Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2023

MATHEMATICS PAPER CODE 65/2/1

General Instructions: -

You are aware that evaluation is the most important process in the actual and correct
assessment of the candidates. A small mistake in evaluation may lead to serious problems
which may affect the future of the candidates, education system and teaching profession. To
avoid mistakes, it is requested that before starting evaluation, you must read and understand
the spot evaluation guidelines carefully.

“Evaluation policy is a confidential policy as it is related to the confidentiality of the
examinations conducted, Evaluation done and several other aspects. Its’ leakage to
public in any manner could lead to derailment of the examination system and affect the
life and future of millions of candidates. Sharing this policy/document to anyone,
publishing in any magazine and printing in News Paper/Website etc. may invite action
under various rules of the Board and IPC.”

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. However, while evaluating, answers which
are based on latest information or knowledge and/or are innovative, they may be
assessed for their correctness otherwise and due marks be awarded to them.

The Marking scheme carries only suggested value points for the answers.

These are Guidelines only and do not constitute the complete answer. The students can have
their own expression and if the expression is correct, the due marks should be awarded
accordingly.

The Head-Examiner must go through the first five answer books evaluated by each evaluator
on the first day, to ensure that evaluation has been carried out as per the instructions given in
the Marking Scheme. If there is any variation, the same should be zero after deliberation and
discussion. The remaining answer books meant for evaluation shall be given only after ensuring
that there is no significant variation in the marking of individual evaluators.

Evaluators will mark () wherever answer is correct. For wrong answer CROSS ‘X” be marked.
Evaluators will not put right (v) while evaluating which gives the impression that answer is
correct, and no marks are awarded. This is most common mistake which evaluators are
committing.

If a question has parts, please award marks on the right-hand side for each part. Marks awarded
for different parts of the question should then be totaled up and written in the left-hand margin
and encircled. This may be followed strictly.

If a question does not have any parts, marks must be awarded in the left-hand margin and
encircled. This may also be followed strictly.

In 01-020, if a candidate attempts the question more than once (without canceling the
previous attempt), marks shall be awarded for the first attempt only and the other answer
scored out with a note “Extra Question”.

10

In 021-038, if a student has attempted an extra question, answer of the guestion
deserving more marks should be retained and the other answer scored out with a note
“Extra Question”.

11

No marks to be deducted for the cumulative effect of an error. It should be penalized only once.

12

A full scale of marks (example 0 to 80/70/60/50/40/30 marks as given in Question
Paper) must be used. Please do not hesitate to award full marks if the answer deserves it.

13

Every examiner has to necessarily do evaluation work for full working hours i.e., 8 hours every
day and evaluate 20 answer books per day (Details are given in Spot Guidelines). This is in
view of the reduced syllabus and number of questions in question paper.
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14 | Ensure that you do not make the following common types of errors committed by the Examiner
in the past; -

e Leaving answer or part thereof unassessed in an answer book.

Giving more marks for an answer than assigned to it.

Wrong totaling of marks awarded on an answer.

Wrong transfer of marks from the inside pages of the answer book to the title page.

Wrong question wise totaling on the title page.

Wrong totaling of marks of the two columns on the title page.

Wrong grand total.

Marks in words and figures not tallying/not same.

Wrong transfer of marks from the answer book to online award list.

Answers marked as correct, but marks not awarded. (Ensure that the right tick mark is
correctly and clearly indicated. It should merely be a line. Same is with the X for incorrect
answer.)

e Half or a part of answer marked correct and the rest as wrong, but no marks awarded.

15 | While evaluating the answer books if the answer is found to be totally incorrect, it should be
marked as cross (X) and awarded zero (0) Marks.

16 | Any unassessed portion, non-carrying over of marks to the title page, or totaling error detected
by the candidate shall damage the prestige of all the personnel engaged in the evaluation work
as also of the Board. Hence, to uphold the prestige of all concerned, it is again reiterated that
the instructions be followed meticulously and judiciously.

17 | The Examiners should acquaint themselves with the guidelines given in the “Guidelines for spot
Evaluation” before starting the actual evaluation.

18 | Every Examiner shall also ensure that all the answers are evaluated, marks carried over to the
title page, correctly totaled and written in figures and words.

19 | The candidates are entitled to obtain photocopy of the Answer Book on request on payment of
the prescribed processing fee. All Examiners/Additional Head 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.
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QUESTION PAPER CODE 65/2/1
EXPECTED ANSWER/VALUE POINTS

SECTION A
Q.No. | EXPECTED ANSWER / VALUE POINTS | Marks
SECTION-A
(Question nos. 1 to 18 are Multiple choice Questions carrying 1 mark each)
1 0 1 2023 :
. IfA= 00| then AY% is equal to
01 0 2023
(A)[D D} (B)[D 0 }
y 00 2023 0
©) [0 0} (D) [ 0 2023}
Ans C 00
©) 00 1
5 | [20 _ | | |
. If 5 4| = P + Q, where P 1s a symmetric and Q is a skew symmetric
matrix, then Q is equal to
2 bHl2 0 -—5H/2
@) [ 52 4 } (B) [ 512 0 J
. 0 502 2 —5/2
©) [ —5/2 0 } (D) [ 5/2 4 }
Ans B [0 -5/2] 1
52 0
3. 1 2 1]
Iff 2 3 1 | is non-singular matrix and a € A, then the set A is
| 3 a 1]
(A) R (B) {0}
C)y {4} D) R-—{4}
Ans | (D) R-{4} 1
4.
If |A| = |kA|, where A is a square matrix of order 2, then sum of all
possible values of k is
A4) 1 (B) -1
(C)y 2 (D) 0O
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Ans | (D)0
5 d :
. If e [f (x)] = ax + b and £(0) = 0, then f(x) is equal to
ax?
(A) a+b (B) 7+bx
ax’
(C) ?+bx+c D) b
A 2
") & sbx
2
. Degree of the differential equation sin x + cos ) =Y 18
(A) 2 B) 1
(C) not defined D 0
Ans | (C) not defined
- The integrating factor of the differential equation
| o dx
oy — = ayv [— r :
(1—y )dyﬂx ay,(=1<y<1is
@ = ®
SR W1
© O ——
! 1-— }rg 1— &.2
Ans 1
(D) ———
1-y
—
8. Unit vector along PQ, where coordinates of P and Q respectively are
(2,1,—1) and (4, 4, —7), 18
I, S S, S
(A) 21+ 3;-—-6k (B) —21-3j +6k
2i 3j 6k 2i 3] 6k
—21_ 9] bk 4l 4 9] bk
© 777+ D) 7777
Ans i 37 6k
(D) £+ ﬂ_%
7T 7 7
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9. Position vector of the mid-point of line segment AB is 3T + 2'51'\— Sfc. If
position vector of the point A is 21 + 35]'\ — 4ﬁ, then position vector of the
point B is

5i 5 Tk Aoa A
(A) §+321— > (B) 4i+]—2k
TS, ik
(C) 5i+5]-Tk (D) 5 9% o
Ans | (B) 4i+j-2k
10. Projection of vector 21\ + 3:; on the vector 3? — 2? 18
(A) O (B) 12
12 —12
C D
(©) N3 (D) M3
Ans | (A)0
11. Equation of a line passing through point (1, 1, 1) and parallel to z-axis is
W X_ ¥y =z x—1 y—1 z—-1
@ 77171 B) =TT T
w x v z—1 x—1 y—1 z—-1
© 07071 D) 75 =" 71
Ans (D)X_l y-1 z-1
0 0 1
12. ‘Tf the sum of numbers obtained on throwing a pair of dice is 9, then the
probability that number obtained on one of the dice is 4, is :
1 4
*) 3 ®) 3
L1 1
Ans (D) %
: L. tan x — : :
13. Anti-derivative of % with respect to x is
tan x + 1
o (T o [T
(A) sec? (—— x) +c (B) — sec? [— — x} +c
4 4
T T
(C) log |sec|, —x]|| +c (D) —log |sec |, —x||tc
4 4
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Ans P
(O) log sec(z—x) +C
14. If (a, b), (¢, d) and (e, ) are the vertices of AABC and A denotes the area of
a c e |?
AABC,then | b d f | isequalto
1 1 1
(A) 247 (B) 4A2
(C) 2A (D) 4A
Ans | (B) 4A?
15. | The function f(x) = x| x|is
(A) continuous and differentiable at x = 0.
(B) continuous but not differentiable at x = 0.
(C) differentiable but not continuous at x = 0.
(D) neither differentiable nor continuous at x = 0.
Ans | (A) continuous and differentiable at x=0
+ v d 7
16. | If tan (x 3} =k, then == is equal to
xX—y dx
¥ y
@ = ® *
A A
) sec? [© _see2 Y
(C) sec (TJ (D) —sec [xJ
Ans (B) y
X
17. IThe objective function Z = ax + by of an LPP has maximum value 42 at
(4, 6) and minimum value 19 at (3, 2). Which of the following is true ?
(A) a=9,b=1 (B) a=5,b=2
(C) a=3,b=5 (D) a=5,b=3
Ans | (C) a=3,b=5
18. | The corner points of the feasible region of a linear programming problem
20 4
are (0, 4), (8, 0) and (—3, E] . If Z = 30x + 24y 1s the objective function, then
(maximum value of Z — minimum value of Z) is equal to
(A) 40 (B) 96
(C) 120 (D) 136
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Ans \ Give 1 Mark to those who have attempted as the correct option is not given 1
(Question Nos. 19 & 20 are Assertion-Reason based questions of 1 mark each)
19. | Assertion (A) : Maximum value of (cos™ x)* is n”.
Reason (R) : Range of the principal value branch of cos1x is [—?n %} .
Ans | (C) (A)is true but (R) is false 1
20. | Assertion (A) : If a line makes angles a, B, y with positive direction of the
coordinate axes, then sin? o + sin? p + sin? y = 2.
Reason (R) : The sum of squares of the direction cosines of a line is 1.
Ans | (A) Both (A) and (R) are true and (R) is the correct explanation of (A) 1
SECTION-B
(Question nos. 21 to 25 are very short Answer type questions carrying 2 marks each)
21. (a) Evaluate sin™! [sin ?ﬂ + cos™! (cos m) + tan™! (1).
. 4
OR
(b) Draw the graph of cos™! x, where x e[-1, 0]. Also, write its range.
Ans . . 3m _ _ m T
sin 1(5ln7j+cos *(cosm)+tan™(1)= VR 1%
3n
== 1
; Y
Or
Correct Graph 1
Range: [E,n:| 1
2
2 A particle moves along the curve 3y = ax® + 1 such that at a point with
x—coordinate 1, yv—coordinate is changing twice as fast at x—coordinate.
Find the value of a.
Ans d
Differentiating equation 3y =ax’+1 with respect to ‘x’, 3d—y = 3ax’ 1
X
. dy 2
Taking x=1,d—=2,3(2)=3a(1) =a=2 1
X
MS_Xll_Mathematics 041 _65/2/1_2022-23 7
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Differentiate with respect to ‘x’, nyi—y =a
X

d’y _(dy) d’y (dyY
Differentiate with respect to ‘x’, 2y§+ Z(d_xj =0= y@"‘ (d_x) =0

Or
(b) f(x) is differentiable in (0, 2) = f(x) is continuous on (O, 2)
=>f (X)is continuous at X=1 ... Iirp(ax+ b) = Iirp(Zx2 —X) = a+b=1

Also, f(x)is differentiable at x=1, .. L.H.D.(x=1)=R.H.D.(x=1)
=>a=4(1)-1..a=3&b=1-a=-2

23. Ifa, b, ¢ are three non-zero unequal vectors such that a- b =a. ¢, then
find the angle between aand b—¢.
Ans | 5.b=a.c=>a-(b-¢)=0=>a=0;b=coral(b-c) 1Y
o .. y
As, a#0;b=#C ..the angle between dand b—Cis E 2
: : . .ox y—1 z+1 :
24. Find the coordinates of points on line I = T =" which are at a
distance of \/11 units from origin.
Ans | General point on the curveis P(k,2k +1,2k-1) , keR %
OP =411=>0P?=11
s K2+ (2k+1) +(2k-1)" =11=> k = £1 1
.. Coordinates of points are (1, 3, 1)&(—1, -1, —3) %
d2v) dv2
25. (a) Ify=~/ax+ b, prove that 1[—1‘ + [—q =0.
_d-‘fzz dx/
OR
(b)y If f(x) = {z; e - 1< i <9 82 differentiable function in (0, 2),
then find the values of a and b.
Ans | (a) y=+ax+b=y?’=ax+b
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SECTION-C
(Question nos. 26 to 31 are short Answer type questions carrying 3 marks each)
/4
26.
(a) Evaluate j log (1 + tan x) dx.
0
OR
dx
b) Find f - .
( \/sin3x cos (x — o))
Ans /4
(a) Let | = I log(1+tanx)ax e @)
0
n/4 . n/4 2
= 1= |log|1+tan| =—x||dx= | lo 's) C— ii 1
(ORI R —
/4
Add (i) and (ii), 21 = I log 2 dx = log 2-x]0"/4 =glogz 1Y
0
== g log 2 %
Or
1 2
(b) Let | = dx= [ COSEL X dx ]
\/sin3xcos(x—a) Jsina +cosa.cot x
Put sinc+CoSaCotx =t => cosec?xdx = ———dt Y
cosa
1 24/t
cosan/t cosa
1
:Iz—ix/sina+cosacotx+c %
cosa
. le_l_x L—i_xz "
27. Find J.L ( 1+ 2 dx.
Ans
Put cot™ x=t..x=cottand —— dx=— dt 1
1+x
a [ 1=x+ X2
. cot™ x - _ t _ 2 = t _ 2 1
.._[e (—1+x2 ]dx— Ie (1 cott+cot t)dt _[e (cott COSec t)dt
1
=e'cott+c .
=xe™ ¥ ¢ %
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log\/3

X2
dy __v* _\x

= - =
dx xy-x* Y _4

X
Put y =ux, y =u+xd—u
dx

du u? du u

SUEX— = =S X—=—
dx u-1 dx u-1

Separating the variables and integrating
1 dx
I(l——]du =j— = u-logu= Iog|x|+c:>x—logX= log |x|+¢
u X X X
Or
Rewriting the given differential equation as:

d_y+ 2X VX2 +4

dx 1+x? y 1+ x°

Ilizz dx _ eIog(1+x2)

Integrating factor =e =1+x°

.. solution of the differential equation is

28. ]
Evaluate j €+ (' — o) dx
log \/2
Ans log+/3 log+/3 2x
Let | = - _xlx — dx=je—2dx 1
Iogxli(e +e )(e —¢€ ) Iog«/f(ezx) -1
Put e” =t = e”dx= %dt , Upper limit = 3, Lower Limit = 2 JA
13 1 1, =11’
.'.I=—j ——dt=—log|— 1
25t°-1 4 Tlt+1]],
:>I—1 Iogg—log1 —llog§ 1
4 4 3] 4 72 A
29 (a) Find the general solution of the differential equation :
(xy — %) dy = y? du.
OR
(b) Find the general solution of the differential equation :
dy
(x2 + 1)[_;';+2xy=“\fx2+4
Ans | (a) Given differential equation can be written as

MS_Xll_Mathematics 041 _65/2/1_2022-23
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y(1+x2)=‘|‘\/m

T -(1+x2)dx+c

=I\/x2+4dx+c
’ 2
.'.y(l+x2)=u+2log‘x+\/x2+4‘+c

2

(a) Two balls are drawn at random one by one with replacement from an

30.
urn containing equal number of red balls and green balls. Find the
probability distribution of number of red balls. Also, find the mean of
the random variable.
OR
(b) A and B throw a die alternately till one of them gets a ‘6" and wins
the game. Find their respective probabilities of wining, if A starts the
game first.
Ans | (a) X: Number of red balls out of the two balls drawn
X |0 |1 |2 A
11111
PX)| - | = | = L
X) 213212 1Y
.'.Mean=0-1+1-1+ -1=1 1
4 2 4
Or
: . 1 . . 5
(b) P(getting a six) = 5 P(not getting a six) = A Y+ Y
2 4 1
. 1 (5 1 (5) 1 6 6 1
P(Awins)==+[=| -Z+[ = | -=+..=—2-=— 1%
( ) 6 (6] 6 (6] 6 1_§ 11
36
P(B wins)=1-P (A wins)=1- == > %
11 11
31. Solve the following linear programming problem graphically :

Minimize : Z = 5x + 10y
subject to constraints : x+ 2v <120, x +v =60, x — 2y = 0,

x=20, v=0

MS_Xll_Mathematics 041 _65/2/1_2022-23
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Ans ~~"]; Correct graph 2
RS = Corner points | Value of Z
4 AR \?E]: £160, 30) A (40,20) 400
IESL) \ - B (60,30) 600 .
0 :rsu 40 - () 20 ”._. s[_‘ B0 100 12;?‘{;\:3\1.: 1610_\- C (120,0) 600
X i __f_E'-;"?_'-:_;'“ 4 2y= 120N D (60,0) 300 (Min)
<) Min(Z) =300 at x = 60; y =0
SECTION-D
(Question nos. 32 to 35 are Long Answer type questions carrying 5 marks each)
3. -3 -2 -4 1 2 0
(a) IfA=] 2 1 2| B=| -2 —1 —2 |, then find AB and use it to
2 1 3 0 -1 1
solve the following system of equations :
x—2y=3
2x—y—z=2
2y +z=3
OR
cosa —sina 0
(b) Iff(e)=| sina cosa 0 |, prove that f(a) - f(—B) = f(a. — B)
0 0 1
Ans 1 00
(a AB=|0 1 0 )
0 01
=B'=A L
The given system of equations can be written as:
X 3
B"-X=C,X=|y|,C=]|2 A
z 3
x=(B")"-c=(8?) -c=A"-C 1
-3 2 2|3
= X=|-2 1 1}||2 %
-4 2 3|3
1
= =l-1|-.x=1ly=-1z=1 1
z 1
Or
MS_Xll_Mathematics 041 _65/2/1_2022-23 12
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cosaa —sina O0]| cosp sinp O
(b) LHS=f(a)f(-B)=|sina coso. O[f—sinp cosp O
0 0 1 0 0 1
[cosa.cosp+sinasin  cosasinp—sina.cosp 0
=|sinacosp—cosasinf sinasinf+cosacosp 0
i 0 0 1
cos(a—PB) —sin(a—B) O
=|sin(a—p) cos(a—B) O

0 0 1
=f(a—B)=RHS Y
33. (a) Find the equations of the diagonals of the parallelogram PQRS
whose vertices are P(4, 2, —6), Q(5, -3, 1), R(12, 4, 5) and S(11, 9, —2).
Use these equations to find the point of intersection of diagonals.
OR
(b) A line [ passes through point (-1, 3, —2) and is perpendicular to both
.y oz x+t2 y—1 z+1
the lines % 21‘2;: % and x_3 =3 5 - ! 5 Find the vector equation
of the line /. Hence, obtain its distance from origin.
A - —
e Equation of diagonal PR: x—4_y=-2_1z+6 1
8 2 11
Xx-5 y+3 z-1
Equation of di 1QS: = = !
quation of diagonal Q 5 B 3

General points on PR & QS are (8k +4,2k+2,11k — 6) and (6t +5,12t—-3,-3t+ 1)
for real numbers ‘k’ and ‘t’ respectively.

For point of intersection of PR and QS: 8k +4=6t+5, 2k+2=12t—-3
. 1 1 . . .. 1
Solving, we get k = 3 = 3 .. The point of intersection is | 8,3, _E

Or

(b) Let direction ratios of the required line be a, b, ¢
Since it is perpendicular to the two given lines, a+2b+3c=0 ;-3a+2b+5c=0

Solving together, a =4k, b=-14k, c=8k

.. Equation of line is: X+1= y=3 =Z+2:>X+1=y—3=z+2
4k  -14k 8k 2 -7 4

Vector equation: T = iy 3] —2k + X(Z? - 7] + 4I2)

MS_Xll_Mathematics 041 _65/2/1_2022-23
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‘(—?+3j—2|2)x(2?—7]+412)‘ 2tk BB
_ @&

Distance from origin =

21 - 75+ 4k] i-7ieak
34. Using integration, find the area of region bounded by line vy :\f@x. the
curve y =4/4 — x2 and y—axis in first quadrant.
Ans Correct Figure 1
— 25 ¥ )
Bt - v 5_; Shaded region Y
=~ A1, V3
_,f/ 1 3 Point of intersection at x= 1 %
/ % \ 1 1
x' [ L1 ar(OAB):I\/4—x2dx—IJ§de 1Y
3 25K 2 15 1 05 YlpUs 1o 15 2 26
ol 0 0 1
2
| xa=x +2sint| X —ﬁxzjl !
2 2 2 0
0
_V3,, m N3 _m y
2 6 2 3 2
35. | A function f: [ 4, 4] — [0, 4] is given by f(x) =4/16 — x%. Show that f is an
onto function but not a one-one function. Further, find all possible values
of ‘a’ for which f(a) = \{{_7
Ans

Onto: Let y =+/16—-x> =y >0

Squaring we get, X° =16—y* = X =+./16-Yy°

For each y € [—4,4] , ‘x’is a real number, ..0<y<4=R, = [0,4] =Co—-domain
~.'f'is an onto function.
One-One: f(—l) =f (1) =15but —1# 1, ... ‘f’is not a one-one function.

f(a)=\/7:>\/16—a2 =J7=a=13
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SECTION-E

(Question nos. 36 to 38 are source based/case based/passage based/integrated units of assessment

questions carrying 4 marks each)

Engine displacement is the measure of the cyvlinder volume swept by all

36.
the pistons of a piston engine. The piston moves inside the cylinder bore
1 '—ﬁ Ty e
Comnbuseinn . i k -
cha b r—— — Corlinier naaa
__l'_—._- ' o rh.-n“;:-:
182
Engine Blssie———""
The cylinder bore in the form of circular cylinder open at the top 15 to bhe
made from a metal sheet of area 75m cm?.
Based on the above information. answer the following guestions :
(1) If the radius of cyvlinder is r cm and height 18 h ¢m, then write the
volume WV of eylinder in terms of radius r.
(ii) Find % .
(111) (a) Find the radius of ecvlinder when its volume is maximuimn.
OR
(b) For maximum volume, h = r. State true or false and justifyv.
Ans 75-r?
. 2 T
() nr’+2nrh =751 =>h=——, " V=nr’h=2(75r-r°) 1
2r 2
dv =«
(ii) —=—(75—3r2) 1
dr 2
dv d*Vv T
(iii) —=0=>r=5—| = —(—6r) <0 .. volume is maximum when r=5 2
d dr 2
r=5
Or
False 1
d ’ d? A
\Y V T
—=0=>r=5— = —(—6r) <0 ..volume is maximum when r=5 1
dr 2
r=5
2
75-5

As volume is maximum at r=5:>h=ﬁ=5:>h=r
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37.

Recent studies suggest that roughly 12% of the world population i1s left
handed.

A,é L TR

Tkm, mwnurrul—uulm

: :k A4 LEOEEEETENENR

1 MWIMMW

AV LY ,ﬁél.l‘;:-_ll

Aﬁ«mmwmwm 4.4 LE—T—

ROUGHLY 12°; OF THE WORLD IS LEFT HANDED . CHANCE OF A LEFT MAMOED CHILD

Depending upon the parents, the chances of having a left handed child are

as follows :

A ' When both father and mother are left handed :
Chances of left handed child is 24%.

B : When father is right handed and mother is left handed :
Chances of left handed child is 22%.

C : When father is left handed and mother is right handed :
Chances of left handed child is 17%.

D : When both father and mother are right handed :
Chances of left handed child is 9%.

Assuming that P(A) = P(B) = P(C) = P(D) = i and L denotes the event that
child is left handed.
Based on the above information, answer the following questions :
(1) Find P(L/C)
(i) Find P(L/A)
(iii) (a) Find P(A/L)
OR

(b) Find the probability that a randomly selected child is left
handed given that exactly one of the parents is left handed.

Ans

) P(L|C)—m

(T A1 _,_ 24 _ 76 19
(i) P(C|A)=1-P(L|A)=1 100" 100 " 5%
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124
_ 4”100 _24_1
(iii) P(A“‘)‘l 24 1 22 1 17 1 9 72 3

X —— X ——+ X+ X
4 100 4 100 4 100 4 100

Or

Probability that a randomly selected child is left-handed given that exactly one of the
parents is left-handed.

_ P(LIBUC)= 22 17 _ 39
100 100 100

38.

‘The use of electric vehicles will curb air pollution in the long run.

The use of electric vehicles is increasing every vear and estimated electric

vehicles 1n use at any time t 1s given by the function V :

; B 5
t3_ —t2+25t—2

VO =5t"— 3

where t represents the time and t = 1, 2, 3.... corresponds to vear 2001,
2002, 2003, ....... respectively.
Based on the above information, answer the following questions :

(1) Can the above function be used to estimate number of vehicles in the

year 2000 ? Justify.

(11) Prove that the function V(t) is an increasing function.
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Ans

(i) For the year 2000, t=0& V (O) = —2 and the number of vehicles cannot be negative

.. the given function V(t) cannot be used.

252
(ii) V'(t) = gtz -5t+25= E{[t_-?] + %} >0, .. V(t) is an increasing function.
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2023

MATHEMATICS PAPER CODE 65/2/2

General Instructions: -

You are aware that evaluation is the most important process in the actual and correct
assessment of the candidates. A small mistake in evaluation may lead to serious problems
which may affect the future of the candidates, education system and teaching profession. To
avoid mistakes, it is requested that before starting evaluation, you must read and understand
the spot evaluation guidelines carefully.

“Evaluation policy is a confidential policy as it is related to the confidentiality of the
examinations conducted, Evaluation done and several other aspects. Its’ leakage to
public in any manner could lead to derailment of the examination system and affect the
life and future of millions of candidates. Sharing this policy/document to anyone,
publishing in any magazine and printing in News Paper/Website etc. may invite action
under various rules of the Board and IPC.”

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. However, while evaluating, answers which
are based on latest information or knowledge and/or are innovative, they may be
assessed for their correctness otherwise and due marks be awarded to them.

The Marking scheme carries only suggested value points for the answers.

These are Guidelines only and do not constitute the complete answer. The students can have
their own expression and if the expression is correct, the due marks should be awarded
accordingly.

The Head-Examiner must go through the first five answer books evaluated by each evaluator
on the first day, to ensure that evaluation has been carried out as per the instructions given in
the Marking Scheme. If there is any variation, the same should be zero after deliberation and
discussion. The remaining answer books meant for evaluation shall be given only after ensuring
that there is no significant variation in the marking of individual evaluators.

Evaluators will mark () wherever answer is correct. For wrong answer CROSS ‘X” be marked.
Evaluators will not put right (v) while evaluating which gives the impression that answer is
correct, and no marks are awarded. This is most common mistake which evaluators are
committing.

If a question has parts, please award marks on the right-hand side for each part. Marks awarded
for different parts of the question should then be totaled up and written in the left-hand margin
and encircled. This may be followed strictly.

If a question does not have any parts, marks must be awarded in the left-hand margin and
encircled. This may also be followed strictly.

In 01-020, if a candidate attempts the question more than once (without canceling the
previous attempt), marks shall be awarded for the first attempt only and the other answer
scored out with a note “Extra Question”.

10

In 021-038, if a student has attempted an extra question, answer of the guestion
deserving more marks should be retained and the other answer scored out with a note
“Extra Question”.

11

No marks to be deducted for the cumulative effect of an error. It should be penalized only once.

12

A full scale of marks (example 0 to 80/70/60/50/40/30 marks as given in Question
Paper) must be used. Please do not hesitate to award full marks if the answer deserves it.

13

Every examiner has to necessarily do evaluation work for full working hours i.e., 8 hours every
day and evaluate 20 answer books per day (Details are given in Spot Guidelines). This is in
view of the reduced syllabus and number of questions in question paper.
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14 | Ensure that you do not make the following common types of errors committed by the Examiner
in the past; -

e Leaving answer or part thereof unassessed in an answer book.

Giving more marks for an answer than assigned to it.

Wrong totaling of marks awarded on an answer.

Wrong transfer of marks from the inside pages of the answer book to the title page.

Wrong question wise totaling on the title page.

Wrong totaling of marks of the two columns on the title page.

Wrong grand total.

Marks in words and figures not tallying/not same.

Wrong transfer of marks from the answer book to online award list.

Answers marked as correct, but marks not awarded. (Ensure that the right tick mark is
correctly and clearly indicated. It should merely be a line. Same is with the X for incorrect
answer.)

e Half or a part of answer marked correct and the rest as wrong, but no marks awarded.

15 | While evaluating the answer books if the answer is found to be totally incorrect, it should be
marked as cross (X) and awarded zero (0) Marks.

16 | Any unassessed portion, non-carrying over of marks to the title page, or totaling error detected
by the candidate shall damage the prestige of all the personnel engaged in the evaluation work
as also of the Board. Hence, to uphold the prestige of all concerned, it is again reiterated that
the instructions be followed meticulously and judiciously.

17 | The Examiners should acquaint themselves with the guidelines given in the “Guidelines for spot
Evaluation” before starting the actual evaluation.

18 | Every Examiner shall also ensure that all the answers are evaluated, marks carried over to the
title page, correctly totaled and written in figures and words.

19 | The candidates are entitled to obtain photocopy of the Answer Book on request on payment of
the prescribed processing fee. All Examiners/Additional Head 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.
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3QUESTION PAPER CODE 65/2/2
EXPECTED ANSWER/VALUE POINTS

SECTION A
Q.No. | EXPECTED ANSWER / VALUE POINTS | Marks
SECTION-A
(Questions nos. 1 to 18 are Multiple choice Questions carrying 1 mark each)
d 3 .
1. H‘a f(x) = 2x +; and f(1) = 1, then f(x) 1s
(A) x2+3]og lx] +1 (B) x2+310g x|
(C) 2—1% D) x>+3log |x| —4
Ans | (B) x*+3log|x| 1
. ) } . dy }
) Degree of the differential equation sin x + cos (a] =y2is
(A 2 B 1
(C) not defined (D) 0
Ans | (C) not defined 1
The integrating factor of the differential equation
3.
A-¥) 5 +yx=ay, C1<y<Dis
1 1
A B
(A) yz 1 (B) m
1 1
© 13 e
Ans 1
(D) 1
1-y?
Unit vector along P_é, where coordinates of P and @ respectively are
4 | (2 1.-1)and 4 4,-7). is
(A) 2i+3]—6k (B) —2i— 3] + 6k
21 3j 6k 2, 3] 6k
© 5 5+ @ 7777
Ans 2i 3] 6k
(D) — 32X 1
7T 7 7
MS_XIll_Mathematics 041 65/2/2_2022-23 3
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. —> s — — —* .
If in AABC, BA =2a and BC = 3b, then AC1s

(A) 2a +3b (B) 2a-3b
(C) 3b-23 (D) —2a-3b

Ans | (C) 3b-23

If |E>XE}| Z\E» a.ndﬁ’-ﬁ:—B, thenanglebetweengandgis

6.
2

@ 5 ® 5

D

© 3 ® &
Ans 5n
(D) Y

Equation of line passing through origin and making 30°, 60° and 90° with
7. x, ¥, Z axes respectively is

2x _y_z 2x 2y z
&) 3 270 (B) 3~ 170
_ 2%y z 2xr 2y z
© 2=7371 @ JBF=1°71
Ans 2X 2y z
B) Z==2
3 1 0
8 If A and B are two events such that P(A/B)=2 = P(B/A) and P(A) + P(B) :%.-
then P(B) is equal to
2 i
A 3 ®) 3
4 5
© 3 D) g
Ans 2
A) =
( )9
. o tanx—1 . .
9 Anti-derivative of mmth respect to x 18 :
(A) sec2[%—x]+c (B) _Secz(?i_ )+c
(C) log sec&—x)|+c (D) —log sec[%;— )+c
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Ans B
(O) log|sec Z_X +cC
10. If (a. b). (c. d) and (e, f) are the vertices of AABC and A denotes the area of
ace|2
AABC,then | b d f | isequalto
111
(A) 2A2 (B) 42
(C) 2A (D) 4A
Ans | (B) 4A’
11. The function f(x) = x| x|1s
(A) continuous and differentiable at x = 0.
(B) continuous but not differentiable at x = 0.
(C) differentiable but not continuous at x = 0.
(D) neither differentiable nor continuous at x = 0.
Ans | (A)continuous and differentiable at Xx=0
. xty dy .
12 If tan (i n i;] =k, thenay 18 eqgual to
= ¥
@ ® I
X] g (XJ
(C) sec? [x, D) —sec?(
Ans y
B) =
X
13. The objective function Z = ax + by of an LPP has maximum value 42 at
(4, 6) and minimum value 19 at (3, 2). Which of the following is true ?
(A) a=9,b=1 (B) a=5.b=2
(C) a=3,b=5 (D) a=5,b=3
Ans | (C) a=3,b=5
14. The corner points of the feasible region of a linear programming problem
20 4 . .. .
are (0, 4), (8, 0) and (E, EJ . If Z = 30x + 24y 15 the objective function, then
(maximum value of Z — minimum value of Z) is equal to
(A) 40 (B) 96
(©) 120 (D) 136
Ans | Give 1 Mark to those who have attempted as the correct option is not given
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15. If Ais a 2 x 3 matrix such that AB and AB' both are defined. then order of

the matrix B is
(A) 2x2 B 2x1
(C) 3x2 (D) 3x3
Ans | (D) 3x3
16- 2 G
Ii‘[ 5 4 } =P + Q. where P 1s a symmetric and Q 1s a skew symmetric
matrix, then Q is equal to
2 b2 0 -5/2
@) [ 52 4 } (B) [ 52 0 }
0 &5/2 2 —b/2
(©) [ &9 0 } (D) [ 52 4 }
Ans 0 —5/ 2
(B)
5/ 2 0

17 121
Ii‘[ 2 31 ] 1s non-singular matrix and a € A, then the set A 1s
3 al

@ R ®) {0}
© 4 D) R-{4}

Ans | (D) R-{4}

18. If |A|] = |kA|., where A is a square matrix of order 2, then sum of all
possible values of k is
a 1 B -1
(c 2 D 0

Ans | (D)0

(Question Nos. 19 & 20 are Assertion-Reason based questions of 1 mark each)

19. Assertion (A) : If a line makes angles o, B, y with positive direction of the
coordinate axes, then sin® o + sin? p + sin? y = 2.

Reason (R) : The sum of squares of the direction cosines of a line 1s 1.

Ans | (A) Both (A) and (R) are true and (R) is the correct explanation of (A)
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20.

Assertion (A) : Maximum value of (cos™! x)2 1s 2.

Reason (R) : Range of the principal value branch of cos 1x is [_—;, lgt] .

Ans | (C) (A)is true but (R) is false

SECTION-B
(Question nos. 21 to 25 are very short Answer type questions carrying 2 marks each)

21.

1 I.‘E'E}, B}, ¢ are three non-zero unequal vectors such that a E} =a E}_. then

find the angle between a and b-=<.

Ans 5.5=§.*:>a.(6—6)=0:>

As, 320 :b#¢C .. the angle between a and b-Cis g

. . 3
22. (a) Ewvaluate sin™! (sm f) + cos! (cos ) + tan™1 (1).

OR

Draw the graph of cos™! x. where x €[-1, 0]. Also, write its range.

(b)

Ans sin™ [sinS—nJ +cos™ (cosm)+tan™ (1)= g+ T+ %

MS_XIll_Mathematics 041 65/2/2_2022-23
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2
Or
Correct Graph 1
T
Range: | — & 1
2
23. If the equation of a line 1s x = ay + b, z = ¢y + d, then find the direction
ratios of the line and a point on the line.
Ans . . ) x—b z—d
The equation of the line can be written as: = % =—
a C
.. the direction ratios are a, 1, ¢ 1
A point on the line is (b,0,d) 1
7
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oy raa
24. (a) Ify=-/ax+b, prove that y[g—xzy-} + [gﬁ] =0.
OR
(b) If fix) = {;i;—bx : [1) :‘; i ; 1s a differentiable function in (0, 2),
then find the values of a and b.

Ans | (a) y=+ax+b=y*=ax+b

Differentiate with respect to ‘x’, 2y 3—y =a 1

X
dy  (dyY dy  (dyY
Differentiate with respect to ‘x’, 2y —+2| — | =0=>y—+| — | =0 1
P Y ax (dx Yaxe " ax
Or
(b) f(x) is differentiable in (0, 2) = f(x) is continuous on (O, 2) %
= f(x)is continuous at x=1.. lim(ax+b) = lim (2X2 —X) =a+b=1 %
x—=1" x—1*

Also, f(X)is differentiable at x=1, . L.H.D.(x=1)=R.H.D.(x=1)

=a=4(1)-1..a=3&b=1-a=-2 Y+
25. If the circumference of circle 1s increasing at the constant rate, prove that

rate of change of area of circle 1s directly proportional to its radius.

Ans | Let ‘r’ be the radius, C the circumference and A the area of the circle.

Then, ac = k (Constant), also C =27nr = ac _ 2n£ = ar_k 1

dt dt dt dt 2=
A=qr’= gA = 2n£ =27r- LS =kr, .. the rate of change of area is directly 1
dt dt 2T

proportional to its radius

26. log /3
1
Ewvaluate .r P (e“—e‘*‘}dx
log\/2

Ans logy/3 1 log\/3 o2

dx = ———d
Iogﬁ(ex+e—x)(ex_e—x) X Iogﬁ(ezx)z—l X

Put e =t = e”dx = %dt , Upper limit = 3, Lower Limit = 2

'

Let | =

t-1

3
= =Ejidt=ilog —
29 4 “it+1

t?—1
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27. -(a) Find the general solution of the differential equation :
(xy —x7) dy = y2 dx.
OR
(b) Find the general solution of the differential equation :

(1‘2+1}%£+2xy: 2+4

Ans | (a) Given differential equation can be written as

XZ
dy _y* _\x

2
dx xy-x" Y _,

X
Put y=ux,d—y=u+xd—u
dx dx

du u? du_ u

=X
dx u-1 dx u-1
Separating the variables and integrating

J‘[l_i)duzjd—x :>u—|ogu=Iog|x|+c:>x—|ogx=|09|X|+C
U N X X

Or
Rewriting the given differential equation as:

d—y+ 2X _\/x2+4

dx 1+x° 1+x°
. J.Zixzdx Iog(1+x2) 2
Integrating factor =e”’ ¥ =e =1+X
.. solution of the differential equation is
\/X +4
(l+x ) j 1+x )dx+c

=_[\/x +4dx+c
’ 2
.'.y(1+x2)=¥+2Iog‘x+\/x2+4‘+c

SRR

1+%
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28. {(a) Two balls are drawn at random one by one with replacement from an
urn containing equal number of red balls and green balls. Find the
probability distribution of number of red balls. Also, find the mean of
the random variable.

OR

(b) A and B throw a die alternately till one of them gets a ‘6" and wins
the game. Find their respective probabilities of wining, if A starts the
game first.

Ans | (a) X: Number of red balls out of the two balls drawn

X (0|1 |2
1111
PX)| = | = | =
X) 4 12 |4
.'.Mean=0-1+1-1+2-l=1
4 27,
Or
. . 1 . . 5
(b) P(getting asix) = 5 P (not getting a six) = <
2 y 1
P(Awins)=1+ 5).1,.(2).1, 6 _6
6 (6) 6 \6) 6 " 25 11
36
P(Bwins)=1—P(Awins)=1_£:E
11 11

29. Solve the following hinear programming problem graphically :

Maximize : Z=x+2y

subject to constraints : x+ 2y = 100,
2x—y =0,
9x + v < 200,
x=z0,v=0.
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Ans =
200Y1(0. 200} Correct Graph 2
150 [ aRcame Corner points | Value of Z
_ A (0,200) | 400 (Max)
{50,100} B (0,50) 100 1
mn mes o C (20,40) 100
DA 1 D (50,100) 250
RE_ e : X Min(Z) =400 at x=0; y =200
50 |}
30. 1
(a) Evaluatef | x% — x| dx.
-1
OR
S].Il 1‘
(b) Fl-nd.r (1 x2)3«’2 dx.
Ans 1 0 1 1
(a) I=_”x“—x‘dx:I(x“—x)dx—f(x“—x)dx 14
-1 -1 0
5 3 5 2
-1 0
7 3
=+ 2 = 1
10 10 A
Or
sin™ x ) ) i :
(b) I( )3/2 dx=jtsec t dt, (Putting sin™ x=t,x =sint, also = dx=dt) 1
1-x
=t-tant+|og|cost|+c 1%
xsm x 1
1
1—x2 Iog|1 X |+c A
31. 1—sinx
Fi.ndj er[} — x]
1—cosx
Ans
1—sinx 1—25in§cos§
dx = | e* X 17
I (1 CcoS x] I 2 X A

2sin“ =
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_Ie( cot + cosec E]dx

X
=—excot§+c

SECTION-D
(Question nos. 32 to 35 are Long Answer type questions carrying 5 marks each)

32. (a) Find the equations of the diagonals of the parallelogram PQRS
whose vertices are P(4, 2, —6), Q(b, =3, 1), R(12, 4, 5) and S(11, 9, —2).
Use these equations to find the point of intersection of diagonals.
OR
(b) A line [ passes through point (—1, 3, —2) and 1is perpendicular to both
ey z  x+2 y—1 z+1
the lines % =%= % and x_3 =3 5 - g 5 - Find the vector equation
of the line /. Hence, obtain its distance from origin.
X—4 y-2 z+6
Equation of diagonal PR: = = 1
Ans | 4 . g8 2 11
Xx-5 y+3 z-1
Equation of diagonal QS: = = 1
a gomal Q5: == ="7"="3

General points on PR & QS are (8k+4,2k+2,11k—6)and (6t+5,12t—3,-3t+1) for

real numbers ‘k’ and ‘t’ respectively.

For point of intersection of PR and QS: 8k+4=6t+5, 2k+2=12t—3
1,1 . . L 1
Solving, we get k = E =3 .. The point of intersection is (8, 3,— E]

Or

(b) Let direction ratios of the required line be a, b, ¢
Since it is perpendicular to the two given lines, a+2b+3c=0 ;-3a+2b+5c=0

Solving together, a=4k, b=-14k, c=8k
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x+1_y—3_z+2:>x+1_y—3_z+2
4k  -14k 8k 2 7 4

~. Equation of line is:

Vector equation: T = —i+ 3]— 2k + ?»(2? ~7)+ 4I2) 1
‘(—i+3j—2|2)x(2?—7]+4|2)‘ N AN
Distance from origin = — =——= or,|l— 1
‘2i—7j+4k‘ ‘2i—7j+4k‘ J69 V69
33. Using Integration. find the area of triangle whose vertices are (—1. 1).
(0. 5) and (3, 2).
. Correct Figure 1
Ans a \\HU' &
=E VE Equation of the lines AB, BC and AC are:
."'lf |
[+ \“\ =4X+5;y=5-X; —§+E respectivel 1
Al—tipy T [
I | . ; .
it P2 ar(AABC) = _[(4x+5)dx+_[(5—x)dx—%_[(5+x)dx 1
1 il -1 0 -1
1 27 0 1 273 1 27 8
= < (4x+5) ] -5(5-%) i -=(5+x) ], 1
21 15
=3+--6=" y
2 2 A
34. A function f: [- 4, 4] — [0, 4] is given by f(x) =1/16 —x%. Show that f is an
onto function but not a one-one function. Further, find all possible values
of ‘a’ for which f(a) = \E
ADS | Onto: Let y=16—x2 =y >0 4

Squaring we get, X’ =16 —y* = X = +,/16— y?

For each y e[—4,4], X’ is a real number, ..0<y<4= R, =[0,4] = Co—domain
~.'f'is an onto function.
One-One: f(-1)=f(1)= J15but —1#1, .. *f*is not a one-one function.

f(a)=\/7:>\/16—a2 =J7=a=43
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3s. -3 -2 4 1 2 0
(@) IfA=| 2 1 2| B=|-2 -1 =2 |, then find AB and use it to
2 1 3 0 -1 1
solve the following system of equations :
x—2y=3
2x—y—z=2
—2y+z=3
OR
cosa —smma O
b) Iff(e)=| sna cosa 0 |, prove that f(a) - f(—) = fla — p)
0 0 1
1 00
(a) AB=|(0 1 O .
0 01
=>B'=A !
The given system of equations can be written as:
X 3
BT'X=C,X= y 'C= 2 %
y 3
x=(B")"-c=(B*) .c=AT-C L
-3 2 2|3
= X=|-2 1 1|2 %
-4 2 3|3
X 1
=>|y|[=|-1|..x=1ly=-1z=1 1
z 1
Or
cosa -sina Ofl cosp sinf O
(b) LHS=f(a)f(-B)=|sina cosa 0| —sinp cosp 0 1
0 0 1 0 0 1

MS_XIll_Mathematics 041 65/2/2_2022-23
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[ cosa.cosp+sinasin  cosasinp—sina.cosp 0
=|sinacosp—cosasinf sinasinB+cosacosf 0
| 0 0 1
cos(a—B) —sin(a—Pp) O
=|sin(a—B) cos(a—-B) O
0 0 1

=f(a—B)=RHS

1%

%

SECTION-E

questions carrying 4 marks each)

(Question nos. 36 to 38 are source based/case based/passage based/integrated units of assessment

36.

Recent studies suggest that roughly 12% of the world population is left
handed.

nnnnnnnn rﬁ\,é Lmn

n . - T o
ﬁﬁﬂﬂﬁﬂﬁﬁ ﬂﬂnnnnnnnnnnnnn I.Emll

ROUGHLY 12°. OF THE WORLD IS LEFT HANDED P

Depending upon the parents, the chances of having a left handed child are

as follows :
A When both father and mother are left handed :
Chances of left handed child 1s 24%.

B : When father is right handed and mother is left handed :
Chances of left handed child 1s 22%.
C : When father is left handed and mother is right handed :

Chances of left handed child 1= 17%6.
D : When both father and mother are right handed :
Chances of left handed child iz 9%.
1

Assuming that P(A) = P(B) = P(C) = P(D) = 1 and L denotes the event that

child is left handed.
Based on the above information, answer the following questions :
(1) Find P(L/C)
(iiy Find P(L/A)
(111} (a) Find P(ASL)
OR

(b) Find the probability that a randomly selected child is left
handed given that exactly one of the parents is left handed.
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Ans

17

() P(L|C)= 100

o DT AY 1 _q_ 24 _76 19
(i) P(C|A)=1-P(L|A)=1 100 " 100 ™ 22

1.2

X
~ 4”100 _24 1
(iii) P(AlL)_l 24 1 22 1 17 1 9 72 3

XX X X
4 100 4 100 4 100 4 100

Or

Probability that a randomly selected child is left-handed given that exactly one of the
parents is left handed

P(L|BUC)— TR

100 100 100

37.

Engine displacement is the measure of the cylinder volume swept by all

the pistons of a piston engine. The piston moves inside the cylinder bore

‘__.l ?‘.:l |1n Per et

Comnbuselon
v |u-..n|._.--.__ oy |'|—(I-u e
o surfuea that ae

i ,,.‘_" misckined fat

— Flsnon

Engine Blaake—="""

Based on the above information. answer the following guestions :
(1) If the radius of cvlinder 1s r e and height 1s h cm, then write the
volume V of evlinder in terms= of radius r.

dav
dr

(i) Find

(111) (&) Find the radius of cvlinder when its volume 1s maximuim.
OR

(b) For maximum volume, h = r. State true or false and justify.
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Ans 75 —r?
(i) 7’ + 2nrh = T5p=>h= 2" ,.-.V=nr2h=5(75r—r3) 1
2r 2
. dV T 5
—=—(75-3r
® dr 2 ( ) '
dv d?Vv
(iii) —=0=>r=5—| = E(—6!’) <0..volume is maximum when r =5 2
dr ar | . 2
Or
—=0=>r=5— = E(—6I’) <0 ..volume is maximum when r=5 1
dr dar® | . 2
75-5°
As volume is maximum at r=5:>h=ﬁ=5:>h=r %
38. ‘The use of electric vehicles will curb air pollution in the long run.

The use of electric vehicles is increasing every year and estimated electric

vehicles in use at any time t is given by the function V :

3

3 _t¥+ 25t —2

T
bo o

V() =
where t represents the time and t = 1, 2, 3.... corresponds to yvear 2001,
2002, 2003, ....... respectively.

Based on the above information, answer the following questions :

(i) Can the above function be used to estimate number of vehicles in the

vear 2000 7 Justify.

(11) Prove that the function V(t) is an increasing function.
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Ans | (i) For the year 2000, t = O&V(O) = —2 and the number of vehicles cannot be negative

.. the given function V(t) cannot be used.

6 36

2
(i) V'(t) = gt2 -5t+25= 3 t- 2 + 875 >0, .. V(t) is an increasing function.
5 5
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2023

MATHEMATICS PAPER CODE 65/2/3

General Instructions: -

You are aware that evaluation is the most important process in the actual and correct
assessment of the candidates. A small mistake in evaluation may lead to serious problems
which may affect the future of the candidates, education system and teaching profession. To
avoid mistakes, it is requested that before starting evaluation, you must read and understand
the spot evaluation guidelines carefully.

“Evaluation policy is a confidential policy as it is related to the confidentiality of the
examinations conducted, Evaluation done and several other aspects. Its’ leakage to
public in any manner could lead to derailment of the examination system and affect the
life and future of millions of candidates. Sharing this policy/document to anyone,
publishing in any magazine and printing in News Paper/Website etc. may invite action
under various rules of the Board and IPC.”

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. However, while evaluating, answers which
are based on latest information or knowledge and/or are innovative, they may be
assessed for their correctness otherwise and due marks be awarded to them.

The Marking scheme carries only suggested value points for the answers.

These are Guidelines only and do not constitute the complete answer. The students can have
their own expression and if the expression is correct, the due marks should be awarded
accordingly.

The Head-Examiner must go through the first five answer books evaluated by each evaluator
on the first day, to ensure that evaluation has been carried out as per the instructions given in
the Marking Scheme. If there is any variation, the same should be zero after deliberation and
discussion. The remaining answer books meant for evaluation shall be given only after ensuring
that there is no significant variation in the marking of individual evaluators.

Evaluators will mark () wherever answer is correct. For wrong answer CROSS ‘X” be marked.
Evaluators will not put right (v) while evaluating which gives the impression that answer is
correct, and no marks are awarded. This is most common mistake which evaluators are
committing.

If a question has parts, please award marks on the right-hand side for each part. Marks awarded
for different parts of the question should then be totaled up and written in the left-hand margin
and encircled. This may be followed strictly.

If a question does not have any parts, marks must be awarded in the left-hand margin and
encircled. This may also be followed strictly.

In 01-020, if a candidate attempts the question more than once (without canceling the
previous attempt), marks shall be awarded for the first attempt only and the other answer
scored out with a note “Extra Question”.

10

In 021-038, if a student has attempted an extra question, answer of the guestion
deserving more marks should be retained and the other answer scored out with a note
“Extra Question”.

11

No marks to be deducted for the cumulative effect of an error. It should be penalized only once.

12

A full scale of marks (example 0 to 80/70/60/50/40/30 marks as given in Question
Paper) must be used. Please do not hesitate to award full marks if the answer deserves it.

13

Every examiner has to necessarily do evaluation work for full working hours i.e., 8 hours every
day and evaluate 20 answer books per day (Details are given in Spot Guidelines). This is in
view of the reduced syllabus and number of questions in question paper.
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14 | Ensure that you do not make the following common types of errors committed by the Examiner
in the past; -

e Leaving answer or part thereof unassessed in an answer book.

Giving more marks for an answer than assigned to it.

Wrong totaling of marks awarded on an answer.

Wrong transfer of marks from the inside pages of the answer book to the title page.

Wrong question wise totaling on the title page.

Wrong totaling of marks of the two columns on the title page.

Wrong grand total.

Marks in words and figures not tallying/not same.

Wrong transfer of marks from the answer book to online award list.

Answers marked as correct, but marks not awarded. (Ensure that the right tick mark is
correctly and clearly indicated. It should merely be a line. Same is with the X for incorrect
answer.)

e Half or a part of answer marked correct and the rest as wrong, but no marks awarded.

15 | While evaluating the answer books if the answer is found to be totally incorrect, it should be
marked as cross (X) and awarded zero (0) Marks.

16 | Any unassessed portion, non-carrying over of marks to the title page, or totaling error detected
by the candidate shall damage the prestige of all the personnel engaged in the evaluation work
as also of the Board. Hence, to uphold the prestige of all concerned, it is again reiterated that
the instructions be followed meticulously and judiciously.

17 | The Examiners should acquaint themselves with the guidelines given in the “Guidelines for spot
Evaluation” before starting the actual evaluation.

18 | Every Examiner shall also ensure that all the answers are evaluated, marks carried over to the
title page, correctly totaled and written in figures and words.

19 | The candidates are entitled to obtain photocopy of the Answer Book on request on payment of
the prescribed processing fee. All Examiners/Additional Head 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.
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QUESTION PAPER CODE 65/2/3

EXPECTED ANSWER/VALUE POINTS

SECTION A
Q.No. | EXPECTED ANSWER / VALUE POINTS | Marks
SECTION-A
(Questions nos. 1 to 18 are Multiple choice Questions carrying 1 mark each)
1. If the angle between aand b is % and | a x H| = 3\;@, then the value of
a-bis
A) 9 (B) 3
W 1 1
© 3 D) 5
Ans | (B)3 1
2. "’[’he position vectors of three consecutive vertices of a parallelogram
ABCD are A (4i+2]—6k), B(5i—3] +k) and C (12} +4j +5k). The
position vector of D 1s given by
&) -3i-5) — 10k B) 217 +3j
©) 115 +9) — 2k D) —11i—9] + 2k
Ans | (C) 111 +9)-2k 1
> 1 3 B
If for two events A and B, P(A— B) = 5 and P(A) = 5 then PLIW is equal to
; A)
1 3
A 3 B)
.2 2
© % D) 3
Ans 2
(D) 3 1

MS_Xll_Mathematics 041 65/2/3 2022-23




65/2/3

2m /2
If J- cos?xrdx =k J- cos?x dx, then the value of k is
0 0
(A) 4 (B) 2
4.
€ 1 M) 0
Ans | (A)4
5.
If (a, b), (c, d) and (e, ) are the vertices of AABC and A denotes the area of
a ¢ e |2
AABC, then | b d f | isequalto
111
(A) 2A (B) 4a?
(©) 2A (D) 4A
Ans | (B) 4A?
6. The function f(x) = x| x|is
(A) continuous and differentiable at x = 0.
(B) continuous but not differentiable at x = 0.
(C) differentiable but not continuous at x = 0.
(D) neither differentiable nor continuous at x = 0.
Ans | (A) continuous and differentiable at x=0
7. + %7 d r
If tan (x }J =k, then ¥ 1s equal to
xX—V dax
-y Yy
@ = ®) *
el [E C aap? XJ
(C) sec [J (D) sec (x
Ans (B) y
X
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8. The objective function Z = ax + by of an LPP has maximum value 42 at
(4, 6) and minimum value 19 at (3, 2). Which of the following is true ?
(A) a=9b=1 (B) a=5b=2
(C) a=3,b=5 (D) a=5,b=3
Ans | (C) a=3,b=5
9. The corner points of the feasible region of a linear programming problem
20 4
are (0, 4), (8, 0) and [E, E] fZ = 30x + 24y is the objective function, then
(maximum value of Z — minimum value of Z) is equal to
(A) 40 (B) 96
(C) 120 (D) 136
Ans | Give 1 Mark to those who have attempted as the correct option is not given
10. . . . . .
Number of symmetric matrices of order 3 x 3 with each entry 1 or — 1 1s
(A) 512 (B) 64
(€ 8 (D) 4
Ans | (B) 64
11. 9
lf{ 5 4 } =P + Q, where P is a symmetric and Q is a skew symmetric
matrix, then Q 1s equal to
2 5/2 0 —5/2
(&) { bi2 4 } (B) [ 5/2 0 }
} 0 5/2 2 —b/2
© { 52 0 } (D) [ 52 4 }
0 -5/2
Ans (B) [5/2 0 :|
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12. 1 2 1
If| 2 3 1 | is non-singular matrix and a € A, then the set A is
3 a l
(A) R (B) {0}
©) {4 D) R—{4}
Ans | (D) R-{4}
13. If |A| = |kA|, where A is a square matrix of order 2, then sum of all
possible values of k is
4) 1 (B) -1
€ 2 M) 0
Ans | (D)0
14. d B N .
If 1 [f (x)] = ax+ b and f(0) = 0, then f(x) 1s equal to
2
A) a+b (B) 5 +bx
(©) %mxﬂ: D) b
Ans | gy Ly
2
15. . . o dy) .
Degree of the differential equation sin x + cos dp) " Y18
@A) 2 B) 1
(C) not defined (D) 0
Ans | (C) not defined
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16.
The integrating factor of the differential equation
dx ,
(1 —}fz}d—y+ yx=ay, (—1<y<1)is
1 1
A B
&) 75 ® 5
1 1
C : D
© 1, D) 1
Ans (D) 1 :
1-y
17. Unit vector along P_(’Q where coordinates of P and Q@ respectively are
(2,1,-1) and (4, 4, -7), is
(A) 2i+3j -6k B) —2i -3 +6k
2i 3] 6k 21,3 6k
w 21 9)  bK 41, 9) bK
© =777t D) 77777
Ans D) 2_?4_3_]_%
7T 7 7
18. Equation of a line passing through point (1, 2, 3) and equally inclined to
the coordinate axis, is
XxX_Y_2 x_yY_2
@A) 1 2 3 (B) 1 11
w Xx—1 y-1 z-1 x—1 y-2 z-3
© =" =3 D =TT =
Ans x-1 -2 z-3
(D) 1 . 1 1
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(Question Nos. 19 & 20 are Assertion-Reason based questions of 1 mark each)

19 Assertion (A) : Maximum value of (cos™! x)? 1s 72,
Reason (R) : Range of the principal value branch of cos1x is [_?TE, ﬂ .
Ans | (C) (A)is true but (R) is false 1
Assertion (A) : If a line makes angles o, B, y with positive direction of the
20.
coordinate axes, then sin? o + sin? B + sin? y = 2.
Reason (R) : The sum of squares of the direction cosines of a line is 1.
Ans | (A) Both (A) and (R) are true and (R) is the correct explanation of (A) 1
SECTION-B
(Question nos. 21 to 25 are very short Answer type questions carrying 2 marks each)
MM A
2L points A, B and C have position vectors 21, j and 2k respectively, then
show that AABC is an isosceles triangle.
Ans | BA=2i-j;BC=2k-] L
‘ﬁ‘ = ‘ﬁf‘ = \/g = AABC s an isosceles triangle 1
(a) Evaluate sin! (Sin I] + cos! (cos 1) + tan~! (1).
OR
(b) Draw the graph of cos™ x, where x €[-1, 0]. Also, write its range.
Ans sin™ (sing—n]+cos‘l(005n)+tan‘1(1)= Tin+l 1
4 4 4 1 A
3n
= o 1
2 %
Or
Correct Graph 1
Range: [E,n} 1
2
8
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23. If equal sides of an isosceles triangle with fixed base 10 cm are increasing
at the rate of 4 cm/sec, how fast 1s the area of triangle increasing at an
instant when all sides become equal ?
Ans
Let the equal side be ‘x’, then 3—: =4cm/s %
% dA 5x  dx
A=5x"=25 = —=—_——"= y
dt /x2—25 dt %4_4
' d—A} =40 eme s %
* dt x=10 \/5
24. ) . i oox v—1 z+1 ,
Find the coordinates of points on line 1="9 = 3 which are at a
distance of \/11 units from origin.
Ans | General point on the curve is P(k, 2k +1,2k —1) ,keR %
OP=11=0P? =11
ck2+(2k+1) +(2k-1) =11=> k=21 1
.. Coordinates of points are (1, 3, 1)&(—1, -1, —3) %
25.

- dEY'\ dyjﬁ_
(a) Ify=+/ax+ Db, then prove that }[deJ + [dx_ =0.
OR
[ax+b ; 0<x21
(b) If fx) T2 —x ; 1<x<?2

then find the values of a and b.

13 a differentiable function in (0, 2),
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Ans | (a) y=+ax+b=y?=ax+b
Differentiate with respect to ‘x’, 2y dy =a 1
2 2 2 2
Differentiate with respect to ‘x’, Zyd—g +2 d—y =0=> yd—g + d—y =0 1
dx dx dx dx
Or
(b) f(X) is differentiable in (0, 2) = f(X) is continuous on (O, 2) %
. . _ BT 1 2 _ _
=f (X)ls continuous at x=1 ., )!Lrp(ax+ b) = ll_)rE(ZX X) =a+b=1 %
Also, f(X)is differentiable at x=1, . L.H.D.(x=1)=R.H.D.(x=1)
—a=4(1)-1-.a=3&b=1-a=-2 AYE!
SECTION-C
(Question nos. 26 to 31 are short Answer type questions carrying 3 marks each)
26. The section comprises Short Answer (SA) type questions of 3 marks each.
Solve the following Linear Programming problem graphically :
Maximize : Z=3x+ 3.5y
subject to constraints : x + 2y > 240,
3x + 1.5y = 270,
1.5x + 2y < 310,
x=20,yv20.
Ans

\ d Correct Graph

L. wol  N\C(20,140)
\\m\ i e Corner points | Value of Z
w R A (40,100) 470
PR L L B (140,50) | 595 (Max)
= . C (20,140) 550
:: 3+ 1.5y = 270\ \\; L2y =240 MaX(Z) =595 atx =140 syY= 50
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. " x+ 2
27. (a) Find I " = dx.
- x*—4x—5
OR
da
. g
(b) Ewvaluate J f(x) dx, where f(x) = T
—a |
Ans X+2 1 2X—4 1 2
(@) [ =t —dx == [ —2_dx+ 4 —————dx
I\/x2—4x—5 2‘|‘\/x2—4x—5 I /(x—2)2—32
1
=\/x2—4x—5+4Iog‘x—2+\/x2—4x—5‘+c
Or
a 9)(
b) I = d @
(b) j g X0
Replacing ‘x’ by —a+a—Xx 1
a 9a—a— a —
—_ —_ X (i
Ia1+9a-a-x I FrEh I 1+9° ) !
Adding (i) & (ii) we get, 21 = j dx=x] ‘=2a=l=a 1
28. -1, (1—x+a?
Find j et [ | du.
¢ . ]_ + ;rz A
ABS | put cot™ x=t..x=cott and —— dx = dt 1
1+x
. cot™x 1-X+X° _ t 2 [t 2 1
..Ie (1+—x2 dx——je (1—cott+cot t)dt—je (cott—cosec t)dt
=e'cott+c Y
=xe® X 4¢ %
29.
log \/3
1
Evaluate J’ : ) dx
(e*+e™) (e¥—e™)
log \E
Ans log+/3 log</3 2%
Let | = - _Xlx — dx=je—2dx 1
Iog\/f(e +€ )(e —-€ ) Iog\/f(ezx) -1
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Put ™ =t=>e™dx = %dt , Upper limit = 3, Lower Limit = 2

3

3
I=1‘[ 21 dt=llog t-1 1
291" "4 Clt+1],
1 2 1 1 3
I==|log—-log= |=~=log— 1
= 4{ 92 93} 297 Y2

30.

(xy —x%) dy = y* dx.
OR

‘ dy :
(x2 + 1)i+2-x}f=“‘x.'x3+4

(a) Find the general solution of the differential equation :

(b) Find the general solution of the differential equation :

Ans | (a) Given differential equation can be written as

XZ
dy _y* _x

2
dx xy-x" ¥ _4

X
Put y = ux, d—y_u+xd—u
dx dx
du u? du u
SU+X—=

dx u- 1 dx u-1
Separating the variables and integrating

dx y Yy
l — — =
I( u)du—_[ X =Uu |OgU—|Og|X|+C:>X |ng Iog|x|+c

Or
Rewriting the given differential equation as:

dy , 2 X +4

dx 1+x2y_ 1+ X2

2X

A ——dx | 2
Integrating factor = eI e () Jp 4y
.. solution of the differential equation is

( ) _|‘\/ﬁ (1+x )dx+c
=I\/ﬁdx+c
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' 2
.'.y(1+x2)=u+2log‘x+\/x2+4‘+c

2

31. (a) Two numbers are selected from first six even natural numbers at
random without replacement. If X denotes the greater of two
numbers selected, find the probability distribution of X.
OR
(b) A fair coin and an unbiased die are tossed. Let A be the event, “Head
appears on the coin” and B be the event, “3 comes on the die”. Find
whether A and B are independent events or not.
Ans | (a) X: Greater of the two slected from first six even natural numbers
X | 4]6]|8]10]12 1
11213145 2
PX)| 15 | 15 | 15| 15 | 15
Or
(b) S=Sample space={H1,H2,H3,H4,H5,H6,T1,T2,T3,T4,T5,T6} 1
6 1 2 1 1
P(A)=—=2,P(B)====, P(AnB)== 1
(R)=15=5: P(B)=53 =5 PANEB) = %
1 , y
= P(AnB)=P(A)-P(B)= o A & B are independent events. 2
SECTION-D
(Question nos. 32 to 35 are Long Answer type questions carrying 5 marks each)
32. | A function f: [~ 4, 4] — [0, 4] is given by f(x) =/16 — 2. Show that { is an
onto function but not a one-one function. Further, find all possible values
of ‘a’ for which f(a) = \E
ADS | Onto: Let y=v16-x* =y >0 Y

Squaring we get, X’ =16 -y’ = X =+,/16 -y’

For each y € [—4,4] , ‘X’ is a real number, .. 0<y<4=R, = [O, 4] = Co—domain
- 'f"is an onto function.
One-One: f(—l) =f (1) = \/Ebut —-1#1, .. ‘f”is not a one-one function.

f(a)=7 =+16-a’ =7 =>a=13
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33. _ _
-3 2 4 1 2 0
(a) lf;—\—{ 2 1 2] B:‘ —2 —1 -2 |, then find AB and use it to
2 1 3 0 -1 1.
solve the following system of equations :
x—2y=3
2x—y—z=2
—2y+z=3
OR
cosae —sina 0
(b) Iff(a)=| sina coso O |, prove that f(a) - f(—p) = f(o — p)
0 0 1
Ans 1 00
(a AB=|0 1 O .
0 01
=>B"=A !
The given system of equations can be written as:
X 3
B'-X=C,X=|y|C=|2 Y
y 3
x=(B")"-c=(B") .c=A"-C 1
-3 2 2|3
= X=|-2 1 1||2 Y
-4 2 3|3
X 1
=>|y|=|-1].x=lLy=-1z=1 1
z 1
Or
cosa -sina Off cosp sinfp O
(b) LHS=f(a)f(-B)=|sina cosa O —sinB cosp 0 .
0 0 1 0 0 1
cosa.cosp+sinasinf cosasinf—sinacosp 0
=|sinacosp—cosasin sinasinf+cosacosf 0 )
0 0 1
14
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cos(a—p) -sin(a—B) 0

=|sin(a-B) cos(a—B) O

0 0 1
=f(a—B)=RHS

34.

(a) Find the equations of the diagonals of the parallelogram PQRS
whose vertices are P(4, 2, —6), Q(5, -3, 1), R(12, 4, 5) and S(11, 9, -2).
Use these equations to find the point of intersection of diagonals.

OR

(b) A line [ passes through point (—1, 3, —2) and is perpendicular to both

X vV z x+32 3——1 z+1
the lmef-, =5 .gand 3 9

. Find the vector equation

of the line [. Hence, obtain its distance from origin.

Ans

X—4 y-2 z+6
8 2 1
X=5 y+3 z-1
6 12 -3
General points on PR & QS are (8k+4,2k+2,11k —6) and (6t+5,12t—3,-3t+1)

for real numbers ‘k’ and ‘t’ respectively.

Equation of diagonal PR:

Equation of diagonal QS:

For point of intersection of PR and QS: 8k+4=6t+5, 2k+2=12t—3

1
Solving, we get k = = % .. The point of intersection is (8, 3,- E]

I\)IH

Or

(b) Let direction ratios of the required line be a, b, ¢
Since it is perpendicular to the two given lines, a+2b+3c=0 ;-3a+2b+5c=0

Solving together, a=4k, b=-14k, c=8Kk

+1 y-3 z+2:>x+1=y—3=z+2
4k T —14k 8k 2 —7 4
Vector equation: F=—|+3]—2k+k(2?—7j+4l2)

.. Equation of line is:

Distance from origin =

‘(—?+ 3]—2I2)x(2?—7]+4l2)‘ ‘—2i+ 12\ J5 5

21 - 7j+ 4k] _\2i—7j+4|2\
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35. v 2
Find the area of the smaller region bounded by the curves o5t 16~ 1 and
*, ¥_ 1, ti
5 1= using integration.
Ans Ly Correct Figure 1 12
e _ 4% 4¢
7 Required Area = g_|‘\/25—x2dx—g_|‘(5—x)dx 1 12
."/ : \\\‘ 0 0
5 )
-:\.L 3 !r."-.'z':a\lﬁ\\.',-?-
\ e / . 5
¥ Joooa A x 25 . X 2 27 °
Mg e = 2 225 %2+ —sinTt = +—(5-x } il
I 5(2 2 5)}0 557, 47
4( 25w
= 10=5n-10 1
5( 4 ] " Y
36 Recent studies suggest that roughly 12% of the world population is left

handed.

RRAARAARRRARAAMMAMAMAR 44 1 Commm——

ROUGHLY 12°. OF THE WORLD IS LEFT HANDED I —

Depending upon the parents, the chances of having a left handed child are
as follows :

A When both father and mother are left handed :
Chances of left handed child is 24%.

B : When father is right handed and mother is left handed :
Chances of left handed child is 22%.

C : When father is left handed and mother is right handed :
Chances of left handed child is 17%.

D : When both father and mother are right handed :

Chances of left handed child is 9%.

Assuming that P(A) = P(B) = P(C) = P(D) = L and L denotes the event that
child is left handed.

Based on the above information, answer the following questions :
(1) Find P(L/C})
(i)  Find P(L/A)
(ii1) (a) Find P(A/L)
OR

(b) Find the probability that a randomly selected child is left
handed given that exactly one of the parents is left handed.
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Ans

) 17
24 76 19

(i) P(L|A)=1—P(L|A)=1—m=mor£

1 24

47100 24 1
i) P(AIL) =TT 21 17 1 9 =773

X X+ XX
4 100 4 100 4 100 4 100

Or

Probability that a randomly selected child is left-handed given that exactly one of the
parents is left-handed.

=P(L|BUC)= P
100 100 100

37.

Engine displacement is the measure of the cyvlinder volume swept by all

the pistons of a piston engine. The piston moves inside the cylinder bore

ﬁ‘!ﬁﬂﬁ'

The cylinder bore in the form of circular cylinder open at the top is to be

') Alunmiosum
S | ,JE-'I - rlemader hend
o st ‘—'—"; o
ATy — o — Cyiiim

I, Bl "

made from a metal sheet of area 75T cm?2.

Based on the above information, answer the following questions :

(i) If the radius of cyvlinder is r em and height is h cm, then write the

volume V of evlinder in terms of radius r.

(11) Find "

(i11) (&) Find the radius of evlinder when its volume 1is maximum.
OR

(b) For maximum volume, h = r. State true or false and justify.
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Ans 75-r°
() nr’ +2nrh=75t=h= , .'.V=1tr2h=£(75r—r3) 1
2r 2
dav =
ii) — ==(75-3r?
(i) dr 2 ( ) !
\Y; 2V
(iii) d— =0=>r=5, d—2 = E(—6r) <0 .. volume is maximum when r=5 2
dr dar | . 2
Or
Fal
v v &
—=0=>r=5— = E(—6r) <0 ..volume is maximum when r=5 1
dr ar | . 2
75-5°
Asvolumeismaximumatr=5:>h=ﬁ=5:>h=r %
38 ‘The use of electric vehicles will curb air pollution in the long run.

vehicles 1n use at any time t is given by the function V :

Based on the above information, answer the following questions
()

yvear 2000 ? Justify.

(11) Prove that the function V(t) i= an increasing function.

The use of electric vehicles is increasing every yvear and estimated electric

1. 5
— =23 2.2 o <
V) =5t3— 5t2+ 25t —2
where t represents the time and t = 1, 2, 3.... corresponds to year 2001,
2002, 2003, ....... respectively.

Can the above function be used to estimate number of vehicles in the

Ans

.. the given function V(t) cannot be used.

(i) For the year 2000, t=0& V(O) =—2 and the number of vehicles cannot be negative

2
(i) V()= St* —5t+25 =§ [t—ﬁ) L

—— >0, .~ V(t) is an increasing function.
5 36

6

MS_Xll_Mathematics 041 65/2/3 2022-23

18




