MARKING SCHEME

MATHEMATICS (041)
Sample Paper 04 ¢ Class XII ¢ Session 202627

Q.P. Code : MC/SP/04 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

1. 2 1
Correct answer: (D) ?n

The principal value branch of cot™ is (0, m), and cot™!(—x) = m — cot~Ix.

cot™1 —i =n—£=2—n
V3 3 ‘

3

1
Correct answer: (A) —% <y< %

y = sin~!x takes values in the principal value branch of sin~x.

0= <y< =
g

: |onm
This branch is [ 275

n
Correct answer: (B) 5

Sl S
and cot™(—/3) = 6" 6

b
tan~ly/3 =+
an~1v/ 3 3

_om_ n

Value =

T
3 6 2°

4, Correct answer: (C) m X n 1

AB' is defined = B’ has n rows = B has n columns; let B be p x n, so B"is n x p.

B'A is defined = number of columns of B’ (= p) equals number of rows of A (=m). So Bism
X .

Correct answer: (A) A # T

|A| =2(6 - 5) — A(0 — 5) — 3(0 — 2) = 8 + 5\.

A1 exists iff |A| # 0, i.e. A # —%

6. Correct answer: (B) 1 — a2 - By=0 1
a2+By aBf-aof a2+ Py 0
ay—ay Py+a? 0  aZ+py
A2=1=02+py=1,ie.1-a2-By=0.

A2=

5
Correct answer: (D) 5

llm(X — 0) SH;)S(X = % X llm(X N 0) SIISI)E:X = %
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5
Continuity at 0 requires k = f(0) = =

3"
8. Correct answer: (C) —e* tan e* 1
dy
By the chain rule, — = X (—sin eX) x ex,
y the chain rule, dx  coser (—sin eX) x e
= —eXtan e
9. Correct answer: (C) 2 1

1 2
f'(X):1—;:0=>X:1(X>0);f"(X):;>OHtX:1.
Local minimum value = f(1) = 2.

10. Correct answer: (D) 66 1
Marginal revenue = R'(x) = 6x + 36.
Atx =5, R'(5) =30 + 36 = 66.

11. d?y 1
C t : (A -y=0
orrect answer: (A) dx2 y
d d?
d_i =C,ex— Cye ™ and dx); =C,ex+Cex=y.
d2y
Eliminating the two constants: dx? y=0.
12.  Correct answer: (B) log(10* + x1°) + C 1

The numerator is the derivative of the denominator: d/dx(x° + 10¥) = 10x° + 10* log 10.
So the integral = log(10* + x19) + C.

13. 1 y
C t :(A)=@0+j+k
orrect answer: (A) \/g(l j+k)

PQ = 31 + 3j + 3k, with | PQ| = 3V/3.
3(i+j+k) 1 .
Unit vector = ———=—==(0 +J + k).
3v3 30Tk

14.
Correct answer: (D) 0 <0 <

a - b = |d||b| cos 0, where the magnitudes are positive.

12
3

. ZO@COSBZO@OSGSE.

Ql

So

15.  Correct answer: (B)i-j + 2k 1
PO=@B-2)i+(-4+3)+(7-5k
=1-j+2k.
16.  Correct answer: (C) not defined 1
P(AnB)
P(B)

Here P(B) = 0, so P(A|B) is not defined.

P(A|B) = is defined only when P(B) # 0.
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17. 1 1
Correct answer: (A) —
36
The only even prime number is 2, so the favourable outcome is (2, 2) only.
1

P=£.

18.  Correct answer: (B) 1 1

1
2

NG

X =0, 1, 2 with probabilities

b B

1
4
1 1 1
Mean:OxZ+1x§+2xZ=1.
19. Correct answer: (A) 1

R is a standard property of definite integrals — R is true.

8 8
Let I be the integral; by R (x - 10-x),1= [ de.Adding, 2= [1dx=6=1=
2 2

V10 - x+vx

3. A is true and R explains it.

20. Correct answer: (A) 1
R is the standard formula for the integrating factor — R is true.

1
Here P = < 50 IF = eA(fdx/x) = eM(log x) = x. A is true and R explains it.

SECTION B
21.  Solution:
5-4x-x2=9-(x+2)2=32—-(x+2) 1
dx e b WA oC 1
f—ﬁ_(“_z)z—sm 3 .
. sin"((x + 2)/3) + C
OR
Putx2+1=t2xdx=dt;x=0=t=1,x=1=>t=2. 1
1 2
X _lpd 1 1 1
{ mdx = Ejll e E[logt] from1to2= 5 log 2.
s (1/2) log 2
22.  Solution:
. dy . dz . 1
Let y = sin?x and z = e/\(cos x). Then dx = 2 sin x cos x and dx = —sin x e(cos X).
dy_dy/dx B 2sin x cos x _ 2Cos x 1
dz ~ dzldx  —sinxe'cosx) e cosx)’
s —2 cos x / eN(cos Xx)
23.  Solution:
(A) Three Dimensional Geometry
Direction ratios of the lines: 7, =5, 1 and 1, 2, 3. 1
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a,a, + b;b, + c;c, =7 - 10 + 3 = 0, so the lines are perpendicular. 1

*. Perpendicular

OR
(B) Vector Algebra
G+p=61+2j-8kandd - b=4i-4j+ 2k 1
(a+ l;) -(a- B) =24 -8-16 =0, so the vectors are perpendicular. 1
. Shown
24.  Solution:
|G- b2 =|a)2+|b2-2a-b=1+1-2cosb=2(1- cos 6). 1
0 0 0 6 1. - 1
=4 51n2— la - b| 2 sin 5 aSO<E % ; hence sin 5= Ela - bl
. Proved
25.  Solution:
Z at the corner points: (0, 0): 0; (5, 0): 15; (6, 5): =2; (6, 8): —14; (4, 10): —28; (0, 8): —32. 1
Maximum Z = 15 at (5, 0); minimum Z = -32 at (0, 8). 1
. Max 15 at (5, 0); Min —-32 at (0, 8)
SECTION C
26.  Solution:
2-30_4+9 -1 5 1 1
= _=] e = - = - -1 = —
AB 144 —2-12 [ 5 _14], |AB| 14 - 25 11, so (AB) 11
—-14 -5/_1/14 5
-5 =1 11|5 1)
1{4 3 3 2 1
— 1= — . = -1 =
Al =-11, A7 = _2}, IB|=1,B L 1}.
11242 9-4 114 5 1
“1A-1 = — 1
B—1A 11l 441 3_2} 11{ 5 } (AB)~1. Hence verified.

~ Verified

27.  Solution:
f(x)=3(x+1)2(x—-3)3+3(x+1)¥(x—3)?=3(x+ 1)2(x - 3)(2x —2) =6(x + 1)2(x — 3)%(x — 1). 1
f(x)=0=x=-1, 1, 3. Since (x + 1)4(x — 3)2 > 0, the sign of f'(x) is the sign of (x — 1). 1

f(x)<0forx<1(x#-1)andf'(x) >0 forx > 1 (x # 3): f is strictly decreasing on (—o0, 1] and 1
strictly increasing on [1, o).
. Decreasing on (-, 1]; increasing on [1, o)
28. Solution:

_ _ ax _ dy _ dy __ 1

Putx —a=ccos 8, y—b=csin0. Then 0 csin 0, = 40 =ccos 0, so dx cot 0.
3

d2y — cosec2 x 40 db _  cosec 9. 1
dx? dx c
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29.

30.

31.

2 ( 3
[1+cot20]3/2) __cosec?d _ —¢, a constant independent of a and b.

—cosec30/c —cosec30/c

~ Value = —c
OR

xV1+y = —yV1+x; squaring: x(1 +y) = yX(1 + x) = x2 = y2 = xy(y = ).
xX-y)x+y)=—xyx-Yy); sincex¢y,x+y:_xy=y:_ﬁ_
dy  (+x)-x 1
dx ~ (1+x)2  (1+x) Hence proved.
». Proved
Solution:

Linear differential equation with P = 3, Q = e~ IF = e/A(J3 dx) = e3«.
yeXx=[exxexdx=[exdx=e+C.
y = e~ 2+ C e3¢ is the general solution.

sy=e>+ Ce™

OR
Homogeneous: put y = vx dy _V+Xﬂ' thenv+xd—v =v-tanv=cotvdv= _dx
8 -puty " dx dx’ dx X’
Integrating: log|sin v| = —log|x| + log C = x sin % =C.
1 1
Atx=1,y= 2 C=sin % = E; the particular solution is x sin % = E

- x sin(y/x) = 1/V2

Solution:

Any point on the line is Q(3t — 2, 2t — 1, 2t + 3).

PQ2=3t—3)2+ (2t —4)2+ (21)2=17t2 - 34t + 25; PQ=5=17t2-34t=0=t=0ort = 2.
The required points are (-2, -1, 3) and (4, 3, 7).

& (-2,-1,3)and 4, 3, 7)

OR
x-1 y-2 z-3 x—1 y—-5 z-6
f : = = = = .
Standard forms 3 " 2pl7 5 and “3p17 1 =
Direction ratios: -3, 2p/7, 2 and —3p/7, 1, =5.
it 2P 2P 00 1P _70
Perpendicular: 7 + 7 10=0= 7 = 10=p= 1
s p=70/11
Solution:

Draw x + 3y = 3 and x + y = 2; they meet at B(3/2, 1/2). The feasible region is unbounded with
corner points A(3, 0), B(3/2, 1/2) and C(0, 2).
Z at the corners: A: 9; B: 7; C: 10. The smallest value is 7.
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32.

33.

34.

As the region is unbounded, draw 3x + 5y < 7: it has no point in common with the feasible
region. Hence minimum Z =7 at x = 3/2, y = 1/2.

3.5 4

3.0 1

Unbounded
feasible region

B(3/2, 1/2)
x+3y=3

A3, 0)

.. Min Z = 7 at (3/2, 1/2)

SECTION D

Solution:
Let O be the origin. Reflexive: OP = OP, so (P, P) € R for every point P.

Symmetric: (P, Q) ER=0P=0Q =0Q=0P=(Q,P) €ER.
Transitive: (P, Q), (Q, S) € R= 0P =0Q =0S = (P, S) € R. Hence R is an equivalence
relation.

Let P # (0, 0) with OP =r > 0. A point Q is related to P iff OQ = OP =r.
So the set of all points related to P is {Q : OQ = r}, the circle with centre O passing through P.

~. Equivalence relation; circle through P centred at O

OR
f(x) = x2 for x > 0 and f(x) = —x2 for x < 0; so f(x) has the same sign as x (f(x) = 0 only at x = 0).
One-one: if f(x,) = f(x,), then x; and x, have the same sign; for x,, X, > 0, x,2 = X,2 = X, = X,.
For x,, x, <0, —x,2 = —x,2 = X, = X, (both negative). So f is one-one.
Onto: fory > 0, take x = J} > 0: f(x) =y. Fory <0, take x = —\/——y <0:f(x)=-(-y) =y.
Every real y has a pre-image, so f is onto. Hence f is bijective.

~ fis bijective

Solution:

Xx2+x+1 A B C )
Let (x+1)2(x+2) =t + (x+1)2 + X+2,SOX +x+1=Ax+1)(x+2)+B(x+2)+C(x
+1)2

Putx=-1:1=B=B=1.Putx=-2:3=C=C=3.

Comparing coefficients of x2 1=A+C= A = -2.

3 dx dx dx
I__2fx+1 +I(x+1)2 * 31x+2'

1
——210g|x+1|—m+3loglx+2| + C.
&~ 2logjx +1| - 1/(x + 1) + 3log|x + 2| + C

Solution:

L
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The ellipse is symmetric about both axes, so Area = 4 X (area in the first quadrant), where y = 1

gx/a 2 — x2 (see figure).

¢ 1
Area=4ngaz—x2dX.
0

2 1
_4b XVaz=x2+Lsin 12| from 0 to a.
2 2 a
2
— 4_b 0+a_ X E — 0 . 1
a 2 2
= mab square units. 1
\vw 1
*. mab sq. units
OR
y = x3 is negative for x < 0 and positive for x > 0, so the region has two parts (see figure). 1
0 1
1
Area = |f x3dx| + f x3dx.
-2 0
0
x4 1
f x3dx =|—— | from -2 to 0 = —4, so the first part has area 4.
-2
1
1 1
f x3dx =—.
) 4
1 7
Area=4+ n = a4 square units. 1
~ 17/4 sq. units
35.  Solution:
LetE,, E,, E;: smartphone made in A, B, C; D: it is defective. P(E,) = 0.5, P(E,) = 0.3, P(E;) = 1
0.2; P(DIE,) = 0.02, P(D|E,) = 0.03, P(DI|E;) = 0.04.
(a) By total probability, P(D) = 0.5 x 0.02 + 0.3 X 0.03 + 0.2 x 0.04 = 0.010 + 0.009 + 0.008 = 1
0.027.
0.5x0.02 0.010 1

(b) By Bayes’ theorem, P(E,|D) =

0.027  0.027°
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36.

37.

_10
S 27

0.009 1
(c) P(E,|D) = 0027 -3

. (a) 0.027 (b) 10/27 (c) 1/3

SECTION E

Solution:

(@)

Direction vectors Bl =2i-J+ k and I;z =31-5]+ 2k; 2/3 # (—1)/(=5), so the tunnels are not 1

parallel.
*. Not parallel

(i)

- 3i-j-7k
(111)(a)

a, - ~k; (b, xby) - (@, — a,)=3+7=10, and |b, x b,| = /59. 1

SD = ﬂ units.
759
*. 10/V59 units
OR
(iii)(b)

cos 0 = l_.b
b

b,] 6+5+2 13
B ~J6v38 228

= -1
0 = cos ( 5 @ )
-. cos™1(13/(2V57))
Solution:
()

X 2
R(x) = px = 450x — bR

(ii)

R'(x) = 450 — x; at x = 100, marginal revenue = I350.

. €350
(iii)(a)

2
Profit P(x) = R(x) — C(x) = 400x — X? —10000; P'(x) =400 -x=0=x =400, and P"(x) = -1

<0.
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Maximum profit = P(400) = 160000 — 80000 — 10000 = 70,000 when 400 calculators are 1
sold.

.~ 400 calculators; 70,000

OR
(iii)(b)
R'(x) =450 - x > 0 < x <450. 1
R(x) is increasing on (0, 450) (x > 0 being the number of calculators). 1
~ (0, 450)

38. Solution:

(@)
1 2 3 X 1
Xx+2y+32=320,2x +y+22=250,3x+2y+z=280; A=|2 1 2|, X=|y|,B=
3 21 z
320
250 |.
280
A|=1(1-4)-22-6)+34-3)=-3+8+3=8. 1
s |A|=8
(ii)
-960+1000+280 1 320 1
X =A"B = (1/]A])(adj A)B = 3 1280 -2000+1120 | = 3 400 .
320+1000 — 840 480
x =40, y =50, z = 60: rice P costs 40, Q 50 and R I60 per kg. 1
s 40, T50, T60 per kg

¢« End of Marking Scheme ¢ ¢«

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