MARKING SCHEME

MATHEMATICS (041)
Sample Paper 03 ¢ Class XII ¢ Session 202627

Q.P. Code : MC/SP/03 Maximum Marks : 80

Step-by-step solutions with the value points and marks for each step, as per the CBSE marking scheme. Marks for
each step are shown in the right-hand column.

SECTION A

Correct answer: (B) —
18
T T ) 7T

cos — =sin| —

9

2 9

_Sln1—8

77
—— lies in

18 , the principal value branch of sin™, so the value is —

|\.J|=l

s
2° 18

Correct answer: (D) | —

cosec is one-one on — {0} and takes every value in R — (=1, 1) there.

0 is excluded because cosec 0 is not defined.
4
Correct answer: (A) 3

3 3 T 4
mn-1—= i = — 1 0—' = —
Let sin S 0, so sin O z with 0 E( ,2),then cos 0 5

cosf _ 4

cot 6 = sinf 3’

4. Correct answer: (C) -6, -4, -9 1
0 2k

3k —4k
Then3a=2k=-12=a=-4and2b=3k=-18=b=-9.

kA = { ; comparing the (2, 2) entries, —4k = 24 = k = -6.

5. Correct answer: (B) 24 1
For a square matrix of order n, |kA| = k1A].

|2A] =23 x 3 =24,
6. Correct answer: (D) skew-symmetric matrix 1
All diagonal entries are 0 and each a; = —a; (e.g. a;;, = =5, d,; = 5).

So A" = —A: the matrix is skew-symmetric.

7. Correct answer: (C) continuous everywhere, but not differentiable at x =0 and x = 1 1
The sum of two continuous functions is continuous, so f is continuous everywhere.

Each modulus term has a corner at its zero, so f is not differentiable at x =0 and x = 1.
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. 1
8 Correct answer: (A) x d

dx

dy 1 ——dy _
dx ~ J1-xz eviTX dx_l’

x dy _ o d2y _ dy
Differentiating: v 1 dx2 Tz dx 0=(1-x? iz X dx
9. Correct answer: (A) 1 1
4 dV _dVidr _4nr? _r
VERmh ST s T dsidr 8w 2

Atr=2cm, dV/dS =1.

10.  Correct answer: (C) increasing on R 1
f'(x) = 3x2 - 6x + 3 = 3(x — 1)? > 0 for all x, with equality only at x = 1.

Hence f is increasing on R.

11.  Correct answer: (D) 2 1
, . . _— dy |,|,_(d%y
Squaring to make it a polynomial in the derivatives: | 1+ dx 3= dx? 2

2
J appears with power 2, so the degree is 2.

The highest order derivative

dx?
12. X a+1 1
Correct answer: (B) ' D A
loga a+1
e/(x log a) = a* and e/\(a log x) = x2.
d X XG +1
X 4 ya =
Ja+x7) dx loga a+1
13. 7 .

Correct answer: (D) E(l -2j)
. 1 -
Unit vector along a: E(l - 2j), since |a| = V5.

7
Required vector = 7 x unit vector = EG - 2)).

14.  Correct answer: (A)d =0 or b =0 1
For non-zero vectors, d - b = 0 means they are perpendicular, and a x b = 0 means they are
parallel.

Two non-zero vectors cannot be both, so at least one of them is the zero vector.

15. 2n 1

Correct answer: (B) KN
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16.

17.

18.

19.

20.

21.

5
Correct answer: (C) 5

9 4 5
P(A'n B)=P(B)~P(ANB)= 13~ 75 = 13-

P(A'|B) =

= =
w|u3|w|u1
o |ul

Correct answer: (B) %

4
P(first red) = % ; given that, P(second red) = - (multiplication theorem).

P(both red) = % X ;

4
Correct answer: (D) §

1

k+2k+3k=1=>k=€.

1 2 3 8 4
Mean—0X6+1><6+2><6—6—3.

Correct answer: (A)
R is a standard result — R is true.

1 1 X
With f(x) = < f'(x) = 2 S0 by R the integral is e; + C. A is true and R explains it.

Correct answer: (A)
R is the standard fact about general solutions — R is true.

By R, an equation of order 3 has 3 arbitrary constants in its general solution. A is true and
follows from R.

SECTION B
Solution:

. T
tan?x = sec%x — 1, so the integral = [tan x — x] from 0 to e

1—5)—0=1—£.

4 4
. 1-mw/4
OR
x2 = 6x + 13 = (x — 3)? + 22 (completing the square).
dx 1 x—3
— - -1
I x3)zez 20 +C

. (1/2) tan~((x - 3)/2) + C
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22. Solution:

_ 1 __ dy _ 1
ey—x+1=> = -log(x + 1), so dx - x+l’
d?y 1 N AR
dx2 _(x+1)2_ 1] " dx . Hence shown.
.. Shown

23. Solution:

(A) Three Dimensional Geometry

5
y [——
- +
Standard form: X2 = 2 -2 1; direction ratios 2, —5, 1,i.e. 4, -3, 2.
2 3 1 2
2
V16+9+4 = /29, so the direction cosines are 4 -3
’ V29”29 V29
C. 4Nn29, -3/729, 2/7/29
OR
(B) Vector Algebra
|a-bPR=|aR+|bp-2d-hb=4+9-8=5.
@ - b| = V5.
. V5
24. Solution:
i j k
dxb=13 1 4]=Q+41-@-4)j+(-3-1k=5+]- 4k
1 -1 1

Area = |d x b| = V/25+1+16 = 1/42 square units.
.. V42 sq. units

25.  Solution:
The feasible region is the rectangle with corner points (0, 0), (3, 0), (3, 2) and (0, 2).
Z =0, 33, 47, 14 at these points; the maximum value of Z is 47 at (3, 2).

.. MaxZ =47 at (3, 2)

SECTION C
26.  Solution:
3 3 -1
A'=|—2 =2 1 |. Anysquare matrix A =P + Q, where P =15(A + A") is symmetric and Q
-4 -5 2

=15(A — A’) is skew-symmetric.
1 6 1 -5 3 1/2 =5/2
P=§ 1 -4 —-4|=|1/2 =2 =2 |;P'=P,soP issymmetric.
-5 -4 4 —-5/2 =2 2

j—
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0 -5 -3 0 -—-5/2 -=-3/2 1
5 0 -—6|=|5/2 0 —3 [; Q' =-Q, so Qs skew-symmetric,and A =P +
3 6 0 3/2 3 0

Q:

Q.
.. A=P+ Q as above

27. Solution:

f'(x)=6x2-30x +36=6(x —2)(x —3) =0=x=2, 3 (bothin [1, 5]). 1
f(1) = 24, £(2) = 29, f(3) = 28, f(5) = 56. 1
Absolute maximum = 56 at x = 5; absolute minimum = 24 at x = 1. 1

J. Max56atx=5;Min24atx=1

28. Solution:

2sin?(kx/2) k2 (sin(kx/2) X 1
F #£0, f(x) = —— = — x 2 x )
orx#0, 1(x) xsin x 2 kx/2 sin x
k2
Asx - 0,f(x) - —. 1
2
kz 1
Continuity at 0: — = - =k = £1. 1
)
k=1
OR
dx _ Dy cocp o Y - bsecd _ b 1
a0 - a sec O tan 0, a0 = b sec20, so 5 ~hr cosec 0.
d2y d Qcosece X@_ —bcosecOcot b 030 1
dx? df\a dx a-asecfHtan0 2 ’
_mo T d?y _3\/§b 1
At9—6.c0t6—\/§,so a2 PR
.. =3V3 b/a?
29.  Solution:
Linear form with P = -1, Q = cos x; IF = e/A(—[dx) = e ™. 1
ye*=[e*cosxdx = 62 (sin x — cos x) + C (integrating by parts twice). 1
1
y=§(sinx—cosx)+CeX. 1
..y = ¥%(sin x — cos x) + Cex
OR
. . _dy _ edx 1
Separating the variables: Toy?  14e2r
Integrating (put t = e* on the right): tan~'y = —tan~(e*) + C. 1
T i i T 1
= =1—=—+4+ = — —1y + —1(px) = —
Atx=0,y 1.4 4 CcC=C 2,sotan y + tan~1(e¥) 5

. tan~ly + tan~(eX) = /2

MC/SP/03 » Marking Scheme Page 5 of 10 Reviewed by Deepika Bhati | Infinity Think Beyond



30. Solution:

Any point of the line: Q(2t — 1,3 - 2t, —t); PQ=(2t -2, 1 - 2t, 3 - 1). 1
PQ L line:2(2t-2)-2(1-2t) - 1(3-t) =9t —9=0=t = 1; foot of the perpendicular Q(1, 1, 1
-1).
Length PQ = V(02 + 12 + 22) = V5 units. 1
.. Foot (1, 1, -1); length V5 units
OR

The lines are parallel, since 41 — 2j + 2k = 221 -3 + 1A<); take b = 21 - ]+ k, |l;| =/6. 1
a,—a, =1-k; b x (a, — a,) =1+ 3 + k, with magnitude v/11. 1

Ubx(ay-a,)l V11 _Je6 1
SD = = = = units.

b V6 6

.. V66/6 units

31.  Solution:
Draw x +y =50 and 3x + y = 90; they meet at (20, 30). The feasible region is OBCD with O(0, 1
0), B(30, 0), C(20, 30), D(0, 50).
Z at the corners: O: 0; B: 120; C: 110; D: 50. 1
Maximum Z =120 at x = 30, y = 0. 1

80 4

.. Max Z =120 at (30, 0)

SECTION D
32.  Solution:
Reflexive: every triangle is similar to itself, so (T, T) € R. 1
Symmetric: if T, is similar to T,, then T, is similar to T,; so (T, T,) € R = (T,, T;) €R. 1

Transitive: if T, ~ T, and T, ~ T,, then T, ~ T, (corresponding angles equal). So R is an 1
equivalence relation.

Similar triangles have proportional sides: 3/6 = 4/8 = 5/10 = 1/2, so T, ~ T,. 1
5/3, 12/4, 13/5 are not equal, so T, is similar to neither. Hence only T, and T, are related. 1

.. Equivalence relation; T, and T, are related

OR
If nis odd, f(n) =n + 1 is even; if n is even, f(n) = n — 1 is odd. 1
One-one: if f(m) = f(n), then m and n are both odd or both even (an odd and an even number 1
give images of different parity).

Bothodd:m+1=n+1=m=n; botheven:m—-1=n-1=m=n. Sofis one-one. 1
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Onto: foran odd k € N, k + 1 is even and f(k + 1) = k; foran even k, k — 1 isodd and f(k - 1) = 1

k.

Every k € N has a pre-image, so f is onto. Hence f is bijective. 1

.. fis bijective

33. Solution:

a a 1
Let I be the integral. Using _ff(x)dx = ff (a—x)dx (sin and cos interchange): I =
0 0
n | T .
7 | = —Xx|sin x cos x
3 |
f - dx
) Sin4x+cos4x
ne o 1
Adding: 21 = 5 J‘ SINXCOSX ;.. Divide numerator and denominator by cos*x: the
) Sin#x+cos4x
. tan x sec?x
integrand becomes ————.
1+tan“x
2 2 dt 1
Put t = tan?x, dt = 2 tan x sec2x dx: f tanxsec”x , = 5 -
, l+tan4x o 1+t
1 1
= E[tan‘lt] from 0 to oo = 5 X % = % 1
T T T2 1
= — X6 =
=471 16
. /16
34.  Solution:
For y2 = 16x, 4a = 16 = a = 4, so the focus is (4, 0) and the latus rectum is the line x = 4. 1
The region is symmetric about the x-axis; in the first quadrant the curve is y = 4Vx (see 1
figure).
p 1
Area = ZJ‘ 4+/x dx.
0
2 16
=8 x E[XA(S/Z)] fromOto 4 = EY x 8. 1
128 . 1
=3 square units.

". 128/3 sq. units

y? = 16x

OR

eI TSR TRRT
»
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35.

36.

cos x > 0 on and cos x < 0 on (see figure).

0, %
2

n
2"
n

Vs
2 |
— cos x dx
Area‘Jﬁcosxderln !
! n

2
s
2

p— 3 ]-[ j—
cos xdx = [sin x] from O to 57 1.

© Sy

s
. n . .
f oS X dX = [sin x] from 5 to T = —1, so its absolute value is 1.
s
2

Area =1+ 1 = 2 square units.

nlzx/
o
Solution:

Let E,, E,, E,: loan at fixed, floating, variable rate; A: customer defaults. P(E,) = 0.1, P(E,) =
0.2, P(E,) = 0.7; P(A|E,) = 0.05, P(A|E,) = 0.03, P(A|E,) = 0.01.

(a) By the theorem of total probability, P(A) = 0.1 x 0.05 + 0.2 x 0.03 + 0.7 x 0.01 = 0.005 +
0.006 + 0.007 = 0.018.

.. 2sq. units

0.7x0.01 _ 0.007

(b) By Bayes’ theorem, P(E,|A) =

0.018  0.018°

_7

18"

0.005 5
() PEIA) = 5078 = 18"
.. (a) 0.018 (b) 7/18 (c) 5/18
SECTION E

Solution:
(i) A
AB = (5 - 3)i+ (3 - 4)j + (3 — 0)k; direction ratios 2, -1, 3.
(ii)

—_— ~ —_— 1 ~
CD =71 -j - 5k, |CD| = V75 = 5V'3; unit vector = = 37115k,

(iii)(a)
AB-CD=14+1-15=0.
U

SocosB=0andB = >

: the vectors are perpendicular.
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" 90°

OR
(iii)(b)
P7K 1
ABXxCD=12 =1 3 |=0G+3)1-(-10-21)j+(-2+7)k.
7 —1 =5
=81+315+ 5k, which is perpendicular to both. 1
. 8i+31j +5k
37. Solution:
(1))
7 —p2

Area of sheet: mr2 + 2nirth = 75m = h = 52 rr ; V=mr’h = %(75r - 19). 1
(ii)
av n 1
— = —(75 - 3r?).
dr 2( )
(iii)(a)
d—v=0=>r2=25=>r=5cm. 1
dr

2
C;r‘zl =-3nr<0atr=>5, soV is maximum when r = 5 cm. 1
L r=5cam

OR
(iii)(b)
For maximum volume r = 5 cm (from dV/dr = 0 with d2V/dr2 < 0). 1
75-25
Then h = 10 =5 cm =T, so the statement h > r is false. 1
.. False (h=r)
38. Solution:

(i)

1 1 1 X 45 1
x+y+z=45-x+z=8,x-2y+z=0;s0A=|—-1 0 1,X=|y|,B=|8|.

1 -2 1 z 0
A|=100+2)-1(-1-1)+1(2-0)=2+2+2=6. 1
S |Al=6
(ii)

90 -24+0 66 1
|A| #0,s0 X =A"1B = (1/]A|)(adj A)B = 5 90+0+0 |=—=| 90 |.

90+24+0 114
x =11,y =15, z = 19: the products are 11, 15 and 19 tonnes. 1

T11¢15¢ 19t
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* «+ End of Marking Scheme ¢« ¢«

For more sample papers and solutions visit: www.infinitythinkbeyond.com
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