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

MATHEMATICS PAPER CODE 65/3/1

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.

MS_XII_Mathematics_041_65/3/1_2022-23 Page 1




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.

e Giving more marks for an answer than assigned to it.

e Wrong totaling of marks awarded on an answer.

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

e Wrong question wise totaling on the title page.

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

e Wrong grand total.

e Marks in words and figures not tallying/not same.

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

e 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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MARKING SCHEME
MATHEMATICS

SECTION A
Q. No. Expected Answers/Value Points ‘ Marks
Q1 1 1 X
If A=| z 2  y| is a symmetric matrix, then the value of x + y + z
-3 -1 3
is:
(a) 10 (b) 6
(e 8 (d)
Ans (d)o 1
Q2 3 0 0
IfA.(adjA)=|0 3 0|, then the value of |A| + |adj A| is equal to :
0 0
(a) 12 (b) 9
(¢ 3 (@ 27
Ans ()12 1
Q3 A and B are skew-symmetric matrices of same order. AB is symmetric, if :
(a) AB=0O (b)) AB=-BA
(c) AB=BA (d BA=O
Ans (c)AB =BA 1
Q4 T . ,
For what value of x e |0, 5 | is A+ A’ =3 I, where
coOsx  sinx
A= ?
|:— sinX cos x]
T T
(a) — (b)  —
3 6
Lo
(e 0 @ =
2
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Ans T 1
b) =
(b) c
Q5 Let A be the area of a triangle having vertices (x4, y;), (%9, y9) and
(x3, y3). Which of the following is correct ?
S ST A 1 Xy, 1
(a) X9 Yy 1l|=%A (b) X9 Yy 1[=%2A
xg yg3 1 xg ¥y 1
Xy 1 Xy 12
© |xg y, 1 =i% @ |x, y, 1| =A?
Xg Vg 1 X3 ¥ 1
Ans
X, ¥ 1
Xg Vg 1
Q6 ‘
J.2X+‘de is equal to :
(a) 2%*2.iC b 2%*2lg2+C
x+2 X
© Z_icC @ 2--2_.c
log 2 log 2
Ans X+2
= 1
(c) +C
log 2
Q7 _
Eig%igi——ldx is equal to :
1+2sinx
(a) x-2cosx+C (b) x+2cosx+C
(c) —x—2cosx+C (d —x+2cosx+C
Ans (b) x+2cosx+C 1
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8
Q The solution of the differential equation % + dy =0 is:
(a) l+1=C (b) logx—logy=C
X ¥y
(c) xy=C (d) x+y=C
Ans (e) Xy = C 1
at 18 the product of the order and degree of the erential equation
Q9 What is the product of the order and d f the differential equati
2 3
gx—gsmy+(%) cosy=J§ ?
(a) 3 b)) 2
(c) 6 (d) not defined
Ans (b) 2 1
Q10 If a vector makes an angle of % with the positive directions of both x-axis
and y-axis, then the angle which it makes with positive z-axis is :
T 3n
L b an
(a) 1 (b) 1
T
- d 0
(c) 5 (d)
Ans 7T 1
(e) =
2
Ql1 > - o - -
a and b are two non-zero vectors such that the projection of a on b
is 0. The angle between : and T)) is:
(a) % (b) =
© 7 @ o
Ans T 1
(a) =
2
Q12 —> A A A —> A A A . . .
InAABC, AB=1i +j +2k and AC =31 — j +4k. If Dis mid-point of
—)
BC, then vector AD is equal to :
A A A A A
(a) 41 +6k (b) 21 -2j +2k
AoA A AA
(c) i—-j+k (d 2i +3k
Ans A A 1
1 +
d 2 3k
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Q13 The value of J. for which the angle between the lines
—> A A A M A A
r =1+j+k+p2i +j+2k)and
—> A - AT
r =(1+qg)t +(1+qi)j +(1+qkis 3 is :
(a) -4 (b) 4
() 2 d -2
Ans (a) -4 1
Q14 IFPAANB) = = and P(A) = > then P| 2 | is equal to :
8 4 A
1 1
= b =
(a) 5 (b) 3
1 2
() = @ =
6 3
oo
Ans 1 1
(a) ~
2
Q15 The value of k for which function f (x]:{X » X20 4o differentiable at
kx, x<0
x=0is:
(a) 1 b 2
(c) any real number d o
Ans (d)o 1
Q16 e
Ify:w,then ﬂ is :
€0S X +8in X dx
(a) —sec? (% - XJ (b) secz(% - x]
(c) log ‘ sec (g —xj (d) —log|sec (%—x]
Ans 1
(a) —sec? (%—x)
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Q17 The number of feasible solutions of the linear programming problem
given as
Maximize z = 15x + 30y subject to constraints :
3x+y<12, x+2y <10, x=0,y=0 is
(a) 1 b)) 2
() 3 (d) infinite
Ans (d) infinite 1
The feasible region of a linear programming problem is shown in the
figure below :
y
Q18
Which of the following are the possible constraints ?
(a) X+2y24, x+y<3,x20,y20
(b) x+2y<4, x+y<3,x20,y20
(c) X+2y>24, x+y=23,x20, y=20
(d) Xx+2y24, x+y=23, x<0, y<0
Ans () x+2y>4, x+y=3,x20, y=0 1
Questions number 19 and 20 are Assertion and Reason based questions carrying
1 mark each. Two statements are given, one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer from the codes (a), (b), (¢) and (d)
as given below.
(a) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).
(b) Both Assertion (A) and Reason (R) are true, but Reason (R) is not
the correct explanation of the Assertion (A).
(¢)  Assertion (A) is true and Reason (R) is false.
(d)  Assertion (A) is false and Reason (R) is true.
Q19 Assertion (A) : Range of [sin_l X + 2 cos”! x] is [0, ).
Reason (R) : Principal value branch of sin™! x has range [—%, %] :
Ans (d)  Assertion (A) is false and Reason (R) is true. 1
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Q20 Assertion (A): A line through the points (4,7,8) and (2, 3,4)
is parallel to a line through the points (—1, -2, 1) and (1,2, 5).
. - = - - = - P aadiinsd
Reason (R): Lines r = a; + Ab; and r = a; + ub, are parallel if by - b, = 0.
Ans (¢)  Assertion (A) is true and Reason (R) is false. 1
SECTION B
Q21 N
If T =31 —2_? +6]§,ﬁndthevalueof(r X 3).(? X l;)—12.
Ans
N N N N N N
(P x]). (7 xk)-12=3k -6i).(-3] —2i)-12 1-
=12-12=0 Y
Q22 24
_ Z+—
If the angle between the lines X=5 A 2 = 5 and 2=Y-Z s E,
o -5 B 1 0 1 4
find the relation between o and p.
Ans
Cosz = M = i = & 1
4 JaZ+p2+25v2 T V2 JaZ+B2+2542
Squaring both sides, we get
Ya
ol + B2 + 20f = o2 + B2 + 25
_ 25 1
= op =2 /2
Q23 If fix) = a(tan x — cot x), where a > 0, then find whether f(x) is increasing
or decreasing function in its domain.
Ans
f'(x) = a(sec? x + cosec? X) 1
Asa>0 and sec? x , cosec? x are squares, f'(x) >0 Y
.. f(x) is an increasing function in its domain. Y
Q24(a)
Ehﬂuﬂﬁ:SSmf1—£-+2mm€L£§ +cos™L (0)
J2 2
Ans
(a) Given expression = %" + 2?” + % 1%
_ 197 s
12 ’
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Q24(b) Draw the graph of f(x) = sin"! x, x € [—i i} Also, write range
grap = s 2B ; g
of f(x).
Ans
(b)
Correct graph 1
Here, the points A, B, C and D are respectively
b4 b4 1 1
(03):(0-3).(7%0). 50,
o L 1
rarge = 2.
Q25(a) 1 .. d
If y = x~, then find il at x = 1.
X
Ans
@y =xx
1
=logy = ;Iog X Yo
1dy_ logx 1 dy _ %(plogx) 1
:ydx_i x2 +x2:>dx_x x2
dy —
= (a)x=1_ 1 Yo
OR
25(b . d
Qzs5(e) If x = asin2t,y = a(cos 2t + log tan t), then find d—y
X
Ans
(b) % = 2a cos 2t 1,
dy _ . sec?t\ _ ,_ cos? 2t
E B Za(_ sin 2t + 2 tan t) B sin 2t 1
L =~ cot 2t 7
dx
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SECTIONC

Q26(a)

Find the general solution of the differential equation :

%(xyz) =2y (1 +x?)

Ans

(a) Given differential equation is
2xyZ—z +y2 = 2y(1 +x2)

d 1
=2+ L=ty
dx 2x x

Integrating factor = el320% = glog Vx = Vx
Solution is given by y+x = f( + Xz)dx

C
—SyVx = 2\/—+—+C ory = 2+?+F

Y2

Yo

OR

Q26(b)

Solve the following differential equation :

z dy
xex —y+x_—=0

Ans

Yy
(b) Given differential equation is Z—z = % —ex

dy dv
= — =V + X—
Lety =vX = VX
. . dv _ \V;
The given equation becomes v + X—=V-e

R d
= Vdv=7x

Integrating both sides, we get
eV=loglx|+C

Y
—e x=log|x|+C

Y2

Yo

Yo

Yo

Q27

Evaluate:

3 \'."I'q-—l' ﬂr X

1 \-IT+ ~.;4—x

Ans

Letl= [’ 2 X

1\/_+de

3 JV4—(4—x)
=] X
1 V4-—x+./4-(4-x)

f3\/ﬂ+\/_

2= [ =

dx —f 1dx

Yo

Yo
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Q28 Evaluate :
¢ 1
[] :dl’f
1”-“4::3—[:: log x)*
Ans )
— e—
Letl= fl 4x2 _ (x log x)2
_re 1 _ 1. _
—flmdx [Letlogx—t:>;dx—dt] 1
_(l_at
0 Ja_¢2 1
1
e S (.
0o ° 1
Q29(a) | Find:
f n::-n.*.x.dx
sin 3x
Ans COS X
(a)l :f3sinx74sin3x
Letsin X =t = cos x dx = dt Ya
_ dt
_f3t—4t3 Ys
= 1 1/2
Jag"
3 6 o
Let—2—4:Z :>——3dt = dz
t t
_ 1 (dz
i
1
=—-log lz|+C s
:—%Iog |3 cosec?x —4|+C s
OR
Q29(b) | Find:
fxz lu-g(:*«:2 + 1)dx
Ans
(b)Let I = j X2 log (x2 + 1)dx
_ ) _ﬁi__ 2x  x?
=log (x~ +1) .= fx2+1.3dx 1
= (x2+1)_3f =i
3 g 3 x2+1 ]/2
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:?log(x2+1)_§f(x2—1+ ! )dx 1

xZ2+ 1
3 2 3
=og (2 + 1)~ == —x + tan! x|+ C 1
3 31L3
Q30 Determine graphically the minimum value of the following objective
function :

z = 500x + 400y
subject to constraints

X+ y < 200,
x = 20,
y = 4x,
y=0.
Ans
2
for
e correct
graph
160 C = (40, 160)
60
40
0 -20 0 40 40 60 80 100 120 140 160 180 2®\220
Corner points Value of Z = 500x + 400y )
(20, 180) 82000
(40, 160) 84000 1
(20, 80) 42000 — Minimum

Q31(a) (a) A pair of dice is thrown simultaneously. If X denotes the absolute
difference of numbers obtained on the pair of dice, then find the
probability distribution of X.
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Ans

(a)

X 0 1

4
P(X) i E 8 6 2
36 36 36 36 36 36

1%

1%

OR

Q31(b)

There are two coins. One of them 1s a biased coin such that
P (head) : P (tail) is 1 : 3 and the other coin is a fair coin. A coin is
selected at random and tossed once. If the coin showed head, then
find the probability that it is a biased coin.

Ans

(b)E1 = Biased coin is selected = P(El):

N |-

E2 = Fair coin is selected =P (E, )=

N |-

A = Head appeared on tossing a selected coin .

(AL o[ AL
E) 4 \E, ) 2

, B _ P(E) P(£)
By Bayes’ Theorem P( " ) = D P(Eil) +P(Ey) P(Eiz)

Yo

Y2

SECTIOND

Q32

5x—3 is both one-one

Show that a function f: R — R defined as f(x)=

and onto.

Ans

Let X1, Xo eR (Domain) such that f(x1) = f(x) —
- 5x1-3 _ 5xp-3

4 4

:>5x1=5x2 = X1 = X9

.. fis one-one. -
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Let y € R (co-domain). Then f(x) =y for some X.

4y +3

if, y= 5fo3’1.. e.,if, x= ,which € R(Domain)
4y + 3

Thus, for every ye R(co — domain), there exists -

such that f (4y5+ 3) =y

€ R(domain)

". Range of f = R = codomain of f. Hence, f is onto.

—

Q33

The area of the region bounded by the line y = mx (m > 0), the curve

x2 + y2 = 4 and the x-axis in the first quadrant is % units. Using

integration, find the value of m.

Ans

y=mx

x2+y2:4andy:mx

2

2 22 — _
=X4 + mEX —4:>x—m

. . . . . . 2
X- coordinate of the required point of intersection is —

According to question,

2

fO““Lmzmx dx+ [*2 Na&- xzdx=§
V1 + m?2

1

for
correct
figure

1+1

Yo

MS_XII Mathematics_041_65/3/1_2022-23

Page 14



_ 1
=5 = sl —
2 2 -
=5 = Nerciadil +1=2
=>m=1(@sm>0) Yo
Q34(a) 1 0 2
IfA=|0 2 1 |,thenshow that A* —64% +7A+21=0
[ 2 0 3]
Ans
5 5 0 8 1
(a) getting, A°=[2 4 5 15
8 0 13
3 21 0 34 1
getting, A° =112 8 23] 1=
34 0 55 2
< A3 _BAZ+TA+2l=
21 0 34 30 0 48 7 0 14 2 0 0
12 8 23(-|12 24 30|+|0 14 7 |+|0 2 O 1
34 0 55 48 0 78 14 0 21 0 0 2
0 0 O
=0 0 0|=0 1
00 0
OR
Q34(b) 3 2 1
If A= 5 7| then find A™ and use it to solve the following
system of equations :
3x+bHy=11, 2x-Ty=-3.
Ans ; 5
. ~[- - 1
omia< ]
|Al=-31 1
1_-1[-7 -2
W=7

Given system of equations is
3 5
b MR ]

which is A’X = B, where X = [;]B = [_131]

Yo
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=X =(A) B Yo
1
>X=(A1)B &
I B :
31| _ 2 3(L-3 1
LX=2, y=1
35(a - - -
Q35(2) Find the value of b so that the lines — 1 . Sh _Z 43 and
}(5;4 = yT—l =2z are intersecting lines. Also, find the point of
intersection of these given lines.
Ans
(a)As lines are intersecting, (a; — ay). ((by X b,) =0
3 1-b -3
= |2 3 4]1=0
5 2 1 1
=>b=2 1
. . -1 -2 -3
Any point on the line ad =1 =2 "js
2 3 4
(2L +1,30+2,40+3), LeR 1
For the point of intersection, this point must lie on the line
—4 —
—x = u = 7
5 2
2/1+51—4=3/1+2—1:4}L+3 1
= A=-1 Y
.. point of intersectionis (-1, -1, 1) Yy
OR
Q35(b) o

Find the equations of all the sides of the parallelogram ABCD
whose vertices are A(4, 7, 8), B(2, 3, 4), C(— 1, -2, 1) and D(1, 2, 5).
Also, find the coordinates of the foot of the perpendicular from A to
CD.
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Ans

(b)Equation of the line AB :%4 =7 =

Equation of the line BC:’%2 I s

Equation of the line CD : ¥ =

Equation of the line DA : =—= = =

Let P be foot of perpendicular from A to CD.

.. Coordinates of P are (A — 1, 2A — 2, 2\ + 1) for some A
dr’sof APare (A—5,21L 9,21 -7)

since APLCD

=1L —5)+2(2L—9) +2(2A—-T7) =0

=>0=37 =\= 5

. 28 56 83
.. Coordinates of P are (;,;, ;)

Y2

Y2

Yo

Yo

Y2

Y2

Yo

Yo

SECTION E

Q36

An octagonal prism is a three-dimensional polyhedron bounded by two
octagonal bases and eight rectangular side faces. It has 24 edges and
16 vertices.

T )
T

ril 3 e

The prism is rolled along the rectangular faces and number on the
bottom face (touching the ground) is noted. Let X denote the number
obtained on the bottom face and the following table give the probability
distribution of X.

X: 1 2 3 4 5 6 7 8

PX):| p 2p | 2p p 2p | p2 | 2p2 | Tp2+p
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Based on the above information, answer the following questions :

(i)  Find the value of p.
(ii) Find P(X > 6).

(ii1) (a) Find P(X = 3m), where m is a natural number.

OR
(111 (b) Find the mean E(X).

Ans(i)

(i) 10p2 + 9p =1

_ 1
:>p—E

Yo

Yo

Ans(ii)

(i) P(X > 6) = 9p2 + p
9 1
"0 T 10

_19

" 100

Y2

Y2

Ans(iii)

(iif)(@) P(X =3 m) = P(3) + P(6)

21
=>2p+p2:m

OR

Ans(iii)

(i) (b)
E(X) = SXP(X) = p + 4p + 6p + 4p + 10p+ 6p2 + 14p2 + 56p2+8p

= 33p + 76p2

_ 406 __ 203

100 50

Yo

Yo
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Q37

In order to set up a rain water harvesting system, a tank to collect rain
water is to be dug. The tank should have a square base and a capacity of
250 m3. The cost of land is T 5,000 per square metre and cost of digging
increases with depth and for the whole tank, it is ¥ 40,000 h2, where h is
the depth of the tank in metres. x is the side of the square base of the

tank in metres.
ELEMENTS OF A TYPICAL RAIN WATER HARVESTING SYSTEM

CATCHMENT

RECHARGE STORAGE
FACILITY FACILITY

Based on the above information, answer the following questions :
(i)  Find the total cost C of digging the tank in terms of x.
- —
(i1)) Find a5
(iii) (a) Find the value of x for which cost C is minimum.
OR
(iii) (b) Check whether the cost function C(x) expressed in terms of x
is increasing or not, where x > 0.

Ans(i)

(i) C = 40000hZ + 5000x2
as x2h = 250

2
= C =080 4 5000x7

Yo

Y

Ans(ii)

-y dC _ - 160000 (250)*
(i) - = T 10000x

Ans(iii)

(iii)(a) For minimum cost === 0
— 10000x® = 250 x250 x 160000
=x=10

showing % >0atx=10

.. cost is minimum when x = 10

Yo

Yo

OR
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Ans(iii)
dc _ —160000 (250)2
(|||)(b)dx =—0 1 10000x Ys
ac _ . _
E'O gives x =10 .
. dC .
L 0in (10,00) and —<01in (0, 10).
dx dX
Hence, cost function is neither increasing nor decreasing for x > 0 2
Q38 A volleyball player serves the ball which takes a parabolic path given by
the equation h(t)= —% t2 + 12—3 t +1, where h(t) is the height of ball at any
time t (in seconds), (t = 0).
/ b | =
z p :
! & —_— s )
/; : K
- r - 2
£ v | 5
N . s
’ 4 - K i
$2.43m 5 \
b 9m
Based on the above information, answer the following questions :
(i)  Ish(t) a continuous function ? Justify.
(ii) Find the time at which the height of the ball is maximum.
Ans(i)
. 1
h)=- 262 + 2t + 1
Clearly h(t) is a polynomial function, hence continuous. 5
Hence h(t) is a continuous function.
Ans(ii)
(i)For maximum height ,
$oo=-7t+2=0 1
dt 2
—t== Y
14
d’h _ . . . . _13
—= =—7<0 . heightis maximumatt=— 1y
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