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Part A

01. Using the principle of mathematical induction, prove that n®—n is divisible by 6 for all
neZ'and n>2.

02. Sketch the graph of y=|x+2| and y=7-|x-3 in the same diagram. Hence or otherwise,

find all real values of x satisfying the inequality |x+1/+|x—4|<7 .
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03. On an same Argand diagram, sketch the locus representing complex numbers z satisfying

|z+i|:1 and the locus representing complex number w satisfying arg(w—2)=37”. Hence,

find the least value of |z—wj| for the points on these loci.

04 . Find the first 4 terms, in ascending powers of x, of the binomial expansion of (2+ kx)7where

k is a constant. Give each term in its simplest form.

Given that the coefficient of x* in this expansion is 1890, find the value of k.
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Xtan 2x —2xtan X
®  (1-cos2x)

05. Evaluate lim
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07. A curve is given parametrically by x=4t-1, y=2%+10, teR, et=0. The curve crosses

the x - axis at the point A. Find the coordinates of A. Show that an equation of the tangent to
thecurveat A is y+10x+20=0.

08. A line intersects the x - axis at A(7,0) and the y - axis at B(0,-5). A variable line PQ is

drawn perpendicular to AB intersecting the x - axis in P and the y - axis in Q. If AQ

intersects BP at R, then find the locus of R.
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09. A variable tangent line drawn to a circle whose radius is ¢ and the centre is the origin, meets
the x - axis and y - axis at A and B respectively. Find the locus of the centre of the circle

passing through O, A and B.
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Part B

7

% Answer only five questions.

11. a. The roots of the quadratic equation x> —x+ p=0 are « and . Also the roots of

x*—9x+q=0are y and &.

If o, f, y and & are in a geometric progression, then find the possible values of

common ratio of that progression.

Then find the possible values of p and q.

Obtain the quadratic equations whose roots are «y and o .

b. Remainder when the polynomial g(x) of degree 3 is divided by x, (x—1),(x+1) and
(x—2) are -12,-8,-24 and -6 respectively. Given that Q(x)=(x+2)g(x)+24
show that X, (x-1),(x+1) and (x—2) are the factors of Q(x). Hence find Q(X)

without finding g(x).

12. a. A cricket team consisting of 11 players is to be formed from 16 players of whom 4 can be
bowlers and 2 can keep wicket and the rest can neither be bowler nor keep wicket. In how
many different ways can a team be formed so that the teams contain

i. exactly 3 bowlers and 1 wicket keeper,
ii. at least 3 bowlers and at least 1 wicket keeper?

b. U, isthe r™ term of the sequence 11381351357
2'2.4'2-4.6'2-4.68

Express U, interms of U, .
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f(r) is a function of r, where f(r)=(Ar+B)U, ; A and B are constants and

f(r+1)— f(r)=Ur. Find the values of A andB

and hence, prove that iur =|:1357 .............. (2n -l—l) _1i|.

r=1

2 a 1 1
13. a. Let A= , B= and C=| |,where a,beR.
3 b 1 3

It is given that AB=C. Show that a=-1 and b=0 . Then show that A>=2A-3I .

Deduce that A® = A—6l

The inverse of A is denoted by A™ show that A™ =%(2I —A).Find A™

(1+ 2i)2 |

b. i.  The complex number u is defined by u = e
+i

Express u in the form x+iy, where x and y are real.

Sketch an Argand diagram showing the locus of the complex number z such that

[z -u]=1u]

ii. Find the square roots of the complex number 7—6+/2i. Give your answers in the
form x+yi. Where xand y are real numbers.

iii.  Find the argument and the modulus of 2/3-2i.
Find all the solutions z to the equation z% =23 -2i.

14.a. Let f(x)=w for x=1.

(x-1)

Show that f'(x), the derivative of f(x), is givenby f'(x)= (=x+5) for x=1.

(x-1)
Hence, find the interval on which f(x) is increasing and the interval on which f(x) Is

decreasing. Also find the coordinates of the turning point of f (x)
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Itis given that ' (x)= 2((X_1)74) for x=1.
X_

Find the coordinates of the points of inflection of the graph of y = f(x).

Sketch the graph of for y = f(x) indicating the asymptotes, the turning points and the

points of inflection.

b. The strength of a beam with rectangular cross
section is proportional to the product of its width
w and the square of its depth d .

Find the dimensions of the strongest beam that
can be cut from a cylindrical log of radius r in
terms of r, considering the given figure which

<« W —>Y|

depicts the cross section of the log.

15. a. Find the value of the constants A, B and C such that

dx

1 A Bx+C
X

1
x(x2+1) x*+1 2

. Hence find the integrate Iﬁ
X(X°+

Use the substitution x =cosé show that

2sin@ : dezln(§j
cosd+cos’ @ 3

b. Find the value of Ie‘“ sin zxdx using the integration by parts.

AN C—w|y

c. Show that j f (x) dx =I f(z—x)dx.
0

If 1 :J'xsin3 xdx , using the above result, show that | =%jsin3 xdx
0 0

Hence, find the exact value of the integral stins xdx.
0
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16. Let

17.

the  equations of two circles be Xx*+y?+2gx+2fy+c=0 and

X*+y2+2g9x+2fy+c'=0.
If these circles intersect orthogonally, then show that 2gg'+2f f'=c+c’.

Let U, and U, be two parallel lines passing through the points P =(1,0) and Q=(2,0)

respectively. Let the line 2y —3x+7=0 meet U; at A and U, at B..

If the length of AB is 13 units and gradient is positive, find the points A(a,b) and

B(c,d).Where a,b,c,deZ

The vertices of a triangle are A, B and C (6,1). Find the coordinates of the orthocenter. Find

the equations of the circles whose diameters are AH and BC and show that those circles
intersect each other orthogonally.

Show that sin®5° +sin*10° +sin®15° +... +sin®90° =9% :
State and prove the cosine rule for any triangle ABC in the usual notation.

b+c _c+a :a+b , then find the ratio
12 3

For any triangle ABC in the usual notation, if

cosA:cosB:cosC.

In a right angled triangle, the hypotenuse is 2+/2 times the length of perpendicular drawn
from the opposite vertex of the hypotenuse. Then find the other two angles.

Solve the equation 815""* +81°"* =30 in the interval [07:]
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PartA
(01) Two particles 4 and B each of mass m, are
placed in straight line on a smooth horizontal A B a N
table which is placed in front of a vertical wall. O Os— EQE
The distances from the wall to the particle 4 a

and particle B are a and a/2 respectively.

The particle B is given an impulse towards the wall such that its velocity just after the impulse
is u. The particle B hits the wall and bounces off. Then it collides with the particle 4. Show that
the velocity of the particle 4 just after the collision is M, where e is the coefficient of

restitution between B and the wall and also between B and A. Also find the time taken for B to
collide with 4.

(02) Xand Y are two points on a horizontal ground such
that XY = a. Two particles 4 and B are projected from
the points X and Y respectively at the same instant, in
the vertical plane that contains XY in opposite
directions such that they collide with each other after
a time 7 at a point in space. The initial velocities of
A and B are u and v respectively. Show that

v= |2 u = —‘Ig a |
j; and 7 (J?+1)”
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(03) Two particles P and O of mass 2 m and 3 m are connected by a light inextensible
string passing over a fixed smooth pulley 4. When the particles P and Q are at a
height of @ from the ground, they are released from rest. Find the acceleration of

the particle P in the subsequent motion. Show that the maximum height reached

(04) A car of mass /200 kg moves on a horizontal road against a constant resistance of 400 N. The
acceleration of the car is 3ms™ when it moves with the velocity /5 ms™. Find the power of the car.
Obtain equations sufficient to determine the acceleration of the car when it moves upward a road
of inclination 30°to the horizontal with the velocity 72 ms” working with the same constant power

against the same constantresistance.
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(05) Aparticle P of mass m is connected by two light inextensible strings each of
length 2a attached to the points 4 and B in the same vertical line. The
particle P moves in a horizontal circle with constant angular velocity .
The string AP makes an angle o (0 <o <m/2) with the downward vertical

and the string BP makes an angle o with the upward vertical.

Show that ® = ’ & )
2a cosa

(06) Inthe usual notation, the position vectors of the points 4, B and C with respect to the fixed origin

Oare 2a+3b, % a +% b and ka+2b respectively. Here a and b are two non-parallel, non-

zero vectors and k €IR. Find Zf? and §>C interms of a,b and k. Find the value of k, if 4, B
and C are collinear.
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(07) Auniform rod of length 2a and weight W is kept in equilibrium with its A

upperend A hinged to a smooth vertical wall and by a horizontal force 4
applied at the end B as shown in the figure. The rod makes an angle o to the
vertical. Find the value of oo and show thatthe reaction at A4 is Jﬁ w.

(08) Auniformrod 4B of length 4a and weight W is kept in limiting equilibrium with B
its end A4 on a rough horizontal plane and the rod touching a smooth peg at C.
The coefficient of friction between the rod and the horizontal planeis 2. The

rod makes an angle tan'l(%)with the horizontal. Show that AC = 16 a . i
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(09) LetA and B are two independent events of a sample space Q. In the usual notation, it is given that

P(B)=1/4, P(A'"UB) =5 .Find P(4 NB), P(4UB) and P(B|AUB); where A'and B’

denote complementary events of 4 and B, respectively.

(10) The standard deviation of marks obtained by /00 student for an examination is /0. The z-score of
a student who got 70 marks for this examination is /.6. Find the mean of the sample. It was later
found that this mark of 70 has been entered erroneously and it should have been 60 instead. Find
the correct value of the mean of the marks obtained for this examination.
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® Answer five questions only.
(1) (a) X e i .,

(12)

(b)

(@)

A motor car 4 starting from rest from the point X on a straight horizontal road moves with
constant acceleration 3fins” until it reaches the point Y. Here XY = 2a m. Then it maintains
the velocity u ms™ obtained at Y, throughout the rest of its motion. When the car 4 reaches
the point Y, another car B starts from rest from the point Z and moves in the opposite
direction of the same road with constant accelerations f ms” until it reaches W. Here
ZW = 3a m. Then it maintains the velocity vms" obtained at W throughout its rest of the

motion. Sketch the velocity - time graphs for the motions of 4 and B in the same diagram.

Hence, show that the time taken by car 4 to move from Xto Yis 2 / 4 S .

Also show that the time taken by car B to move from Zto Wis ]Ea S.

If XZ = 16 am,show thatthe time taken by car 4 to meet B from Yis ( % ) g S.

A ship 4 is sailing due south with uniform speed of 2u kmh™ and another ship B is at a
distance a km west of A. The ship B appears to move in the direction 30° East of North with
a velocity of 2 {3 u kmh" when itis observed from 4. Show that the ship B sails in the
direction 60° East of North with a velocity of 2u kmh™ relative to earth. Find the shortest

distance between two ships. If the shooting range of ship 4 is ]]]_a km, show that

the ship B isin danger during a time of 39a h.
36 u

C 2a _b F 2a G

a 9 The figure shows a vertical cross-section
P a9 ABC through the center of gravity of a
a/f smooth uniform block of mass 6 m. The face
3 E containing 4B is placed on a smooth

4 B horizontal floor.

The line AC is the line of greatest slope of the face containing it. Here BAC =n /3,
AC=CD=FG =2a, DE =a. Theparticle P ofmass 5 m is kept in the mid point of 4 C and
the particle O of mass 2 m is kept at the point G on a smooth plane such that G = 2a. The

particle P and Q are attached to the ends of a light inextensible string passing over a smooth



(13)

(b)

A and B are two fixed points in a same vertical line such that AB = 8a and 4 is _
vertically below B. One end of a light elastic string of natural length @ and modulus
of elasticity mg is attached the point 4 and the other end is attached to a particle of
mass m. One end of another string of length 3a and modulus of elasticity mg is
attached to the point B and the other end is attached to the particle P. The particle P cC
is in equilibrium at C with both strings AP and BP are vertical. Show that 4C =

The particle P is now pulled to a point D which is at a distance 5a below A4 and released
from rest. Find the tensions of strings when the particle is at a distance x from 4. Write

down the equation of motion of P and showthat ¥+ g ( X - Ala ) =0 B

08

light small pulley fixed to the block at C. The string is passing over a fixed small pulley at D,
underneath a movable pulley of mass m at £ and passing over a fixed light smooth pulley
at . Write down the equations sufficient to determine the time taken for the particle P to

reach the point 4.

D

A smooth narrow tube ABCD is fixed in
a vertical plane as shown in the figure.
The horizontal part AB of length 2a is
straight and BCD is an arc of radius a

subtending an angle ZTH at the center

2a A

O. A small particle P of mass m is
placedattheend 4 andisgivena
horizontal velocity u towards 4B, Then the particle P collides with the particle Q of mass m
at B which is at rest. If the coefficient of restitution is 72, find the velocity of Q after the
: - 2ga (I - Cos9),

collision. Show that the velocity V of particle Qis givenby J7* =

when O_Q> makes anangle, 0 (O <0 <2n/3) with O_B> Also find the reaction on the particle

Q from the tube at the above position. If O leaves the tube at the end D, show that
u>4 g3_a . Also find the reaction on Q from the tube at D.

VNU
o0
Q

la

3a 4

Bytaking y = x - % ,showthat J + % y=0.
a

Assuming that the solution of the above equation is of the form y = 4 cos wt + B sin ot , find the

3

values of 4, B and . Show that the velocity of P, when P is at a distance a below 4 is 8ga  and

find the time taken to reach that point.



(14)

(15)

(@)

(b)

(@)

09

As shown in the figure, the position vectors of
three points 4, Band C are 2a - b, 4a + 5b
and - a + 4b respectively, with respect to a
fixed origin O, where a and b are non - zero and
non - parallel vectors. P and Q are mid points of
AB and AC respectively. R is a point of PC such
that PR= 1/3PC.

(1) Find the position vectors of Q and R in terms ofa and b.

(1)  If B, Rand Q are collinear, find the ratio BR : RQ.

(i) If § isapointon BQ produced such that BS_>= K BQ_a>nd SC isparallelto AR, find

the value of k. Here k€IR.

ABCDEF is aregular hexagon of side 2a. Forces of magnitude 2P, 1,2, O, 3R and 4
Newton are act along /E) CET D_C>, D_E> 157) and IZT respectively. Mark the forces in the
hexagon by taking A B as the base.

(1) Ifthe system of forces are in equilibrium, find the values of P, Qand R.

) IfP=2, Q=1and R=2, find the magnitude and the direction of the resultant of the
system. Find the distance from A4 to the point where the resultant meet 4B. If the
system is reduced to a single force passing through 4 and a couple, find the
magnitude and the direction of the single force. Also find the magnitude and the

sense of the couple.

Four uniformrods AB, BC, CD and DA, each of
length 2a and weight W are smoothly jointed at A
their ends. Two loads each of weight 2W are
suspended at B and D. The ends B and D are
connected by a light rod. BAD = BCD = 120°.

The system is suspended in a vertical plane from b P
the point 4 and stays in equilibrium as shown in W W
the figure.

Find the reaction exerted on BC by CD at the C

joint C. Show that the thrust on the rod BD is
43w
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(b) The framework shown in the figure consists of p
five light rods AB, BC, CA, CD and AD vw\p 3a CJ/W

smoothly jointed at their ends. It is given that
AD=a, CD= [3a, ADC=ACB=90°. At 4
each of the joints B and C loads of W is

suspended. The framework is smoothly p l
hinged at A4 to a fixed point and kept in W
equilibrium in a vertical plane with 4B and

DChorizontal by a force P applied atanangle 30°to the horizontal at the joint D.

(1)  Findthe valueof P.

(i) Draw a stress diagram using Bow's notation for the joints C, B and D. Hence, find the

stresses in the rods, stating whether they are tensions or thrusts.

(16) Show that the center of mass of a uniform semi - circular lamina of radius a and center O isata

distance ;_a from O on the axis of symmetry.
T

OA BC and DEFH are two metal laminas made of a uniform thin metal sheet of surface
density o . A semi circle of radius a is removed from the rectangle O4BC and another
semi circle of radius a is removed from the rectangle DEFH. A plane lamina is made by
joining remaining parts of above rectangles as shown in the figure. Here OA = 6aq,

OC=4a, DE=4a and EF =2a.

The center of mass of this composited lamina lies at a distance X from OC and y from

OA.Showthat 5 (272-1Im)a o (128-5n)a
2(32-m) 2(32-m)

This composite lamina is suspended freely by a light inextensible string attached to C.

Find the inclination of the edge OC to the vertical in the equilibrium position.
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(17) (a) Threeidentical boxes A4, Band C, each contains /0 balls are identical in all aspects except
for their colours. Box 4 contains 7 blue balls and 3 red balls. Box B contains 6 blue balls and
4 red balls. Box C contains 2 blue balls and § red balls. One of three boxes is chosen at
random and 2 balls are drawn one after the another without any replacement.
Find the probability that
(1) thetwoballsdrawn are blue.

(i) theballsare drawn from box B, given thatthe two balls drawn are blue.

(b) The over-time allowances of 40 employees in a certain month are given in the following

table.

Over-time allowance No. of employees
(in thousand rupees)
1-5 5
5-9 7
9-13 12
13-17 10
17-21 6

Estimate the mean, the mode and the standard deviation of the distribution given above.

Hence, find the coefficient of skewness.
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CO 8a

For the equilibrium of P

™ T 7=

m3(ACa) - wg(8R-A) , 1mq @
a 2a

3(AC-A) = pBa-AC +3a

na @
& 30

AC

\




Tz’ :m;:__(_x_:ﬁ) @
a

Applying F=ma

T | s . it
v Ty~ T4s —mMq =

T »n-4) 5a-%) —yn =-m¥%
4 mﬁ_{.ﬁ, ,mggﬁ) 9 @

za
B o 3 x_.”q)';o @
x+%_a( =

y+—=y=0 —> (3 40
a

g = A COJOO'L + BS!"JCA"L

g = —~AwSmnAt + Blwladest @

--+wzg o — (b) @
Comparing (a) and (b)

4
oo 49
40,
When = Ba, t=o0 @

y=5a-na

%
5= 3 (5)
%‘f.—. A C@ + BS9no

A= 92
i

When 4 - o i:o@
3':0

O=2-AWS'NSO + BYCaS O
D =
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~7a -, 9a fasort
% = 9 Ok

caxat,:-%@ 5=
codort, = Cas (R~ 9 B @
wt, = -0 Sin = 42

g = ~94 [43 Sin¢R-8)
Y = :;r_gnt
- -1 i ~ 4%

e ()

Velocity of P is ‘88
3
wt, = -8
= -6
t = 5

The centre of this S H.M.is x= —1ia
Amplitude is =5a— Ha _9a
4 4
Caso = Pk
7/

o= s (F)

vz-;.u?(_d’—‘f)
-2 (@ & (s)

2
= 43 « 322
34 1b

v
B__
Velocity of P is  [8ga @
'IE
Time . L=£
w

The required time = 3a ﬂ—COSl(Zj @ 35
49 9




-10 -

@0
08 = GR + AG @

:29"?.1"'&;?
- —
= 22—k 44 (A5+6¢)
= 20 -b +4 (-2a+p+-2+ 4h)
=292 P+t (-3g+5b)

= QA +3b

2

5? =c'>7+;? o
—>
=20-b+3 A8
= 2a-P +§(A—g*°§@

-

= 29 ~ b 4,,1 C—2ﬂ+b+44+5_b)

4

2a -0+l (2a4¢b)

CP?’*&)

z
+
Ea- &¢ +Fé L(Ba+k)

|C 4Q+Jb)'+ =

_ L(8a-4b-152-3L)
= ¢(
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3
1
)
4
b
ol

2 +C2

g::/{c-l-C
é_gzéj.;,é,_s% A ;2’; -
—_—
:7—2-9-—62“‘”&3

S _zg..é_l?-l—é‘if/a)g +(15-1)b — -32+5b + 4(a-1l b)
—_ - /M)a ‘5_"/99!
: sy b = AINEK
— —£a-18 b4 2

3

— -18)a+ LB b
B0

~I< (a4 b\ = L[ wes) 8 + 3y b
(2#- =20 +21k)a «+ (;é,_ﬂ.}u trik) =2 @

2(«—304—2“4:0
—b —234 421K =0

(2)

¥
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(b) E Q. 5

A 2P B

® > 29-9+(3R +2-1-4)G5g =o@
‘ - *l- -
t-q13p-g a0
4P-2Q+3R =3
? (5&+4.-|-2)an§ =0 @
R=~4
5) sz.{.awso'..:::4acbaso'—zxaa(asao'_4,ma¢.n30 =0 @
S-P —-4-4-8 =0
= t6
O
4x2-2Q g =3
-2q = 4 20

-5')<=2x2,-|+3,¢2x_é ,g,‘i
- -3
= 6-%
X = %
Yy = (3xz.+4-n—2)\%

Y= ZE @ vl
N =@2+C’,5 ] %/% 18/2

tana = 2=
=g 4 Y=
:.%% A= J—a,.;'l(’-%@) @
- VBl

Do x2q5m
A:j :,/(_3 4= "/’”70,3:'05"” 2X4¢$’m§+ ;xéaﬁ'mg b g ( )
;_Bgl. = (2a-8a HA —-lzﬂ)%
=

1d= — 184
d = 58 @ _
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/

18a /A B

7

Magnitude of the resultant /57 both
Direction Az Foslr 163 @
Gy

Coulple of Magnitude

184
N H= 12 = both

=913“®

Contraclockwise sense

X ¢ X

By symmetry  Y=0 @

For BC
BJ x x:a&‘nm’gwxacuso'
x = 3L
For ABC QE @ @

(/F TxRa8In3C = 2092 A.0B3J 4 20 x2A o330 + oL X 4ah3S

T xrAxXL = k»l‘a’fgéz“”(m}'% + BYrsaxd @

T =3W +28L + 8W
T 48w 55




(b)

For the system

- - X a —_—
A) pas3cxa = WrBa +W j‘g s
3 =22
piz = 1¥ = A8
O ot
% 15
Pl | k.Y
_________________________________________ P’<bf
d |_ 8
60°
W
+ +
14W
3 b
(Each joint 10)
w
60°
0
e C
Rod Tension Thrust
e .
J3
3
b w
3
W
o |
3
(Each tension or thrust @ : magnitude@) 50



16.

-15-

By symmetry, centre of mass lies on the x- axis @

y 1

Am=%a’A0xa'

Object Mass Distance from OC | Distance from OA
e | @ O 0
DEFH 8alo @ 8a @ 2a @
2
“@ =@ -t
_J : 5
2
Y o (D) (5) i
2 3
Composite bod
P y (32 -rn)a’c G) M ;
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- ) ,
(32 -r)a’ox =24a’c x3a+8a’c x8a —‘”az ? x3a __7;212 9 «8a
° 11
(32—72')X= 136__72.
2
£ @n-lna
' 2(32-7)
_ ) . , .
(32-r)a’oy = 242’0 x 2a+8a’ox2a - 0P x| 4a- 2 | TR T[4, 22
2 3z 2 3

(32— 7)X = 64_57”

5 128-5ma -
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17. (&) Let X be the event two blue balls are drawn.
P(X)=P(X|AP(A)+P(X|B)P(B)+P(X|C)P(C)
P(A) = P(B) = P(C) =% @
P(X):lxlx9 l><£><§ l><—><—‘¢“.
3 10 9 3 10 9 3 10 9
42 30 2
= + +
270 270 270
_37
135
By Bayes’ Theorem

P(X|B)P(B)
P(X)

165
15
P(B|X)_3g#

P(B|X)=

37 70
_________________________________ 135@@
Class Interval Mid point x f @ fx2
1-5 3 5 15 45
5-9 7 7 49 343
9-13 11 12 132 1452
13-17 15 10 150 2250
17-21 19 6 114 2166
> =40 > fx=460 > X" =6256

Mean , Q:zx 460_115@ @ @
(L2-7)x ~1186®

Mode, M, =L + = =
A+ (12 7+ (12— 10) 7

fx?2
Standard deviation , o = ZZ f /@-11 52 = /156.4 —132.25 = +/24.15 = 4.91 @

The coefficient of skewness = —— M, 11 5-11.86 =-0.073 @
o

@ ® 5
----------------- (18) VWV Past Papers. WKi - (17) —
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Aliter

O

()

O

Class Interval Mid point x f u fu fu?
1-5 3 5 -2 -10 20
5-9 7 7 -1 -7 7
9-13 @ 12 0 0 0
13-17 15 10 1 10 10
17 -21 19 6 2 12 24

> f =40 > fu=5 > fu’=61
OO,
X=A+cu @
=11+4><i
40
~115 @
. fut = le1 (5Y >
o=C Z . -u =4 4—0— E =44/1.525-0.125° = 4+/1.525-0.0156 =4+/1.5094 =4x1.228 =4.91

()

e %
—--Ajith Premalal
RMM.V.
(18) WMV Past Papers. WKiI (18)
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