Strictly Confidential — (For Internal and Restricted Use Only)

( Senior School Certificate Examination)

March 2016
Marking Scheme — Mathematics 65/1/C, 65/2/C, 65/3/C

1.

/ General Instructions:

The Marking Scheme provides general guidelines to reduce subjectivity in the marking. The answers
given in the Marking Scheme are suggested answers. The content is thus indicative. If a student has
given any other answer which is different from the one given in the Marking Scheme, but conveys
the meaning, such answers should be given full weightage

Evaluation is to be done as per instructions provided in the marking scheme. It should not be done
according to one’s own interpretation or any other consideration — Marking Scheme should be
strictly adhered to and religiously followed.

Alternative methods are accepted. Proportional marks are to be awarded.
In question (s) on differential equations, constant of integration has to be written.

If a candidate has attempted an extra question, marks obtained in the question attempted first should
be retained and the other answer should be scored out.

A full scale of marks - 0 to 100 has to be used. Please do not hesitate to award full marks if the
answer deserves it.

Separate Marking Scheme for all the three sets has been given.

As per orders of the Hon’ble Supreme Court. The candidates would now be permitted to obtain
photocopy of the Answer book on request on payment of the prescribed fee. All examiners/Head
Examiners are once again reminded that they must ensure that evaluation is carried out strictly as
per value points for each answer as given in the Marking Scheme.

/




65/1/C

65/1/C
QUESTION PAPER CODE 65/1/C
EXPECTED ANSWER/VALUE POINTS

SECTIONA

x+3)2x - (-2) (-3x) =8
Xx=2

2 5) (3131 2
2 4) |12 0o)Jl-1 =1

No. of possible matrices = 3*

or 81

2(24 +3b) +1(3a — 2b)

2+1
7. 4- .
=3 a+ 3 b (or enternal division may also be considered)
2
£+l+£:1
3 4 2
L e (1§ k
= 1-(4i—-3j+6k) =12 or ——=4+—|=1
4 2
SECTION B

Equation of line through A(3, 4, 1) and B(5, 1, 6)

x—3 y—-4 z-1
= = =k(sa
> 3 5 (say)

General point on the line:

x=2k+3,y=-3k+4,z=5k +1

line crosses xz plane i.e. y=0if -3k +4 =0

e 2
E

0,

1_7§j
3773

Co-ordinate of required point (
Angle, which line makes with xz plane:

2O+ M50 3 i (L]
Sl Y e TV N R 38

@)
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= =
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N | =
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65/1/C

65/1/C

let d; & d, be the two diagonal vectors:
d, = 4i-2j-2k, d, = —6j-8k

or d,=6j+8k

Unit vectors parallel to the diagonals are:

_ 2 1s g
R RN
A 3~ 4 - A 4
d, = —=j——k or dy=—j+-=k
2 5] 2 J 5 j
ij ok
alxaz =14 -2 —2|=41+32j-24k
0 -6 -8
Area of parallelogram = ‘dl X dz‘ J404 or 24101 sq. units

let X = Amount he wins then x =% 5, 4, 3, — 3

1 2
P = Probability of getting a no. >4 = 3°4= 1—p=§
X 5 4 3 -3
b |22 (2)2.1 4 ] 8
) 3 3379 3) 37 27 =
Expected amount he wins = ZXP(X):E 3 2 2%
3 9 27 27
= ?Qor?Zl
9
OR

E, = Event that all balls are white,
E2 = Event that 3 balls are white and 1 ball is non white
E3 = Event that 2 balls are white and 2 balls are non-white

A = Event that 2 balls drawn without replacement are white

1
P(E)) = P(E,) =P(E;) = 7

3 1 2
P(A/E)) =1, P(A/E,) = 1 5 P(A/E;) = 1

W |
A=

1
3

\

3
P(E,/A) = =<

1/////

@)

NS

NS

N | =

N | =



10.

11.

12.

13.

65/1/C

65/1/C

lety=u+v,u=x"% v=(sinx)X
) du o« sin X 1
logu=sinx.log x = —=x"""-qcos x.log x + —+1
dx X 2
. dv . COS X : ;
log v = cos x.log (sin x) = " (sin x)°** - {cos x-cot x —sin x -log(sin x)} 5 +1
X
G i . 1 1
j—z = j—z+j—:: xS {cos x -log x +SmTX}+ (sin x)“***{cos x - cot x —sin x -log(sin x)} S+3
OR
dy  —2sin(logx) 3cos (logx)
= _ + 1
dx X X
y . . . 1
= Xd_x = -2 sin (log x) + 3 cos (log x), differentiate w.r.t ‘x’ 5
d? d —2cos (log x) 3sin (log x
N X_32/+_y _ (ogx) _ (log x) 5
dx® dx X X
d’y  d 2 1
dx dx dx? dx 2
dx . . 1
e 2a cos 2t (1 + cos 2t) — 2a sin 2t-sin 2t 15
dy , .
I = -2b sin 2t (1 — cos 2t) + 2b cos 2t-sin 2t 1
d_y} _ 2bcos 2t-sin 2t — 2b sin 2t (1 —cos 2t) b 1 1
dxJ—™ ~ 2acos2t(l+cos2t)—2asin2t-sin2t | _7® 2
4 T4
d dy 3ax?
y2=ax3+b:>2—y=3ax2.'.—y=—ax— 1
dx dx 2y
dy 3a 4
Slope of tangent at (2, 3) = — =—-—=2a 1
dx (2,3) 2 3
Comparing with slope of tangent y = 4x — 5, we get, 2a =4 .-. 1
Also (2, 3) lies on the curve .. 9 =8a+ b, puta=2, wegetb=-7 1
) x? x? t A B
Let x*=t .. 47— = —3 5 = = + 1
XT+x°=-2  xX"-DE"+2) @t-D({+2) t-1 t+2
) 1 2
Solving for A and B to get, A = 3’ B= 3 1
2
X 1¢ 1 2¢ 1 1. Ix=1] V2 | x
——dx = — dx + = dx=—1lo +—tan —+C 1+1
J'x4+xz—2 3'[x2—1 3‘[x2+2 6 g)Hrl 3 J2

A3)



14.

15.

16.

65/1/C
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. T
A .2 A s1n2(—xj A 2
LetlI = J.,Slde,AlsoI:J. 2 dx:IL%dx 1
Osmx+cosx Osin(n—x]+cos(n—xj 0cosx+smx
2 2
T
A 1

Adding to get, 21 = I
0

. k= — &
sin X 4 cos X 2 -([cos(x—A) 2

(x5 Jr(x-3)
sec| x —— [+tan| x ——
4 4

%

21 . sec(x — % X (0]
( 4) f g

0

J

7 o V2 1| ~tog 2 -1}

=5
=1=—F 10g‘f+1‘—log‘f—1‘ or ! !
2\/— J_ f 1 2
OR
3/2 12 3/2 !
'[Ixcosnxldx: Ixcosnxdx—jxcosnxdx 1—
0 0 12 2
) 12 . 3/2
X S1n TTX COS TTX X S1n 7TX COS TTX 1
el e e :
T T Jo T ™ i 2
1 1 ( 3 1) 5 1
- _— |2 == __- 1
2t x? 2n 2n) 2m ¢t
2 3 2 5 2
j(3X+1) 4 3x — 2x2 dx =—Zj(—4x—3)\/4—3x—2x dx—ZI 4—3x —2x2% dx 1
1 2% 5 Jar Y 32
=——(4—3X—2X)2——\/§j - —(x+—j dx I+1
2 4 4 4

2
=——(4 3-2x )/ 5\/7 dx+3 |4l (x+§j +ﬂ-sin_l(4x+3j +C
\}16 4 32 J41

:__(4 1x—2x2) % {4x+3 T 41[ ( . j}w 1

The differential equation can be re-written as:

- 1 1
ﬂ:" y,puty VX, d—y—V+Xﬂ -+ 3
dx X+y dx dx 2 2
NN Sl SN bk 2dv=ldx 1

dx 1+v 1-2v—v X
integrating we get

2V +2 1 1 2 1

=—|—dx==1logl V" +2V —1l=-log x +log C 1—
IVZ+2V Ix 28 s s 2

.. Solution of the differential equation is:
1 1
—log y_ ﬂ—l = log C—log x or, y* + 2xy — x> =C? —
2 2 x 2

)
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18.

19.
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Let radius of any of the circle touching co-ordinate axes in the second
quadrant be “a” then centre is (—a, a)

Equation of the family of circles is:

2

(x+a)’+(y-—a?=a%ack

= x>+y +2ax-2ay+a’=0

’

X+yy
y -1

Differentiate w.r.t. “x”, 2x + 2yy’ + 2a —2ay' =0 = a =

. The differential equation is:
x+yy ) x+yww Y (x+yy )
X+ oo y— 22 | _ / yy
y =1 y =1 y =1
/+ ’ 2 2 ’ 2
| XYY | Xty | _[X+YY
y/_l y/_l y/_l

1

1

.- .- - . I .
sin~! x +sin 1(l—x)zcos X = sin I(I—X):E—ZSID X

:>1_x::ﬁn(%—Zﬁn4xj:>1—x=ax(2$ﬁ4xﬁ31—x=1—2ﬁn%ﬁn4x)

= 1-x=1-2x>

1
2
OR

Solving we get, x =0 or x =

. 1 X _
From the equation: cos =~ — = O —COS

1y
a b

X - X — . . -
—ZCOS[(X—COS 11] = —ZCOSOC'COS[COS l%j-FSlIl(X'SlH(COS 1%)
a a

b
2 2
X -cosol . X )
= — = Y +sin O 1—y—2 = ——=cos0o =sin ¢ _y_2
a b b a b

y
b
Squaring both sides,
2 2
3(§_ycosocj “sina h-Y
b b2
2 2
22 arde i a
a a b

let X x be invested in first bond
and Xy be invested in second bond

then the system of equations is:

10x 12y

100 T 100 = 2% 5x-+6y::140000}
=

12x 10y o[ 6x+5y=135000

100 ' 100

®)

1+1

N | =

N | =
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65/1/C
5 6 X 140000
let A = ; X=| [[B=
6 5 y 135000
. AX=B

1[5 -6
Al=—11; A = —
2T

Sortion i x - Alp | X | 1[5 =6][140000]_[10000
- Solution s & = vy Z11|-6 5 |[135000| | 15000

-~ x =10000, y =15000, ... Amount invested = 25000

Value: caring elders

SECTION C
Let x kg of fertilizer A be used
and y kg of fertilizer B be used
then the linear programming problem is:

Minimise cost: z = 10x + 8y

Subject to %+ﬂ212:>3x +y>300

100

SX LY S in x4y > 240
100 100

x,y=20

2 4o

Correct Graph

Value of Z at corners of the unbounded region ABC:

Corner

A (0, 300)
B(30,210) ¥ 1980 (Minimum)

C(240, 0)

Value of Z
T 2400

% 2400

The region of 10x + 8y < 1980 or 5x + 4y < 990 has no point in common to the

feasible region. Hence, minimum cost = ¥ 1980 at x = 30 and y = 210

Let X = Number of bad oranges out of 4 drawn =0, 1, 2, 3, 4

1 4
P = Probability of a bad orange = 3 q=1l-p=

.. Probability distribution is:

5

N | =

N | =

X

0

~

P(X):

4C0(

4

5

T

_2%6
625

4Cl

4c4(

| —
N
N

2
DN | =
(9)]

65/1/C

(6)
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Mean (1) = XX .P(X) = O><§§§+1x256+2x %6 +3X 16 +4 !

X =
625 625 625 625
Variance (6°) = Xx>.P(x) - [Zx.P(x)]?

=0

256 1x256 4x96 9x16 16 N7 16
X=—+ + + +—- =—
625 625 625 625 625 \5

Line through ‘P’ and perpendicular to plane is:
T=(2i+3]+4Kk) + M2i + j+3k)

General point on line is: 7 =(2+ 20)i + 3+ k)j +(4+30)k

For some A € R, T is the foot of perpendicular, say Q, from P to the plane, since it lies on plane

[(2420)i+B+A)j+ @ +30k]-(2i + j+3k) —26=0
= 44+4A+3+A+12490-26=0 = k:%
. . » T~ 11x
Foot of perpendicular is Q 31+5 ]+?k

let P’(ai + bj+ ck) be the image of P in the plane then Q is mid point of PP’

a+2> b+3+r c+4- » T~ 114
i+ j+ k({=Q|3i+—-j+—k
o e T el Jie g

= =3, —"=L,"""=— = a=d4,b=4c=7 ~P@i+4j+7k)
2 2 2 2 2
7\ ny [
Perpendicular distance of P from plane = PQ = (2—3)2+(3—5J +(4—?j = 5

Commutative: For any elements a, be A

a*b=a+b+ab=Db+a+ba=>b * a Hence * is commutative

Associative: For any three elements a, b, c, € A

a*b*c)=a*Mb+c+bc)=a+b+c+bc+ab+ ac + abc
(@a*b)*c=(a+b+ab) *c=a+ b+ ab+ c + ac + bc + abc

a*(b*c)=(a*Db)*c, Hence * is Associative.
Identity element: let e € A be the identity element thema *e=e *a=a

—>a+et+ace=e+a+ea=a = e(l+a)=0,asa+-1

e = 0 is the identity element

Invertible: let a, b € A so that ‘b’ is inverse of a
~a*b=b*a=e¢e

= a+b+ab=b+a+ba=0

Asa#-1,b= 1:—_21 e A. Hence every element of A is invertible

(7)

N | =



65/1/C
24. Correct Figure 1

Let AABC be isosceles with inscribed circle of radius ‘r’
touching sides AB, AC and BC at E, F and D respectively.

let AE = AF = x, BE =BD =y, CF = CD =y then
area (AABC) = ar(AAOB) + ar(AAOC) + ar(ABOC)

1 2
= E-ZY(H‘ \/r2+x2) = %{2yr+2(x+y)r}:>x: gr y2 1
yo—r
Then,
) 4r2y
P(Perimeter of AABC) = 2x + 4y = -+ 4y 1
yo -1
AP —ar2(:2 + 2 1
dy (y2 —1?)? dy 2
612_P B 4r2y(2y2 +6r%) _ 63 >0 1
> - =
dy y=r (yz—r2)3 r 2
. Perimeter is least iff y = J3r and least perimeter is
2 2
P=4y+ ézlr y2=4\/§r+4r \?r=6\/§r 1
yo -1 2r
OR
A let ABC be the right triangle with ZB = 90°
M\ ZACB =0, AC = y, BC = x, x + y = k (constant)
=) 1 1 1
2 >C C. A (Area of triange) = 5 BC. AB :5. X \/y2 -x? 15
1 1 1
letz=A?= - x° (v’ —x)=—x* {(k=x)?=x*}=—- (’K* = 2kxV) |
4 4 4
dz 1 2 2 dz k 2k
— = —(2xk“" —-6kx“)and —=0=>x=—,y=k —x=—
" 4( ) ™ 3y 3 1+1
2 2
4z - l(21{"—121@;)} LS 1
dX2 k 4 x:E 2 2
=3 3
3
. k
. z and area of AABC is max at x = 3
and, Cos(9=§:£.i:l:>6=E 1
y 32k 2 3

65/1/C 8)



65/1/C

25. Point of intersection of y2 = 4x and x* = 4y are (0, 0) and (4, 4);
Wykai’h’ (4 4)
Al ¥=4 i/ Correct Graph
4 :
® 3 4
‘ 2
2_5& G are (OAQBO) = J.(ZI—XT] dx
(' 0
i i )X‘»Ar%’” 3 4
qope) e A n_x
J ‘ - |3 12
0
32_16_16
-3 3 3
4
OPQAO) = }idx L) Ie
area ( =17 12 3
0 0
4
4 2
y 1 3 16
- _— d = — = —
area (OBQRO) = | -dy=—"y ] 5
0 0
Hence the areas of the three regions are equal.
26. 1 1 1
1+cos A 1+cosB l+cosC [=0
cos> A+cos A cos>B+cosB cos® C+cosC
Apply C, - C, - C, C; » C; - C,
1 0 0
o| 14+cosA cos B—cos A cos C—cos A =0
cos® A +cos A (cosB—cos A)(cosB+cos A+1) (cosC—cosA)(cosC+cosA+1)
Taking (cos B — cos A), (cos C - cos A) common from C, & C,
1 0 0
< (cosB-cosA) (cosC—-cosA)| 1+cosA 1 1 =0
cos’ A+cos A cosB+cosA+1 cosC+cosA+1
Expand along R,
< (cos B -cos A) (cos C—-cos A) (cosC—-cosB)=0
< cos A=cos B < A=B < AABC is an isosceles triangle
or or
cos B =cos C B=C
or or
cos C =cos A C=A
65/1/C )

N | =
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65/1/C
OR

let the cost of one pen of veriety ‘A’, ‘B’ and ‘C’ be X x. X y and X z respectively then the

system of equations is:

X+y+z=21
4x +3y+2z2=60
6x +2y +3z="70

Matrix form of the system is:

1 1 1 X 21
AX=B,where A=|4 3 2;X=|y[;B=|60
6 2 3 z 70
Al=(5)-10)+1(-10)=-5
co-factors of the matrix A are:
Chi=5 Cy=-1 C=-I
C12=0; C22:—3 C32:2
C13 :—10; C23 :4, C33 =—1
5 -1 -1
-A—l—LAd'A—i 0 -3 2
A=A
-10 4 -1
Solution of the matrix equation is X = A~! B
X | 5 -1 -1}|21 5
=1y :—g 0 -3 2||60|=|8|...x=5y=8,z2=8
z -10 4 -1]||70 8

(10

NS

N | =

N | =



65/2/C

65/2/C
QUESTION PAPER CODE 65/2/C
EXPECTED ANSWER/VALUE POINTS

SECTIONA

No. of possible matrices = 3*

or 81

x+3)2x - (-2) (-3x) =8

x=2

2(24 +3b) +1(3a — 2b)
2+1

7. -~ - .
=3 a+—b (or enternal division may also be considered)

w |~

£+l+£ =1

3 4 2

= T-(4i-3j+6k) = 12 or f-[l—i+5]=1

232G ol )

SECTION B
d dy  3ax’
yY=ax’ + b= 2y—y —3ax? o L = 2X
dx X 2y
Slope of tangent at (2, 3) dy} LN
ope of tangent at (2, 3) = oy 2 3

Comparing with slope of tangent y = 4x — 5, we get, 2a =4 .-.
Also (2, 3) lies on the curve .. 9 =8a+ b, puta=2, we getb=-7

Equation of line through A(3, 4, 1) and B(5, 1, 6)

x—-3 y—-4 z-1
= = =k(sa
> 3 5 (say)

General point on the line:

x=2k+3,y=-3k+4,z=5k +1

line crosses xz plane i.e. y=01f -3k +4 =0

W |~

(11)

N | = | - | = N | = N | = N | =

|~
N | =

N | =



65/2/C

) ) (17 23 1
Co-ordinate of required point | =0, — —
3 3 2
Angle, which line makes with xz plane:
12 (0) + (=3) (1) + 5(0)| : _1£ 3 j
in® = = =0 =Smn | == 1
| Ja+9+251 | 38 J38
9. [Gx+Va-3x-2x2dx = -2 [(4x =343 =257 ax - [Va-3x -2 dx i
4 4
1 S N/TRE 3
:——(4—3x—2x)2——\/§j -~ —(x+—j dx I +1
2 4 4 4
2
1 4x+
—_Lazoayn 3 \/— dx+3 4l ( +§) S (23
2 16 4 32 Ja1
1
=——(4 3x — 2x )/—— X3 4 ax—ax2 + sin” (4”3) +C
N
10. Let d; & d, be the two diagonal vectors:
d, = 4i-2j-2k, d, = —-6j-8k 1.1
1 — ] s U2 = J 2 2
or az = 63 + 812
Unit vectors parallel to the diagonals are:
T L LI 1
NN RN 2
- 30 44 ~ 34 4 ) 1
d -~ 3——k or d,==—j+—k —
2= 75175 275075 2
i ]k
dyxd, = [4 2 -2 =4i+32j-24k 1
0 -6 -8
Area of parallelogram = %‘&1 X 32\ =+/404 or 2+/101 sq. units 1
11.  Let radius of any of the circle touching co-ordinate axes in the second
quadrant be “a” then centre is (—a, a)
Equation of the family of circles is:
2 2 _ .2 !
(x+a)"+(y—a)=a",ackR 15
= xX+y +2ax-2ay+a>=0
, , X+yy 1
Differentiate w.r.t. “x”, 2x + 2yy + 2a—2ay =0 => a= —; N 15
y —

65/2/C (12)
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*. The differential equation is:

x +yy ) X+ vy ) X+ vy )
cr XWX (XY
y =1 y =1 y =1
xy +yy’ 2 X+ 2 X+yy 2 1
N ytyy " Y| _ Yy
y/_l y/_l y/_l

Let X = Amount he wins then x =3 5,4, 3, - 3 1

NS

1 2
P = Probability of getting a no. >4 = 3:4= l-p =3

X 5 4 3 -3

(SSHN )
W | =

. 1 2
(x) 3 9

(OSSN
Il
)
\1|">
A/
(USH )
~
(98]
Il
)
\1|°°
)

Expected amount he wins = X XP(X) =

W | W
+

N | =

OR
E, = Event that all balls are white,
E, = Event that 3 balls are white and 1 ball is non white
E, = Event that 2 balls are white and 2 balls are non-white

A = Event that 2 balls drawn without replacement are white

1
P(E,) = P(E,) = P(Ey) = 3

P(A/E)) = 1, P(A/E,) =

W |
| =
e

I

21
= P(A/E3)= Zg

321
43 2

1. 3
P(E,/A) = /s ==

SV BT

Let X x be invested in first bond
and X y be invested in second bond

then the system of equations is:

10x 12y
100 100~ 2 sx+6y=140000}
=

12x 10y _ o0 6x+5y=135000

100 100

5 6 X 140000
let A= ; X = ;B=

6 5 y 135000
. AX =B

1[5 -6
IAI=—11;A‘1=—{ } 1

13)
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15.
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65/2/C

Solution is X = A~'B= X 1 |5 —61|140000 10000 1 1
t = =— = =
OMHON B y| —11]=6 5 |[135000| | 15000 22
-~ x =10000, y =15000, ... Amount invested = 25000
Value: caring elders 1
lety=u+v,u=x"% v=(sinx)X
) du sin x sin x 1
logu=sinx.logx => —=x"""-qcos x.log x + —+1
dx X 2
. dv . COSX . . 1
log v = cos x.log (sin x) = d_ =(sin x) -{cos X -cot X — sin X -log(sin x)} 5 +1
X
G i ‘ 1
j—i = j—: +j—:: x*x. {cos x -log x +sme} + (sin x)“*®**{cos x - cot x —sin x -log(sin x)} 5 +E
OR
dy —2sin (log x) = 3 cos (logx)
=2 _ + 1
dx X X
y . . . 1
= x& = -2 sin (log x) + 3 cos (log x), differentiate w.r.t ‘x’ 5
2 —2cos (1 3 sin (I
N d_y+ﬂ: cos(ogx)_ sin (log x) 5
dx? dx X X
d? d 2 1
sin”!x + sin_l(l —-X)= cos T x = sin_l(l —X)= g —2sin"'x 1
. T . -1 _ . -1 _ P |
:>1_X=sm(§—25m xj:l—x-cos(Zsm X)=>1—-x=1-2sin“(sin " X) 1
=1-x=1-2x 1
) 1
Solving we get, x =0 or x = 5 1
OR
. -1 X -1y
From the equation: cos i " oL — COS 5
i:cos Oc—cos_]Z = i:cosoc-cos cos_lz +sin o - sin cos_IZ 1+1
a b a b b
X y-cosQ y2 Xy y2
= — = +sino [l -—— = ——=cosa=sina,[l——= 1
a b b2 a b b2
Squaring both sides,
2
:(i— cosocjz = | sin o 1—ﬁ 1
a Y b B b2 2
2 2
1
X——2X—y~cosoc+y—=sin2 Q. =
a2 ab b2 2

(14)
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65/2/C

dx

Pl 2a cos 2t (1 + cos 2t) — 2a sin 2t-sin 2t
dy . .
Fi —2b sin 2t (1 — cos 2t) + 2b cos 2t-sin 2t

g} _2bc052t-sin2t—2bsin2t(I—COSZt)} b
=% L

dx 2a cos 2t (1+ cos 2t) — 2a sin 2t -sin 2t (=
4

The differential equation can be re-written as:

d—y:X_y,puty VX, d—y—V+ dV

dx X+y dx dx

:>v+xﬂ: 1_V:> Ity de:ldX
dx 1+v 1-2v—-v X

integrating we get

1 J‘ 2V +2
242vV-1
.. Solution of the differential equation is:

:—jldx:%long+2V—1|:—1ogx+1ogc
X

1 2
Elog y—2+ﬂ— ‘ = logC—logxor,y2+2xy—xz:C2
X
. T
A .2 A s1n2(—xj A 2
LetT= | ————dx Alsol= | 2 dx= [ —""—dx
Sin X + COoS X . (E j (TC ) COS X + S1n X
0 0S| ——x [+cCcos| ——X 0
2 2
i f
Adding to get, 2l = | —————dx=—F%= | —————dx
) SinNX +cosx 2 Ocos(x—%)
/ T
=2 Iec(x )dx—ilog sec(x—£)+tan(x—£jé
T{Og‘\/z-l-l‘—l()g‘\/i—l‘}
1
——log |2 +1|-log|\/2 1| or
e R I T
OR
3/2 1/2 3/2
lecosnxldx — Ixcosnxdx—jxcosnxdx
0 0 /2
) /2 . 3/2
X sin TX  €Os TX X sin TX  €Os TX
e e e
T T 0 L T 12
_L_L_( 3 1) o1
2t 1 2n 27 2n 2

(15)
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20.
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65/2/C

Let &2 = ¢ x? x? t A N B !
et X™ = . = = =
xXF+xt-2 0 XP-Dx%+2) (t-D(+2) t-1 t+2
. 1 2
Solving for A and B to get, A = 3 B= 3 1
2
J‘%dx :lj 21 dx+zj 21 dlelogx_1+£tan_li+c 1 +1
XT+x" =2 39x° -1 39x°+2 6 x+1 J2
SECTION C
1 1 1
1+cos A 1+cosB l+cosC [=0
cos? A+cos A cos’ B+cosB cos? C+cosC
Apply C, - C, - C, C; > C; - C,
1 0 0
o| 14+cosA cos B—cos A cos C—cos A =0 3
cos® A +cos A (cosB—cos A) (cosB+cos A+1) (cosC—cosA)(cosC+cosA+1)
Taking (cos B — cos A), (cos C - cos A) common from C, & C,
1 0 0
< (cosB-cosA)(cosC—-cosA)| 1+cosA 1 1 =0 1
cos’ A+cos A cosB+cosA+1 cosC+cosA+1
Expand along R,
< (cos B-cos A) (cos C—-cos A) (cosC—-cosB)=0 1
< cos A=cos B < A=B < AABC is an isosceles triangle 1
or or
cos B =cos C B=C
or or
cos C =cos A C=A
OR
let the cost of one pen of veriety ‘A’, ‘B’ and ‘C’ be X x. ¥ y and X z respectively then the
system of equations is:
x+y+z=21 |
4x +3y +2z2=60 15
6x +2y+3z2=70
Matrix form of the system is:
1 1 1 X 21 .
AX=B,where A=|4 3 2;X=|y[;B=|60 3
6 2 3 zZ 70
IAl=(5)-10)+1(-10)=-35 1

(16)



65/2/C
co-factors of the matrix A are:

Ch=5 Cy=-1 C5=-1

Cp=0; Cyp=-3 C;=2
C]3:—10; C23:4; C33:—1

. . 5 -1 -1

w Al= —AdjA=—| 0 -3 2
[Al ! -5

-10 4 -1

Solution of the matrix equation is X = A~ B

X 5 -1 —1||21 5
= |y|l=—-—=| 0 -3 2||60|=|8|..x=5y=8,2z=8
z -10 4 -1(|70 8

21. Let x kg of fertilizer A be used
and y kg of fertilizer B be used

BT then the linear programming problem is:
/) //"/ e
SORFY e Minimise cost: z = 10x + 8y
3008 - % -
'\
40

Subject to %+ﬂz 12= 3x +y 2300

100

OX LY S0k 4y2240
100 * 100

x,y=20

Correct Graph

Value of Z at corners of the unbounded region ABC:

Corner Value of Z
A (0, 300) % 2400
B(30,210) %1980 (Minimum)
C(240,0) 32400

The region of 10x + 8y < 1980 or 5x + 4y < 990 has no point in common to the

feasible region. Hence, minimum cost =X 1980 at x = 30 and y = 210

22, Correct Figure

Let AABC be isosceles with inscribed circle of radius ‘r’
touching sides AB, AC and BC at E, F and D respectively.

let AE = AF = x, BE = BD =y, CF = CD =y then
area (AABC) = ar(AAOB) + ar(AAOC) + ar(ABOC)

1 [
= 52}’(“' f2+X2) = %{2yr+2(x+y)r}:x=

65/2/C (17)
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65/2/C
Then,

P(Perimeter of AABC) = 2x + 4y = PR

y -1
dp 42 (12 +y?)

dy  (y*-r%)?

+4andd—P:0:>y:x/§r

dy

4r2y(2y2 +6r%) B 63
(y> 1%y’ r

o

>0
dy2

y =3

. Perimeter is least iff y = J3r and least perimeter is

_4\/> 4r\/_r

y —r? 2r?

6\/§r

P = 4y+

OR

let ABC be the right triangle with ZB = 90°

ZACB =6, AC =y, BC = x, x + y = k (constant)

1 1
A (Area of triange) = 5 BC. AB :E. X \/y2 —x?

let z =
dz _
dx

&
dx?

JRINEE (yz—x2>=ix2{<k—x>2—x2}:

4
1

T4

6kx )and%—O:M(—k

(2xk? —
dx 3

— l(2k2—12kx)} K
4 2

k

X=—

X== 3

.. z and area of AABC is max at x =

and, cos O =

(O8]

k
3

3
2k

k
3

< | >

Let X = Number of bad oranges out of 4 drawn =0, 1, 2, 3, 4

P = Probability of a bad orange =

. Probability distribution is:

1
—.q=l-p=—
5 a P 5

1 (x2K2
4

—2kx?)

2k

,y=k—-x=—
Y 3

0

~

P(X):

4C0(

4

5

T:_

256
625

4Cl

2

| —
N
~

4(:4[

256

625

Il
‘H

[N
[\
9]

65/2/C
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65/2/C

Mean (1) = EX.P(X) = 0x 256 +1x 256 +2X %6 +3x% 16 +4x ! =i
625 625 625 625 625 5
Variance (6°) = Xx>.P(x) - [Zx.P(x)]?
256 1x256 4x96 9x16 16 (4}2 16
= 0OXx + + + + = ==
625 625 625 625 625 \5 25
24. Point of intersection of y2 = 4x and x* = 4y are (0, 0) and (4, 4);
Ld/*i’— " W‘” Correct Graph
4 >,
® 54 t x?
4R are (OAQBO) = | [2f ——] dx
a7 | x=4 0 4
('
5 XAt 3 4
T dee) PI* = {i % ‘X_H
di : 3 12 0
_32.16_16
3 3 3
4
OPQAO) = }ﬁdx —ix3 _16
area (OPQAO) = )4 -3

4
area (OBQRO) = [*-dy=15y
0
Hence the areas of the three regions are equal.
25. Commutative: For any elements a, be A

a*b=a+b+ab=>b+a+ba=>b * a Hence * is commutative

Associative: For any three elements a, b, ¢, € A

a*(b*c)=a*Mb+c+bc)=a+Db+c+bc+ab+ ac + abc
(a*b)*c=(@+b+ab)*c=a+b+ab+c+ ac + bc + abc

a*(b*c)=(a*Db)*c, Hence * is Associative.
Identity element: let e € A be the identity element thema *e=e *a=a

—>a+e+ac=e+a+ea=a = e(l+a)=0,asa+-1

e = 0 is the identity element

Invertible: let a, b € A so that ‘b’ is inverse of a
~a*b=b*a=e¢e

= a+b+ab=b+a+ba=0

—-a
Asa#-1,b= Tia € A. Hence every element of A is invertible

65/2/C (19)
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Line through ‘P’ and perpendicular to plane is:

f=(21+3j+4K) + AM2i + ] +3Kk)

General point on line is: 7 =(2+ 20)i + 3+ k)j +(4+30)k

For some A € R, T is the foot of perpendicular, say Q, from P to the plane, since it lies on plane

[(2420)i+B+A)j+ A +30k]- (21 + j+3k) —26=0
= 44+4A+3+A+12490-26=0 = k:%
Foot of perpendicular is Q[?ﬁ + %3 + %Ej
let P’(ai + bj+ ck) be the image of P in the plane then Q is mid point of PP’

a+2, b+3~ c+4- » Ta 114
i+ j+ k|=Q|3i+—-j+—k
Q( 2 2 1T, j Q( 27" j

a2 3003 T et M iab=dc=7 - PEi+4]+7k)
2 2 2 2 2
7\ 1 7
Perpendicular distance of P from plane = PQ = (2—3)2+(3—§] +(4—?j = 5

(20)
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QUESTION PAPER CODE 65/3/C
EXPECTED ANSWER/VALUE POINTS

SECTION A
2(2d +3b) +1(3d - 2b) 1
2+1 2
7. 4- . . 1
= 5 Eb (or enternal division may also be considered) 5
2 1
X, YL E_y 1
3 4 2 2
i 7 Kk 1
o T o3je6k) =12 or 7 Li-d4X|o —
3 4 2 2
1
(x +3)2x — (-2) (-3x) =8 5
1
X=2 —
2
2 5 3 1 1 2 1 1
2 4) 712 o)l-1 -1 2 T2
No. of possible matrices = 3
1
or 81
SECTION B
. o
% 5o (T %
Let]I = JLdX,A]SOI:J‘ 2 dX=J.L)%dX 1
Osmx+cosx Osin(n—xj+cos(n—x) 0cosx+smx
2 2
5 5 |
Adding to get, 21 = I;dx=i.|-;dx —+1
sin X 4 cos X V2 cos (x—7)) 2
0 0
% %
1 T 7T\
=2 sec(x —%)dx=—10 sec[x——j+tan(x——j 1
{ 7 N 4 4)|,
21 = L {og3 1] toe 3 -1
2
= 1= 10g‘f+1‘—10g‘f—1‘ or — 1
N f 1 2
OR
3/2 1/2 3/2 ]
lecosnxldx= Ixcosn‘xdx—jxcosn‘xdx 1—
0 0 172 2

21)
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65/3/C

. 1/2 ) 32
X sin TX  COS TX X sin TX  COS TX 1
fuam ) [ :
T T 0 L T 12 2
1 1 3 1 5 1
e il =or T2 1
2T 1 2 2n) 2°m &
Let X = Amount he wins then x =3 5,4, 3, - 3 1
o ) 1 2 1
P = Probability of getting a no. >4 = 3:4= l-p =§ 5
X 5 4 3 -3
b L2112 (2)?1 4 (2) 8 )
® 3 339 3) 37 27 3) T 27
Expected amount he wins = X XP(X) = é + § + 2 - %
39 27 27
1
=3 Q or3 2l =
9 9 2
OR
E, = Event that all balls are white,
E, = Event that 3 balls are white and 1 ball is non white
1
E, = Event that 2 balls are white and 2 balls are non-white
A = Event that 2 balls drawn without replacement are white
1 1
P(E,) = P(E,) = P(E;) = 3 5
P(AE,) = 1, PAE,) =~ 2=+ pa/py = 22=1 1
(A/E) = 1, P(AJEy) = 35 = 7 P(AE) = T3 =% 1
1.1 3
P(E,/A) = =— 1
VeI Ey A
) x> x2 t A B
Let x> =t .. — > = —3 5 = = + 1
XT+x°=-2 X" -DE"+2) @t-D(t+2) t-1 t+2
) 1 2
Solving for A and B to get, A = 3 B= 3 1
2
X 1 1 20 1 1. Ix-1] V2 . x
—dx = — dx +— dx =—log +—tan  —+C 1+1
J.x4+xz—2 3'[x2—1 37x2+2 x+1 3 2
dx . . 1
s 2a cos 2t (1 + cos 2t) — 2a sin 2t-sin 2t 15
dy . .
E = -2b sin 2t (1 — cos 2t) + 2b cos 2t-sin 2t 1
ﬂ} _ 2bcos 2t-sin 2t — 2bsin 2t (1 — cos 2t) b 1 o
dx J;_T B 2a cos 2t (1+ cos 2t) — 2a sin 2t -sin 2t t_g_a 2
f =

~

(22)



65/3/C
11. Equation of line through A(3, 4, 1) and B(5, 1, 6)
Xx—3 y—-4 z-

1
= = =k(sa
2 35 K I

General point on the line:

1
x=2k+3,y=-3k+4,z=5+1 5
line crosses xz plane i.e. y=01if -3k +4 =0
k=2 !
3
. . (17 23 1
Co-ordinate of required point | =0, — —
3 3 2
Angle, which line makes with xz plane:
2(0)+(=3) () +5(0)| _ . _1( 3 j
neo= | = —~ @ =sin | — 1
| Ja+9+251 | @ V38
12. j(3x+1) 4-3x —2x2 dx :—EI(—4X—3)\/4—3X—2XZdx—éj 4-3x —2x?% dx 1
4 4
! %5 Jay (.. 3Y
:——(4—3X—2X2)2——\/§J. (_j —[x+—j dx 1+1
2 4 4 4
2
(4
=—l(4—3—2x2)% \/_ dx+3 41 ( +§j s G X+3] +C
2 16 4 32 Ja1
1 4x+ 1
_ Loy 3 xS 4—3x—2x2+41*5-sin1 3 e
2 4| 8 32 Va1
d dy 3ax?
13. y’=ax’+b= 2y—y=3ax2 Lo AX 1
dx dx 2y
dy 3a 4
Slope of tangent at (2, 3) = — =—-—=2a 1
dx (2,3) 2 3
Comparing with slope of tangent y =4x — 5, we get, 2a =4 .. 1
Also (2, 3) lies on the curve .. 9 =8a+ b, puta=2, we getb=-7 1

14. Let X x be invested in first bond
and Xy be invested in second bond

then the system of equations is:

10x 12y 200

1()() 100 5x + 6y = 140000} .
=

12x +10_y:2700 6x + 5y =135000

100 100

5 6 X 140000
let A= ; X = ;B=
6 5 y 135000

65/3/C (23)
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16.

17.
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65/3/C

. AX=B

JURTIOC B 1
B T -6 5
Solution is X = A~'B = X 1 | 5 -6]140000 10000 1 1
‘. t = =— = A
oHon s y| —11|=6 5 |[135000| |15000 272
x =10000, y =15000, ... Amount invested = 25000

Value: caring elders 1

The differential equation can be re-written as:

— 1 1
d—y:X y,puty VX, d—y—V+ dV PO e
dx X+y dx dx 2 2

1- 1+ 1
:}V+Xﬂ: V:> v 2dV=—dx 1

dx 1+v 1-2v—v X
integrating we get

2V +2 1 1 2 1

— = —|—dx==1logl V" +2V —1l=-log x +log C 1—
'[ 242V - 1 ‘[X 2 & 8 8 2
.. Solution of the differential equation is:
1 2 1
—log y—+ﬂ— = logC—logxor,yz+2xy—xz:C2 =
2 2 x 2
let d; & d, be the two diagonal vectors:
d, = 4-2j-2k, d, = —6j-8k L
1 — ] s U2 = J > >
Unit vectors parallel to the diagonals are:
R I 1
NRNCRINT: 2
A 30 44 A~ 34 4'\) 1
d, = 27-2k or d,==—j+—k —
2= 75075 275375 2
i j Kk
alxaz — |4 -2 -—2|=4i+32j-24k 1
0 -6 -8
Area of parallelogram = %‘al X 32\ = /404 or 2+/101 sq. units 1
sin”! x + sin_l(l— X)= cos'x = sin_l(l— X)= g —2sin'x 1
. ([T . -1 _ . —1 _ s 20 1
:>1_X=sm(§—251n x):l—x—cos(Zsm Xx)=>1—-x=1-2sin“(sin" " X) 1
= 1-x=1-2x 1
. 1
Solving we get, x =0 or x = 5 1

(24)
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OR
. -1X -1y
From the equation: cos = — = O —Co0s b
a
X cos (OC —cos™! Xj = X COS 0L - COS (cos_1 Xj +sin - sin (cos_1 XJ 1 +1
a b a b b
X y-cosol . y2 Xy ) y2
= — = —+sinA 1——2 = ——=coso=sin 1——2 1
a b b a b b
Squaring both sides,
2
:(i— cosocjz = | sin o 1—y—2 1
a Y b B b2 2
2 2
1
X——ﬁ-cosoc+y—:sin2 . =
a2 ab b2 2
Lety=1u+v, u=xM"% ]y = (sin x)°
) du  gnx sin X 1
logu=sinx.logx = —=x"""-qcos x.log x + —+1
dx X 2
. dv . cosx . . 1
log v = cos x.log (sin x) = e (sin x)“*** -{cos x -cot x —sin x -log(sin x)} ) +1
X
. i 1
:—)}: = 3—2 +j—:: xS {cos x -log x +%} + (sin x)“®**{cos x - cot x —sin x - log(sin x)} 5 +E
OR
dy  —2sin(logx) 3cos (logx)
=2 _ + 1
dx X X
dy : . . 1
= X& = -2 sin (log x) + 3 cos (log x), differentiate w.r.t ‘x’ 5
2 —2cos (1 3sin (1
N Xﬁ+g= cos (log x)  3sin (log x) 5
dx? dx X X
d’y  d 2 1
= X2_32/+X_y=_y = x2ﬂ+xd—y+y=0 =
dx dx dx2 dx 2
Let radius of any of the circle touching co-ordinate axes in the second
quadrant be “a” then centre is (—a, a)
Equation of the family of circles is:
2 2 _ 2 1
(x+a) +(y—-a“ =a",acR 1E
= X +y +2ax-2ay+a’=0
) . , , X+yy 1
Differentiate w.r.t. “x”, 2x + 2yy' + 2a—2ay =0 => a= —; " 15

(25)
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. The differential equation is:

X + "2 X + \? X + \?
x4 I (XWX Eyy
y -1 y -1 y -1

w2 v\ )2
NS ARRESS AN S
y -1 y -1 y -1

SECTION C
20. Point of intersection of y2 = 4x and x* = 4y are (0, 0) and (4, 4);
\/~¢l.r,1,‘, 4 4)
(ﬂ ¥ =4 1 ¢ Correct Graph
il 1 Z
4 :
N
® A 4 X2
2 .,  are (OAQBO) = [l 2x - Jdx
7N 0
i 4
o f S5 XA~ 3
T qoe) 3 A X
& : 13 12 o
_32_16_16
3 3 3
4
OPQAO) = }ﬁdx —ix3 _16
area (OPQ )‘04 -3

4
area (OBQRO) = [*-dy=15y
0
Hence the areas of the three regions are equal.
21. Commutative: For any elements a, be A

a*b=a+b+ab=>b+a+ba=>b * a Hence * is commutative

Associative: For any three elements a, b, c, € A

a*b*c)=a*Mb+c+bc)=a+b+c+bc+ ab+ ac + abc

(a*b)*c=(@+b+ab)*c=a+b+ab+c+ ac + bc + abc

a*(b*c)=(a*Db)*c, Hence * is Associative.
Identity element: let e € A be the identity element thema *e=e *a=a

—>a+e+ac=e+a+ea=a = e(l+a)=0,asa+-1

e = 0 is the identity element

Invertible: let a, b € A so that ‘b’ is inverse of a
~a*b=b*a=e¢e

= a+b+ab=b+a+ba=0

—-a
Asa#-1,b= Tia € A. Hence every element of A is invertible

65/3/C (26)
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1 1 1
1+cos A 1+cosB l+cosC [=0
cos> A+cos A cos>B+cosB cos? C+cosC
Apply C, - C, - C, C; - C; - C
1 0 0
| 14+cosA cos B—cos A cos C—cos A =0
cos® A +cos A (cosB—cos A)(cosB+cos A+1) (cosC—cosA)(cosC+cosA+1)
Taking (cos B — cos A), (cos C — cos A) common from C, & C,
1 0 0
< (cosB-cosA)(cosC—cosA)| 1+cosA 1 1 =0
cos’ A+cos A cosB+cosA+1 cosC+cosA+1
Expand along R,

< (cos B —cos A) (cos C —cos A) (cosC—-cos B)=0

& cos A=cos B < A=B < AABC is an isosceles triangle
or or
cos B =cos C B=C
or or
cos C =cos A C=A
OR

let the cost of one pen of veriety ‘A’, ‘B’ and ‘C’ be X x. X y and X z respectively then the
system of equations is:

X+y+z=21
4x +3y +2z2=60
6x +2y+3z2=70

Matrix form of the system is:

1 1 1 X 21
AX=B,where A=|4 3 2;X=|y[;B=|60
6 2 3 zZ 70
IAl=(5)-10)+1-10)=-5
co-factors of the matrix A are:
Ci=5 Cy=-1 GC=-I
Cp=0; Cyp=-3 C;p=2
5 -1 -1
-A—I—LAd'A—L 0O -3 2
AT AT TS
-10 4 -1
Solution of the matrix equation is X = A™' B
X . 5 -1 -1||21 5
= |y =—§ 0 -3 2||60|=|8|..x=5,y=8,2z=8
z -10 4 -1{|70 8

(27)
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23. Let x kg of fertilizer A be used

and y kg of fertilizer B be used

then the linear programming problem is:

Minimise cost: z = 10x + 8y

Subject to 12X 1Y 5 19 = 35 + y 300
100 100

X LY S n x4y 2240
100 ' 100

X,y=0

Correct Graph

Value of Z at corners of the unbounded region ABC:

Corner Value of Z
A (0, 300) % 2400
B(30,210) 1980 (Minimum)
C(240,0) 32400

The region of 10x + 8y < 1980 or 5x + 4y < 990 has no point in common to the
feasible region. H ence, m Inim um co st = ?1980atxz30andy:210

24. Line through ‘P’ and perpendicular to plane is:
T=(2i+3]+4Kk) + M2i + j+3k)

General point on lineis: =2+ 201+ 3+ k)j +(4+30)k

N | =

For some A € R, T is the foot of perpendicular, say Q, from P to the plane, since it lies on plane

[(2+20)i+ B+ A)j+ (4 +30)K]-(2i + j+3k) —26 =0
= 4+4A+3+A+12491-26=0 = k:%
Foot of perpendicular is Q(3iA + %3 + 1—;12)
let P’(af + bj + c12) be the image of P in the plane then Q is mid point of PP’

a+2: b+3+ c+4- ~ T~ 11a
1+ ]+ k|=Q|31i+—-j+—k
Q( 2 2 ! 2 ] Q( ZJ 2 J

a+?2 b+3 7 c+4 11

=X =3, —"=_, =— = a=4,b=4,c=7 ~P4i+4j+7k)
2 2 2 2 2
7\? ny
Perpendicular distance of P from plane = PQ = (2—3)2+(3—5j +(4—?j = 5

65/3/C (28)
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Correct Figure

Let AABC be isosceles with inscribed circle of radius ‘r’
touching sides AB, AC and BC at E, F and D respectively.

let AE = AF = x, BE =BD =y, CF = CD =y then
area (AABC) = ar(AAOB) + ar(AAOC) + ar(ABOC)

1 )
:E-2Y(f+ r2+X2) :%{2yr+2(x+y)r}:>x: =

Then,

4’y
V1

P(Perimeter of AABC) = 2x + 4y = +4y

dP 2,2 2
M{.L‘_aﬂd@:():y:ﬁr

C12_P 4r%y(2y® + 617) _ 63 50
2 = -
dy y =\/§r (y2 _ r2)3 r

. Perimeter is least iff y = J3r and least perimeter is

—4JF 4r«f} 6%%

y —r? 2r?

P = 4y+
OR

let ABC be the right triangle with ZB = 90°
ZACB =6, AC =y, BC = x, x + y = k (constant)

1 1
A (Area of triange) = 5 BC. AB :5. X \/y2 -x2

1 1 1
letz = A2 = — x> (y? "‘2)22"2 {(k—x)z—x2}=z<x2k2 — 2kx?)

4
dz _ l(2x1<2 6kx)andﬂ_o:>x_k,y=k—x=§
dx 4 dx 3 3
2 2
dz =l(2k2—12kx)} K
dX2 k 4 x:E 2
X=— 3
3
) k
.. z and area of AABC is max atx=§
and,cos@=§=£.i:l:>9=E
y 32k 2 3

(29)
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26.

65/3/C
Let X = Number of bad oranges out of 4 drawn =0, 1, 2, 3, 4

1 4
P = Probability of a bad orange = 547 l-p= 3

. Probability distribution is:

65/3/C

Variance (6%) = Zx%.P(x) — [Zx.P(x)]?

=0

256 1x256 4x96 9x16 16
X ——+ + + +

625

625

625

625

(30)

625

[

4

5

;

_l6
25

X: 0 1 2 3 4
4 3 2 2 2 4
off) =) s3] | < ) | 66| w6
P | 4C, [ 2] =22 4, 2 2 c =2 c.l=1][2 c,l=
X) 0(5 625 515 2\s5) s 35) (5 s
_ 256 _ %6 _ 16 _ b
= 625 = 625 = 625 = 625
Mean (1) = ZX.P(X) = 03220 1126 5 90 L3 16 Ly 1 4
625 625 625 625 625 5
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