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Structured essay type and assay type answer scripts:

1. Cross off any pages left blank by candidates. Underline wrong or unsuitable answers. Show
areas where marks can be offered with check marks.

2. Use the right margin of the overland paper to write down the marks.

3. Write down the marks given for each question against the question number in the relevant cage
on the front page in two digits. Selection of questions should be in accordance with the
instructions given in the question paper. Mark all answers and transfer the marks to the front
page, and write off answers with lower marks if extra questions have been answered against

instructions.

4. Add the total carefully and write in the relevant cage on the front page. Turn pages of answer
script and add all the marks given for all answers again. Check whether that total tallies with the

total marks written on the front page.

Preparation of Mark Sheets.

Except for the subjects with a single question paper, final marks of two papers will not be
calculated within the evaluation board this time. Therefore, add separate mark sheets for each of the
question paper. Write paper 01 marks in the paper 01 column of the mark sheet and write them in words
too. Write paper Il Marks in the paper Il Coiumn and wright the relevant details. For the subject 51 Art,
marks for Papers 01, 02 and 03 should be entered numerically in the mark sheets.
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. A
1. Using the Principle of Mathematical Induction, prove that 2(2;'—1) =n forall n€Z".

r=1

Forn=1, LHS.= 2x1-1=1and RHS.= I'=1 @
The result is true forn=1.

Take any p € Z' and assume that the result is true for n = p.

p
ie. 2 @r-1) = p. @
r=1

p+1

p
Now > 2r-1) =Y (2r—1)+(2(p+1)—1) @
r=1

r=1

PrP+@p +1)

@+1). @

Hence, if the result is true for n = p, then it is true for n = p + 1. We have already proved that the

result is true for n=1.

Hence, by the Principle of Mathematical Induction, the result is true for all n € 7. @

25
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2. Sketch the graphs of y=|4x~3| and y=3- 2[x| in the same diagram.
Hence or otherwise, find all real valucs of x satisfying the inequality [2x- 3|+|x|<3

34 1 3;\
y=3-2x

At the point of intersections of the graphs

4 -3 =3 -2x = x =1 @

~4dx +3 =3 +2x = x =0

From the graphs, we have,

[4x -3 < 3-2 |x| < 0O<x<1

l4x -3+ |2x[< 3 < 0<x<1

Replacing x by %—, we get

12¢-3] +1x <3 < O<x<2 @

Hence, the set of all values of x satisfying

12x-3| +1]xl <3 is {x :0< x <2} @ 25
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Aliter
For the graphs @ + @ , as before.
Aliter for values of x

[2x-3| +[x|< 3

Cased) xs 0:

Then |2x-3| +]x|<3 < -2x+3-x<3
< 3x>0
« x>0

Hence, in this case, no solutions exist.

Case (ii) 0<xs%

Then |2x-3| +1x/<3 < -2x+3+x<3

< x>0
Hence, in this case, the solutions are the values of x satisfying 0 <x < _;. .

Case (iif) x>%

Then 12x-3] + x| < 3 o 2x-3+x<3

< 3x <6
& x<2

Hence, in this case, the solutions are the values of x satisfying % <x <2

All 3 cases with correct solutions

Any 2 cases with correct solutions @

Hence, over all, the solutions are values of x satisfying 0 < x < 2. @ 25

= =
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3. Sketch, in an Argand diagram, thelocusofthepomtsthatrepresmtcomplexnmnberszsausfymg
Arg(z-2- 2:)_--3‘-"--
Hence or otherwise, find the minimum value of lif +1| such that Arg(z -2~ 2;)......._..

2420

M
® A

Note that
liz+1l =li@z-d| =lz -il=lz +il
=lz+il

=z - (-1)| @

Hence, the minimum of |i z + 1| is equal to PM. @

Now, PM =1.sinZX = L
4 V2

25

———— =
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7
4. Show that the coefficient of x5 in the binomial expansion of ( N %) is 35.

Show also that there does not exist a term independent of x in the above binomial expansion.

——
km
+
o=
~—
1]
~ ~
1M
~3
a
~
=
~,
—_—
HNIH
~—

I
M
O\l

r=0
L 5r-14 =6 & r=4 @
7
. The coefficient of x° = C; = 35 @

For the above expansion to have a term independent of x, we must have

5r-14 = 0. @

This is not possible as r E Z". @

25
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5. Show that lim —YX=2-1 _.1
x~3 sin(w(x-3)) 2=

im V-2 -1 _ lm ve-2 -1 Vx-2+1)
*>3 “Sin (n(x - 3)) *>3 “sin ((x - 3)) Wx-2+ 1)

lim

_ x—-3 lim 1
© B S gy O

. 1
lim 11
= P Gin@R-3) 2 @
a(x—3)

.11
T

é_)z
w ©

25
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6. The region enclosed by the curves y = fll',no.x:landpmsmmdabomme
X =+ .

x-axis through 27 radians. Show that the volume of the solid thus generated is %(:Hln 4y,

y
A
£ N

J"-‘\l

oy

(O Y !

[ ki !

(I L1 i

1! 1 I

llL'I[ ] =

0 T 1 X

(| Y )

() i

L3 | [

LI T I |

Yyt

L T |
1
. 2

The volume generated = fn( x+1 ) dx @

0 x4+ 1

= ¥ & f : dx)
Jt(oj X+ 1 +0 x2+1 @

1

NOMO,

1
= u(%ln(x2+1) I + tanlx
0 0

2

= %(ln4+ﬂ:) @ -

- J'l:(lln2+ﬂ)
4
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7. Let C be the parabola parametrically given by x = az? and y = 2at for :ER, wheie @ = 0.
ShowthatthcequatlmofthemrmallinctoﬂlepambolaCalthcpom[at 2at)isgivenby
y+o=2at+at,

The- line at the point P= (4a4a)onﬂwpambo!a€meetsth1spambolaagmnatapmnt
Q = (@T", 2aT). Show that T'=-3.

x=af | y=2at

& _oar, L 24

dr dr

dy _dy  d& _2a—1- _ 1 fort;tO@
dc — dr dx 2at t

.. The slope of the normal line = -¢

The equation of the normal at (a?’, 2at) is
y-2at = ~t (x-at)
y+tx = 2at + af @ (This is valid for ¢ = 0 also.)
= (4a,4a) on C = ¢ =2.
The normal lineatP : y+ 2x =4a + 8a = 12a @
Since it meets C at (aT ’ , 2aT), we have
2aT + 2aT" =12a. @
© T'+T-6=0<« (T-2)(T+3) =0

< T'=2 o T=-3

T=_3 @ 25

— e
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8. Let ], and I, be the straight lines given by x+y=4 and 4x+ 3y = 10, respectively. Two distinct
points P and Q are on the line /| such that the perpendicular distance from each of these points
to the line Z, is 1 unit. Find the coordinates of P and Q.

L :4x+3y=10

Any point on the line /, can be written in the form

(t,4-1), tER. @

Let P=(t,4-1)

4 +3([4 -+ —10|
Perpendicular distance from Pto [, - | +30@-1) -

1
42 +32
“le+2l=5 @
ot= =T ort =3 @
The coordinates of P and Q are
(<7,11) and 3, 1). @ N @
25
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9, Show that the point A = (-7, 9) lies outside the circle S = 2%+ y2-4x+6y-12=0.
Find the coordinates of the point on the circle S=0 nearest to the point A.

The centre Cof S= 0 is (2,-3). @

The radius Rof §= 0 is V4+9+12 = V25 =35. @
cA’= 9+12'= 15° = CA= 15> R =5. @

.. Point A lies outside the given circle.

A= (-7,9)  The point on the circle = 0 nearest to point A is

10 the point P at which CAmeets S = 0.

P
Note that CP : PA = 5:10

3) 12 (5)

P= (2x2+1(—7), 2(—3)+1x9)
~ 3 3

ie.P= (-1, 1) @

25

———— = —————
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10. Let t=tan§ forGt(ZnH):z,whaenEZ. Show ﬂmt-cos&:-l—:-'-z-—.
: _ 1+¢
Dedncethattani’-%=2~x/5-.
cos@ = cos? E — sin® ﬁ @
2 2
cos?Z — sim? 9 1- tan2 2.
- 2 2 _ 2 for 8= @n + 1) .
coszz + sinZE 1+ tanzz
2 2 2
_ 1-7
1+t2
2
Let &§ = . Then v3 = 1—t2
2 1+¢

= 3 a+d) =20-9
(2+1/3_)t2 = 2_\/3_
o _@=V3) @
2+4/3)
= 2-43)
%4 e K
=t=tan1—2= 2—\/3— @ (.tan12>0)

25
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11. (3} Let pER and O<p<1. Show that 1 is mot a root of the equation p%+2x+p = 0.
Let @ and # be the roots of this equation. Show that @ and A are both real.
Write down a + 8 and @f in terms of p, and show that

1 fEWE
e-10) B-1D  pip+2

Showa]soﬂlatthequadraﬁcequaﬁonwhosemotsareaﬁi and F.ﬁ_l,isgivenby

PP +p+2)22-2(p+ )x+p=0 and that both of these roots are positive.

() Let ¢ and d be two non-zero real numbers and let f(x) =x° + 22 —dx + cd. It is given that

(x—c) is a factor of f(x) and that the remainder when f(x) is divided by (x~d) is cd. Find
the values of ¢ and d.

For these values of ¢ and d, find the remainder when f(x) is divided by (x +2)°.

(a) Suppose that 1 is a root of p’x* + 2x + p =0.
By substituting x=1, we musthavep’+2+p = 0. @

This is impossible, as p > 0 implies that p+2+p>0. @

", 1isnotarootofp2x2+2x+p= 0
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Now
a B _ a(f-1+pB(a-1)
a-1 B-1 (a-1) (B-1)

— 2af —(a+p) @
(a-1) (B-1)

and

I
i~ 1
+
®
+
oo

Hence, the required quadratic equation is given by

x2__2£L1)x+__L =0

r+p+2 pP+p+2

= (p2+p+2)x2—2(p+1)x+p: 0 @ 35

Moreover, note that —2_ and B areboth real,

(a-1) B -1
a + :8 - 2124‘ 1) ..
(a-1) (B -1 pP+p+2 >0 (’ p>0)®
and 2 B - —£ > 0, ('.'p>0).

(@-1) (B -1) PHp+2

Hence, both of these roots are possitive. @ 10

— ——
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~

® fx) =x+2-—dc+cd ¥
Since (x—c¢) isafactor, f(c)= 0. @

=c +2%~dc+cd =0 @

= (c+2) =0

=c=-2 (vec=z 0 @

Since, when f{x) is divided by (x — d), the remainder is cd, we have
Ad) = cd. @

= d+2d-d+cd =cd @

=>d+d =0

= d [d+1) =0

= d=-1 (v d=# 0) @

= -2 and d = -1. 30

Let Ax + B be the remainder, when f{x) is divided by (x +2)".

Then fix) = (x +2)° Q(x)+ (4x + B), where Q(x) is a polynomial of degree 1.

So, ¥ + 2% +x+2 = (x+2) Q®)+4x+B. @
Substituting x = —2, we obtain 0= -24 + B. @

By differentiating, we have
3 +4x+1 = (x +2) Q7 () +200) (x +2) + 4. @
Again by substituting x = ~2, we obtain

12-8 +1 =4 @

. A=5and B =10
Hence the remainder is 5x + 10. @ 25

——e———
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Hence, the number of different passwords that can be formed by choosing 3 elements

from P, andthe other 3 elements from P, = 28800 + 864000 + 864000 + 28800 = 1785600

®

v, = : ad v, =——L . rez".
r(r+l) (r+3) (r +4) r(r+1) (r +2)
Then,
A
V. - Vr+2 - -
rir+l) (r+2) (r+2) (#+3)(r+4)

F+3)(F+4) —r(r+l)
rir+l)(r+2) (r+3)(r+4)

_ 6(r+2) @

r(r+1)(r+2) r+3)(r+4)

Now note that,

r=1, 6U, = V-1,
r=2; 6U, = Vz—[,/'f:
r=3; 6Us, = W-Vi,
r=d4  6U = V-V,
r=n-=3; 6U,; = V,s— Vi
r=n-2 6U,., Vio— Vi
r=n-1; 6U,.; = V.-V,
r=n, 6Un i I'{h'/— n+2
———— =i
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