MH-BOARD

ALLEN
MODEL QUESTION SET-2 : 2021-22
MATHEMATICS (THEORY)
MM : 80 Time : 3 Hrs.
SOLUTION
Entire Syllabus .
SECTION A
Q.1 Select and Write the correct Answer 16M
0 2
i d) 5_75 m
6
ii. b) 2,-1 2m
9
iii a) ﬂ | § 0 m
55
iv. -1 2m
a) —
2
\4 c) 2,2 2m
vi. 30 2m
a) —
91
vii. d) 9ab 2m
viii. 3 2m
b) *—
192
Q.2 Answer the following (1 Mark Each) 4M
i. 1m
Given y:tanl( 4x 2)
1+5x
—tan* [—SX —X }
1+5xxX
=tan " (5x) —tan *(x)
Diff .w.r.tx

dy 151
dx 1+(5x)*> 1+x°
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ii. (p - q) —->p 1m

For writing the contrapositive of a logical
statement we change the order and sign.
We first write the equivalent of
p—=>q==pvg

Given statement becomes

(~PpVq)—>p

Contrapositive is

~p—>~(~pvQq)

ie. ~p—>(paAr~q)

ii. _ 97 1m
Since 7 ¢ [0, ], we write

\

_1( 9n ) -1 ( Tt]
cos cos— |=cos ~ cos| 2w+ —
4 ) 4

-1 (Tt)
=COS COSs | —
4

L , since Ee [0, m]
4 4

iv. d X 1m
Given 4y =—

dx vy
= ydy=xdx
Integrating,

:Iydy :J'xdx+c
2 2
=L X ¢
2 2

y =x>+2C .. (i)
Ifx=3andy=2
then4=9+2c =2c=-5

~. Particular solution is y* = x* — 5.

SECTION B

Attempt Any Eight Questions 16M

Q.3 Given equation is x2 + kxy -3y2 =0 2m
Comparing it with ax? + 2hxy + by2 = 0,
Wegetal,2h=kandb=-3.
Let m; and m; be the slopes of the lines represented by X2 + kxy - 3y2 =0
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-2h kK a -1
sm+m,=——=—andmm,=—=—
b 3 b 3
According to the given condition,
m; + my = 2(m; my)
:>E=2(_—1j=—2 :}E:_g
3 3 3 3
s k==2
Q4  Leta=2{-3], b=i+]-k c=3i-k 2m
Volume of parallelopiped
-[a b ¢
2 -3 0
=11 1 -1
3 0 -1
=2(-1-0)+3(-1+3)
=-2+6
= 4 cub. units
.5 2
Q Given do =-k(6-6,), m
dt
= B0yt

0

Integrating both sides

deo
Ie—eozf_km

~.log|6—-0, |=—kt+c,
Where c; is the constant of integration

5 0-0,=e""" —=0=0,+e e"
- 0=0,+ce" wherec=e*

Q.6 et J.xsin‘l(xz)d 2m
gtl=| ———==dx
V1-x*
— -1 2 . X d
J.sm (x)[ rx“] X

Putsin™ (x%) =t
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1x2x

N

dx =dt

X dx:E

Sy 5

Q.7

Q.8 Let L; and L» be the lines bisecting the angles between the coordinate axes.

dat 1
jt-?=§jtdt
+

t> t?
X—=—+C
2 4

DN N| -

[sin™'(x*)]* +c

The vectors along the given lines are :
a=3{-2j+kand b=2i+4j-2k
The vector perpendicular to both the
vectors is given by a x b

I L A >
aXb=3 _2 1
2 4 -2

=1(4-4)- j(-6-2)+k(12+4)
= 0f+8_}'+16l%

The direction ratios of required lin¢ "
0,8, 16 1.e.9; 1.9,

Y

135°
45°

Y

2m

2m

Then these lines make angles of 450 and 135° with positive direction of X-axis.

". slope of line L; = tan 45° = 1 and slope of line L, = tan 135°

= tan (180° - 45°)

= - tan45°= -1
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Since these lines pass through the origin,

their equations arey =xandy = -x
ie.x-y=0andx+y=0
.. the combined equation of the lines is (x - y)(x +y) =0

" x2-y2=0.

2m

Q.9

a?+2a-15=0, .. (@+5)(@-3)=0
~a+5=0 or a-3=0
~a=-5 or a=3

.10 g 5
Q o m
3 2

Ay =(122)=2, Ay =ED°(3)=3
Ay, =(-13(5)=-5, Ay =(_1)4(ﬂ1) =-1

.. 2 3
Matrix of cofactors of A= [—5 =k

Cadja.|2 5
g -1

1 5
\=—2+15=l3/-0

Also |A|\ 3 2|

] 1[2 -5]
Al (ad) A)
1Al 9Y = 135la
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Q.11  Given e* +e¥ =" (1) 2m

Diff. w.r.t. x

e +y’ -ﬂ:eX+y -[1+ Q}
dx dx

X+y ﬂ
dx

=" +e

.-.ey-ﬂ—e”y-ﬂ

dx dx
ﬂ[ey _ ex+y] :ex+y _ ex
dx

:ex+y _ eX

But Y = &* + ¢’ by equation (i)

" ﬂ[ey —(e*+e’)]=e"+e’ —¢"

dx
= y[ey e*—e’]=¢’
= ﬂ[—ex]_ey
dx
dy -—e y-x
dx ¢e*

Q.12 The displacement s of a particle at time t is given by 2m

s =1t3 - 4t2 - 5t
Velocity, U:%:3t2 -8t-5

Velocity att=2is
v=3(2)°-8(2)-5=12-16-5=-9.

2
9% _gt-s.
dt

d?s

Acceleration=| — | =6(2)-8=4
at* ),

Q.13 LetI:ng-Iogx-dx 2m
:jlogx.x3dx

Integrating by parts
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I=log x.j x3dx — J‘{% (log x) .Ixsdx} dx

I:Iogx-(XT:j—J.§£XT:jdx

2
:X'Iﬂ_l dex
4
x*-logx 1 x*
=——————x—+C
4 4 4
x*-logx x*
= ——+C
4 16
Q.14 Heren = 6 2m
Let p = Getting head in a single toss
(success)
_ 1 w1 ped
P = 3’ S 4q= P 2
Let x = Number of heads out of 6.
ThenX ~B(n=6,p = 211
The p.m.f. of X is given by
1 X 1 6-x
P(X = x) = P(x) = ﬁcx(_) 1
2 2
x=0,1,23,4,5,6
4 2
P(X =4)=Pp@4) :3(34 i} 1
2 2
6x5 1 1 15
SECTION C
Attempt Any Eight Questions 24M
Q.15 T T . 3m
Let aZE and y= Eare the angles made by X and Z axes respectively.

Let S be the angle made by a line with Y-axis

Now cos® & +cos® B +cos® y =1.
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cos’ (zj +cos” B+ cos’ (5] =1
6 3

2 2
ﬁ +coszﬂ+(1j -1
2 2
3 ) 1Y
=>+cos’ B+| = | =1
v ()
= 1l+cos’ B=1

= cos’ =0
= cosp=0

. a_ 1y _ %
. p=cos (0)_2

Q.16 The vectors along the lines are B 3m
f+27+2k b=3{+27+6k =4/ =9 =3
a=i+2j+2k and b =3i+2j+6k |al— 1+4+4 \/—
The angle between the given_lines if the IEI —.Jox 4+36=JZ§ =7
same as the angle between aand b.
Let 0 be the acute angle between aand b. From (1):
Then Cose:ﬂzlg
|E'Bl 8)(7) 21
cos === ...(1)
[z e
o o PR 0=cos!| ==
Now E-E:(f+2_j+2k)l(3i+2j+6k) o1
=(1)(3) + (2)(2) + (2) (6)
=3+4+12=19
Q.17 d 3m
log ol =3x+4y
dx
ﬂ:e3x+4y :esx ‘e4y
dx
d
T{:e?’xdx
e

Integrating both sides, we get

e e 1 1
— = 4cm>==I+c
23T s

1 1 -7
‘C=—m——=—-.

-4 3 12
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.. Equation (i) becomes
e—4y e3x 7
4 3 12
463 43¢ —7=0
Q.18 Number on the cards are 1, 1,2, 3 " i 3m
X = sum of the numbers on two cards smilaryPlX=")= g,p(x=5] = _é
ThenX = 2,3, 4,5 . .
Also 2 cards can be drawn from 4 cards in The probability distribution is
iC, ways. X 2 3 4 5
nis) = *C, =6 g |2 | o |2 \ L
Only one point is favourable for the sum 2 6 | 6 6 6 |
ie. (1, 1) y o 5
- @] = +(3)(—)+4(_)+(5)(~
P(X=2)= % E (X) (2)[6) 5 )
The points favourable for the sum 3 are )
(1,2) and (1. 2) -2,8,8.5
3) = 2 © 6 66
P(X=3)= % 21
8 2
Q.19 Mean = np = 4 sl) =1—6C0(—2-)0(_1.]6_Gc (2][1]5 3m
1
Variance = npq = % 12) 3)\3 3)\3
From (1) and (2) _1_(1)6_6.2(1)5
np 3 4 1¥T1
1 1 2 =-{3) [3**
q Sl =] - = ]l-—==
8" k. 3 3 .1 8
243 3
From (1 = -
Bls » B8 _, 13 716
P(x22)=1-P(x=0)-P(x=1) 729 729
.20 1 3m
@20 o[l
X(x—2)(x—4)
A B C
j—+———+———m

X X—-2 x-4

1 A B C
Let = +
X(x—2)(x-4) x x-2 x-4

=1=A(X-2)(x—4)+Bx(x—4)+Cx(x—2)
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Q.21

Q.22

By putting x =2, we get B = _Tl

By putting x =4, we get C = %

By puttlng X = O, we get A= %

.'.I:Iidx+ -1 dx+J L x
8x 4(x-2) 8(x—4)

1 1 1
~I=Zlog| x|-=log|x—2|+=log|x—-4|+cC
51091 x|—= log | x—2[+log | x—4]

Given equation of plane is 3m
F=(i+])+s(i—]+2E)+t(i+2]+§)
- Point P(1, 1, 0) lies on the plane. Plane is parallel to vectors T —j +2k and i +2j + k

. Normal is perpendicular to the vectors (i —j +2k)and (i+2j+k)

—
= N X

-
=1 -1
1 2
=1 (-1-4)-j(1-2)+k(2+2)
=51 +]+3k
. Equation of plane is r.n=p.n
S50 + ] +3k)=( +])-(-51 +] +3k)
=T7.(-51 +] +3k)=—5+1+0=—4
For cartesian equation, put T = Xi +Vyj + zk
(X0 +Y] +2K) (=51 + ] +3k)=—4
—SX+Yy+52=—

=
= 5x—y—-3z=4

Jx)=5 + 36x + 3x* —2x° o
o f'()=36 + 6x - 6x*
=6(6+x - x?)
=-6(x* -x-6)
=-6(x-3)(x+2)
SfIx) increases for f'(x)> 0
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je.-6(x-3)(x+2)>0

fe. (x-3)Ix+2)<0
je.x-3<0 and x+2>0
i.e. x <3 and X >

2
OR
X—3>0 and X+2<0
ie.x>3 and X<-9
This is not possible,
x<3 and - T
je. —2<x<3
.. fx) increases if x e (-2, 3),
Q.23 0 1 3m
jf(x)dx:j f(x)dx+If(x)dx
-1 -1 0
0 1
=I(4—3x)dx+I(3x+4)dx
-1 0
2 0 2 1
—lax—3% | +|3] X |+4x
2 |, 2
- 0
= 0—(—4—§j +[§+4—0}
2 2
=4+§+§+4=11
2 2
24 3
Q Let sin‘l[gj:x 0 m

sin x:g,where0< x<z

cosx>0

NOW, cos X =+/1—sin? x = /1—%

_|L6_4
25 5

tam(25|nx_(3/5)_§

cosx (4/5) 4

x=tan™* (%J ........... (i)

Form (i) and (ii)

2021-22 — SET-2 11
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gz

Now L.H.S.:Zsin‘l(gj

Q25 [(pvg)la~plog om
=llpAa~p)vigan~p)logq
....Distributive Law)
=[Fvi(gA~p)l—q....Complement Law)

=(Q@Aa~p)>q .... (Identity Law)
==~ qAa~p)vq

.... (Implication equivalence)
=(~qvplvqg .... (Demorgan’s Law)
=(~qvq)vp .... (Asspcoative Law)
=TVD .... (Complement Law)
=T .... (Identity Law)

Hence proved.

Q.26

1+x?
Puttan*x=t=x=tant

2021-22 — SET-2
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dx =dx

1+x
~1=[e'[L+tant+tan’ t]dt

=J'el[(1+ tan® t)+tan t] dt
= I e [sec? t + tan t]dt

t 2
.-.I:Ie[tant+sec t]dt

=e'.tant+c
..... by using theresult

j X [F (x) +f '(x)]dx = e* f(X) + ¢

tan~tx

Sl=e X+C

SECTION D

Attempt Any Five Questions 20M

Q.27 [p.f\(n—pvq]] v ( \-(} 4m
—HP'\““P]\{I),\{I] { “-.“\

Ve ) A
{1)1[“) A A
Fyvpagny (- SILUYE 1y

p \q]\ l(p o ) a
r

e umplmnr;-nl law)
T q) A

=PAGIVI~poagq) ., H

(Identity 1y,
r]
(Distribugjy

llp~ =~ p), q]\fl(pv—uq]

—[I’\q}\“p\,f*—q],\r] e]ElW}

(e
=avilpv~qg)ar Complement fay,)

=lavipv—~q)agvr (dentity 1aw)

--.[Distrib .
=lgv ~qglvplagw r) ributive law)

..(Associatj
=(Tvp)algan oclative law)

-..(Complement law)

_: TAlgvr) ..(Identity law)
=gqwvr ..(Identity law)
Q.28  The reuired matrix equation is m

1 -1 1| x| (4
2 1 3||y|=
1 1 1}z 2
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This is of the form AX=B

JX=A'"B . (1)
1 -1 1 X 4
Where, A=|2 1 -3|X=|ylandB=|0
1 1 1 Z 2
1 -1 1

Now |A|=12 1 =3=1(1+3)+1(2+3)+1(2-1)

1 1 1|=4+5+1=10=0

. A'exists
4 5 1
Co-factor matrixofA=]2 0 -2
2 5 3

. Adj A = Transpose of the co-factor matrix

4 2 2
=/-5 0
1 -2 3
. . 4 2 2
SAt=—"(adjA)=—|-5 0 5
| Al 10
1 -2 3
Hence, using (1)
. 4 2 2|4
X=A‘1B=E -5 0 5|0
1 -2 3|2
20 2
1
X=—|-10|=| -1
10
10 1

2021-22 — SET-2 14
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Q.29 By the sine rule, 4m

a b c

sinA B sinB = sinC

~a=ksinA, b =ksinB, c = ksinC

LH.S. = a*sin(B - €) + bIsin(C - A) + sin(A - B)

= a3(sinB cosC - cosB sinC) + bg{sinC cosA - cosC sinA) + cs[smA cosB - cosA sinB)

b b
= as(icosc - %cosB) + b%%cosﬁ\ - %cosC) + cs(%casB - EcasA)

1
= % [a3bcos C — a%cosB + b cos A — b3acosC + e®acosB — b casA]
_ 1 b a?+ b2 s 2+ a?— b2 LB B4 o2 - a? ~ ab a?+ 8- 4 add 4 a1 bl B+ 2 - a?
k 2ab 2ca 2be 2ab 2ca 2be
..[By cosine rule]

= % [az(az+ B — cz] - az(az-f- e — bz) + bz(bz +e2— az] — b2(02+ B — cz] + 52[c2+ a’— bz) - 02(62-1- - az)]

1
= % [afl +a—a¥? -t -2+ P+ PR - a® - d - P PR+ A 2P - R -t azcz]

1
=50

=RHS.

Q.30 4m

Consider AABC.

Let AP L BCand BQ L AC.

Let AP and BQ intersect at O.

Join OC and extend OC to meet AB at R.

To prove that CR is also the altitude of AABC.

i.e., to prove that CR L AB

Let 5,5,6 be the position vectors of the points A, B, C respectively.
Consider AP | BC
.. AO L BC

. AO-BC=0
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Comparing equations (i) and (i), we get

~a-c—a-b=b-c—b-a

o
sl
Il
ol
a

. CO L BA

~CR L BA

- CR LBA

. CRis also the altitude of AABC.

- AP, BQ CRintersect at O.

.. All three altitudes of AABC intersect at a common point.

Thus, the altitudes of a triangle are concurrent.

Q.31 Todraw 2x + Y 27.2x + 3y 215,y > 2, Solving equations of L, and L, 4m
We draw lines 2x + y = 7, 2x + 3y = 15 2x+y=7
Body =2 2x+3y =
P SR I o —=[ = W — “ ‘3y - 15
passes Re. o -
e | = |0 | B | sen | 2802 =5
- (x, y) | RIS
N mreesNED P
x+y=7 |35 0’| B(3.5,0) = side of 2
| line L, E s 3
. o[8[ €05 | [Nem | ==, 4]
: origin 2
2 “lgy 75| 0| D750 | > |sideof
g line L,
2 L,and L
Non- Solving equations of Ly 3
Ly Parallel to origin 9
y=2 X-axis 2 side of Q= [_' 2]
l line Eﬂ 2 ble
The common shaded region is the feas
/// region with vertices
% 9
= A(O.7).P(9.4].Q[—.2]
6 b2 A ‘24_—7 -
i Corner points | z = 8x + 10y |
A(0.7) 70
4 ) e i — —
’ e 3 ! 52 |
’ P [—. 4) J
2+ i 2 B -
% ° 9 56 ‘
e D X g (_' 2)
X + O > 2 J
0 1 2 3 5 6 7 B A S,
L;
L ’ From the table minimum value of z is 52 at
3
xX==-,y=4
2 y
Q.32 X =Y 4m

Taking logarithm of both the sides

ylogx = (x-y)loge

=X-Yy (1)
Diff. both the sides w.rt. x,
1 dy dy
— +1 —=1-—
y X tlogx dx dx
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d
(1 +log x)—y =
dx

d logz
(U logx) L = F2EE oy (1)
X T

dy y log x

dx ~ x (14 logx)

log x

B (1+ log x)?

- from (1)

y 1
x  1+4logx

Q.33

Let length of ti
€ paper sh
and breadth be y mp;te: eat be x meter

Area = xy = 24 (given)

24
Ys~= s (1)
Now len

_gt.h of printed space (shaded) in the
figure = (x - 1.5)m ang breadth = (y - 1)m
Area of printed Space = (x - 1.5) (y - 1)

=xy-x-15y + 1.5

Put y=ﬁ
x
24
= x-——x—l.s(%}-l.s
X X
= 25.5—x—%
x

Q.34 FEquation of the circle is x* + y* =
Equation of line is y = X ...

Solving (i) and (ii), we get

x> + y° = 16

=2x*=16 ... from (ii)

:>x:12«/§

sx=22 =y (.- Areaisin thefirst quasrant)

2021-22 — SET-2
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Let f{x)=25.5—x_§ 4m
X
S=-142
x
72

and f"(x)=--2
X

For extreme values of f(x), put
Sx)=0
36
-1+—=0
x2
36 _

=1, x=6
x?.

(Neglecting negative root as
not be negative)

Now f"(6) =~a18 < 0

dimension can

flx) is maximum atx = 6

24
From (1) : y=E-=4

Length = 6 m & breadth = 4 m

(i1)

17
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y=x

B(2\Z, 2{2)

X'¢

0 Cha@o

x2 + yz‘ = 16"‘_'

| v -
The Point of intersection of curve (i) and (ii) in the first quadrant

is B(2v/2,22) .

Draw BC perpendicular to X-axis
. A = Area of AOCB + Area of region CABC

242 4
= J' X dx + J' V16 —x? dx
0 242
4
:l[xz]zﬁ{i\/m—xz +Esinl(§ﬂ
2 2 4 23

2 0
1 . 22 (1
= —[8-0]+<8sin'(1) | =—=+/8 +8.sin”"| —=
2[ ] { @ { > 8 (\EH}
=4+8-2-4-8.7
2 4
‘S(E‘Ej
2 4
- A=2msq.units

Together we will make a difference

2021-22 — SET-2 18



