z ¢

Z =41, i2=-1

The modules and argument of each root are 1 and a multiple ofg respectively. On the Argand diagram

there six roots can be represented by six points as shown in the figure.

y(lm)

M

1 i3 1£)

C(—5+—5- B(;+ .a
Ew ~  X|[Re)

D(—1) o A(+1)

EC5 -0 PG

0A =0B = 0C = 0D = 0E = OF = 1 All the six points A, B, C, D, E, F lie on the circle with centre O

and radius 1 unit.
For any two of the six results Z; and 2,
|Zy — Z,| is the length of the segment which joints any two points out of those six points.

~ |Zy — Z5| = 1 or 2 or+/3 units

+AB =1,AD =2,AC =/3

Alt: Consider the possible values of |Z; — Z;| algebraically. n
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[E:I (1 +5inf +1'|:.'4:r.s'9) n _ (s:’ n28—i’coz B +sind ticosd ) n
1+sinf—icosd - 1+zinB—icosd

_ (I:.s inf+icas8) sind —icos8)+H{zind +icosd) ) n
o 1+sind—icosd

(sin@ + icos8)(sind — icosf + 1)\
1+ s5inf —icos@

= (sinf + icos@)"

e

—— E') (De Mowvers')

ba | =

=—cosn(-—@ + izinn
(z-¢) (

-
=

When & = 0 and replaced n by Zn for the above

1+sin8+icos8y 2N T o ®
(l+s1’n9—irasﬂ) = cos In (: - E) t i5inZn (2 B H) 05

=egosnT +1sinnT
Where sin2nw = 0 and cosnel= +1 ; n even

—1: nodd

- o
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14 (a) Let f(x)= "““33 for x #—1

(x+1)2
Show that f’(x) the first derivative of f(x) with relative to x, is given by
flx) = — x=3)

(x+1)3

Hence, find the intervals on which f(x) is decreasing and the intervals on which f(x) is

increasing.

Obtain the coordinates of the turning point of f(x).
.. " 2(x-5)

It is given that f"'(x) = T forx # —1.

Find the coordinates of the point of inflection on the graph of y = f(x).
Sketch the graph of y = f(x) indicating the asymptotes, turning point and point of inflection.

(b) The shaded region shown in the figure is obtained by

2x y
removing a semicircular lamina of radius xm from a N

rectangle of length 2(x + y) m and width x m. x

N

The area of the rectangle is 8w m?2. Show that the

perimeter p of the shaded region, measured in meters, is givenby P =7 (x + 11—6)

(a)
_x(x +3)
flx) = TEE)E

(x+1)2(2x+3)—x(x+3)2(x+1)
fix) = (x+1)%

(e +1D)@x +3) — 2x(x + 3)
h (x+1)3

_2x2+5x+3—2x2—6x
B (x+1)3

B —x+ 3
C(x+1)3

—(x=3)
f1e0 =y (a+1)3
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Turning point — f1(x) =0 x=3
18 9 9
V=% 5.3

Vertical asymptote - x = —1
: x(x+3
Horizontal asymptote = — — —= :;E:]ZJ =1—-y=1

—n<xy<—1 —1<x<3 3<xy <+
X) sign < = <
frx)si 0 0 0

Nature of the decrease increase decrease
function
Point of inflection— f**(x) =0 - x =5

—a<x<5 E5<x <+

(%) cnes <0 =0

Concavity down m up \ /

x = 5 is the point of inflection

v A

e e e e e e e e e . e e - —————— - -
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(b)
(2x + 2y)x = 8w

(x+y)x=4nm

X%+ xy=4m

4w —x? 4w
y = =——x
- X X

4an
P:2x+2x+4y+nx={4+H)x+4[?—x]
lé6m 16
P=4x+nx+7—4x=n[x+?]

dpP [1 16]

— =T _—

dx x2

dp

Egzzﬂ-a»x==4(x > 0) ‘IEI'

x <4 4 < x

dP — +

dx
. .. 45
~ when x = 4, P 1s minimum
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15 (a) Determine the values of constants A, B and C such that
x*+1=A*"- 1D +Bx*+Dx+1D)+C(x*+D(x—1)—(x2—1)forxeR ,

hence, ﬁndfx g
(b) (i) Ify = x + cos x sin®x show that j—f =1+ 3sin’x — 4sin*x.

Given that [ = fﬂg (x + 3x sin®x — 4x sin*x) dx. By using above result and using
integration by parts, Show that I = %(nz -2)
(ii) Further given that,
= f;% (1 + 3cos®x — 4cos™x) dx
= fﬂg (x + 3x cos?x — 4x cos*x) dx
Using the result foa f(x)dx = foa fla—x)dx
Show that | = E I —Js
Now given that ;—x (x — sinx cos®x) = 1 + 2cos?x — 4cos*x

show that [, = %(1‘1‘2 + 2), deduce the value of J;.

(c) Using the substitution vx3 + 1 =t , Evaluate fuz dx.

¥B
Vxd3+1

(a) x*+1=AC*-1D+Bx2+ D+ D +Cx2+Dx—-1)— (x2-1)
=Ax*+(B+0)x*+(B-C—-1Dx*+(B+C)x+(-A+B—-C+1)
xt-=4=1
x*-B+C=0
x2->B—-C—-1=0
x!>B+C=0
x> —-A4+B-C+1=1

. x*+1 A(x*—1)4+B(x2 +1)(x+1)+C(x 2 +1)(x—1)—(x2%—1
o [T g A O () g

= 4f dx+ B[R apye O gy (2
_Ax+8j—dx+cj—d — [— =4

:x+51n|x—1|—Ein|x+1|—tan_1x+k
=x+In J—i—tan x+k
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(b)

. 3
{!} d(“CO;;'SM ) _ 1 + Cos x.3Sin%x Cos x + Sin®x(—Sinx)

=1+ 3Sin’x(1 — Sin%x) — Sin*x

=1+ 3 Sinx — 4Sin*x

b
1=, /2 (1 + 3 Sin®x — 4Sin*x)dx

_ (Y2, 4 .3
— fﬂ x.—- (x + Cosx Sin3x).dx
. /2 T .
= [x(x + Cos x Sin®*x)] /% — fﬂ 2(x + Cosx Sin®x) dx
= E (g + 0) - 0] - f;xzx dx — f:szingx.Cos x dx

T [
o [x2 /2 [Sin“x] /2 m2 @ 1 1 (2 —2)
4 2 1p 4 0 4 8 4 8

I= fﬂn‘fz(x + 3x Sin’x — 4x Sin*x) dx
(G x)+3(Fa) sint () ~ 4G ) sint (G- )] n ()
:foﬁb E—x+3 (g—x) Coszx—‘t}(g—x){fos"’x] dx

= g J‘Onfz(l + 3 Cos?x — 4Cos?x)dx — j‘cnfz(x + 3x Cos?x — 4xCos*x) dx

T i
_ m? [xz] /2 [Cos*x] /2
4 2 1p 4 0

(ii)

1 ) 1
g(ﬂ'z—z):%ﬂ—g(ﬁerz)
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(c)
VETI=t

x241=1t?

3xZdx = 2t dt

x2=(t2-1)
_x:O_ :t:x;2+1
(t—ﬁ—l)

:3

2 x% . 2 (x3)? x%dx
fo Vad+1 dax = fﬂ Va3+1
B 3(t2—1)2(§)t dt
-1
=2 [J(¢* — 2¢% + 1)dt
)t

3

:§§—2§”L
A9 (-3e0)

2 (726+10—240)
3 15

2 (496)
3\ 15

992
45 @
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16 L:x—V3y+1+k=0andl,: x + 3y + 1 —k = 0 are two given straight
lines passing through the point (—1,3) show that k = 3+/3.
For that value of k, find the equations of the angle bisectors between the straight lines

[, =0and [, = 0.

Let, [ be the acute angle bisector of [; and [,. Show that the point A = (2,3) lies on the line
[=0.

Find the equation of the circle S with centre A and the length of the diameter is 3 units.

Find the perpendicular distance from the point A to the line [; = 0, hence find the equation of
the tangent drawn from (—1, 3) to the circle S.

From a point P on the line [ = 0, two tangents are drawn to the circle S so that they are
perpendicular to each other.

Show that there are two such points for P and in each case find the coordinates.

Further, find the area of the quadrilateral which enclosed by the tangents.

L=x—\3y+1+k=0 L=x+\3y+1—-k=0

(1f parallel through (—1,3)) —143y3+1—-k=0
—1-3V3+1+k=0 . k=33
k=33 . L=x+V3y+1-3V3=0

sli=x—V3y+1+3V3=0

=3y +1+3V3] |x—v3y+1—3V3]
2 B 2

(H)x—V3y+1+3V3=x++3y+1-343 (H)x—3y+1+3V/3=—x—3y-1+33
6\"5=2v'§}? 2x = -2

y= R

Consider y=3thenm =0

L=x—V3y+1+3/3=0 m=—
W
70
A = (2,3)lies an the liney = 3
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Sz(x—2)2+(y—3)2=(§)2

—4x+4+y?—6y+9 =1

x2
4
2 2 _ 15
4x+ 4y —16x —24v+43 =0

2-3y3+1+343
The perpendicular distance from A (2,3) to the line ([; = 0) = [2=3 5 A l >
~ equation of the tangents l; = 0,1, =0 .
25

Q
C
R P
A(2,3
B
T

The tangent are perpendicular to each other.Then ABPC is a square.

3 3v2
AB=AC=§ -'-APzT( Pliesony = 3)
32

~ the position UfPa're 2+— 3 and 2—— 3

since, tangents are perpendicular, PQRT is a square

~ Area of ABPC = 3 X 3 = 9 Square units.
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17 (a) (i) Write down cos(A4 + B) In terms of cos A, cos B, sin 4, sin B and obtain an expression for
cos 34 in terms of cos A.

(ii) Determine constants A and k such that,

2cos 3x — 4cos®x + 3cos3x

cosx(1 + sin?x) = Acos2x +k

Hence, find the maximum and minimum values of

2 cos 3x — 4cos®x + 3cos3x
cosx(1 + sin?x)

fix) =
and sketch the graph of v = f(x) for xe[—m, 7]

(b) A point P is inside the triangle ABC, such that PAB = PBC = PCA =«
By applying Sine Rule for suitable triangles, write down two expressions for PC; and show

that cota = cotA + cotB + cotC

(0) Solve the equation 2tan™*(cosx) = tan~*(2cosecx) for xe (0, T—;)

(a)(i) cos(A + B) = cosAcosB — sinAsinB

Substituting B = 24
cos3A = cos (A + 24)
= cosAcos2A — sinAsin2A4

= cosA(2cos?A — 1) — sinA2sinAcosA e
= 2c0s®A — cosA — 2cosA(1 — cos?A) e

= 2cos®A — cosA — 2cosA + 2cos® A

= 4cos3A — 3cosA 30

(il 2cos3x—4cosix+3cos®x  2(4cosix—3cosx)—4cosix+3cosix
1 =
cosx(1+sinZx) cosx(1+sinx)
_ cosx(1lcos®x—dcos*x—6)
- cosx(1+sinx)

_ 11cos®x — 4cos*x — 6)

1+ sin?x

_ (3 —4cos’x)(cos?x — 2)
B 1+ sin?x
B [3_4(1+c;sz.v)][l_smzx_2]

1+sin2x

_ —({1-2cosZx)(1+sin®x)
o 14sin2x

=2co52x — 1

= Acos2x + k ;whered =2, k=-1
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2cos3x—dcosix+3cosix

fx) =

—1=cosZ2x =1

cosx({1+sinx

—2 = 2co082x = 2

—3=2cos2x—-1=<1

= 2co52x — 1

Maximum value=1 minimum value = —3

For maximum value
2cos2x —1=1
cosZ2x =1

cos2x = cos0

2x =2nm;ne€Z

For minimum value
2co82x —1=-3
cosZ2x = —1
COS2X = COSTT

2x=2nw+m ;neXd

J— T
X =nn x=nmw+t+-
2
whenn = —1, X =-—-7

whenn = 0,

whenn = 0, x=10 T

x =4

whenn = m, X=T 2

(—m,1),(m,0),(m, 1)

when x = 0, y=1

wheny =0, 2cos2x—1=0
1

cos2x = 3

T
coS2x = cos 3

2x =2 +n’
X = n;rr_3
}:—'n:rr_6
+
whenn = 0, X =—
6
T
whenn = 1, x:nig
T
whenn = —1, X =-—-T ig

(£2.0)(F.0)(-30)
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For maximum
{ /3 0 3 27

/3 m
For minimum
Point of intersection

End points

Applying Sin rule for triangle PBC

FC a asina
= — = PC =
sinea sin (180—«¢) sinc

Applying Sin rule for triangle PAC

PC b bsin(A—«a
. = - = pC =20
sin (A—a) sin (180—4) sind
asine _ bsin{A—a)
sine SinA

ksin?Asina = ksinBsinCsin(A —a) ;k =0

sindsin(B + C)sina = sinBsinCsin(A — a)

sinAsina(sinBcosC + cosBsinC) = sinBsinC(sinAcosa — cosAsina)

sinAsinBsinCsinea sindAsinBsinCsina

cotC + cotB = cota — cotd

cota = cotA + cotB + cotC

sinAsina(sinBcosC + cosBsinC)  sinBsinC(sinAcosa — cosAsina) .H




-32-

(c)

2tan"*(cosx) = tan~*2(cosecx)
Let, take tan~*(cosx) = a
Andtan™12(cosecx) = f§

tana = cosx

2a = f

tan2a = tanf

2tana
—— = 2c08ecx
1+tan<a
2ecosx
— . = 2cosecx
1—cos<x

COSX

——— = CoSecx
1 —cos3x

COSX 1

sinZxy  sinx

sinxcosx — sin“x =0

tanx = 1 sinx = 0

t t H
anx = tan —
4

x=mrif meg

ek

20




