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Detailed Solutions (PTS-16)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our

YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here.

=&/ TEST SERIES

SECTION B

21.  sin™ (sin %j +cos”'(cosm)+cot ' (=1) =sin™" (sin (n - %B + R+ [n —cot™' 1}

o (e

T 3n

= =—+n+—

4

T+ 31

= = T

4

= —ﬂ+n:2n

4

OR

Graph of the function f(x)=cos™' x, where x €[-1, 0] is given below.

PLEASLIRE

y=cos 'x 1Y
TE —}
Note that, the dotted portion shown in graph is
T not needed for f(x)=cos™ x in this question,
E as we have been given that x e[—1, 0].
i N
1 L] Also for the function f(x)=2cos™ x, x €[-1, 0],
o the range is given by [, 27].
T t >
1 O 1 X Notethat,gécos’lxén,if—lﬁxéo
-1-
22. Let one of the number be x so, the other number will be 2
X
Let P=x"+ 8—2
X

2

:Q:ZX—Q and d 12) =2+ 4846
dx X dx X
4
Forgzo, 2x—£=0 DX 381:0 Sx=3
dx X X
2
dlz :2+@:2+6:8>0
dx” ) . 81
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oo P is minimum at x =3.
Hence, the numbers are 3, 3.

3 7 3 3 7 3
X—= y+— z—— X—= y+— z——
23.  Rewriting the line, > 15 10 Le., S 15 10
1 ro 1 6 2 -3
5 15 10

The direction ratios of the line are 6, 2, —3.
Also recall that the direction ratios of parallel lines are proportional.
+1 y-2 z-3
2 -3
24. COHSider X X y — \/atanflt % \/acorlt — \/atan’ltJrCOt’lt — a1':/2

/4
= xxy=a"

:Xxﬂvtyxlzo

dx
dy y .
>—==-= .
dx X )

. . . . X
Therefore, the required equation of line is

2 2 2

Again differentiating w.r.t. x both sides, =— =—
dx X X

d’y 2y o2 dy
@=7 D, € @—2}7:0
OR
1
We have y =x*
1

Taking log on both the sides, we get logy =logx*

1
= logy =—logx
X

1 dy 1 1 ( 1}
= —x—==—x—+logxx| ——
y dx x Xx X
dy _y
:d—Z—F[l—logx]
1
d X
d—z: 2[l—logx]
1
d 1
At x =1, dz:—z[l—logl]:l[l—o]:l.

25, ‘a-B:‘aJrB
-2 -2
:‘ﬁ—b =\*
.. (3-b)-(3-b)=(3+b)-(@+Db)
= il ~2a-b+[o[ =[a +2a-5+[p]
—43-b=0

n MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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=a-b=0
Since a and b are non-zero vectors so, a L b.

Hence, the angle between @ and b is 90° i.c., %

SECTION C
26. Let I:_[ C.OSX dx:j - COSX_ —dx [Put sinx =
sin 3x 3sinx —4sin” x
1 1 t
=1= dt=|———dt=|——dt
I3t—4t3 It(3—4t2) It2(3—4t2) [

Ll g,
29 uB-4u)

I 1¢1 4 1
=>I=—x— {—+ }du=g[log|u|—log|3—4u|]+c

Put t* =u:>tdt:7

= theopgupta.com

t = cosxdx =dt

du

2 37 lu (3-4uv)
1 sin® x
O il Y S P
6 g‘3—4sin2x
27.  For biased coin, P(head): P(tail) =1:3 ic., 24D _ 1 o p(tail) = 3 P(head).
P(tail) 3
As P(head)+ P(tail) =1 so, P(head) =%, P(tail) =%.

Let E : coin shows head; E, : the coin is biased; E, : the coin is fair.

. P(E)=P(E;) =7, P(E|E) =7, P(EE))=.

P(E) P(E|E,)
P(E,) P(E|E,)+P(E,) P(E|E,)

By Bayes’ theorem, P(E, |E) =

I 1 1
42 4 _1
:>P(E]|E)=1 1] 1=?=3.
—X X =
4 2 2 2 4

OR

Let E : getting a six.
1 = 5
S P(E)=—,P(E)=1-P(E)=—.
(E) p (E) (E) P
If A starts the game then, he can win in first, third, fifth, ... throws.

2
Therefore, P(A wins) = P(E)+ P(EEE) + P(EEEEE) +...= é + [gj %+ [g
1
. 6 6 ) a

= P(Awins) =———=— radar+ar +..0=——

( ) 1_2j 11 [ I-r

36
) . 6 5

Also, P(B wins) =1—-P(A wins) =1 11 = TR

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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b b
28.  We shall use the property j f(x)dx = j f(a+b—x)dx.

o4 —x .

Let I:!de(l)

:I—j J4-(1+3-x)
L J0+3-x) +J4-(1+3-x)

:I:dex...(ii)

3
On adding (i) and (ii), we get 21 = .[ [
1

Vx J4-x =T =3
m+&+m+&de_!1dx_[ [=3-1

wI=1.
OR

¢ 1 ¢ 1
Let = dx = | ——=d
« '1[\/4x2—(xlogx)2 ) '1[)4\/4—(logx)2 )

Put logx:t:%:dt.Alsowhen x=1=t=0and x=e=>t=1.
X

1= I \/41_7 dt = {sinl GH; ~sin” Gj —sin™'(0)

:>I=£.
6
y
29.  Onrewriting the D.E., gy =Y _ex,
X X
Put y=vx:>ﬂ=v+xﬂ.
dx dx
dv v
L V+EX—=v-—e
dx
dv v
> X—=—¢
dx
:>—.[e’vdv= ax
X

=e = log|x|+c

<

e =log|x|+c or, [log|x|+c]xe%= .

OR
. . . D -D
gy =sin(x+y) +sin(x—y) *+sinC+sinD =2sin Ct oS ¢
dx 2 2
:ﬂ=2sinxcosy
dx

:jsecydy=j2sinxdx

= log|secy+ tan y| =-2cosx+C

n MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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It is given that when x = %, y=0 so, log|sec 0+ tan 0| =-2 cos% +C

:>log|l|=—2xL+C =C=42

2

Hence, the particular solution of D.E. is log|sec y +tan y| =2 -2cosx.
4
1
Let =
'!.\/2x+l—\/2x—l
4 1 V2x +1++2x -1
:>I:I X
1\/2X+1—\/2X—1 V2x +1++/2x -1

4 4
1= \/2X+1+\/2X_ldx:lj[\/2x+l+\/2x—l}dx
T (2x+1)-(2x-1) 29

30. dx

dx

4

:>I=l[lxg(2x+l)3/2+lxz(2x—l)3/2}
212 3 273

1

_1 1 2 3/2 32
:I_EXEXE[(sz) +(2x -1 |

—1= %{[(9)3/2 +(]-[3) + (1)3/2]} = %{27 +7J7 =33 —1}
_26+747-3\3
: :

4
1

=1

31.  Consider the graph shown below.
Y

y=4x i
\\ Corner Points Value of z =500x +400y
AN/ A(20, 180) 82000
B(20, 80) 42000 <~ Minimum value
C(40, 160) 84000
B Therefore, the minimum value of z is 42000 and
it is obtained at (20, 80).
0 X
N
x=20 x+y =200
SECTION D
32.  Consider x> +y* =1, x+y=1. Y
On solving, x> +(1-x)* =1 1
=2x(x-1)=0
=x=0,1
Points of intersection : (0,1); (1,0). )
1 1
Required area= J.\/l —x*dx — J. (1-x)dx 0 X
0 0
1
X \/—2 | 1 2!
=l —=Vl-x"+—=sin x| +—|(1-x
3 i x| 0w,

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics n
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- (0+l><£j—(0+0) +1[02 -1]
2 2 2

T 1 .
=| ———|Sq.units .
(4 2j !
OR
The given lines y=4x+5, x+y =5 and 4y =x+5 form a triangle.

0 3 3
Required area= J(4X +5)dx +I(5 —x)dx —% I (x+5)dx
-1 0 -1

Yh
N
4y =x+5
|
; | X
= 1[0 3 S
y=4x/+5 | xty=5
Required area:%[(4x +5)° le —%[(5 -x)’ I} —%[(X +5)2I1
1 1 1
_§[25—1]—5[4—25]—§[64—16]
=3+2—6=1—58q.units.
2 2

33. Let x,, x, €[0,0) and let f(x,)=1(x,).
That is, 4x;+4x, -5=4x3+4x, -5
= (4x7-4x3)+(4x,-4x,)=0
= (X, —Xx,)(4x,+4x,+4)=0
As x,, X, €[0,0) so, (4x,+4x,+4)#0.
That means, (x,-X,)=0 =X, =X,.
Therefore, f(x) is one-one.
Let y=f(x), y €[-5,%)
=y=4x"+4x-5=(2x)* +2(2x)()+1* -6
=y=02x+1)’-6
= y+6=02x+1)

\Jy+6-1
% E[0,00) v yE[—S,OO).

=X=

That is, Range = Codomain .
Hence, fis onto also.

n MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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34.  Consider the diagram shown below.

y
Bp === e == C  yere AB+BC+CD =200

I I = X+y+x=200
| | = 2x+y =200

X1 1 X Also, area of garden = xy = x (200 —2x)
: : Therefore, A(x)=x(200-2x)

Al ID - A(x)=200x-2x’.

Since A(x)=200x —2x°

= A'(x) =200-4x

Also, A"(x)=—4<0 (Case of maxima)

For A'(x)=0,200-4x=0 = x =50

Now maximum value of A(x), A(50) =200x50—2x50> =2x50(100—50) = 5000 m”.

cosaa —sina 0 cos(—B) —sin(-B) O cosp sinf3 O
35. f(a)=|sina cosa O], f(-B)=|sin(—P) cos(—f) O|=|-sinf3 cosf O
0 0 1 0 0 1 0 0 1

cosoo —sina 0| cosfp sinfB 0
Now f(a)-f(—B)=|sinaa cosa O —sinf3 cosf 0
0 0 1 0 0 1
[cosocosP+sinasinB cosasinB—sinacosp 0
=|sinacosP—cosasinf sinasinfB+cosacosfy 0
| 0 0 1
[cos(a—P) sin(B-a) 0O cos(a—f) -—sin(a—-B) O
=|sin(a—P) cos(a—PB) O|=|sin(a—P) cos(a—P) O
| 0 0 1 0 0 1
=f(a—P).
Hence, f(a)-f(-B)=f(a—P).
cos(a—P) —sin(a—pB) O
Now, Det.[f(a—PB)]=|sin(a—B) cos(a—B) 0
0 0 1
Expanding along 3" row, we get Det.[f (OL—B)] = O—O+1[COSZ (o.—PB) +sin’ (o —B)]
= Det.[f (a—B)]=1x1
Det.[f (o —B)] =1.

OR
1 2 =2

For A=|-1 3 0 |,
0 -2 1

A|=0+2(0-2)+133+2)=1.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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326 326
Also adiA=[1 1 2 o _adiA {1 12
2 25 AL, s
3 -1 173 2 6 9-1+2  6-1+2  18-2+5
So, (AB)'=B'A"=|-15 6 -5|1 1 2}: —45+6-10 -30+6-10 -90+12-25
5 2 2|2 25 15-2+4  10-2+4  30-4+10
10 7 21
=|-49 34 -103
17 12 36
SECTION E

36. (i) Here P(E,)=50%=0.5, P(E,)=20%=0.2, P(E;) =30%=0.3.
Also P(A |E;)=0.06, P(A|E,)=0.04, P(A|E;)=0.03.
As P(E,nA)=P(E,)xP(A|E,)
So, P(E, mA)=(0.2)(0.04) =0.008.
(i) As P(E,nA)=P(E,)xP(A|E))
= P(E,nA)=(0.5)(0.06)=0.03.
(iii) Required probability=1-P(E, | A)

. L P(E)P(A|E,)
P(E)P(A|E))+P(E,)P(A|E,)+P(E;) P(A|E;)
N i (0.5)(0.06)
(0.5)(0.06) +(0.2)(0.04) +(0.3)(0.03)
0.030
= S Wkt
0.047
17
= =—,
47
OR

(i) As P(E, nA) =P(E,)xP(A |E,)

= P(E, N A) =(0.3)(0.03) = 0.009 .

Also, P(A)=P(E,) P(A|E,)+P(E,) P(A |E,) +P(E,) P(A |E,)
So, P(A) = (0.5)(0.06)+ (0.2)(0.04) + (0.3)(0.03)

— P(A) = 0.030+0.008+0.009

— P(A)=0.047.

And, '’ P (E,|A)=P(E,|A)+P(E,|A)+P (E,|A)

P(E,)P(A|E,) N

P(E,)P(A| E,)+P(E;) P(A|E,) + P(E;) P(A| Ey)
P(E,)P(A[E,) .

P(E,)P(A| E,)+P(E,) P(A|E,) + P(E,) P(A| Ey)
P(E,)P(A|E,)

P(E,)P(A| E,)+P(E;) P(A|E,) + P(E,) P(A| Ey)

N MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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37.

38.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics

=

_P(E)PAJE)+P(E,)P(A[E,) + P(E,) P(A | E;)
~ P(E,)P(A|E))+P(E,)P(A| E,)+P(E,) P(A | E,)
=1.

(i) Since the vectors representing the sides of triangle are taken in order, therefore p+q+1 =0.
So, (q+T1)=-p.

Also it is given that, (q+71)=k(p).

On comparing, we get k =—1.

(ii) Consider the figure shown.

D C Sinceina parallelogram opposite sides are equal in
- length and are parallel. Then AD=BC=b.
b In AABC, AC = AB+BC
= AC=d+b =2f—4j—5f<+2f+2j+312
AF———B
a

. AC=4i-2j-2k.

(iii) Refer to (ii). In AABC, AC =4i-2]-2k.
Also in AABD, AD = AB+BD

—b=a+BD

.. BD=b-a=2i+2j+3k—-2i+4]+5k =6]+8k
Therefore, AC+BD =4i—2]-2k+6j+8k =4i+4j+6k.

OR

(iii) Fora AABC, AC = AB+BC
= BC = AC— AB = (=51 + 2]+ 3k) — (-2 — 3]+ 5k)
:FC=—3§+53‘—21§

Therefore,

B—C‘ = J(=3) +52 +(=2)° =+/38.

(i) Since h(t) is a polynomial function, so it is continuous everywhere when t>0.

(i) h(t) =—_t

? +%t +1 implies, h'(t) =-7t +%

and, h"(t)=-7<0  (case of maxima)

13

For h'(t)=0, -7t+—=0 :>t:£ seconds .
2 14
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Detailed Solutions (PTS-17)
SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B
21. Consider LHS and put 6 = %cos1 % = cos 20 =% (1)

LHS : Let y =tan [E+lcos1 E} +tan [E—lcos1 3}
4 2 b 4 2 b

= yztan[EJre}rtan[E—e}
4 4

tanngtanO tang—tane
=>y= - + -
l—tanztane l+tan2tan6

1+tan® 1-—tanO
y= +
1-tan® 1+tan0
1+t 2r (-t 2
:>y=( +tan0)” +(1—tan 0)

1—tan’0
_2(1+tan26)_2 1+tan” @
1—tan® 0 1—tan® 0
. —2( ! j-z(ij [By (i)
Y cos 26 a/b Y
.'.y:&:RHS.
a
22.  Let the required point be P (x, y).
. . dy dx .
According to question, — =8| — | ...(1
g to qu dt (dtj (1)
Now 6y =x"+2
:>6(ﬂj=3x2%
dt dt
.. dx ,( dx
On using (1), we get : 6| 8— [=3x"| —
using (i), we g ( dtj X(dtj
= 3x* =48
=x>=16
SLx=14.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics


https://youtu.be/GrQ8IsXQ2fc

YouTube channel - MATHEMATICIA By O.P. GUPTA = theopgupta.com

When x=4 =6y=4+2 =y=11
31

When x =—4 :>y=—?.

So, the required points are (4, 11) and (—4,—%) )

OR
Given f(x) =logcosx
:>f'(x)=—SlnX =—tanx
COSX
) T ) T , T
‘stanx >0 1n XG(O,EJ So—tanx <0 in XG(O,EJ = f'(x)<0 VXG(O,EJ

So, the function f (x) is strictly decreasing on x € (O,gj .

: T . T , T
Also, tanx <0 in X € (E,RJ So—tanx>01n x € (E,th =>f'(x)>0Vxe [E,nj
So, the function f (x) is strictly increasing on x (g, nj .

23.  Unit vector along A+ 63 —2k is Mit6)-2k .

VA +40
i j k
Note that (i+j+k)x(Ai+6]j-2k)=[1 1 1|=-8i+(2+A)j+(6-1)k ...()
L6 -2
»onon 7\,{4-63—21;
So, |(i+]j+k)x| 2= | =2
VAT +40

:\(i+}+1§)x(xi+63—212)\=\/§><\/7& 140

By (i), we get : 4/64+(2+1)* +(6—1)° =<2 x\/A* +40

= 64+4+1 +40+36+03 =120 =217 +80
= -8\ =-24

OR

~12 P =2 7 o~
:>|a| +‘b‘ +|c| +2(@b+b.c+ca)=0

=1 +12+12+2(@b+bi+¢d)=0
S Ab+bitcA=—>.
2

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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24.  y=cos(mcos ' x)

:>ﬂ=—sin(mcos*1 X)Xmx| — !
dx 1-x?

1-x jy—msin(mcos1 X)

X
On differentiating again w.r.t. X, we get

2
\/l—xzj}z]— 2X xg:mcos(mcos‘lx)x
X

21-x* dx
dzy dy _ 2
o dx Y

w(1-x )d y—xﬂ%rm y=0.
dx

= (1-x%)

x—-1 y-7

1-x

z-3 x-1_

By O.P. GUPTA (INDIRA Award Winner)

2

y=5 z-6

25. Rewriting the lines, = = ;
-3 p 2 -3p

1 -5

Since these lines are perpendicular so, (—3)(-3p)+px1+2(-5)=0

=% +p-10=0
=10p=10
Lplo
10
~p=1.
SECTION C

26. Let = J‘ COSX —sin X

V10 +sin 2x

COSX —SIn X

1/9+(1+sm2x

COSX —SIn X

:>I=.[\/9 : 2dx

+ (sin X + cos x)

:>I=.[

Put sinx+cosx =t = (cos x —sin x)dx =dt

ZI dt

= I=log|t++9+t

+C

=I=log (sinx+cosx)+\/9+(sinx+cosx)2‘+C

= I=log (sinx+cosx)+\/10+sin2x‘+C.
OR

. X X
X +28in —CcoSs —

.[ 2dx
20052()(}
2
:Izljxsec( )dx+J‘tan( jdx
2 2

Let = J‘ X+ Sll’lX

1+cosx

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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27.

28.

=1 =%{stec2 Gj dx —j[d%(x)jsecz (%)dxjdx} +jtan(§de
=1= ;{xtanﬁz) J.2tan(2)dx}+.|.tan(§jdx

:I—xtan( j+C
2

Let E, : selection of a person of blood group ‘O’,
E, : selection of a person of other blood group,
E : selection of a person left handed person.

= theopgupta.com

Given that P(E,) =30%, P(E | E,) = 6%, P(E,) = 70%, P(E |E,) =10%.

So, P(E)=P(E,) P(E|E))+P(E,) P(E[E,)
30 6 70 10

X + X
100 100 100 100
11

= P(E) =

OR

Let A and B be the event that the student appears for NEET and JEE Main respectively.

We have P(A)=30%, P(B)=25% and P(ANB)=15%.
0
() p(a|B)=PANB) _15% 15 _3
P(B) 25% 25 5
P(BNA) 15% 15 1

P(A)  30% 30 2

(i) P(B|A) =

Consider 1= jez". sin(ﬁﬂgjdx
4
:I:sin(ﬁvtx jez"dx—j isin(ﬁvtxjjez"dx dx
4 dx 4
2x
cos( +xj>< dx
2x
= I =sin E+x xe —CO0S E+x
4 2 4

:Izlezxsin T —lezxcos 1jez"sm Zx |dx

2 4 4 4
:I:lezxsin Toixl|- 1ez"cos —l

2 4 4 4
:>§I:le2" 2sin E+x —cos

4 4 4

1 2x . T
=]=—¢ 2s1n(—+xj—cos( +xj

5 4 4
Now IGZX.SiH(E-FdeX:l e 2sin(£+xj—cos(£+xj

J 4 5 4 4 0

(T
=[=sin| —+x
(4
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By O.P. GUPTA (INDIRA Award Winner)

o <t o5 230 o)

1

R T

1,
- (& +]).
2

T s\

We have \/1+x2 +y? +x%y? +xy?=0
X

= JA+x)(1+Y%) +xy 3—" =0

X

. NIES'S
Consider I, = j X ax
X
Put x’+1=t* =dx = tdt
t* -1
t t
L= | ———dt
1 '[\/tz—lx/tz—l
t2
=1 = dt
: Jtz—l
1
:II:I(1+t2_ljdt
=1 —t+llo -—
: 2 %l
2
:>II:\/xz+l+llogL11
2 x4l

Substituting the value of I, in (i), we get : Vx* +1 +%log

L

x> +1-1

VxP+1+1

1+x* -1

VI+x* +1

1
. —lo
> g

(Bxy + y2 Y)dx +(x* — xy)dy =0
= (3xy+ yz)dx =(xy-— xz)dy
2
- dy _ 3xy+y2
dx xy-x
dy dv

Puty=vx=>-—==v+x—
dx dx

MATHEMATICIA By O.P. GUPTA

1
+—| 241+ ZJ:C
2[ Y

1+ X2+ \/l +y* =C is the required solution.
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dv  3x*v+vix?
-.. V+X_=ﬁ
dx XV—X

dV 3V+V B
dx v—1
dv 4V
= X—
dx V—l
v—1 4dx
:>I , dV—I "
:>V—10g|V|=410g|x|+C
:X—logl‘:4log|x|+c
X X

:l—log|y|+log|x| =4log|x|+C
X

=310g|x|+log|y|+C.
X

30.  Graph is shown on the next page.

Corner Points | Value of Z
L2, 72) 76
M(15, 20) 50 - Minimum the point (40, 15).
N(40, 15) 95
Y

L(2,72)

Y’ o
sxty =80 3x+2y =150
31 jcos(x+a) J~cos{(x‘+b)+(a—b)} dx
sin(x +b) sin(x +b)
- :.[cos(x+b)cos(a—'b)—sin(x+b)sin(a—b) dx
sin(x +b)
N _'[ cos(x+b)cos(a—b) sin(x+Db)sin(a—b) dx
B sin(x +Db) sin(x +b)
= =j{cos(a—b)cot(x+b)—sin(a—b)} dx

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics

= theopgupta.com

Therefore, the minimum value of Z is 50.

Also the maximum value of Z occurs at
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= = cos(a—Db)loglsin (x +b)| - xsin(a—b)+C.

SECTION D

32.

We have (x—2)’ +y* =4 ...(I) Y4
Centre is at (2, 0) and radius is 2 units.
y=x-2...(i1)

Solving (1) and (ii), we get
(x-2)+(x-2)=4

=2(x-2) =4

y=x--2

= (x-2)’ =2 0
—x=2+2
So, y=2+~/2-2
=>y= iﬁ
.. Points of intersection : (2+ \/5, + \/5) .
2442 4
Required area = '[ (x—2)dx + '[ 4—(x-2)"dx
2 242

'

2 1:2 4 X

N =%[(x—2)2]z*ﬁ ¥ [X;2«/4—(x—2)2 +%sinl nglm
1 ) ) T \/5 T
= =5[(2+ﬁ—2) ~(2-2) ]+[0+2xﬂ{ xﬁ+2xﬂ

= =1+ n—[l#—ﬁ}
2

T .
= =— Sq.units .
> q
OR
b
Consider the integral .[ f(x)dx.

Let x=a+b-t=dx=-dt.
Also when x=a=t=b and, when x=b=>t=a.

b a
So, [f(x)dx =[f(a+b-1t)(~dt)
a b
b b
=N jf(x)dx =—{—J.f(a+b—t)dt}
| -
= [f(x)dx = [f(a+b—t)dt
a b a b
Hence, [f(x)dx = [f(a+b-x)dx.

/2

Let I= I;dx...(i)
0 SInX+cosx

2

[Replacing t by x

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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/2 /2
SUTR. (R Y e
23 cosx+smx ) COSX+sinx
n ™ 1 )
—J. dx -1 [By (1)
2% \/E( COS X +sin X ! j
7 7
/2 1
=21= dx

/2
T T
=—— | sec| x—— |dx
4&! ( 4)
sec(x—ﬁjvttan(x—ﬁj ’
42| 4 4)),

=1=—""||1o sec(E—E}Ltan(E—Ej —|lo
2| 2 2 4 s
:>I=L_log‘\/§+l‘—log‘\/§—lu

:>I=L log

42t
=" |\/_+1 «/_+1|}
4\5 ‘\f 1 IH‘
:1:% 210g(ﬁ+1)]
. nlog(v2 +1)
R

33.  Wehave f:R - R defined by f(x)= ZX .
X"+

Let m, neR so that f(m)=f(n).
. n

m’+1 n’+1

= mn’ +m=nm’ +n

= m-n=mn(m-n)

= m-n=mn(m-n)

= (mn-1)(m-n)=0

That implies,

Either m—n=0or, mn—-1=0 i.e., m=n or, m=—.
n

So, f(m)=1f(n) does not necessarily imply m=n for alm,neR.

Hence f(x) is not one-one.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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34.

X
x> +1

= yx’—x+y=0

_1xy1-4y’

2y

Let y=f(x)=

=X

Now for x to be real, we must have 1-4y* >0 ie., (1-2y)(1+2y) >0 ie., ye [—%, %}

That is for all x € R (domain), we do not have y € R (codomain) i.e., Range # Codomain.
Hence f(x) is not onto.

Xx=3 'y
1 A
Also the line through (4,2,-2) and (6,5,-1) is L, : X;4 = yg2 = :2 =s (say).
.. Coordinates of any random points on the lines L, and L, are P(m+3, mA-2m+2, 4m+1)

and Q(2s+4, 3s+2, s—2) respectively.

z—1
= =Im (Sa .
2 (say)

The equation of line through (3,2,1) and (4,A,5) is L, :

N N[N

Since the lines L, and L, intersect each other so, the points P and Q must coincide with each
other for some values of m and s.
That is, m+3 =2s+4...(1),mA —2m+2 =3s+2...(i1),4m + 1 =s — 2...(ii1)
Solving (i) and (iii) we get : s=—1,m=-1.
Replacing values of m and s in (ii), we have : —A+2+2=-3+2
SA=5.
OR
As it is given that @ =b+¢ .'.pf+qj+r1; =sf+33'+41;+3f+3—21;
= pf+q]'+r12 = (s+3)f+4j+2f<
On equating coefficients of i,j,ﬁ on both sides, we get: p=s+3,q=4,r=2.

Also ar(ABC) =56 = %‘a x b

A A

=~

1]
=106 = Magnitude of [p q
s 3 4
= 1046 = ‘i(4q “3r)— j(4p—r15) +k(3p —sq)‘
= 1046 = ‘f(l6—6)—j(4p ~28)+k(3p —45)‘

-

=106 = /10> +(12+25)° + (9—s)’
= 600 =100+144+48s+4s”> +81—18s+s’
= 55" +30s—275=0
=s>+65-55=0
= (s+11)(s=5)=0
Either (s+11)=0 or, (s-5)=0
=s=-115
~p=-8,8.
Hence, p=-8,q=4,r=2,s=-11 or, p=8,q=4,r=2,s=5.
MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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35.  Let the number of children be x and the amount distributed by Seema for one child be y.
So, (x-8)(y+10) =xy
= 5x -4y =40...(1)
and (x+16)(y—10) =xy
= 5x — 8y =-80...(i1)

) . 5 -4 40 X
To solve (i) and (ii), let A = ,B= , X =
5 -8 -80 y

“AX=B = X=A"B

r 1 -8 4 1(8 —4
Now A~ =——— =—
-40+20\-5 5 20(5 -5
1 (8 —4)\(40
X=—
2015 -5/ -80
X 32
- =
y 30

Clearly, x =32, y=30.
Hence the number of children =32 and, the amount distributed by Seema =%30.

SECTION E
36. (i) Consider the diagram.

We have the perimeter of the field, x +2y+x +%(2ny) =1000
= 2x+2y+my =1000.
1000 -2x

2+m
(ii) Note that the playground is rectangular so, area (A) is given by (x) (2y).

That is, A =2x (Mj
2+m

Also, y =

[Refer to (1)

2

= =2 (1000x —2x%).
+ T

(iii) We have A = 2 (1000x —2x7)
2+m
2
= dA = 2 (1000 —4x) and, d—é =— 8 <0 so, A is maximum.
dx 2+m dx 2+m
. . .. dA 2
For points of local maxima/minima, we have — =0, 5 (1000-4x)=0
X + 7
=>x=250m.
Also, the maximum area of the playground alone, A = 5 2 (1000x 250 —2x250°)
+ T
A 250000 "
2+m

OR
(iii) Total area including the parking space is, S =x(2y) +% Ty’

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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2
=S =L(1000x _2Xz)+l,{wj
2+m 2

2+m
-35__2 (1000—4x)+n(1000_2xj(— 2 j
dx 2+m 2+m 2+m

d’s 8 4n

2~ + 2
dx 2+t (2+m)
d’s _ 16+4n

=>—=- > <0 so, S is maximum.
dx 2+m)

and,

: : - S
For points of local maxima/minima, we have ™ =0
X

= (1000—4x)+n(1000_2xj(— 2 j:o
2+m 2+m 2+7

1000—2xj
2+

= (1000-4x) = n(

2T X 10007
= —4x =
247 2+7

1000
n+4

37. (i) Let P(x, y) be the position of the fighter-jet and the soldier is placed at A(3, 7).
AP = (x=3) +(y=7)" ...()
Also y=x>+7

—-1000

=>X= m.

=x’=y-7...(i)

Using (i) and (ii), we get : AP =/(x—3)> +x*
LX) =4(x =37 +x*
i) As u=[f(x)] ~u= [«/(x _3) 4 x T

=u=(x-3)"+x"

:>d—u=2(x—3)+4x3 =4x’ +2x-6.

2
(i) j—“ —2(x—3)+dx® - % —2412%°,
X X
For%zo, 2(x-3)+4x’ =0 =>x=1
X
2
%(atx:l):l4>0
X

C.uis minimum when x =1.

Also the least distance is, AP =/(1-3)* +1* = J5 units.

OR
(iii) Since soldier shoots when the fighter-jet is nearest to him. So, we need to minimize f (x).

Now f(x) =4/(x-3)* +x*

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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As u=[f(x)] .'.u=[«/(x—3)2+x4T —u=(x-3)+x*

{When u is minimum, then f (x) is also minimum}.
2

Now 9% = 2(x—3)+ 4x* and d—121=2+12x2.
dx dx

For$:0,2(x—3)+4x3=0 =>x=1
X

~d’u
dx®
.. u is minimum when x =1. That means, f (x) is also minimum.

(atx=1)=14>0

So x =1, when replaced in the parabolic curve y=x>+7 gives y=1"+7=8.
Hence, the fighter-jet will be at (1, 8) when the soldier shoots it down.

38. (i) Let E : Shruti is selected and F : Hina is selected.
1 1
~P(E)=—, P(F)=—.
(E) 3 (F) 5
So, P(at most one of them is selected) = P(E)P(F') + P(E")P(F) + P(E")P(F")
1 1.2 1 2 1 5
= =—X—+—X—+—X—=—,
3232 32 6
(ii) P(both of them are selected) = P(E)P(F) =%x% =% .
Also, P(at least one of them is selected) = P(E)P(F') + P(E")P(F) + P(E)P(F)

11 21 11 2
= =—X—+—X—+—X—=—,

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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Detailed Solutions (PTS-18)
SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

¥ TEST SERIES

SECTION B
21. Put x=sin®@=0=sin"'x. As xe[—l, l} SO, Oe[—ﬁ, E} and 366[—2, E}.
22 6 6 22

-.sin”' (3x —4x”) = sin"' (3sin 0 — 4 sin’ 0)

=sin"' sin30 =30

=3sin”' x .

OR
Since the school is boys school, that clearly means no student of the school can be sister of any
student of the school. Hence, R = ¢, showing that R is the empty relation.
It is also obvious that the difference between heights of any two students of the school has to be
less than 3 meters.
This shows that R"= A x A is the universal relation.
22. Since surface area of the sphere is, S = 4nr’

:>§—4Tc><2r><E
dt

dt

I RS POL
dt

dt Tt dt

=4nx2r=1 :>r=i
81

So, volume of the sphere is given by V = %x r’

3
:Vzﬂx(ij
3 81

oy A L 1
3 8t 8n 8=
= > cubic units.
3841
i ] k
23.  (@+b)x(@-b)=(2i-2j+3k)x(-k)=]2 2 3
0 0 -1
= (@+b)x(@—b)=2i+2].
OR

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics


https://www.youtube.com/playlist?list=PL9EngnKZlrSezOIdPcS-kQSLsoYleybHK

YouTube channel - MATHEMATICIA By O.P. GUPTA = theopgupta.com

The direction ratios of the line T+l = % = L617 are 2, 3, 6.

The vector parallel to the given line is 21 +33’+ 6k .

Let 6 be the required angle between line and vector 10 i+ 23 ~11k.
(101+2j-11k).(2i+3j+6k)

J107 +27 + (=11 /2* +32 +6°

20+6-66 40 8

= cos0 = =— =——
15%x7 15x7 21

.0=cos™ (—ij or, TT—COS (ij
21 21

logx¥

So, cos0 =

24, x’ +y* =a" can be written as e +elY =a°

— eylogx +exlogy — a'b

= el x[yxlﬂogxx%}re“"gy X(Xxlxﬂﬂogqu =0
X

X y dx
:>xyx[l+logxxﬂj+yxx E><ﬂ+logy =0
X dx y dx
1 dy dy X
= yx" +Xy><logx><d +y* d —+y*xlogy=0
X

:>{xy><logx+y"1><x}><%=—{yxy1 +y* xlogy}

Cdy ] yx" +y*xlogy
Cdx X’ xlogx+y*" xx |

25.  AB=3i+(m-3)j-2k, AC=9i-3j-6k

w
[
w
|
)

Since the points A, B and C are collinear so, we must have 9 =—=—.

Considering 3_m-3
9 3
>m-3=-
" m=2.

SECTION C

26. Let1=jx—+3 X
(x+D)(x+4)

_[ (x+1)+2
(X+1)(X+4)
_[ (x+1) X+J‘;dx
(X+1)(X+4) (X+1)(X+4)
:>I—J. —J.[ }dx
(x+4) x+1 x+4

:>I=log|x+4|+§[log|x+1|—log|x+4|]+C

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics m
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x+1 1 2
2 +C or, 3 log|x+4|+§ log|x+1|+C.

:>I=log|x+4|+§ log

X+
Let P(B)=p.

As A and B are independent events, so P(A"B)=P(A)P(B).
Now P(AUB)=P(A)+P(B)-P(ANB)

= P(AuUB)=P(A)+P(B)-P(A)P(B)
=P(AuUB)=P(A)+P(B)[1-P(A)]

= P(AUB)=P(A)+P(B) P(A)

=0.6=04+p[1-0.4]

= 0.2=px0.6
p=d
..p—3.
1 , 2
Now P(B)=§, P(B)=1—P(B)=§.

OR

Let A be the event that the construction job will be completed on time, and B be the event that
there will be a strike.

We have P(B) = 0.65, P(B) =0.35, P(A| B) =0.32, P(A | B') = 0.80
So, P(A)=P(B) P(A |B)+P(B') P(A|B)

= =0.65x0.32+0.35%0.80

= =0.488.
*2(5sin X +3cos X

Let I= J.( - jdx ..(1)
o | sinX +cosx

(T T
N 5s1n(2—xj+3cos(2—xj
(= T
0 sin| ——x |+cos| ——X
(2 j (2 j

/2 .
[5 cosx+3smx}dX (i)

X

:>I:I

o\ COsX+sinx

/2 . .
On adding (i) and (i), we get : 21= | (5“05“351“ i 551“"*3005")(1)(

0 COS X +sin X sin X + Ccos X

=2I= I
it

:>I=4J.dx=4[x]

/2 .
" ( 8cosx +8sinx
- dx
COSX +sin X

/2
0

:1:4[5—0}
2
S I=2m.
OR
/2
Let 1= dx

. a’cos’ x +b’sin’ x

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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29.

/2

=>l=| ——
~(|;a2+b2tan2x

sec’ x dx

Put tanx =t = sec’ x dx =dt.

Also when x=0=1t=0 and Whenx—>§:>t—>oo.

s =
J.a +b°t° 0aer(b‘[)

=1 =l><l{tan1 (Eﬂ
b a a )|,

" 2ab’
We have dy_ —4xy’
dx

:>J.—d—z,=_|.4xdx
Yy
2
:>l=4><X—+C
y 2

:>l=2x2+C
y

1
As it is given that y =1, when x =0 so, I:2X02+C =C=1.

1 1
Therefore, the solution is —=2x"+1 ie., y= .

y 2x°+1

OR
Re-write the D.E., gy Xy ...(1)
Tdx x-y
Let f(x,y)= X+y
X-y
Now f(hx, Ay) = XY g0 (X—”j =20 £(x,y).
AX =Ly X—y

Therefore, f(x,y) is a homogeneous function of degree zero.
So, the given differential equation is a homogeneous differential equation.

To solve it, substitute y = vx :ﬂ—wxﬂ
dx dx
dv _I+v
SVEX—=——
dx 1-v
dv 1+v ) dv  1+v?
—=——-vie,Xx—=
dx 1-v dx 1-v
J'Vz_l dvo [
v +1 X

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics m
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1¢ 2v 1 dx
== dv— dv=—|—
2'[V2+1 ~|.V2+1 X
1

By O.P. GUPTA (INDIRA Award Winner)

= Elog v’ +1‘ —tan”' v = —log|x| +C
1 y’ a1y
= —log|~~+1|-tan™ == —log|x|+C
2 X b'e
1 2 2
— ~log|> +2X —tan"' L = —log|x|+C
2 X X
= llog‘y2 + xz‘ —tan"' Y =C.
2 X
30.  Consider the graph shown below.
Y
\\ Corner points Value of Z
A(0, 3) 6 < Max.
A B(L D) 5
Note that, Z =6 may or may not be the maximum
value, (as the feasible region is unbounded).
24 To check, let 3x+2y>6.
Note that 3x+2y>6 has common points with
the feasible region (shown with dark shades).
1 B N So, Z=3x+2y does not have any maximum
\ value subject to the given constraints.
\ Therefore, Z =6 is not the maximum value.
N
B 1 \ A 3
y=% 2x+y=3 ‘3x+2y=6
3. Letf=——  of(x)=-— x i L
log x (logx)™ x x (logx)
By using Ie" [f(x)+f'(x)]dx =¢" f(x)+C, we get
1 1 1 *
J.e" - 5 dx=_|.eX +| — ! > | [dx = ! xe* +C or, © +C.
logx x(logx) logx X (log x) log x log x
SECTION D A
. Y y= 3x+2/7
32.  Consider the graph shown here. D

Required area=ar(ACBA)+ar(ADEOA)

-2/3

= j (3x +2)dx

-2/3
B [(3x+2)zr” +[(3x+2)2]
2x3 . 2x3 Iy

= 0—l + E—O ZE Sq.units .
6 6 3

1

+ j (3x +2)dx

vy’

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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33.  Everyline L, is parallel to itself. So, (L,,L,)eR VL eL.

That means, R is reflexive.
Let (L,L,)eR VL, L,eL.

That means, L, is parallel to L,. It further implies that, L, is parallelto L,.
Then, (L,,L,)eR. So, R is symmetric.

Let (L,,L,)eR and (L,,L;)eR VL,L,,L,eL.

That means, L, is parallel to L, and, L, is parallelto L,.

Clearly it implies that, L, is parallel to L, .

Then, (L,,L;)€R . So, R s transitive.

As R is reflexive, symmetric and transitive so, R is equivalence relation.
OR

Since x € [O,g} i.e., x lies in the first quadrant in which f(x)=sinx will always have unique

value for unique x.
That means, fis one-one.

Similarly in X € [0,%} , g(x) =cosx will always have unique value for unique x.

That means, g is one-one.
Now f(x)+g(x)=sinx +cosx = h(x) say

As h I :sinE+cosE:l+£ and h Ejzsin£+cos£= )
6 6 6 2 2 3 3 3 2 2

Clearly, h(fj = h(ﬁj but = ==
6 3 6 3

So, h(x) is not one-one.

V3,1

Recall that, [—1, 1] is the range of f(x)=sinx and g(x) =cosx both.
That is, [-1, 1]# R which implies range # codomain .

So, f(x) and g(x) both are not onto.

34.  Consider the figure shown below.
Z
M
As shown in the figure, the diagonals of the
E(0.0.2) cube of side length a units, are OG, AD, BE
— D(0,a.a) and CF with their respective direction ratios
as a,a,a; —a,a,a; —a,—a,a; a,—a,a.
(a,0,a)F Gj??
g Let the given line has A, B, C as its direction
~ o ratios.
3 C(o.a.m"Y
(a.0.0)A
B(a,a,0)
X
Aa+Ba+Ca I A+B+C
So, cosa. =

JA2+B* +C*a? +a% +a> _\/5\/A2+B2+C2 ’
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35.

1 -A+B+C 1 -A-B+C 1 A-B+C

— , COSY =— and cos®w=—= .
V3JAT 1B VA B V3JAT 1B 1
Now squaring both the sides of these four equations and then adding, we get :

5 5 5 5 1 (A+B+C)Y 1 (-A+B+C)
COS™ 0L +C0S” B+C0S Y +C0S" 0= —X—————+ —X-——=
3 A°+B°"+C° 3 A°+B°+C

1 (-A-B+C)> 1 (A-B+C)

=X +—x

3 A'+B'+C* 3 A’+B'+(C’ i

A’ +B’+C>+2AB+2BC+2CA
1 +A* +B* +C* -2AB+2BC-2CA

3(A’+B*+C*) | +A? + B*+C2 +2AB-2BC-2CA

+A’+B’ +C* -2AB-2BC+2CA |

cosP =

= cos” a.+cos’ B+cos’ y+cos’ o =

! [4(A2 +B’+ cz)]

= cos” o+ cos’ B+cos’ Y +cos’ 0= ——5———
3(A°+B +C")

4
. cos” oL+ cos” B+cos’ Y +cos’ ® =3

OR

Given parametric equations of line are x =3\, y=—06A, z=06A.
So, Cartesian equation is X—_l I — Le., X—_l A .

3 -6 6 1 2 2
Also, the vector equation is T = i+ k({ - 23 + 21;) .
The position vector of a point P on the line, when A =—-1is T = i+ (—1)(1 - 23 + 212) = 23 —2k.
That is, OP =2j—2k.
Note that, P(0, 2, -2).
The required distance covered by insect, OP = \/ (0—0)> +(2=0)* + (-2 —0)*> = 2+/2 units .

The given system of equations Xx+y+z=6, y+3z=11, x—2y+z=0 can be written as

1 1 1}x 6 1 1 1 X 6
0 1 3|y|=|11|,where A=|0 1 3|, X=|y|[,B=|11].
1 2 1}z 0 1 21 z 0
1 1 1
Now [A]=|0 1 3[=1(1+6)-0+13-1)=9#0 .. A™" exists.
1 21
Consider A; as the cofactor of a;.
A,=7,A,=3A,=-] 7 -3 2 7 -3 2
A, =-3,A,,=0,A,,=3; ~adjA=3 0 -3 :A‘zé 3 0 3
A, =2,A,=-3A,,=1 -1 3 1 -1 3 1
Since AX =B implies that, X =A"'B
7 -3 2|6 42-33+0

:>X=é 3 0 3|11 =é 18+0+0
-1 3 110 —6+33+0
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X 1
=>|y|=|2
z 3
By equality of matrices, we get : x =1, y=2,z=3.
SECTION E
36. (i) As given volume is, 1000 = %nrzh

2000

7.
mr

= h=

(i) The total surface area is given as, A=mnrh +%n r’ +% nr’+2rh

2000 PN 4000 ' [Using h = 20020
r Tr nr
(iii) A = 2000 +7r’ + 4000
r Tr

dA 2000 4000
e oy

dr r’ nr’

dA ( 1000 2000}
Tr — =0

= A=

For —=0, 2
dr

I'2 TlZI'2

= 7°r’ =1000 7+ 2000
_ r_[lOOO(n+2)T3

2
T

d’A 4000 8000
— = +2n+

dr? r nr

Also,

OR

2000

(iiy A =2200, 2, 2000
r

mr

4000 d’A 4000 8000
- = +2n+

: d—A——2000+2nr and
Cdr r’ nr’ T dr? r nr

For d—A=0, 2[nr—1000 —wjzo

dr 1’ nr’

= 7’ =1000 7+ 2000
_ r_[1000(n+2)r

2
T

d’A 47° 81
. +27+

' drz} 2 27"
e 100G)] (n+2) (m+2)

(m+ 2)}”3

oo A is minimum at r :10[
T
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~ 2000
nr’
h 2000
2r 2nr
h 1000
> — =
2r  ©x1000(mw+2)
h T
> — =
2r (m+2)
Hence, (2r):h=(n+2):m.

37. (i) P(x)=-5x"+125x +37500
= P'(x)=-10x+125, P"(x)=-10
For P'(x)=0, -10x+125=0 = x=12.5
As P"(12.5)=-10<0, so x =12.5 is the production of company for maximum profit.
(ii) Maximum profit, P(12.5) = -5(12.5)* +125(12.5) +37500
= P(12.5) =% 38281.25.
(iii) We have P'(x) =-10x+125 and for P'(x)=0, x=12.5
Since P'(x) >0 for x (0, 12.5) so, P(x) is strictly increasing in x € (0, 12.5).
Also, P'(x) <0 for x € (12.5, 20) so, P(x) is strictly decreasing in x € (12.5, 20).
OR
(iii) Since P(x)=-5x"+125x +37500, P(2) =-5(2)* +125(2) +37500 = —20 + 250 +37500
~.P(2)=%37730.
Therefore, profit is I37730 when 2 units are produced in the company.
Also, P(x) =-5x>+125x +37500
= 38250 = —5x> +125x + 37500
= 5x” —125x+750=0
= x> -25x+150=0
= (x-15)(x-10)=0
S x=10,15
As x>10 so, x=15.
Therefore, if the profit is 38250, then the production of company is 15 units.
38. Let E,, E, and E, be the events that the person A, B and C respectively carries out the task.

Let E be the event that the time taken is more than the allotted time.

- P(E,) = 45%, P(E,) =35%, P(E,) =20%, P(E |E,) :%, P(E|E,) :%, P(E|E,) :2io'

“h

(i) Using total probability theorem, we get
P(E) =P(E,)xP(E | E,) + P(E,)xP(E | E,) + P(E;) < P(E | E;)
45 1 35 1 20 1
X—F——X—+——X—
100 16 100 10 100 20
45 35 20
= + +
1600 1000 2000

— P(E) = 45 n 90
1600 2000

= P(E)=

P(E)
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:P(E):ix(i+ij
100 \16 10

= P(E)=ix§

= theopgupta.com

20 160
:>P(E)=i><£
20 80
117
P(E)=——.
E) 1600

(i) Using Bayes’ theorem, P(E, |E) = P(E,)xP(E[E,)
P(E)
35 1
10010
1600
35
— P(E, | E) =Y.

17
16
(B, [By= 35,16 7 16

X X
10 117 2 117
56
.. P(E,|B)="—.
(B, [E)=117
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Detailed Solutions (PTS-19)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B

21.  cot'x=cos '(~1)—cosec” [

)

O T 2%
=>cot X=t——=—
3 3

2n ( ch b
=>X=cot—=cot| T—— |=—cot—=——+.

3 3 3B
Now tan™' (lj —tan"'(—/3) = —=.

X 3
OR

(1) The function f(x) is defined when 5x -3 <—1 or 5x—3>1
=5x<2o0r 5x>4

2
SX<S—or x=2—

Hence, the domain of f(x) is x (—oo, %} u[%, OOJ .

(ii) Since Oécosl( jén ie., 3x0£3cosl(2 ! 1}337:
X —

x—1

:>0—2£3c0s1( j—2£3n—2

2x —1
= -2<f(x)<3n-2
Hence, the range of f(x) is [-2, 3n—2].

22. Since C is a skew-symmetric matrix so, C = %(A -A").

6 8 5 6 4 9
For A=|4 2 3|,A'=|8 2 7
9 71 5 3 1
6 8 5|/ 16 4 9
SO,C:l 4 2 3|-|8 2 7
2 9 7 1 5 3 1
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23.

24.

25.

0 2 2
nC=-2 0 -2].
2 20

Differentiate y with respect to x, % =4(e* +x)’x di (e +x)
X X

%:4(esecx+x)3x(esecx SeCXtanX+1)-
X

Substituting Vv =k (q+f) in p.v=G.v to get p.[k(q+1)]=q.[k(§+1)]

= Pp-pq+ai-pi=0
= p.(p-P-1t.(p—q) =0
= ({@-9.(p—1)=0or, (p—1).(p—q) =0.
OR
Area of QRST:\Exfs\z\axB\ ()
Also, the area of QRTP = ‘Ex ﬁ‘
=[RQx(RQ+QT)
=[ax@-+b)

=|@xa)+@xb)

=[0+axb|=|@xb)| ...(i)
Hence by using (i) and (ii), we can conclude that the area of the parallelogram QRST is equal to

the area of parallelogram QRTP.

If the lines intersect each other, then the bomb may hit the plane.
Also, if the lines intersect then, SD.=0.

Now &, =1+2j+3k, b, =2i+3j+4k, &, =4i+J, b, =5i+2j+k

A A

-

]
—d,-4d,=31—)-3k, b,xb,=[2 3 4/=-5i+18]-11k

521
As (a,—-a,).(b,xb,) = (31— j—3Kk).(-51+18j—11k) = —15-18+33=0.
So, S.D.=0 therefore, the bomb may hit the fighter-jet.

SECTION C

26.

sin' 0 —cos '@

We have u=¢e and v=e

du _ e 0 x ! and v _ e Ox !
do 1-6 do 1-6

W E _ du/de _ eSinile _ sin"'0+cos 'O
dv  dv/df e

No = ¢2, which is a constant. Hence, the statement is true.

OR
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27.

28.

29.

m

Given that X—n = (xy)™ ™.
y
Taking logarithm on both sides, we get m(logx) —n(logy) = (m— n)(log x +logy)

Differentiating both sides w.r.t. X, we get o —Ex— =(m-n)| — lxg
y x y dx

m m-n_dy m-n_ n
X X dx y y
m m n dy |m n n
=>———t+—=—X|———+—
x x x dx |y y vy
Yy _ny
Cdx o mx

Since (3x —1)f(x) =i(3x4 Bl +cj
dx 3 2

= (3x-Df(x)=12x> -13x* +3x

= Bx-Df(x)=xBx-1)(4x-3)

Hence, f(x)=(4x>-3x).

Put x =6 in f(x), f(6)=6(4x6-3)=126.
/2 /2

Let I= J. cosec’x cot® xdx = .[ cot” x (1+cot” x)*cosec’x dx
/4 /4

Put cotx =u = cosec’xdx =—du.

When x=§:>u=1;when x=§:>u=0.
0 1
.'.I:—ju2(1+u2)2du=ju2(1+u2)2du
1 0
1
:>I:.[(u6+2u4+u2)du
{u3 u’ 2u5}1
=>I=|—+—+
3 0
o (1 1 j 0 |= 92
307 105

Rewriting the D.E., we get — dy

—sin"'x

y €

dx \/1 x2 \/l—x2

Comparing the D.E. with %‘i‘ yP(x) =Q(x), we get P(x) =
X

1
. . P(x)d: j -1
Now, the integrating factor= eI R

sin'x

o -
So, the solution is given as ye = xe™ *dx+C

—_—
o

dx+C
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1

= ye™ *=sin"' x+C, where C is the constant of integration.

Given that x =y =0, s0 Oxe™ ’=sin” 0+C =C=0.

sin!x

=sin'x.
OR

We have (x2y+yx y> —x? )dx—x3dy =0

Hence, the particular solution is ye

dy _Xytyxyy -x" . dy _y oy [

Rewriting the D.E., we get L., —="+4— —X
8 8 dx x? dx x x? Y
2
Sy y Y
dx x x\Vx
Put y =vx :ﬂ=v+xﬂ
dx dx
.'.V+xﬂ=V+V\/V2—l
dx
:>X?=V\/V2—l
X

SILZIQ
vvve =1 X

= sec” v =log|x|+C

osec (lj = log|x| +C, where C is the constant of integration.
X

30.  Consider the graphs shown below.

. Y

Corner Points Z=12x+40y

A(0, 12) 480 < Max. N

B(6, 10) 472

C(10, 6) 360 x=10

D(10, 0) 120 —~4

’ B
Clearly, the maximum value of Z is 480 x+3y =36
and it is obtained at (0, 12). \
C
-X
O D x+y = 16~

31. Let E, F and G be the event of taking out green marbles in the first, second and third draws
respectively.
So, P(E) =P (green marble in first draw) = % ,
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P(F|E) = P (green marble in the second draw) = %,

P(G| EF) = P (green marble in third draw) = % .
Required Probability = P(E) x P(F|E) x P(G| EF) = 8,782
14 13 12 13
OR
Let A : sum of both numbers on two dice was 4, B : the numbers which come up were different.
(1,2),(1,3),(1,4),(1,5),(1,6),(2,1),(2,3),(2,4),(2,5),(2,6),
~A={(13),(2,2),(3,1)}, B=1(3,1),(3,2),(3,4),(3,5),(3,6),(4,1),(4,2),(4,3),(4,5),(4,6),
(5,1),(5,2),(5,3),(5,4),(1,6),(6,1),(6,2),(6,3),(6,4),(6,5)

= ANB={(13),3,1)}.

2
Now P(A|B)=TACB) 36 _2 1
P(B) 30 30 15
36
SECTION D
32.  Let the number of litres of the orange juice, beetroot juice and kiwi juice be respectively x, y
and z.

Then we get the linear equations :
500x +20y+800z =1860, 2x+5y+3z=22, 100x +120y + 200z = 760 .

500 20 800 || x 1860
The equations can be written using matrices as, | 2 5 3 1ly|=]|22
100 120 200 ||z 760
500 20 800 X 1860
where A=| 2 5 3 |,X=|y|,B=|22
100 120 200 z 760

Now |A|=500(1000 - 360) —20 (400 — 300) +800 (240 — 500) = 110000 = 0, hence matrix A is a

non-singular matrix; which means that the system of equations has a unique solution.
640 92000 -3940 32 4600 -197

Also, adiA =| 100 20000 100 1=adiA =ﬁ -5 1000 5
260 —58000 2460 [A] 13 -2900 123
Since AX=B=X=A"B
x| [32 4600 19771860
So, |y|=——| =5 1000 5 |22
5500
~13 —2900 123 || 760

z

X 2
:y}—3
z 1
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By equality of matrices, we get: x =2, y=3, z=1.

Hence, 2 litres of orange juice, 3 litres of beetroot juice and 1 litre of kiwi juice should go into

the mixture.
2 2

y

33.  For the ellipse %4-% =1, expressing y interms of x as y = ig\/92 -x*.

Required shaded area=

0
j g\/92 —x2dx
-9

9
= 2.[8\/92 —x*dx + Area of 2 triangles
0

6[ x 81 x| 1
=2x—|=4/81-x> +—sinl—} +2x—%x9x6
9[2 2 91 2

=2x —{[ m+—sm13}—[0%1—+—sm g}}+54

=2x 6xﬁx£+54
9 2 2

=2Tn+54
=27(m+2) Sq. units.
34. Comparing 1, =a, + Ab: and I,=a,+ uBz with the given equations to get
d,=1-2j+2k,d,=21-2j+3k, bi=1+2j—-3k and b>=—i+j+2k.
i k
—3|=7i+]j+3k, and (a, —d,) =i +k.
2

1
Here 51 sz =|1
-1

f— N —>

\(E1 xb2).(@, -4,)
Bl XBZ‘

Now the required shortest distance, d =

(7343430640 74043 10

=d= = units.
V49 +1+9 V59 V59
OR
LetL: x4 _ y—2:z—1:x
1 3 2

9
+ Area of 2 triangles +J.g\/92 —x*dx
0

Suppose the random point on the line L be P(x, y, z), which is to be the point of intersection of

the two lines. Then x =A+4, y=3A+2 and z=2A+1.

Tara’s position is at (21 - 23 +12) Le., T(2,-2,1) say.

The direction ratios of TP are A+2, 3L+ 4, 2A.

Using a,a, +bb, +c.c, =0, we get I(A+2)+3(BAL+4)+2(21)=0
=>Ai=-1.

Hence, P(3, -1, -1).

Therefore, TP =J(3—2)° +(~1+2)* +(~1—-1)* = /6 units.

35. Let I= '[X7 sin(2x*)dx = jx4x3 sin (2x*)dx
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Put x*=u = X3dx=%du.

1 )
So, I= Z'[u sin (2u)du

=1 :%_uJ‘sin (2u)du —J.{% (u)J.sin (2u) du} du}
=1= l_—Ecos (2u) +ljcos (2u) du}

41 2 2
:I:l _Ecos(2u)+lxlsin(2u)}+c

41 2 2 2

1 4 4 1 . 4
=== 2x*) 4+ — 2x)+C.

8X cos (2x*) 16sm( X")

OR
1

Let I=~[8—x3 dx
:>I:'[ 21 dx

2—-x)(x"+2x+4)
Consider ! - A +B(2X+2)+C

Q-x)(x>+2x+4) 2-x X +2x+4
S1=AX>+2x+4)+B(2x+2)(2—x)+C(2-x)

I B |
12 24 4
Now 1= j[ ! i (2X+2) + X ! }dx
12 2—-X 24 x> +2x+4 4 x*+2x+4
- I N N (2x+2) e 1 i
12 2-x 24 X +2x+4 4 (x+1)* +(+/3)

I:—$><10g|2—x|+2—14><10g‘x2 +2x+4‘+z><%tan1 [—X+lj+c_

3

SECTION E

36.

37.

(i) The relation R is, R = {(C, PB), (PB, C), (V, PB), (PB, V), (PB, SwD), (SwD, PB) }

(PB, ShD), (ShD, PB), (SwD, ShD), (ShD, SwD)
(ii) For every (x,, x,) e R we have (x,, x,) € R ; as every direct ship / direct ferry runs in both

the directions. So, R is symmetric relation.

(iii) Since (C, PB)e R as there is a direct ship from Chennai to Port Blair,

Also (PB, SwD) e R as there is a direct ferry from Port Blair to Swaraj Dweep.

But (C, SwD) ¢ R as there is no direction ship/ferry from Chennai to Swaraj Dweep.

Hence, R is not transitive.

OR
(iii) As no two elements of set Y are mapped to a common element in set X so, the function f
is one-one.

Also C e X (codomain of f) but it has no pre-image in Y so, the function f is not onto.

(i) We have C(t)=—t’ +4.5t> +54t, 0<t<10.
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38.

Put t =6, C(6) =—(6)’ +4.5(6)* +54(6)

= C(6)=-216+4.5x36+54x6

= C(6)=270

So, the amount of drug in the bloodstream when the effect of the drug is maximum is 270 mg.
(i) We have C(t) =—t’ +4.5t> +54t, 0<t<10.

= C'(t)=-3t> +9t+54

Put t=5, C'(5)=-3(5)* +9(5) +54

- C'(5) =24 mg/hr.

(iii) We have C'(t) = -3t +9t+54=-3(t+3)(t-6).

Note that, in the interval (3, 4), the value of C'(t) > 0.
Therefore, C(t) is strictly increasing in the interval (3, 4).

OR
(iii) We have C'(t) = -3t +9t+ 54 = -3 (t+3)(t—6).
For C'(t)=0, =3(t+3)(t-6)=0 —=t=6 (since t cannot be negative

Now C"(t)=-6t+9
Since C"(6) =—6x6+9=-27<0 so, C(t) attains its maximum at t =6 hours.
Hence, 6 hours after the drug is administered, C__ is attained.

(i) Let P(S), P(C) and P(T) be the probabilities that a person selected randomly from the staff
prefers sugar, coffee and tea respectively.

We have P(T)=P(C")=1-0.6=0.4, P(S| T)=1-0.2=0.8.

So, the probability that a randomly selected staff prefers a beverage with sugar is

P(8) =P(C)xP(S|C)+P(T)xP(S|T) =0.6x0.9+0.4x0.8 = 0.86 = % = g or, 86%.

(ii) We have P(without sugar| coffee) =1-0.9=0.1

= P(tea)=1-0.6=0.4.

Using Bayes’ theorem, the probability that a staff selected at random prefers coffee given that it
is without sugar is

P(coffee) x P(without it
P(coffee|with0ut sugar) = (coffee) x P(withou sugar|co ce)

P(coffee) x P(without sugar |coffee) + P(tea) x P(without sugar|tea)
B 0.6x0.1 _6 3
0.6x0.1+0.4x0.2

14 7

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics IEN



CBSE XII Sample Papers (2025-26) By O.P. GUPTA (INDIRA Award Winner)

Detailed Solutions (PTS-20)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B
21.  cos'|cos (13_75) =cos ' 005(275 —3—TEJ =cos ' | cos (3—EJ _3n
8 8 8 8
OR
As n(A)=4.

No. of reflexive relations defined on set A=2**" =2" = 4096.
4(4+1)
No. of symmetric relations defined onset A=2 2 =2'"=1024.

22.  Given that h =2r, (L—Y =40 cm’/s.

Also area of circular base, nr’ =1 m* =10000 cm® ...(i)
Since V = gxr2 h

::>V:£><r2><2r:2—n><r3
3 3

:>d—V:2nr2x£
dt d
= 40 = 2x(10000)x% [By (1)

= ﬁ =0.002 cm/s.
dt

23.  Wehave CA =-2j-2k, CB=31-2j+2k.

CA.CB
" cosC=r—m—
[CA||CB|
:>COSC=(—2]—2k).(31—2]+2k): 4-4 _0
JaraJorasa 2217
LC=L=.
2

OR
The direction ratios of line AB are 1-2, -2-3,3+4 ie, -1, -5,7.
The direction ratios of line BC are 3—1, 8+2, —11-3 ie., 2,10, —14.
Note that, -1 = = = I .
2 10 -14
m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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That is, the direction ratios of lines AB and BC are proportional, hence AB is parallel to BC.

But point B is common to both AB and BC.
Therefore, A, B and C are collinear points.

siny

24. siny=xsin(a+y) =—=x=

sin (a+y)
dx sin(a+y)xcosy—sinyxcos(a+y)

On differentiating w.r.t. y, —
sin” (a+y)
sm(a +y-— y) sina

sin” (a+y)

dx
= — =

dy
Cdy
" dx

sin’ (a+y)
sin’ (a+y)
sina
d’y 1 . dy

Now —5-=——x2sin(a+y)cos(a+y)x—
sina dx

dy
dx?

= .1 xsin2(a+y)xﬂ
sina dx
2

. dy . dy
= ——sin2(a+y)—=0.
sina 0 sin2(a+y) ™

o

> \./)
o>
Il
(on] o)
IS e
o>
Il
/_/%

Vector projection of a on b B

25. — ——=—
Projection of b on a b.

(]!

Ja+1+4

3i—5]+4k

3(31—5J+4k)

J9+25+16

- =
{\/9+25+16}
SECTION C

Let = J~(cos x)2 (sin x)2

A/sin X cos x
I J- (cos X)m (sin x)m
A/sin X cos x
I J‘{ (cos X)\/m (sin x)x/m }
Jsinxcosx  +/sinxcosx

26.

COS X

jl:f{m J—}

:>I=2\/sinx +2\/cosx +C

f’ (X)

Q=

27.  LetE : getting a six on the pair of dice by A.

So, P(E)— > ~P(E)=

Also, let F : gettmg a seven on the pair of dice by B

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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28.

So, P(F) = 3_66 . P(F) = % =% [ {(1,6),(2,5),(3,4),(4,3),(5,2),(6,1)}

If A starts the game, then he can win in first, third, fifth, ... throws.
Hence P(A wins) = P(E)+ P(EFE)+ P(EFEFE)+...

2
= P(A wins) = El [31x5ji+[31x5j i+ ['.'a+ar+ar2+...oo=i;forinﬁniteG.P.

S

ingy—_ 36 __ 30 30

— P(A wins) | _31x5 7 216-155 61
216

and, P(B wins) =1—-P(A wins) = % .

OR
Let A and B denote the events that husband and wife are selected, respectively.

So, P(A)=l, P(B)=l, P(A’)=1—P(A)=§, P(B’)=1—P(B)=§_

(1) P(both of them will be selected)=P(A)xP(B) = —><l = i

4 7 28

(ii) P(none of them will be selected)=P(A")xP(B') = 3 ><é _18

4 7 28
(iii) P(at least one of them will be selected)=P(A)xP(B’)+ P(A")P(B) + P(A) x P(B)

3 6 10
=1-P(AHXPB') =1-—x—=—.
(A)xP(B) 4 7 28

LetI= .1|E|cosx—sinx|dx

/4
:>I—n.[ |cosx smx|dx+I|cosx smx|dx

1':(/)4 Tc/i
=1= J.(cosx—sinx)dx—'[(cosx—sinx)dx
0 /4

I=[sinx +cos x]ﬁ/4 —[sinx +cos x]z/4

=
T . . T T
= I=|sin— J + cosz} [sin 0+ cos 0] —[sin 7w+ cos |+ [smz +cos Z}

1 1 1 1

I=| 4= |=[0+1]=[0-1]+| —=+—
~1-| gy oo g
S1=242.

OR
* xsinx .
Let I:.([mdx (l)
:I:.’f(n—x)sin(n—x) _I(n x)smx (i)
v 4+cos’(m—x) 4 +cos’ x

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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sin X

Adding (i) and (ii), we get : 21 = TC.[—z dx
o 4+cos” x
sin X
Let f(x)=——————
) 4+ cos’ x
S f(rox)= TN SINX g

4+cos’(mn—x) 4+cos’x

2a a /2
By using j f(x)dx =2 j f(x)dx if f(2a—x)=f(x), we get: 21 =2x j
0 0

0
Put cosx =t = sinx dx = —dt

4+1° When x=0,t=1;, when x=—, t=0

T
2’

29. (dy—dx)+cosx(dy+dx)=0

:(ﬂ—ljJrcosx(nglj:O
dx dx
:ﬂ(1+cosx)—1+cosx=0
X

= dy(1+cosx)—1 COS X

1—cosx
:>Idy J.1+cosx

:>J‘dy=J‘tan2§dx

:>J.dy=J.(seczg—ljdx

:>y=2tan§—x+C.

xcos[zjxﬂ = YCOS(XJ-FX
x ) dx X

OR

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics m



CBSE XII Sample Papers (2025-26) By O.P. GUPTA (INDIRA Award Winner)

30.

31.

y

d ycos()ﬂ;
LAy T x)

cos (y)
X

:ﬂiﬂe{zj
dx x X

Put y=vx:>g=v+xg.
dx dx

dv
So, v+Xx—=vVv+secv
dx

dx
X
=sinv=logx+C

:>_[cosvdv=

sin(zj =logx+C.

X

Consider the graph shown.

Corner Points | Value of Z 3Ixty=
A0, 300) 2400 >
B(30, 210) 1980 <~ Minimum
C(240, 0) 2400

Since the feasible region is unbounded so - : S
1980 may or may not be the minimum X S X
value of Z. 5x+4y =990
To check, we draw 10x +8y <1980 or, 5x +4y < 990.

As 5x+4y <990 has no point in common to the feasible region.

Hence, minimum value of Z is 1980.

x dx
Let 1= 29X
1+xtanx

xcosx dx
oo [Xeosxdx
COS X +Xsinx

Put cosx+xsinx=t=(-sinx+xcosx+sinx)dx =xcosxdx =dt.
dt
So, [=|—
I3

:>I=10g|t|+C

.'.I=10g|cosx+xsinx|+C.

SECTION D

32.

Consider y=x"...(i) and y = x ...(ii)
On solving (i) and (ii), we get the points of intersection as (0, 0) and (1, 1).

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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34.
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1 3
Required Areca= J. yParabola dx + J. YIinedX
0 1

1 3
= Required area= I x*dx + [ xdx
0 1

37 2 P
= Required area= R ) RN
30, L2

= Required area= % +4

= Required area= ? Sq. units.

Here Y={n’:neN}cN.

Also, f:N —>Y as f(n)=n".

Let n,, n, € N such that f(n,) =f(n,)
=n, =n]

—=n-n;=0

= (n,—n,)(n,+n,)=0

= (n,—n,)=0 ie,n =n, (" n, +n, # 0 for natural values
That is, f is one-one.

Now let yeY such that y =f(n)

= y=n’

:>n=i\/§

But f:N—>Y so, n=,/y asneN.
That is, for all ye Y 3 ne N such that y =f(n)

So, fis onto.
OR

Given that the relation R in the set A of points in a plane given by R={(P, Q) : Distance of the
point P from the origin is same as the distance of point Q from the origin}.

That is, R={(P, Q) : OP =0Q, where O is the origin}.

Reflexivity : Let P A. Since OP =OP so, (P,P) eR.

.. R is reflexive.
Symmetry : Let P, Qe A. Let (P,Q)eR.

So, OP=0Q=0Q=0P=(Q,P)eR

.. R is symmetric.

Transitivity : Let P, Q, Se A. Let (P,Q)eR and (Q,S)eR.
So, OP=0Q and OQ=0S=0OP=0S= (P,S)eR

.. R is transitive.

Hence, R is equivalence relation.

For the lines, a, =f+j, b, =2f—j+f<; a, =2§+3—1;, b, =3§—53+21A<.
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35.

i ] k
Therefore, ﬁz—ﬁlzf—ﬁ, b,xb,=[2 -1 1:31—3—712.
3 -5 2
(@,—4,).(b,xb,)
SO,S.D.J S )
‘blxbz‘
G-k~ 7i)
=SD.= —
3i—j-7k
=SD.= |3+7| _ 10 units
oor1+49 9
Let the acute angle between the lines be 0.
[b,b, ‘(2?—}+12).(3§—5}+212)‘
So, cosO =7——=
b, Var1+1vo+25+4
st 6+5+2]
cosf="——
J6+/38
13
s 0=cos| ——|.
[NEJ
OR

Equation of the line through a = 41 + 23 +2k and parallel to the vector b = 2i+ 33’ +6Kk is,
L:T=4i+2]+2k+A(2i+3]+6k).
¢P

Let M be the foot of perpendicular on line
L drawn from point P with position vector

I = i+2j+3k.

So, position vector of M which lies on line
Lis (Qh+4)i+(3h+2)j+(6L+2)k.

- PL=(2A+3)i+3Aj+ (6L —Dk Line
Since PL shall be perpendicular to line L so, PL.b=0. L

That is, {(2A+3)i+3Aj+(6A—Dk}.(2i+3]+6k) =0

=>A=0

~.PL=3i-k.

Therefore the length of the perpendicular is,

ﬁ‘ =9+ :\/ﬁ units .

X+y+z=214x+3y+2z2=60, 6x+2y+3z="70.

1 1 1 X 21
Since AX=B where A=|{4 3 2|, X=|y|and B=|60|.
6 2 3 z 70

Now |A|=1(5)-1(0)+1(-10)=-5#0 .. A" exists.
Consider Ajj be the cofactor of corresponding element aj;.
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A, =5, A, =-1 A, =-1, 5 -1 -1
A, =0, A,=-3 A,,=2, AT =®.[adj.(A)]=_i 0o -3 2
A,=-10, A, =4 A, =-1 -10 4 -1
X 5 -1 -1)21 5
As X=A"B =|y L 0 -3 2160|=8
x) (=10 4 -1){70) (8
By equality of matrices, we get x =5, y=8, z=8.
SECTION E
36. (i) P(A, )_ , P(A, )_ , P(A 3)_
45 60 35
(ii)) As P(E|A)) = 100 P(E|A)— 100 P(E|A)—100
So, P(E|A)+P(E|A)+P(E|A)—45 60+35
100 100 100
— =14,

(iii) P(E) = P(A)P(E| A))+ P(A,)P(E| A,)+P(A,)P(E | A,)
4 45 4 60 2 35
= P(E)=—x +—x

+—x
10 100 10 100 10 100

s P(E) =22 = 0.49 or 49%.
100

OR
(iii) As E: seed germinates so, E: seed does not germinate.
By using Bayes’ theorem, P(A, |E) = — PA,PEIA;) =
P(A)P(E|A))+P(A))P(E|A,)+P(A;)P(E|A;)
4 40
p— PN X PN
:>P(A2|E): 10 100

55,4 40 2 65
10 100 710100 " 10 100

— P(A, |E) =0

51
37. () Let (x,y)= (x , 2\/25 —x’ J be the upper right vertex of the rectangle.

AY
(x,¥)

o —T

45/‘ )E

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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The area function, A =2xx 2(%\/25—)(2)
:Az%X\DS—Xz ,x€(0,5).
(ii) i—A=%{xx_—X2+\/25—x2}

X

25—-x
dA 12 25-2x° _ 12X(J§x+5)(ﬁx—5)

= — Xe— — — —
dx 5 J25-x° 5 V25-%7

Ford—A=0 :>x=i

dx NG

5 . " :
So, x =—= is the critical point.

N

(iii) For the values of x less than S and close to S A >0 and for the values of x greater

V2 V27 dx
dA

than i and close to i —<0.

V2 V27 dx
Hence, by the first derivative test, there is a local maximum at the critical point x = % Since
there is only one critical point, therefore, the area of the soccer field is maximum at this critical
5
Nk
.. For maximum area of the soccer field, its length should be 542 units and its width should be
34/2 units.

(iii) A=2xx2(%\/25—x2), xe(0,5).

169 2 (25-x )—ﬁ(zs 2 _x*), x€(0, 5).

point X =
OR

Squaring both sides, we get Z=A” =

("~ A is maximum when Z is maximum.)
Nowg=%(50 —4x )—&x(5+\/7x)(5 V2x)

dx
For 2 =0 =x= =l
dx NG
2
Also, 4z :@(25 6x%)
dx’
2
As d—z =&(25 75)=-576<0.
dx” ) s 25
2
Therefore, by the second derivative test there is a local maximum value of Z at the critical point

X=—.

V2
Since there is only one critical point therefore, Z is maximum at x = E

| 48 MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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Hence, A is maximum at x = .
2
.. For maximum area of the soccer field, its length should be 52 units and its width should be

3x/§ units.

38. (i) Volume of the cylindrical tank, V =nr’h.

At r=10m, V=100mh

d—V =100 Tc><ﬁ
dt dt

:>314:100n><%
dt

— dh - _ 314 =1 metre/hour .
dt 100x3.14

(ii) Curved surface area of the tank is, A=2nrh

= A=2nx10xh
:>d—A=20n><%
dt dt

. da =20mtx1=20x3.14=62.8 m*/hour.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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Detailed Solutions (PTS-21)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B
21.  Giventhat sin”'a.+sin”' B+sin”' y = 3775

. T . 4, T ., om . 4. T
Clearly, sin”'a. ==, sin”'B=—= and sin"'y =3 (as maximum value of sin™" is 3

. T . . T
= o =sin—, B=sin— and y =sin—
2 2 2

Loa=B=y=1.
Now [au(B+7)~B(y + o) +y(a+ B =[(M)A+ ) -MA+D+DA+D] " =(2-2+2)° =8.
OR
2 2
sinx+cosxj + (sinx—cosxj "E<x<n 'E<§<E
o 2 2 2 2 ) 4 2 2
cot
X xY X xY 1 in> X
sin=+cos— | —,|| sin=—cos= Also, sin— > cos—
2 2 2 2
. X X . X X . X X . X X
sin — + cos —| +|sin — —cos — sin —+cos— |+| sin ——cos —
4 2 2 2 4 ( 2 2) ( 2 2)
=cot =cot
. X X . X X . X X . X X
sin —+ cos —| —|sin —— cos — sin —+cos — |—| sin ——cos —
2 2 2 2 ( 2 2) ( 2 2)
2sin§ X T X = T X T
=cos™' =cot™'| tan— i i N | B gl
2 2 4 2 2 2 2 4
coSs —
i T T T X
=cot |cot| ——— | [=———.
(2 2)} 2 2
22.  Inisosceles AABC, let AB=AC=a and BC =b (given). A
Given %:—3 cm/sec.
dt : a a
In triangle ADB, AD =, |a’ 7
. B C
Now A=Area0fAABC:§(BC)(AD) b D b
2 2

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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23.

24.

AP
:A—(Ej(b) o

2 )
dt 2)\2 4 dt

_ dA_bQa)-3) _ -3ab

a 4\/a2 L 2\/a2 _»
4 4

_ _ 2
:(d_Aj _ 3xbxb  -3b \/gb
at a=b

dt b 23b
o
4 2
~. Area is decreasing at the rate of +/3 b cm?/sec.
OR
Let the side of a cube be x unit.
Volume of cube =V =x*
v =3x° X =k (constant)
dt dt
dx k )
E = 37 .. (1)
Surface area=S = 6x°
= @ = 12xd—X
dt dt
dS k k )
= —=12xx—=4| — By (1
dt * 3x° (xj [By (@)
ds 1
S—oc—.
dt x

Hence, the surface area of the cube varies inversely as length of side.
a+b+c=0

= ad+b=—¢

Now (@ +Db).(3+b) =(=3).(=¢)

= dd+db+bi+bb=cc
= [ +2ab+[o] =[¢

= 2a][b] cos0 =& - &’ ~[b]’
= 2(3)(5)cos0=49-9-25

:>cos@=1—5=l
3 2
o
3

Let PBL—2,2A—1, 21 +3) be any point on a line

x+2 y+1 z-3

3 2
of 5 units from the point Q(1, 3, 3).

According to the question, PQ =5

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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= (PQ)* =25

= Br=2-1+Q2A-1-3)>+(21+3-3)* =25
= 170> =341 =0

=>A=0o0r2

Required Point is (-2, —1, 3) or (4,3, 7).

25.  The curves are y° =4x, x =0 and line y =3.
Y

3.2 1 3 3

y=3 Required area:jy—dyz—x Y
- 4 13

0
27
0] X =E—0

=% Square units.

SECTION C
26.  Consider the graph shown (on next page).

Corner Points Value of Z

A(0, 10) Z=0+90=90

B(5, 5) Z =15+45=60 < Minimum
C(15,15) Z=45+135=180

D(0, 20) Z=0+180=180

Yn

X=y
D

~
b
B

o \ —~_ X
x+y =10 x+3y =60

Hence, the minimum value of Z = 60.
27. Let E : sum of numbers is 8, F : the red die shows a number less than 4.

L (WD), (2,1, (6,1),(1,2),
~E=12,6),(6.2),6,5,6.3), (43 F = {(2, 2),..,(6,2),(1,3),(2,3),...,(6, 3)}
— ENF={(6,2),(53)}

2
Therefore, P(E|F):M:&
P(F) 18
36
2 1
... P E F =—=—,
(E[F) 29

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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OR
Let P(A)=x and P(B)=Yy.

According to the question, P(A " B) =é and P(A'nB’) =%

= P(A)xP(B) =% and P(A")xP(B') =%

1 1
= xy=—and (1-x)(1-y)==
y=gand (I-x)(1-y)=2
Now l-x—-y+x 1 :>1—l+l—x+ (Since x _1
y+Xxy 3 3% y y 5
2
SN ie., 3 _ x4l ie., 6x>—5x+1=0 ie, 2x-DBx-1)=0
6 6x 6 X
Clearly, we have x = P(A)—% %

28. Let = J‘ COS X J’ COSX

. . X =|— . dx
(1-sinx)(2—sinx) (sinx —1)(sinx —2)
Put sinx=t = cosxdx=dt

T T =
'I_j(t—l)(t—z)_J‘(t—lth—zjdt

I =—10g|t—1|+log|t—2|

t_
= I=log|—|+c
=1 =log 51'nx—2‘+c'
sinx —1
OR
Let I=| sing do
\/sin2¢+2005¢+3
:I:J' sin ¢ do
\/l—cosz¢+2005¢+3

J- sin¢ do
\/4+2cos¢—cosz¢
Put cos¢p=t =sind dp =—d

I_'[\/4+2t £ j/ -2t-4]

=1=

=1=

_j\/ t2—2t+1 5| j\/(ﬁ) (t—1)
=1 =-sin"' [%j+c
:I:—sin‘[coi/d%_lj+c

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics m
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29.  We have 2ye;dx +{y—2xeyjdy =0

= 2ye;dx = {2X6y - yj dy

dx _ 2xe’ -y

= d_ "
Y 2ye”
dv

Put x = 2%_V+y—
v dy dy

Now Vvtyﬂ=2Lv_y
dy 2ye’
dv  2vye' —y-2vye'

yd_y_ 2ye’

dv -1

d_y_ 2ye’

v 1

= '[26 dv-j ydy
= 2¢" =—logy+c

Hence, 2e¥ + logy=c.
OR

We have ?—3ycotx =sin 2x
X

On comparing with % +Py=Q, we get P=-3cotx, Q=sin2x
X
1
sin’ x

The solution of given differential equation is y(LF.) = '[ Q(LF.)dx +c¢

1 . 1
:>y( — j=jsm2x>< ——dx+c
sin” X sin” x

—3cotxdx _ . . -3 . _
— eJ. =e 3logsinx — e10g(smx) — (Sln X) 3 —

Now LF.= eI pox

= y3 :I2sinxcosx>< ——dx+c
sin” X sin” x
= y3 =J.2cotxcosecxdx+c
sin” X
S A
——=-2C08eCX +C
sin” X
= y3 =-2Xx——+cC
sin” X sin x

S y=-2sin*x+csin’ x.

30. Wehave y=1+|x+1, x=-3,x=3,y=0.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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I+(—=x-D)=—x,if -3<x<-1
So, y= :
I+(x+1)=x+2,if 1<x<3

Consider the adjacent diagram shown.

-1 3
Required Area = j —xdx + j (x +2)dx b
b | !

_| =X 71+ X—2+2x 3 |
2 1 2 -1 &

= theopgupta.com

:_—1(1—9)+ (2+6j—(1—2j
2 2 2

=4+12

=16 Square units.

31. X =asint—bcost, y=acost+bsint
So, %=acost+bsint=y and, ﬂ=—asint+bcost=—x
dt dt
dy
As ﬂ:i ﬂ=_—x
dx dx dx vy
dt
-D—-(x xd—y
- dzZ:y( ) (2> o
dx (¥)
_ dy_ y
dx* (y)’
N dz};:_yzzxz
dx y
dy _ (x*+y)
dxz__ y3 :
SECTION D
1 2 3
32 ForA=|2 3 -3 ,A|:l(—12+6)—2(—8—9)+3(4+9):—6+34+39:67
-3 2 4
-6 14 -15
Also, Adj. A=|17 5 9
13 -8 -1
-6 14 -15
Therefore, A’lzi 17 5 9
6 13 -8 -1

Now the equations are X +2y—3z=—-4; 2x+3y+2z=14; 3x -3y—-4z=-15.
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33.

1 2 3| x —4
The matrix form of the equationis (2 3 2 ||y |=|14
3 3 4|z -15
Note that, A"X =B
=>X=(A")"B=(A""B
-6 17 13[4
=>X=—|14 5 =8| 14
=15 9 1]/ -15
[24+238-195 67
=X =—|-56+70+120 _ L 134
60+126+15 67 201

X 1

=|y|=|2
z 3

By equality of matrices, we get x =1, y=2, z=3.

x-3 _y-3_z

= = =7\‘

2 1

Let P(2L+3, A +3, A) be any random point on line

Let the line through origin and making an angle of g with the given line be along OP.

Then direction ratios of OP are proportional to 2A+3—-0, A+3-0, A -0 ie., 2A+3, A +3, A.
Also, direction ratios of the given line are proportional to 2,1, 1.

R (2h+3)(2) + (O +3) (D) +W)(1D)
. COS— =

3 JA+3 + (43 + (W) V2 + P 41
1 61 +9

2 Jer2+18n+186

1 3020+3)

2 602130 +3
= VAT +30+3 =21 +3)

Squaring both sides, we get 1> +3L+3 = (21 +3)’

=AM +30+2=0

=>Ai=-1,-2

Therefore, the coordinates of points are (1, 2, —1) or (-1, 1, —2).

Hence, the Equations of required lines are 2 Y it
1 2 -1 -1 1 =2
OR

The lines are L, : x+2_y-3_ztl and L, : x1_y-2_ 273 .

2 4 2 3 4

Let P(A—2, 2A+3, 4L —1) be any random point on the line L, and Q(2u+1, 3pu+2, 4u+3) be
any random point on the line L,. Also the given point is A(1, 1, 1).

For some definite values of A and p, the required line passes through A, P and Q.
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34.
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The direction ratios of AP are A —3, 2A+2, 40 —2.
The direction ratios of AQ are 2u, 3u+1, 4pu+2.
K 3 2h+2 4r-2
Tou 3p+l 4p+2
A=3 2A+2 2A-1
- = =
2u 3p+1 2p+l
= A-3=2pk, 20 +2=3uk +k, 2A-1=2pk+k

:>uk—¥ 2A+2= 3(x23j+k,27»+1:2(%j+k

:>Mk=7‘;3,k=7‘+213,k=x+2

=k (say)

Also, k=A+2=11

Hence, the direction ratios of line AP are 6, 20, 34 ie., 3,10,17.

10

Therefore, the Cartesian equation of required line is x—1 =7 _ =
Let 1= [ 10X g ()
» S€CX +tan X

(m—x)tan(m—x)

Using j.f(x)dx—j.f(a—x)dx, we get I=j|£
- = J-(n X)(— tanx)d

) —SecX — tan x

sec(m —x) + tan(mw—x)

= theopgupta.com

T—X tanx
= f( ) .2
secx+tanx
Adding (1) and (2), we get 21 :I(X+TC—X) tan x dx
y Secx+tanx
=—I Sinx Let f(x)=—2X
1+smx 1+sinx
LN sin x = f(n—x) = Sln‘(TC—X) _ s1n.x _ (%)
=— J.]—{-SIHX 1+sm(n—x) 1+sinx
w2 /2
J.(IJFSIHX) 1 J.( j X=nI 1- dx
1+sinx 0 1+sinx

0 1+ cos n—xj
2

/2 1 /2 1 , . X
:)IZTEJ. l-— dx:nJ I—Exsec Z_E dx
0 2c0s*| T2 0
4 2
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/2
=I=n x+tan(£—§j
4 2)|,
=I=n {EJr‘[aHO}—{OthanE ZT{E—I}
2 4 2

T
Sl==|n-2].

[

OR
Let I:.[log(lJrcosx)dx ..(D)
0

:>I=J.10g[l+cos(n—x)]dx

0
= 1= [log (1—cos x)dx ..(2)

0

Adding (1) and (2), we get 2l = Ilog[(l +cosx)(1-cos x)]dx
0
= 1= l.Tlog (1-cos” x)dx
2 0

= I:%jlogsin2 x dx :jlogsinxdx
0 0

Let f(x)=1logsinx. Since f(n—x)=log [sin (m— x)] =logsinx = f(x).
/2

2a a
s I=2 j log sin x dx ...(3) Using j f(x)dx =2 j f(x)dx,
0 0 0

/2

=1= 2J‘ logsin(ﬁ—dex
0 2
/2

:>I:2J.logcosxdx ...(4)
0

if f(2a—x)="1f(x)

/2

Adding (3) and (4), we get 2[ =2 J. log sin x cos x dx

0
2 sin 2x
=I= I log dx
0 2
/2 /2

=1= .[ 10gsin2xdx—log2.[ 1dx
0 0

/2
0

= 1=1,-log2[x] :Il—glog2 .5

/2

Now I, = J.logsin2x dx
0

Put 2x:t:>dx:%.Alsowhen x =0=t=0 and, when x=§:>t=n

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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So, I, = %J.log sintdt= %J.log sin x dx (Replacing t by x)
0 0

/2
=1 ==—x2| logsinxdx
175 .([ g

=1,=51 By 3)

1. =
From (5), I=—1—-—log2
(5) S 1> log

1

T
= —I=-—=log?2
2 2 8

S I=-mlog2.
35.  One-one: Let x,, x, € R, such that f(x,)=f(x,)
= 9% +6x, - 5=9x; +6x, -5
= 9(x; —x3)+6(x,—x,)=0
= (X, —x,){9(x,+x,)+6}=0
Either x, —x, =0 or 9x, +9x, +6 =0 which is not possible.
That is, x, =X,.
.. f is one-one.
Onto: Let y =9x> +6x -5
=9x*+6x—(5+y)=0
=636 +4(9)(5+y)  —6+61+5+y
- 2(9) - 18

_—lx\y+6

=>X=
3

=X

Now xeR, ie., x>0 and so, x =

X_—1+«/y+6

B 3

is rejected.

—1-\y+6
3

Now as x >0 so, MZO
= Jy+62>1
=>y+621
=>y=-5
R, (range of f)= {y (ye[-5, oo)} =Codomain of f.
~.f is onto.
Hence, f is one-one and onto function.
SECTION E
36. Wehave V(t)=t—-3t>+3t-100
(i) No, the above function cannot be used to estimate the number of vehicles in the year 2020,
because for 2020 we have t=5 and V(5)=5"-3(5%)+3(5)-100=125-75+15-100 = -35,
which is not possible.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics m
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(ii) V(25)=(25)’ -3(25)* +3(25)-100=13725.
Therefore, the estimated number of vehicles in the year 2040 are 13725.
(i) V'(t)=3t> -6t +3 =3(t> -2t +1) =3(t—-1)> > 0.
Hence, V(t) is always increasing function.

OR
(i) V'(t)=3t>-6t+3 and V"(t)=6t—6
For V'(1)=0,3t>-6t+3=0 =3(t-1)>’=0 ..t
Also, V'(1)=6%x1-6=0.

1

2c, 22
i) Required probability = —2 = —
(i) Req p y C, 45

Bc 26
ii) Required probability = —2 = ——.
(i) Req p y C, 45

(iii) iP(AIEi)=P(A|E1)+P(AIEz)+P(A|E3)+P(A|E4)

12 C2 13 C2 13 C2 13 C2
= :51C +51C +51C +51C
2 2 2 2
22 26 100 4
+3x = =—.
425 425 425 17

s =

OR
. c, 2 1
(iii) P(drawn card is a jack of red colour) = —=—=—.
C, 52 26

G, _ 1
2C, 221
(i) Let length, breadth and height of the tank are x, x and y respectively.

500

According to the question, x’y =500 =y= =

Also P(both drawn cards are king) =

Surface Area=S = x* + 4xy

:>S=x2+4x(5—00j=x2+2000

2

X X

2
Now 850 2000 g &5 _, 4000
dx X dx X

) .. ds
For maxima or minima, ™ =0
X

2000_5 - x=10m
X

2
Note that, (d—fj =2+ 400? >0
dX at x=10 (1 0)

.. Surface Area is minimum when x =10 m.

.. Minimum Surface Area=100+ %80 =300 m?.

= 2X—
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(ii) If x =10 m then, y=?—g?=5 m.

Volume of the tank = x*y = (10)*(5) =500 m’
New volume = (2x)’y = 4x*y = 4(10)*(5) = 2000 m’
. Increase in Volume of the tank = 2000 — 500 = 1500 m’

Therefore, the percentage increase in volume of the tank =

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics

[2000 -500
50

= theopgupta.com

xlOOJ% =300%.
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Detailed Solutions (PTS-22)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B
21. Put x=cosO=0=cos'x.

Also 0< x <—— implies, 0<cos0 < —— :>§<e<g :>§<2e<n.

7 N

1 1
sosec”! ( 21 j =sec”’ (fj =sec”’ ( j =sec 'sec20=20
2x° -1 2cos” 0-1 cos 20

Therefore, sec™ (

x?—1

j =2c0s ' X.
22.  Revenue function, R(x) =3x*+36x+5

According to the question, MR = a4 R(x)]

dx [
= MR =6x+36

When x =5, MR =6x5+36=66.
Hence, the required marginal revenue is I66.

23. Asc¢=a+2band d=54-4b are perpendicular so, ¢.d=0
That is, (4 + 2b).(54 —4b)=0
— 5a>—44.b+10b.4—-8b% =0 (v]a|=a=1and, [b|=b=1
= 6abcos0=8x1-5x1, where 0 is the angle between a and b
= 6x1x1xcos0=3

= cos0= 3.1
6 2
0=2or, 60°.
3
OR
The direction ratios of the line x+3 = y—54 s 8 are 3, -5, 6.
So, Cartesian equation of required line : x=(=2) = y—54 = 2—2—5) Le., X;Lz = y—54 = ng .

Also, the vector equation of line : T = 21+ 43’ —5k + k(3f — 53’ + 61;) .
24, 2% 427 =27
Divide both sides by 27, we get 2*7 +1=2" ...(0)

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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On differentiating w.r.t. X, we get 2*" xlog2x (1 —?J +0=2"xlog?2
X
:>2"y><( —ﬂ):z" :>( —ﬂ)= 2
dx dx ) 2%
Sy 2
dx 2%

dy 2°7v-2¢ -1
> — = =
dx 257 2%

- AN,
dx

[By (1)

OR

= theopgupta.com

As the function f(x) is continuous at x =3 so, lin} f(x)=f(3) ie., limf(x)=limf(x)=1(3).
X— x—3* x—3"

Consider lirgl+ f(x)=1(3) we get, li%}(bx+3)=a(3)+l
=bB3)+3=3a+1
=3a-3b=2

So, a—b=g.
3

25. Consider ‘5 +B‘2 = {|5| +‘B‘}2
}2

" iba+ab = |ﬁ|2 +‘B‘2 +2|ﬁ|‘5‘

= (3+Db).(E+D) = {|a|+\6

:>|ﬁ|2+13

—2d.b :2|5”5‘
:>|ﬁ”5‘ cos0 :|5”B
So, cos0=1
=0=0°.

This implies, @ and b are parallel. So, their d.r.’s will be proportional.

, where 0 is the angle between @ and b

Therefore, 1 = 2 =1
1 1
=>ir=1.
SECTION C

26. Let I=.[sec3 x dx
:>I=jsecx-seczx dx
:>I:.[\/1+tan2x -sec’ x dx

Puttanx =t = sec’x dx =dt

So, I:J'\/1+t2dt

:>I=% 1+t +%log‘t+\/l+t2

_secx-tanx

2

+C

=1 +%log|tanx+secx|+C.
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27.  Total numbers which are divisible by 6 from 1 to 100 are 16, nos. which are divisible by 8 are
12 and the nos. which are divisible by 24 are 4.

. P(number is divisible by 6 but not by 24) = o~ + _ 12
100 100 100
o 2 4 8
and P(number is divisible by 8 but not by 24) = — = .
100 100 100

12+8 20 1
100 100 100 5°
OR

Let E; and E, be the events that the first bag and second bag is selected, respectively.
Let A : the two balls drawn at random, are both red.

Therefore, required probability =

1 °C, 10 °’C 3
Clearly, P(E )= P(E,)=—, P(A|E,) = —=2 =—  P(A|E,) = —2 = =
y, P(E)) (2)2 (A[E) °C, 36 (A[E,) °C, 36
P(E,)P(A|E))+P(E,)P(A|E,)
1.3
. _ 2 36 2
P M) ==
2 36 2 36
3 :
28, Letl=[— > dx
, COs” X +4sin” x
/2
Dividing Nr and Dr both by cos”x, we get : [ = J. ;zdx
o I+4tan” x
dt dt

Put tanx =t = sec’ xdx =dt = dx = — = =
l+tan“x 1+t

Also, when x =0 = t =0 and, when x—)%:t—)oo.

:T dt

* (1+4t7)(1+t%)
1 B 1 A .

(1+4t)A+t) (+4y)(1+y) 1+4y l+y

=1=A(l+y)+B(+4y)

ol (i)

, where y =t

Consider

) : : 4
On equating the coefficients of y and constant terms on both sides, we get : A = 3 B=-

W | =

o o Toodt
Substituting these values in (i), we have : 1= ! '[ d

if dt. 1
39 (1+41) 391+t

0

.%[tan1 2ty —%[tan1 t]y

OR
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29.

Let I = [sin2x tan”'(sinx)dx

O 0 | A

T

2

=t J.2sinxcosx tan~' (sin x) dx
0

Put sinx =t = cosxdx =dt.

Also, when x =0=1t=0, Whenx=§:>t=l

1
o1 :j2ttan’lt dt...(0)
0

Note that [2ttan”' t dt = tan™" t[2tdt— [ (% (tan”' t)[ 2t dtjdt

tZ
1+t

1
=t’tan ' t— || 1- dt
-[( 1+t2j

=t’tan 't—t+tan 't
By (i), =]t tan™ t—t+tan "'t |

—t>tan"' t—j dt

1
0

:>1=[12 tan"'1—1+tan™" 1]—0

)

_ 2
Note that ﬂ = 2xy—2y

is homogeneous differential equation.
dx 2x

Put y =vx :ﬂzvvtxﬂ
dx dx

dv  2x’v-v’x?
So, VHX—=——"—5—
dx 2x
dv 2v—v?
dx 2
g_2v—vz—2v :de v
dx 2 dx 2
2dv dx
:>—J' ===

2
\ X

:>2=10g|x|+C
\'%
:>2—X=log|x|+C...(i)
y

Comparing (i) with ax :blog|x|+C ,weget:a=2, b=1.
y

OR
ye'dx = (y’ +2xe) dy

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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30.

31.

= y-eyj—x=y3+2xey
y

Cdx 2 o
— =X = y -e
dy y
On comparing %—zx=y2-e’y with %+Px=Q, we get P=_z, Q=y*-e?
d dy y
. _ —ZJ.idy_ —2logy __ logy’2 _ 1
Now, LF. (Integrating factor)=e =€ =e =—
y

". Solution is : X-iz='|'y2-e’y-i2dy+c
y y
—'[ e’ dy+C

=>—=-¢’+C

<] ‘<N| >

Lx=—yet+Cy’.

Consider the graph shown here.

Corner Points | Value of Z
A(0, 4) 600

B(2, 3) 690 <« max.
C@3,0) 360

0(0, 0) 0

So, maximum value of Z is 690.
The coordinates of the point at which
Z_ occursis (2, 3).

max

X
&
(x=1D"(x+2)
X A B C
> = + >+
x-D"(x+2) x-1 (x-1)" x+2
= x=A(x-1)(x+2)+B(x+2)+C(x -1)*
On comparing the coefficients of like terms both sides, we get

Lal:j

Consider

alpol o2
9 3 9
= z>< ! +l>< ! z—gx ! dx
9 x-1 3 (x-1)" 9 x+2
:I=g><log|x—l|—l L—gxlog|x+2|+c
9 3 x-1) 9
|x-1] 1_ 1

+C.

Therefore, [ =— >< log
0 Bxi2l 3 (x-1)
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SECTION D

X
32.  Equation of the line joining A(l, 3) and B(0,0) : |1
0

33.

34.

Expanding along R3, we get : 3x—y=0.

m 0 1
As ar(ABD) = Magnitude of %1 3 1|=3
0 0 1
m 0 1
Thatis,ll 3 1|=43
0 0 1

Expanding along R3, we get : 3m =+6
So, m=%2.

We have x =y, x=4 and x =k.

O W <
[ e S

= theopgupta.com

As per the question, we have NG
ar(OAEO) = ar(ABCDEFA) a4 A/P;,/’gz i
— 2ar(OAFO) = 2ar(ABCFA) Y=
k 4 2 18
= \/;dx = \/;dx
{ ! <5 B_C —2
2 e _ 2 32774 k |4 6 X
SE[X }0 _E[X }k 21
= k3/2 — 43/2 _k3/2 \“‘
—2xk? =8 E P~
k=4 v
k — 42/3

Since (x,x) € R as a word will have ‘all letters in common’ with itself.

So, R is reflexive.

Also if x and y are words with ‘at least one letter in common’, then we will surely have

(x,y)eR as well as (y,x) e R. So, R is symmetric.

Let x be a word ‘Cat’, y be a word ‘Apple’ and z be a word ‘Pen’.
Note that (x,y) €R and (y,z) e R as ‘Cat’ and ‘Apple’ have letter “a” in common and ‘Apple’

[(IP4)

and ‘Pen’ have letters “p” and “e” in common.

But (x,z) ¢ R as ‘Cat’ and ‘Pen’ doesn’t have any letter in common.

So, R isn’t transitive.
OR
Let A=R—-{-1}, B=R-{1}.

So, we have £: A — B, f(x) = ——.
x+1

Let x,, X, € A such that f(x,) =f(x,).

X X,

That is, =
x,+1 x,+1
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= XX, +X, =X,X, +X,
=X, =X,

- f(x) is one-one.

Let y=f(x),yeB.

That is, y =

x+1
= Xy+y=X
= y=X—-Xy

:>X=1L, y#1

That implies, ye B=R—-{l} VxeA=R—-{-1}.
Therefore, Range = Codomain .
- f(x) is onto.
3s. f(x)=tanx —4x
So, f'(x) =sec’ x —4
(a) For f(x) to be strictly increasing
f'(x)>0
= sec’x—4>0

= sec’x >4

= >4

cos’ x

) 1
= cos X <—
4

2
) 1
= cos X<|—
(2j
1 1 T
= ——<CosX<— o xel0,—
2 2 2

T T
= —<X<—
3 2

Hence, f(x) is strictly increasing in x € [g,gj .
(b) For f (x) to be strictly decreasing
f'(x)<0
= sec’x—4<0

= sec’x<4

= <4

cos’ x

) 1
= C0S8" X >—
2
) 1
= €08" X >| —
2

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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1 [03)
= COSX>— o xel0,—
2 2

= 0<x<E
3

Hence, f(x) is strictly decreasing in x € (0, gj

OR
Let / and b represent the length of rectangle and its width respectively.
So, 2(/ +b) =36
=1+ b=18...(1)

If rectangle is revolved about its length / to form a cylinder then, radius of the base of cylinder
will be r=b and height h=1.

Now volume of cylinder, V = nir’h
= V=nb’(18-b)=n(18b" - b’)

dv d’v
gy n(36b-3b”)=3n(12b-b*) and, 3 =3n(12-2b)=6n(6-b)

2
For critical points, v =0 = 3n(12b —bz) =0
db

:>b(12—b):0
~bz0 .. b=12

2
Note that

V} =-36m<0
at b=12

2

So, V is maximum when b=12 cm.
Alsoby (i), [+ b=18 so, /=6
Hence, / =6 cm, b=12 cm are the dimensions of rectangle.

SECTION E

36.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics

(i) The direction ratios of the line 1 = X(f + 23 —1;) are 1, 2, 1.

Also, the direction ratios of the line 1 = (31 + 33) + u(2f + 3 + 1;) are 2, 1, 1.

(ii) Comparing with r =a + ub, we get a = 3i+ 33 .

So, the point is (3, 3, 0).

(iii) For the given lines T =A(i+2j—k) and T =(31+3])+p(2i+ j+ k), we have
d,=0,b,=1+2j—k and @, =3i+3], b, =2i+j+k

A A A

i)k
Now &, -4, =3i+3], b,xb, =[1 2 -1|=3{-3j-3k
21 1

@, ~d,).(b, xb,)|

As SD.= —
b, xb,|




CBSE XII Sample Papers (2025-26) By O.P. GUPTA (INDIRA Award Winner)

. ‘(3i+3j).(3i—3j—312)‘
=D.D. =

3i-3j— 312‘
=SD.= |9 _ 9|
V94949
- S.D.=0 units.
That is, the lines will intersect each other.
OR
(iii) Re-writing the given lines in Cartesian form, ? =% = il =N, X ;3 = yT_?) =% =

The coordinates of random point on these lines are P (A,2A,—A) and Q(2u+3,u+3,u).
If the lines intersect then, the points P and Q must coincide.

That is, A =2p+3...(1), 2A =p+3...(11), — A = p...(ii1)

On solving (i) and (iii), we get : —u=2u+3 =>pu=-1, A =1.

Note that, LHS of (ii): 2A=2x1=2, RHS of (ii)): p+3=-1+3=2. So, LHS=RHS.
Therefore, the lines will intersect each other.

Also, the required point of intersection : (1, 2, —1).

So, the motorcycles may collide at (1, 2, —1).

37. (i) Let E : the chosen item is defective.
Also let Ey, E,, E; be the events that the item was produced by operators A, B, C respectively.
. P(E|IE))=1%.
(ii) Refer to (i).
Here x =P(E|E,)=5%, y=P(E|E,)=7%
T X+y=5%+7%
=>x+y=12%.
(iii) Refer to (i).
Here P(E,) =50%, P(E,)=30%, P(E;)=20%, P(E |E,)=1%, P(E|E,)=5%, P(E|E;)=7%.
So, P(E)=P(E|E,)P(E,) + P(E| E,) P(E,) + P(E | E,) P(E,)
1 50 5 30 7 20
X + +

=PE)= X X

100 100 100 100 100 100
= P(E) L 3.4%.

1000

OR
(iii) Refer to (i) and (iii).
Using Bayes’ theorem, P(E, |E) = PE|E)P(E,)
P(E|E,)P(E,)+P(E|E,)P(E,) + P(E|E;) P(E;)
150

— P(E, |E) = 100100 > >

1 ><50+ 5 X30+ 7 ><20 5+15+14 34
100 100 100 100 100 100

38. (i) Since capacity of the tank is, 250 m’ =xxxxh =h= 250

2
X

Total cost, C =5000x x* +40000x h*

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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X

2
= C=5000xx"+ 4oooox(2520j

= C=5000xx> +—2500090000
X

Now £ —5000% 2% — 4 x 2500?00000 —10000x — 100000500000

dx X X

2

Also d (23 10000+ 500000600000

dx X
For d—C =0, 10000x ——1 00000500000 =0

dx X
= IOOOO[X - 10005000} =0
X

{xé —1000000}
S il Y

XS

=x*-1000000=0 = x°=10°
Sx=10m.

2

Note that, [d—cj ~ 10000 + 22000000000
at x=10

2
X

when x =10 m.

6 _ 106
(ii) Note that, jﬁzlooooX——lOOOOO?OOOO =10000{X 10 }
X X X

Clearly when x >0, ac <0.
dx
That means, C(x) is not an increasing function, when x > 0.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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Detailed Solutions (PTS-23)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B

21.  cos'c0s320° —sin"' sin320° = cos ™' cos(360° —40°)—sin"' sin (360° —40°)
= =cos ™' cos40° —sin~'[—sin 40°]
= =40° +sin"' sin40° =80°.

OR
Here R :Z — Z, aRb ifand only if a’ —7ab+6b> =0.
Reflexivity : As a’—7a.a+6a°=7a’-7a’ =0V aecZ.
So, (a,a)eR V aeZ. Hence, R is reflexive.
Symmetry : Let (6,1) e R. Clearly, 6’ —7.6.146.1> =42 42 =0
But (1,6)¢R as, 1°~7.1.6+6.6" =1-42+126=175=#0.
So, R is not symmetric.
2. y= 4sin6
2+cos0
dy _ (2+cos0)4cos0+4sin’ 0 4
do (2+cos0)’
:ﬂz 8cos0+4(sin’ 0 +cos*0)—4—cos*O—4cosO
do (2+cos0)’
dy _4cosB-cos’0
d0  (2+cosH)?
o ﬂ:{ 4—cos0
d® | (2+cosH)’

}cose >0 forall Oe [0,%} s0, y is an increasing function of 6 on [O,g} .

23. Letda=i- 3 +k be the side and d =4i+5k be the diagonal of parallelogram.

i ] k .

Now dxb=[1 -1 1 d b
301 4

—dxb=—5i—j+4k a

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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So, the area of parallelogram = ‘ﬁ X B‘ =/25+1+16

=./42 Sq. units .
OR
x-1 y-2 z-3

Cartesian equation of the line joining two points (1, 2, 3) and (-3, 4, 3) is 31 4-2 3.3

- x—1 _ y—2 _ z-3 . x—1 _ y—2 _ z-3
—4 2 0 -2 1

Now the d.r.’s of line obtained above are -2, 1, 0.

Also the d.r.’s of z-axis are 0, 0, 1.

Since (-2)(0)+(1)(0)+(0)(1) =0 so, clearly line obtained above is perpendicular to the z-axis.

is the required Cartesian equation of line.

(By using a,a, +b,b, +c,c, =0, condition for perpendicular lines).

24.  We have x:t+% and, y:t—%

= dx _d (t+lj=l—tl2, and ﬂ:1+i

dt dtl ¢ dt 2
dy dy dt dy t°+1 t* t7+1
V=X — == X =
dx dt dx dx t&  tP-1 t*-1
2
Therefore, (gj =¢=§.
X Jatt=2 2°-1 3

25.  As ‘ﬁé—ﬁ‘:l

A2 ~ ~n
So, \/Eé—b‘ =1? implies, (v2a-b).(;2a-b) =1

— 2 é2+‘6‘2—2ﬁé.6:1

=2x1*+1° —2\/§|ﬁ”}3‘ cos@=1, where 0 is the required angle between 4 and b
— 22 x1x1xcos0 =2

:>cos(9—L
V2
L=l
4
SECTION C
2 2 4 2 2
26. Letl=[— (" +1) e | .
(x"+2)(x"+3) X +5x"+6 X +5x°+6

4x% +6 B 4% +6 :
:>1_j[1—(x2 20 +3)}& _jldx—j(xz oy

4*+6  4t+6 A
(x2+2)(x2+3)_(t+2)(t+3)_t+2+t+3
= 4t+6=A(t+3)+B(t+2)

On comparing the like terms on both sides, we get A=-2, B=6

, where t = x’

Consider

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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27.

By (i), I=J.1dx—_|.{(x2_i2)+(X26+3)}dx

=1=x { 2><Ltan — —tan }

TR

1= X+\/_tan —2\/_tan —+C

N N

Let G: the seed germinates, E, : flowers seeds of type A,, E,: flowers seeds of type A, and,
E, : flowers seeds of type A,;.

4 4 2 45 60 35
So, P(E,) =, P(E;) =15, P(E)) =1, P(GE P(G|E,)=—, P(G|E;)=——.
o, P(E,) (B)) =15 P(Es) =15 PGIE) =10 P(GIE,) =10, P(GIE;) =00
. P(G) =P(E1).P(G | E1)+P(E2).P(G |E,)+P(E,).P(G|E,)
= P(G) =+ 4 0 2 5

10100  10°100 10100

PG =2 —049.
100

OR
Let E, :letter has come from the city CHENNAI, E, :letter has come from the city JAIPUR,

E, :letter has come from the city NAINITAL, E, :letter has come from the city BEGUSARALI,
and E, :letter has come from the city MUMBALI.
Also let E :two consecutive letters Al are legible on the envelope.

Now P(E,) = P(E,) = P(E,) = P(E,) = P(E) =%,
n(ENE) 1

P(E|E,)=———— =— (As 6 pairs of consecutive letters are CH, HE, EN, NN, NA, Al,
1 n(E,) 6
P(E|E,) = MENE,) = 1 (As 5 pairs of consecutive letters are JA, Al IP, PU, UR;
? n(E,) 5
ENE
P(E|E,) = % =% (As 7 pairs of consecutive letters are NA, Al, IN, NI, IT, TA, AL;
n(k,
ENE 1
P(EIE,) = % = g (As 8 pairs of consecutive letters are BE, EG, GU, US, SA, AR, RA, Al;
n 4
ENE
P(EIE,) = nEAE,) = 1 (As 5 pairs of consecutive letters are MU, UM, MB, BA, Al
’ n(E;) 5

~ P(E)=P(E|E)) P(E)+P(E|E,) P(E,)+P(E|E,) P(E;) + P(E|E,) P(E,) +P(E| E;) P(E;)

(E)—_I:l 14_1_{_14_1}—1 7_01
6 5 7 8 5] 5 840
. o P(E|E.) P(E .
Hence required probability, P(E, |E) = ( |PE])E) (E;) (using Bayes’ theorem

I 1

7X7
L P(EL|E)= 5.5 1, 840 _le8

1 7015 701 701°
57840
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Ccos2 X

1+cos2x
cos2(—x) _ cos2x

I+cos2(—x) 1+cos2x
That means, f(x) is an even function.

28. Consider f(x) =

=f(x)

= f(—x) =

So, by using J.f(x)dx 2J.f(x)dx if f(—x)="1(x) we get

—a

i H
cos2x j cos2x dx :2.[ - 1 dx
1+cos2x 0 1+cos2x 1+ cos2x

_M:,'-—..M::

1
X
1
Now let 1= J.i{tan1 (lﬂ dx
¢ dx X
‘ 1
=1=|<- dx
'[1 { 1+x° }
Consider f(x) = ! >
1+x
1 1
1+(-x)> 1+x°
So, f(x) is an even function.

= f(x)

=f(—x) =

O 2j f(x)dx, if f(x) is even function ie., f(—x) =f(x)
X=9 0

By using '[
- 0, 1ff(x) is odd function ie., f(—x)=—f(x)
1
.'.I=—2J. ! -dx
o I+x

=1I= —2[‘[21n’1 x];
=1I= —2[tan’1 l—tan™ 0}

=1= —2[‘[21n1 tanE—O} -_I .
4 2

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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29.

30.

¢ d 1 N
Note that, J.—{tan1 (—ﬂ dx = {tan1 (—ﬂ _T
7 dx X x)|, 2

It is not correct as 1 is not defined at x =0 (-1, I).

Let [ = j(3x +5)5+4x —2x7dx

Consider 3x+5= Ai[S +4x —2x2]+B
dx

=3x+5=A[4-4x]+B

Comparing the like terms, we get A = —%, B=8.

Therefore, [ = —%j (4—4x)V5+4x —2x>dx + 8.[ V5+4x-2x7dx

Put 5+4x —2x*> =t = (4—4x)dx = dt in the 1¥ integral.

So, 1:—%j\ﬁdt+8j\/—z(x2 —2x—§jdx
3.2 2 7
:>I=—ZX§(t) +8\/§J.\/_((X—l) —Ejdx

—I=- ; 0 gfj\/(\fj —(x-1)*dx

R P x-0 [5 iA2-D)
=1=-_( 8[{ S +4 7 }
=L (54 4x—2x0) 142 (x—1), |2+ 2x— x* +1442 sin” —ﬁ("_l)m
T=— . =

ﬂ—ytanx =2sinx

dx

On comparing with % +P(x)y =Q(x), we have P(x) =—tanx, Q(x) =2sinx
X

j—tanxdx logcosx

Integration factor =e =e =COSX.

So, the solution is given by y(cosx) = J. 2sinx cosxdx +C

= y(cosx) = .[sin2x dx+C

= y(cosx) = —%cos 2x+C.

Therefore, the required solution is y = w, where 2C =k.

2cos X

OR
dy_ 1 .y
dx logy—-logx x

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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:>.[logvdv=.[d?X

:>IOgVJIdv—J(%(IogV)JIdVjdv= &

X
:vlogv—f{lxvjdV= &

A% X
= vlogv-v=logx+C

:Zx(logz—lj =logx+C
X X
That is, y(logy —logx —1)=x(logx+C).

31.  Consider the graph shown below.
Y

N

x =2 Corner Points | Value of Z
A2, 3) 57 < Max.
B2, 1) 29 < Min.
C4,1) 49

So, maximum value of Z is 57.
Also, the minimum value of Z is 29.

C y =]_
B \
0 X+y :5\ }—{

SECTION D

, _ {n+l, if n is even

32. Given f: W — W given by f(n) = o .
n-1, if n is odd

For one-one : Let nnme W .
If n and m are both even, then f(n)=f(m) = n+l=m+1 =n=m
If n and m are both odd, then f(n)=f(m) = n-1=m-1 =n=m
Thus in both the cases, we’ve f(n)=f(m) = n=m.
If n is odd and m is even then, f(n)=n—11is even and f(m)=m+1 is odd.
Therefore, n # m = f(n) # f(m).

Similarly if n is even and m is odd, then also n # m = f(n) # f(m).

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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33.

Hence, f'is one-one.

By O.P. GUPTA (INDIRA Award Winner)

For onto : Let ne W be an arbitrary element. If n is an odd natural number, then 3 an even
natural number n—1€ W (domain) such that f(n—-1)=n—-1+1=n.

Also if n is an even natural number, then 3 an odd natural number n+1€ W (domain) such that

fn+)=n+1-1=n.
Also note that f(1)=0.

So every element of W (codomain) has its pre-image in the domain W.

Hence, f'is onto.
2 2

We have — +2—=1 and y=3. N
9 25 Bl5
= X 1 ¥ N
9 25 3
3 A N y=
=X =1=x4/25-y
5 Y / D C\
Note that the given ellipse is symmetrical about / \5
both the axes. \f \
- X
Required area=ar(ABCDA) \ O 3

= =2xar(BCDB)

= :2><.5[%«/25—y2 dy \\ /j
3

\
_ S .
= =§ Z\/25—y2 +§sinlz} \“»M,/’/
512 2 5],
B \J
g\/ﬁJrgsin’lé
6|\2 2 5
- 75 3 25 . 3
—| =4/25-3% +=sin"' =
I 2 2 5
= =§ (0+gsinllj—(6+gsinlgj
510 2 25
= :(ls—n—ﬁ—wsinl gj Sq.units.
2 5 5

Given |x|+|y|=1

OR

.. When x>0,y>0 then x+y =1...(1),
When x <0,y >0 then —x+y =1...(ii),
When x <0,y <0 then —x—y =1...(iii),
When x >0,y <0 then x—y =1...(iv).

Also the curve is symmetrical about both axes.

..Required area=ar(ABCDA)

= =4xar(ABOA)

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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! Y| e
= =4 J‘yidx A ’/B
10
= =4[(1-x)dx
0
_4 27 (i) /
= ___2[(1_X) :|0 N 7/
= ==2[1-1’-(1-0)] /¢ ° AN X
= ==2[0-1]
= =-2[0-1]
=  =(2)( D
= =2 Sq.units. @7y
Xx-6 2-y z- x+4 _y _z+l

2
=A d L,: == .
5 5 (say) and L, : ——=-7=—7-=p (say)

Let the line of S.D. meets the given lines L, and L, at P and Q respectively.

34. Wehave L;:

So, the coordinates of any random point on the liens are given as :

P(6+1,2-2),2+21) and Q(—4+3p,—2p,—1-2p).

The d.r.’s of PQ are A —3u+10, —2A +2u+2, 2A+2u+3.

Since the line of S.D. (line PQ) is perpendicular to both the given lines.

So by using a,a, +bb, +c.c, =0, wehave: 3L —u+4=0 and 3A-17p+20=0

On solving these equations, we get : A=—1, u=1.

.. Coordinates of the required points are P(5,4,0) and Q(-1,-2,-3).

Hence length of S.D. is PQ = \/(—1—5)2 +(—2-4)* +(=3-0)’ =+/36+36+9 =9 units..

x—=5 _ y—4 _ z—0 ic. x-5 _ y—4 _ z—0 '

-1-5 -2-4 -3-0 2 2 1
OR

And, the equation of S.D. (line PQ) is :

Assume P(—1, 6, 3). Let M be foot of perpendicular on the given line ? == =\.

Any arbitrary point on the line is M (A, 2A+1, 3L +2). P(-1,6 3)
The direction ratios of PM : A +1, 2A—5, 3A—1. e
Since PM is perpendicular to the given line.

So using a,a, +b,b, +c,c, =0 for L lines, we’ve :
IA+D+2(2A-5)+331r-1)=0 B
=141-12=0

M C
=>A=— ¢
7 Q'(hapas)

2). : _—
M (—, —, 7) is the foot of perpendicular of the point P in line.

Let image of P in the line be Q(h, p, s).

b b

Since M is the mid-point of PQ, so M(_1+h 6+p 3+SJ=M(6 19 32)_

2 02 72 7777
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On comparing the respective coefficients, we obtain : Q(g,—g, gj as the image of P in line.

35. x+y+z=6000, x+3z=11000, x -2y+z=0.

1 1 1 6000 X
Let A=|1 0 3|,B=[11000|, X=|y
1 21 0 z
1 1 1
Now, |[A|=[l 0 3[=6#0 .. A" exists.
1 21
Consider C;; be the cofactors of element aj;.
C, =6, C,=2, C,=-2
C, =-3, C,, =0, C,=3
C,, =3, C,=-2, C,=-1
6 -3 3
adjA=| 2 0 =2
-2 3 -1
6 -3 3
=S A'= 1 2 0 2
6 -2 3 -1
As X=A"B
6 -3 3] 6000 3000
:>X:l 2 0 -=2//11000 1 12000
6_—2 3 -1 0 6 21000
x| [ 500
=y [=]|2000
z| [3500
By equality of matrices, we get : x =500, y =2000, z=3500.
SECTION E

36. (i) As the cylinder is open at the top so, 2nrh+nr’> =751 cm®.
_75n—nr’  75-1

=h
2nr 2r
: ) , 75-1
Now volume of cylinder, V=nr'h=nr"x 5
r
:>V=n(75r—r3)'
2

_ 2

(i) d_V: n(75-3r )'
dr 2

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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37.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics

dvV _m(75-3r)  dV _n(0-3x2r) _

dr 2 > ar? 2 -

For d—V=0, n(75-317) _
dr 2

= (75-31r")=0

SLr=5cm

(iii) As ~(3nr)

0

2

Note that, d—\; =—(15m) <0
dr at r=5

Clearly, V is maximum when r=35 cm.
OR
dvV _m(75-3r%)  d’'V _w(0-3x2r) _
dr 2 . dr? 2 -
For d—V=0, n(75-317) _
dr 2
= (75-31")=0
75

=rl=—"=25
3

Sr=5cm.

(iii) As —(3nr)

0

2

Note that, d—\; =—(15m) <0
dr at r=5

Clearly, V is maximum when r=35 cm.
75-1>  75-25

2r 10
That means, h=r.

Now h= 5 cm

Hence, the statement ‘For maximum volume, h >r.’ is false.

= theopgupta.com

(i) f(x)=-0.3x*> +kx+98.6, being a polynomial function, is differentiable everywhere, hence,

fis differentiable in (0, 12).

(ii) f'(x)=-0.6x+k

Since x = 6 is the critical point so, f'(6) =0
= -0.6x6+k=0

=k=3.6.

(iii) f(x) =-0.3x>+3.6x+98.6

= f'(x) =—-0.6x +3.6 = —0.6(x—6)

In the Interval | f'(x) is Conclusion

(0, 6) Positive f is strictly increasing in (0, 6)

(6,12) Negative f is strictly decreasing in (6, 12)
OR

(iii) f(x)=-0.3x>+3.6x+98.6
= f'(x)=-0.6x+3.6 and f"(x)=-0.6.
For f'(x)=0, -0.6x+3.6=0 ..x=6
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38.

As £7(6)=-0.2<0.
Hence, by second derivative test we can see that, x = 6 is a point of local maximum.
Also, the local maximum value = f(6) = —0.3x6° +3.6x6+98.6 =109.4 .

(i) Let A : selected question is a multiple choice question.

Let B : the selected question is easy.

Clearly, we have a total of 1400 questions and out of which 900 are of multiple choice type
questions.

by 200 9
1400 14
Note that there are 500 easy multiple choice type questions.
.. P(ANB) _ 300 =i.
1400 14
("~ AN B = the question is an easy multiple choice question).
5
Therefore, P(B| A) = PBAA) _14._5 .
P(A) 9 9
14

(i) Let C : the selected question is of True / False type.
- BN C =the question is an easy True / False type question.

L PBAC) =D 3
1400 14
Also, P(C) = 00 = El .
1400 14

Note that there are 500 True / False type questions.
3

Therefore, P(B|C) = PBNO) =14 _ 3 .

P(C) S5 5

14
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Detailed Solutions (PTS-24)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our
YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B
21. We have cos™ x >sin™' x
/s .1 .1
:>E—s1n X >sin' x

T .
= = >2sin'x

2

T .
= >sin'x

4

. . T
= sinsin x<smz

1
=>X<—F

NG
OR

As a’>0ie,1+a’>01ie,l+aa>0ie., (a,a)eR.

.. Riis reflexive.
Let (a,b)eR and (b,c)eR.
Put a=1, b=—l, c=-1.
2
1 1 1
Note that | 1,—— |[eR as 1+1| —— |=—>0.
2 2) 2
.. 1 1 3
Similarly, | -——,-1|eR as1+| —— |(-])==>0
2 2 2
But (I,-1)¢R as 1+(1)(-1)=0>0.
Hence, R is not transitive.

22. f(x)=[x(x—1)+l]§,0éxél

2x—1
=>f'xX)=—7F——"——
) 3(x—x+1)*"?
2x —1 1
For f'(x)=——————=0 =>x=—¢€]0,1
( ) 3(X2_X+1)2/3 2 [ ]
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23.

24.

25.

| 84

Gj ,£(1) =[1(1—1)+1]§ =1.

! 1 1)( 1 :
So, £(0)=[0(0-1)+1]s =1, f(aj = KE)(TIJ +1}

Hence, the absolute maximum value of f(x) is ‘1°.

2 1
3(X+3j__2(y_2j_z—cﬁ>
1 ]

1

Re-writing the given line, we get

() -
3) YT z-(=9)

Le., = =
1/3 -1/2 1

Therefore, the d.r.’s of given line are %,—l, 1 ie., 2,-3,6.

-(-1) _y-(-2) z-0 e x+1 _y+2 z

Required eq. of line is : X

-3 6 2 -3 6
OR
4x =3y =2z can be rewritten as dx 3y _2z ie., X_Y_2Z
12 12 12 3 4 6

Therefore, the d.r.’s of line are 3, 4, 6.
The direction ratios of x-axis are 1, 0, 0.

3x1+4%0+6x0|

So the required angle 6 between the line and x-axis is, cos0 =
VB 44+ 407 +0°

—0=cos” [ij
Jo1)
Here f(—ﬁj =k.
6

. T
. 2sm(x+j
Also, lim 3sinx+cosx _ lim — 6 5129

_r /s T s
X—> ; X 4+ = x+6—>0 X 4+ —

6

For the continuity of f(x) at x = —% , we have f(—%j = lim f(x)

x+g—>0
k=2,
Given a+b+¢=0
Consider (3+b+¢)xb=
—axb+bxb+cxb=0
—axb+0-bx&=0
= axb=bxc...(1)
Also (3+b+¢)xc¢=0x¢
— axC+bxc+Exc=0
— —¢xa+bxé+0=0
— bx¢=:¢xa...(i)

By (i) and (ii), axb=bx¢ =¢xa.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics



YouTube channel - MATHEMATICIA By O.P. GUPTA

SECTION C
26.  Put 2X:y:>dx=d?

So,J. 1.1 ezxdx:lj. 2.2 e’dy
x 2x’ 27y ¥’

1 -1
= = |:—+—2:|eydy
y'y
= =—xe’+C
y
2x
= _S +C.
2xX

= theopgupta.com

{ [[feo+f'(x)]e"dx =f(x)xe* +C

27. Let E : the three cards drawn are all spades, E, : the lost card is a spade and,

E, : the lost card is a non-spade.

13 1 39 3
Here P(E,)=—=—,P(E,))=—=—,
(E) ="2 (E,) "2
2C,  12x11x10
P(E|El): 51 3= P(E|E2):

C, 51x50x49°

BC,  13x12x11

IC,  51x50x49
P(E|E)P(E))

By Bayes’ Theorem, P(E, |E) =

P(E|E,)P(E))+P(E|E,)P(E,)

12x11x10 1

7X7

12x11x10 1  13x12x11 3
X—+ X

51x50x49 4 51x50x49 4

10

10+13x3
10
~.P(E, |E)=—.

(B, [E)=73

= P(E, |E) =

We have P(A)=0.70, P(B)=0.80. So, P(A)=1-P(A)=0.30, P(B)=1-P(B)=0.20.

(i) P(A N B)=P(A)xP(B)=0.70x0.80 = 0.56

(ii) P(AUB)=P(A)+P(B)-P(AnB)=0.70+0.80—0.56 = 0.94
(iii) P(exactly one mission succeeds) = P(A)x P(B) + P(A)x P(B)
= P(exactly one mission succeeds) =0.70x0.20+0.30x0.80 =0.14+0.24=0.38.

28.  Put x’ =y to make partial fractions.
x> +1 y+1 A

12 +3) (1 D(y+3) y+2 y+3

=>y+l=A(y+3)+B(y+2) ...(1)

Comparing coefficients of y and constant terms on both sides of (i), we get

A+B=1 and 3A+2B=1

On solving these equations, we get A=—-1,B=2

Now, j X" +1 dx =j

~1
(x> +2)(x* +3) X" +2

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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——Ltan‘] (ij Jritan‘1 (ij +C
N o) ARl o) A
OR
Let I=ISIHX_X_COSXdX
X(X +sin x)
:>I=_[X+SIHX_X._XCOSde
X(x +sinXx)
:I:I x+siT1x _x+xc.osx dx
x(x+sinx) X(x+sinx)
:>I=J.ldx—.|.l+cc.)sX dx (Put x +sinx =t=> (I1+cosx)dx =dt in 2™ integral
X X +sin X
dt
~I=loglx|—|—
glx|- ]~

:>I=10g|x|—log|t|+C

s = log|x|—log|x +sin x|+C .

29.  We have gy +2xy =y
dx

:ﬂ=y(l—2x)
dx

:Id—jzj(l—Zx)dx

=logy=x-x"+k

As y=1,x=0 so, logl=0-0"+k =k =0
That implies, logy = x —x’

:>y:eHZ

Also, at x =2, y=¢2 =¢? e, y=f(2)=¢.
OR

y+i(xy) =xlogx
dx

= y+xg+ yi(x)=xlogx
dx 7 dx

= y+xﬂ+y(l)=xlogx
dx

.‘.ﬂvtgy:logx
dx x

On comparing with ? +P(x)y =Q(x), we get P(x) = g, Q(x)=logx.
X X

2
;dx log x> — 2

Now, LF.= ej X

So solution is given by y(x*) = sz logxdx +C

=e
Consider 1= I x* log x dx (using integral By Parts

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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= =log x'[xzdx—'[[dixlog x'[ xzdx}dx

X’ 1
= =" logx —— | x’dx
3 08 3I
x> 1
= =" logx ——x"
3 B Ty

3
So the required solution is, y(x*) = X?log X —éx3 +C

Xlogx_gwxz.

That is, y =

COSX

30. Letl= j (D)
0 ©

cos(rc—x)

Using .[f(x)dx =.(|;f(a—x)dx , we have : 1= .({ews(n STy dx
= 1= .[ —Cosx cosx (ll)
ve " +e
Adding (i) and (ii), we get : 21= [———— At j ——dx
o€ +e
: 21 = .[ eCOSX +e COSsX
e +e
= 21=[1dx
0
Iy =
=1 =§[X]0
=1=1[r-0]
2
L 1=L1
2
31. (i) To maximize z=8x+9y
Corner Points Value of z
A(0,1) 9
B(i,lj 21
2
C ﬁ,i 294 :22§ <« Max.value
1313 13 13
D(2,0) 16
0(0, 0) 0

Therefore, the maximum value of z is 22% .

(ii) Maximum value of z is attained at (% %j
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(iii) Possible constraints for the given feasible region are
x>20,y>20,y<I1,2x+3y<6,3x—-2y<6.

SECTION D

32.

33.

2 2
Re-writing the given curve as, % + y? =1...(1)

Curve (i) represents an ellipse of the form —+% =1 whose major axis is along x-axis.

So, required area = J‘yidx
0

3
= =§J‘\/32—x2dx

\

) 3 Y
x | X
= =21 =J9-x? +—s1n —
3{2 3}0
- { +~sin" 1} [0+0] \ X
2 9¢ /3
= ==x—=
3 4
= 3 — Sq.units
o YA
OR
We have y = ,if =3<x<3
—X—2-x+2=-2x,if —-3<x<-2 y=-2x Y y=2x
=>y=9X+2-x+2=4,if —2<x<2
X+2+x-2=2x,if 2<x<3
; y=4
So, required area= Iydx
-3
-2 2 3
= =I—2xdx+j4dx+j2xdx
_ 2
2 —_3—2 0 2
= =2 X +4[x]2 ol X x=-3 X:3X
2 |, 2 2
272 2 P
= =—[x 13+4[x]_2+[x L
= =—[4—9]+4[2—(—2)]+[9—4]
= =5+16+5
= =26 Sq. units .

We have (a,b)R(c,d) givenas ad(b+c)=bc(a+d)
Reflexivity : Let (a,b)e NxN

= ab(b+a)=Dba(a+b)

~.(a,b)R(a,b).

So, R is reflexive.

Symmetry : Let (a,b), (c,d) e NxN

Let (a,b)R(c,d) < ad(b+c)=bc(a+d)

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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= cb(d+a)=da(c+b)

- (c,d)R(a,b).

So, R is symmetric.

Transitivity : Let (a,b), (c,d), (e,f) e NxN
Since (a,b)R(c,d) < ad(b+c)=bc(a+d)

= theopgupta.com

= l+l =l+% (Dividing by ‘abed’ both sides
c a

That is, (a,b)R(c,d)c>l+l=l+l and (c,d)R(e,f)c:>l+l=l+l

a d b ¢ c f e

Adding these two equations, 1 +l +l +l = 1 +l +l +l
a c f b c d e
1 1 1 1
=>—+—=—+—
a f b e
- (a,b)R(e,f)

Hence, R is transitive.

Since R is reflexive, symmetric and transitive so, it is an equivalence relation.

34. (i) Since 5.{‘]3&

b+6‘}_1 ie., ﬁ.(B+E):‘B+E‘

= (+]+K).{Q2+0)i+6]—-2k} = J(2+1)* + 6 +(-2)’

= 2+ A+6-2=+A2 +4L+4+40
=AM +120+36 =07 + 41 +44
=1,

(ii) Given that ¢ =1+2]+3k

i+2j+3k 1 2 3k

:é:m:erer\/ﬁ ..(3)
Comparing (i) with cosocf+cosBj+cosyE , we get : cosP=
OR
WehaveA S
a, =3i+2j—4k, b, =i+2j+2k;
d,=51-2j, b, =3i+2j+6k
—a, -8 =2i—4j+4k.
i k
And, bixby =|1 2 2|=i(12-4)-j(6-6)+k(2-6)
3.2 6

= bix b, =81 - 4k
2+ (bixb2 ).(d, —d,) =16-16=0
(Brxb2).(3, -4,

[bi xb|

As SD.=

2
N

. 4 2
ie., B=cos” —.

4
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= S.D.=0.
.. The lines are intersecting and the shortest distance between the lines is 0.

Now for point of intersection, we have 3+ 23’ — 4k + X(i + 23 + 21;) =51 23 + u(3f + 23’ + 61;)

=3+A=5+3u ...(1)
=2+20h=—2+2u ...(11)
= —-44+2\=06n ...(ii1)

Solving (i) and (ii) we get, u=-2 and A =-4.
Substituting in equation of line we get
F=51-2j+(-2)31+2j+6k)=—1-6j—12k
So, the point of intersection is (—1,—6,—12).

-4 4 4 I -1 1
35. Let A=|-7 1 3|,B=1 2 2
5 3 -1 2 1 3

-4 4 411 -1 1 8
S~AB=|-7 1 3|1 -2 -2|=|0
5 -3 -1f|2 1 3 0
=AB=81, ..(1)
Consider the given systems of equations : x—y+z=4, x-2y-2z=9, 2x+y+3z=1.

I -1 1 X 4
These equations can be expressed as : BX=D where B=|1 -2 -2|,X=|y|,C=|9
2 1 3 z 1
Therefore, X =B'C = %AC {By (i), AB=81 = (%Aj B=1 ..B"'= %A
-4 4 4|4 X 3
So, X=—=|-7 1 3 {9 =ly|=|-2
5 -3 1|1 z -1
.. By equality of matrices : x =3,y=-2,z=—1.
SECTION E
36. (i) Clearly, the area of the open tank will be same as the area of metal sheet.

That is, area of metal sheet (A)=xxx+4(xxh)=x"+4hx.

(i) Volume of the water stored in the tank is, 4000 =x xx x h i.e., 4000 =xh.
(iii) A =x’ +4hx

:>A=x2+4><4000
X

dA 16000 d*A 32000
"—:2X——2 s T o =2+ 3

dx X dx X
For d—A=O, 2x—160200:0

dx X

=x=20 m.
Also, 4000 = x*h
= 4000=20"xh oo h=10m.
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OR
(iii) A =x” +4hx
= A =x +4x 2000
X
dA 16000 d’A 32000
'.—=2X——2 s 1 o =2+ 3
dx X dx X
For 9A_g 5, 16000 g
dx X
=x=20 m.
2
Notethatdé :2+@:6>0 so, A 1s least when x =20 m.
at x=20m 8000
Now the least value of A =20 +4 x%go (Putting x =20 m in A =x"+4x 4000
X

= A =400+4x200
S A =1200 m*.

37. (i) Here P(E,)=P(E,) =% and, P(A|E)) =

O | W

1
3"
(ii) Note that P(A |E,) = S .

5+n

By Bayes’ theorem, P(E, |A) = P(E,)P(AE,)

P(E)P(A|E,)+P(E,)P(A[E,)

1,
—~2_ 2 5+n _ 15
"1 1 1 5  20+n
3 —X—+—X—
2 3 2 5+n
=25=20+n
Sn=>5.
(iiif) P(A) =P(E,)xP(A|E,)+P(E,)xP(A|E,)
So, P(A)=lxl+lxi=i.
2 3 2 10 12

OR

(iii) By Bayes’ theorem, P(E, | A) = P(E)>P(A[E,)

P(E))xP(A|E,)+P(E,)xP(A|E,)

11 1

5X3 2 1 2

= P(E [A) =7 12 13 5 :131: 375
XX 4 14+
2732710 3 2 2

Alternatively, P(E, |A)=1-P(E, |A)=1-

| W

2
-

38. (i) Given that volume is, 1251 =nr’h
125 .
=— .3
=z (1)
Now surface area, S=2nrh+nr’

=h
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:>S=2TCXE+TEI‘2 [By (1)
r

_250m
T

+7r?

5\/5><h+rc><E [By (i), rzzg,r:—sﬁ

Jn h h ' h

£ S=10715 h4 22T

~S

Also, S=2nx

(ii) For S=

25On+nr2 , §:2nx(—12—5j+2nr

r dr r’

For $:0, 2nx(—12—25j+27cr:0 =>r=5
r

r
2
Also d—? =27mX (@j +271

dr r

2 2 .
%} =2nx(£j+2n=6n>0 so, Sisleastat r=35.
I at r=5

Therefore the radius is, r=5 cm and height is, h = % =5 cm.

Clearly, r=h.
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Detailed Solutions (PTS-25)

SECTION A

For the Detailed Solutions of all MCQs from Section A (Q01-20), please refer our

YouTube Channel - YouTube.com/@theopgupta

Or, simply Click on the PTS Logo given here. PLEAS”RE

=&/ TEST SERIES

SECTION B
21. Let O=cos™'x. Then x =cos6.

Also, for all x [l, 1}, 0e [0, E]
2 3

[ 2
Let y=cos™ x+cos™ {%4‘%} =0+cos™ {?+§\/l—cosz 6}

= y=0+cos {%cos6+§sin6} =0+cos™ {cos(e—gﬂ

['.'OSOS = -

S y=0+cos” COS(E—OJ —0+=_9g=".
3 3 3

# Note that cos(—A)=cosA.

w3
w3

K2
3

OR
As sin”' x and, cos™' x is defined for x e[, 1].

Also tan™' x is defined for x eR..
Clearly, domain of f(x)=sin"' x+cos”' x+tan"' x is x e[-1, 1].

Note that, sin”™' x +cos™' x =g vV xe[-1,1].

As -1<x<1
= tan'(-1)<tan"' x <tan"'(1)

b _ T
= -——<tan'x<—

4 4

T T _T _ T T
= -——+—<—+tan ' x <=+~

4 2 2 4 2

T . _ _ 3n
:>ZSsm "X +cos™' x + tan IXST

So, the range of f(x) is {%, %Tn}

IA
w3
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22. We have f(x)=x —log(x—ﬂj , x>0
X

= f(x)=x—-log(x+1)+logx
:>f'(x)=l—L+l
x+1 x
2
:>f’(x):X jx+l
X" +X
1

x? + X

2
f’(x)=¥x+l>0 Vx € (0,00)
X +X

=1'(x)=1+

. f(x) is increasing for all x >0, i.e. x € (0,0).
x—q y-0 z-s

23. LetL :x=py+q,z=ry+s -. Thed.r.’sare p, 1, r.

p 1 r

!

X—-q _ y—OZZ—s

!

Let L,:x=p'y+q,z=r'y+s’ = o Thed.r’sare p', 1, 1r".

p! 1 r!
Using a,a, +b,b, +c,c, =0 for perpendicular lines, we have : pp'+1.1+rr'=0
=pp +rr’'+1=0.

OR
A2
. ‘é+b =1
A2 ~l2 A
=la|” +|b| +2ab=1
—=23b=1-1-1
= |é|‘f)‘ cos0= |
2
1
= IxlxcosO=——
2
=cosf=——
.
. 3
2 2
24. cosl(x2 yzjzcotla
X +y
Y
2
= cos™' X_|=cota
y
1+X—2
_ 2
= cos”' ﬂ =cot'a [Put Y tano
1+tan- 0 X

=>cos ' (cos20)=cot™'a —=20=cot'a

= 2tan”' (zj =cot'a
X
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1
— Y —tan (5 cot™ aj

X
XXy ;yxl ~0
X
=xxy -y=0
_dy_y
dx x
2
d_}2/= %+lxﬂ=—%+lx1:0 [‘.'ﬂ=z.
dx x- x dx X" X X dx x
25.  As (2i+6)+27k)x(i+pj+qk) =0 so, (2i+6j+27k) | (i +pj+qk)
Therefore, 2 = 6 = 27 (" The d.r.’s of parallel vectors are proportional
P q
Consider 2.6 and 227
p 1 q
27
= 3, = —
p q >
27 33
Therefore, p+q=3+—=—.
p+q 25
SECTION C
26. Let I= .[ (cosax —sinax)>dx
=>I= .[ (cos” ax +sin” ax — 2 cos ax sin ax )dx
—1= j (1-sin 2ax)dx
=>I= .[ ldx - .[ sin 2ax dx
wf(x)=1=f(—x)
and, g(x) =sin2ax
= g(—x) =sin 2a(—x) = —sin 2ax = —g(X)
. f(x) is even function, and g(x) is odd function.
. 2 j f(x)dx, if f is even g
Using J.f(x)dx: 0 ,WegetI:2'[ldx—0
- 0, if f is odd ’
Therefore, I =2 [X]Z
S I=2m.
27. Let E;, E, and E; be the events that the bag I, bag II and bag III is chosen respectively.

Let E : the two balls drawn from the chosen bag are white and red.

1 1 3 2 1 4 2
N P(E))=P(E,)=P(E,)=—, P(E|E,)=—x=—x2, P(E|E,)=—x—x2, P(E|E,)=—x—=x2
ow P(E)) (E,) (E5) 3 (E| 1) 66 (E| 2) 472 (E| 3) 979
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P(E|E,) P(E
By Bayes’ theorem, P(E, |E) =— (E[E,) P(E,)

Y [P(E|E)) P(E))]

i=1

1 4 2
5>< X —x2
= P(E,; |E)=
l><1 3 2+l g 1 2+1x4x2x2
3 6 6 3 4 4 39 9
64
~ P(E,|E)=—.
(E; [E) 199

OR
We have P(M) =40%, P(F) =60%, P(X|M) =70%, P(X|F)=50%.
Therefore, overall probability that a randomly chosen voter supports candidate X is given by,
P(X) =P(X | M)xP(M)+P(X | F)xP(F)
= P(X)=0.70x0.40+0.50x0.60 = 0.28 + 0.30 = 0.58
Now, the Probability that a voter does not support X=1-P(X)=1-0.58=0.42.

58, LetI:jl+X+ X + X2 dx _Il+x+\/_\/1+x
\/;+ 1+x \/;+ 1+x
SN N e RIESEaTY Y
\/;+ 1+x

:>I=J.\/l+xdx=§(l+x)3/2+c

That is, I=§(l+x)\/l+x +C.

OR
x’dx '[ 2x.x’

V1+x? \/1+X

Put 1+x* =t* = 2xdx = 2tdt

Let 1= j

3

- IZt(t D g - G E_HC

2
.-.1=%—\/1+x2+c.

29.  We have xﬂ=y—xtan(zj :ﬂ=l—tan(lj
dx X dx x X
Put y = szg—thxﬂ
dx dx
dv
S VEX—=v—-tanv
dx
:>.[cotvdv=— d_x

X
= 10g|sin V| = —10g|x| + log|C|

= 10g|sin V| =log ¢
X
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.. sin (lj = < or, x sin (lj =C.
X) X X

We have %+3ycotx =sin2x.
X

OR

dy

= theopgupta.com

It is linear differential equation of the form ™ +P(xX)y =Q(x).
X

Here P(x)=3cotx,Q(x)=sin2x.

. . 3cot xdx . .
So, integrating factor= ej = "™ =sin’ x

. The solution is : ysin’ x = '[sin3 xsin2xdx +C

:>ysin3x=2'[sin4xcosxdx+C

: .5
Sin- X
+C

= ysin’ x =2x
. 3 2 .
= ysin x=gsm x+C.

It is given y =2 when x =g S0, 2sin3§=

ZinFic =c=3
5 2 5

8

. . . 2. 8 .
Hence required solution is ysin® x = gsm5 X+ o, 5y =2sin’ x +8cosec’x .

30.  Consider the graph shown.

Corner Points Value of Z

A(0, 8) 560

B(2, 4) 380 <« Min. value
C(10, 0) 500

Since the feasible region is unbounded so,
380 may or may not be minimum value of Z.

To check, draw 50x + 70y <380 i.e., 5x+ 7y < 38.

Y“

Ol gx4y=g . C x+#2y=10X
bx+7y=38

As in the half'plane 5x + 7y < 38, there is no point common with the feasible region.

Hence, minimum value of Z is 380.

V10—x
| Jx o=

J10-(8+2-x) i

_'[\/8+2 x+\/10—(8+2—x)

8
31.  Let 1:] dx ...(0)

=

8
= dx ...(11)
'2[ JI0—x +\/_
8
Adding (i) and (ii), we get : 21 = [1 dx
2

=21=[x] =8-2
=2I=6
~1=3.
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SECTION D

32.  Let the given lines form AABC, where
AB:y—-x=1 ..(31) rY
and, BC:2x +y =7 ...(ii) 2x+y =17
Solving (1) and (ii), we get B(2, 3). 61

33.

Also we have A(-1, 0), C[E’OJ .

Consider the figure shown here. y—x=1
B
2 7/2
. Required area = J.yAdeJr J. YpedX 5] :
: R |
= = [(x+Ddx+ [ (7-2x)dx A |
-1 2
0T 7227/2 -2 -1 |0 2 %4 X
- =|:(X+ ) } j{( —-2x) } Y
2 1 2(-2) |,
= =tp-0]-L[o-9]
2 4
= ¥ Sq.units.
4
x—1
f(x)=
(x) —

Let x,,x, € A such that f(x,)=1(x,).

That is, ol x-1

X, —2 Xx,-2
= XX, —2X, =X, +2=X,X, =X, —2X, +2
=X, =X,
.. f(x) is one-one function.
Let y=f(x),yeB

That is, y=X_1 =>xy—-2y=x-1
x—2
=>xy-x=2y-1 :>X=£
y—1

Clearly, y € B for all x € A. That implies, Range = Codomain.

So, fis onto.
OR

S={(a,b):a,beA,|a —b| is divisible by 3} is defined on the set A={xe€Z:0<x<12}.
Clearly, S is reflexive, as 3 divides |a — a| =0, foralla € A.
Further if (a, b) € S, then 3 divides |a —b| . Therefore, 3 divides |—(b - a)| = |b - a| as well.

Hence, (b, a) € S, which follows that S is symmetric.
Similarly, if (a, b) € S and (b, ¢) € S, then |a—b| and |b—c| are both divisible by 3.

That is, a—b| =3mie., a—b=13m and |b—c| =3nie,b—-c=%3n
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34.

35.

So, (a—b)+(b—c)=a—-c=£3(m+n)
:>|a—c|:3(m+n)

Therefore,

a-— c| is divisible by 3.

This shows that S is transitive as (a, ¢) € S.
Thus, S is an equivalence relation in the set A.
For the equivalence class [4], let (4,x)eS for all x e A..

That is, |4 — x| is divisible by 3. So, clearly x =1, 4, 7, 10.
~[4]1=41, 4, 7,10} .
Let P(2, 4, -1).
Let X3 _¥y+3_2-6_,
1 4 -9

The coordinates of any random point on the line (i) is
M(A -5, 4L-3,6-91).
The d.r’sof PMis A—7,4A -7, 7—9A .
If bird wants to reach at point M from its position, then
it should fly along PM such that PM is perpendicular to
the line (1).
That implies, PM L line (i) so,
I(A=T7)+4(4AL—=T)=9(7-91)=0
=98AL=98 . A=1
.. Foot of L drawn from the point P is, M(-4, 1, -3).
x=2 y-4 z+l

3 2

P2, 4, —1)

M

.. Equation of PM :

OR
As the d.r.’s of parallel lines are proportional so, the equation of line passing through (2, 3, 2)

and parallel to T = (-21+3])+ AM(21 —3]+6Kk) is: T=(2i+3]+2k)+A(2i —3]+6k).
Now &, =—2i+3j, a, = 2i +3]+2k, b=2i-3]+6k
=&, -4, =(21+3]+2k)—(-2i+3]) = 4i+ 2k and,

i j k
@,-a,)xb=[4 0 2/=6i-20j—12k
2 -3 6
(a,—d,)xb
.-.S.D.:@
o

\6i—20j—12k\ \36+400+144 /380

== = units .
pi-3j+6k  V4+9+36 7

For the equations x—y =3, 2x+3y+4z=17 and y+2z=7, we may write AX=DB; where

=

1 -1 0 X 3
A=(2 3 4|, X=|y|,B=|17].
0o 1 2 z 7
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1 -1 0 2 2 4 2 2 -4
Now [A|=|2 3 4/=6andadiA=|—-4 2 —4| . A" =% -4 2 -4
0 1 2 2 -1 5 2 -1 5
Since AX=B =A"'AX=A"B (Pre-multiplying both sides by A™
=IX=A"B
Therefore, X=A"'B
2 2 —4]3 12

NowX:l -4 2 4|17 :% —6
2 -1 5|7 24

z 4
.. By equality of matrices, we get : x =2, y=-1,z=4.
SECTION E
36. (i) Fuel cost=k(speed)’
= 48 =k x(16)’
=>k= 3 .
16

(ii) Total cost of running the train (let C) = % vt +1200t

As the distance covered by train is 500 km so, t = 500
v
LC=y? (5—00) +1200 (5—00)
16 \% \%
375 600000
=C= v+ .
\
(iii) As C = 375 Vi 600000
4 \%
dC 375 600000 d’C 1200000
So, —= ————and — = 3
dv. 4 \ dv \
For dc _375 600(2)00 =0, v =6400 ie., v=80 km/h
dv 4 \%
2
d S = M >0 so, C will be minimum when v =80 km/h.
dV at v=80 (80)
OR
(iii) As C = 375 Vi 600000
4 \%
dC 375 600000 d’C 1200000
So, — = - > and ~= S
dv. 4 \ dv v
For ac _375 600(2)00 =0, v =6400 ie., v=80 km/h
dv 4 \%
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2
(d Cj = M >0 so, C will be minimum when v =80 km/h .
at v=80

dv? (80)°

Fuel cost for running 500 km, %SV - %x 80 =7500 (in ).
Also, the total cost for running 500 km, 375 v+ 600000
A%
= 315 x80+ 209900 _ 5009 (in %).

37. (i) f(x)=mx’+1.2x+98.6 being a polynomial function, is differentiable everywhere, hence,
the function f (x) is differentiable in (0, 12).
(i) f'(x)=2mx+1.2
Since, x = 6 is the critical point, f'(6) =0
=2mx6+1.2=0
= m=-0.1.
(iii) f(x) =-0.1x>+1.2x +98.6
= f'(x)=-0.2x +1.2=-0.2(x—6)
For f'(x)=0, —-0.2(x—-6)=0

=x=6.
In the interval | f'(x) is Conclusion
(0, 6) Positive f is strictly increasing in (0, 6)
(6,12) Negative f is strictly decreasing in (6, 12)

OR
(iii) f(x) =-0.1x*> +1.2x +98.6
= f'(x)=-0.2x+1.2
For f'(x)=0, -0.2x+1.2=0 . x=6
We have f(0)=98.6, f(6)=102.2, £(12)=98.6.
Clearly, x =6 is the point of absolute maximum and the absolute maximum value of the

function=102.2.
Also x =0, 12 both are the points of absolute minimum and the absolute minimum value of the

function= 98.6.

38.  Note that, P(E)) =%, P(E2)=§, P(E|E,)) =1, P(E| Ez)zé,

0P [P(E|E,) P(E,)|=P(E|E,) P(E)) +P(E|E,) P(E,)

1

P(E|E,) P(E)
P(E|E,) P(E,) +P(E|E,) P(E,)

(ii) By Bayes’ theorem, P(E, |E) =

3
lxg 9
~PE/NE)=—7—7—F=—.
1><§+l><g 11
5 3 5
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