UNIT WISE PRACTICE QUESTION PAPER

MARKING SCHEME CLASS XII

MATHEMATICS(CODE-041)

| CHAPTER/UNITS: DIFFERENTIAL EQUATION, VECTOR AND 3D GEOMETRY
SECTION:A

(Solution of MCQs of 1 Mark each)
| SOLUTION

-2 -2
Given:|a.b| + [dxb| = 144&[3| = 4

2 2 2
By Langrange’s identity,|3.b| + [d x b| = |3|?|b|

> 144 = 42[b|”
—,2

= |b| =9

= |b| =3

Given:V/33 — b is an unit vector
= V33 -b| =1
—,2
Squaring on both sides,|v33 — b| =1
=|v3a| - 2v3Eb + [b| =1
:|\/§|2|5|2 - 2\/§|5I|_5|cose + |_5|2 =1
=3 —2v3c0s0 +1=1 (since 3| =18&|b|=1)

~ cos0

V3
=—= 0
2
=— =30
6

Given:|5 + E| = |§ — E|

=4 |&||E|cose =0
~cosh=0= 0=090°




Given: d = 21+ 3] + Ak and |-5d

| =25

=|-5||d |= 25

= 5224+ 32 +2% =25
=V 13 + A2

=13 + A% = 25=02 = 1250 = +2/3

Given: 21— J+2kand 31+ Aj + k are perpendicular
=(21-7+2k).(31+ Af
+ k)

=2.3
=A =8

Given: AB=27+ J—3kand A (3,2,—1)
—p.v.of B—p.v.ofA=27+ ] -3k
=p.v.of B—(+ 21 —-k) =27+ 71-3k
—=p.v.of B=37+3]7—-4k

Given:(1 — yz)j—; + yx = ay

dX+ y ay hich is in the f de+P Q
= dv X= ,which is in the form of — + Px =
dy (1-y» (1-y?) 4 ay
o LF.= el Py = Jiy®
— e_Tlfl__zyyzdy

-1
_ eTlog(l—yz)

-1
Y elog(l—yz) 2

-1 1
=(1-y)z =

J1—y?

y = Ax + A3 is corresponds to the D.E. of order one as it is involved
only one arbitrary constant i.e. A

d3y 2
1+ <@>

3
d2y\2
- <@>



hp
Typewritten text
(D)


Concept: Solution of a D.E. under an initial given condition is a
particular solution.

And, a particular solution of a D.E. of order one and degree one
have only one solution.

Explanation:

Given: ? = Ewheny(l)=2 (initial condition)

1 1 1 1
:>y+1dy—x_1dx:>fy+—1dy—fx_ldx:log(y+ 1)
=log(x—1)+C
=log(y+1) —log(x—1) =C
! <Y+1)—1 A
=log(_—) =log
+1
:>y =A

o>y+1=AKx—-1)
But, when x=1, y=2; (i) =2 + 1 = A(0 — 1)=A = —3

Hence ,from(i), the P.S.isy + 1 = —=3(x — 1)
=>y+3x=2
Here,in option (D) the degree of x and y not defined.
A homogeneous function is a function that has the same degree of the
polynomial in each variablesHomogeneous function of x and y is a

function that can be expressed in the form of either f (3) or f G)

. dx d
Given=+ < =0
X y
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. x—1
Given: — =
2 12

1
-1 -1 Z—
Standard form:xT = y_—g = TZ
Direction ratios are:{ 2,—3,6 )
2 -3 6

V22+(=3)2+62" \[22+(-3)2+62 " /22+(-3)2+62

)

Direction cosines are:

.2 -3 6
re.{(z,—,=

¢29
The x and z co-ordinates of a point on
y-axis are 0.

Therefore, required point on the y-axis = (0,-3,0)

We know that cos?a + cos?p + cos?y = 1
Now, cos2a + cos2f + cos2y=(2cos?a — 1) + (2cos’p — 1) +
(2coszy -1)

= 2(cos?a + cos?p + cos?y) — 3

The required distance is the distance of P(a,b,c) from Q(0,b,0)

=4/ a% + c?

Direction ratios of the through(1, —1,2)& (3,4, —2)are ( 2,5,—4 )
Direction ratios of the through (4, 3,2)&(3,5,6) are (3 — 1,2,4)
Since, the lines are perpendicular we have
didy + b1b2 + Ci1C = 0
=283-A)+52+(—4).4=0
=6—-24+10—-16=0
=>1=0
7-7x
3p
y-2 _
Z_p
7
Since, the lines are perpendicular we have
alaz + ble + C1C2 = 0
3p,  2p
3—3(—7) +71+2(—5) =0

11p
—=10
=77

3p=H

. } 1-x  7y—-14 z-3
Given lines;— = —— ==—and
3 2p 2

Standard forms of the lines:x_—_31 =

The assertion(A) is true as, for the Cartesian equation
i _bh = Z_C‘VI, the vector equation ist = x;1 + y,§ +

a
y1k + A(al + bj + ck).
The reason (R) is not true because the correct equation of the line




passing through
(=2, 4, -5) and parallel to the line given byxT+3
x4z _y-4 _ 245

3 5 6

The assertion(A) that a line in space cannot be drawn perpendicular to
X , y and z-axes simultaneously is true, as a line can only be
perpendicular to a single axis or lie in a plane that is perpendicular to
two axes,but not all three simultaneously.

The reason (R) is also true as well as (R) is the correct explaination of
(A) as,

suppose the line is perpendicular to the 3 axes simultaneously then
c05290° + c0s?90° + c0s290° = 0 #1

Section-B
[This section comprises of solution of very short answer type questions (VSA)of 2 marks each]

21. . =
Given: (a +

b)13 and
(23 +b)1b

=(E+b)d
=0 and

(23 +
b).b=0

—|3?+3.b

=0...()and 23.b
—, 2

+ [b]




Given .3=p.v. of B=AB=] + kandb=p.v.of C=AC=31— J+
4k

— ad

g - -2 a
~ Median AD = d i. e. by mid point formula, d =

—3“+O“+5E
—!TYTy

2

— = 3\’ 5N\ V34
=~ Length of the median AD = |D| = \/(§> +02+<§> :7

(2d + b) (d — 3b)

2(2d+b)-1(@-3b) _
2-1 B

By section formula ,position vector of R= 3d + 5b

Again,mid-point of
RQ= (3@+5b)+(@-3b) y

2
mid-point of RQ

23 + b = Position vector of P.Hence,P is the

The vector of magnitude 9 unit perpendicular to both the vectors
i—jand 1+ ]

_o [G=Dxa+ ]
Ja-nxa+ Dl

_ [ixi+ixj—jxi—jxi]

i x4+ ix] = x 1= %]l
0+k—(-k) -0 _

=0. — — by right handed system
|0+k— (k) -0

=9, [%]=912 (since |2K| = 2|k| = 2)




dy e ¥
dx e e
=e¥ dy = (e + x?) dx

:>fey dyzf(ex+x2)dx
3

X
:>ey=e"+?+C

. d
Given that: d—I = ye* and x=0, y=¢

:>$ dy = e* dx (variables separation)

1
:>f; dyzfex dx
=logy=¢e*+C i

Buty = ewhenx =0, (i) givesloge =e°+C=>1=1+C=C=0
From (i), now logy = e*
Whenx = 1,

logy =el =e >y =¢°

Given lines:¥ = 31 — 2j + 6k + A(2i +j + 2k) and ¥ = 2j — 5k +
n(6i + 3j + 2k)
Direction ratios of the line are ( 2,1,2 ) and ( 6, 3,2 )

If 0 ia an angle between the lines, then
26+13+422 _ 19 _ 19

V2117128 +32+2 Va9 21

19
.0 = -1
0= cos (21)

cosll =

SECTION C
(Each question carries 3 marks)

C

b
N

Let the parallelogram be ABCD with

AB = DC—21—4]—5kandAB BC=21+2]+3k
Now, d1 AC = AB+BC—(21—4]—5k)+(21+2]+
3k)—41— ]—Zk
dz—BD——AB+AD——(21—4]—5k)+(21+2]+3k)
0i+6]+8k
Also,|d—1)| = J42 + 22+ (=2)2 = \/ﬁand|a;| =
V02 4+ 6% + 82 =100 =10




— 4, 4i-2]-2k
Thus, d; = =& = 2122)22K

d, _ 6j+8k
@] V2 =

and&}zld:
2

Area of parallelogram= % |d_1) X a;| = %

~|-41-32]+24k| = >V1616

Given : A, B, C, D are the points with position vectors 1 + j— k,2i—
j+3k2i—-3k

and 31— 2]+ k respectively.
Now,ﬁ?’):p.v.ofB—p.v.ofA=(2i— j+3k—-(0+J- k) =
1—2j+4k

CD=p.v.of D—p.v.of C=31—-2]+ k) —(21-3k) =i-2]+
4%

AB.CD _ 11+(-2).(-2)+44 _ 21

[cD] —  J1Z+(-2)2+4Z2 V21

Hence, projection ofAB along CD =

V21sq.units

Given :a = 60°,p = 45°
We know,cos?a + cos?B + cos?y = 1
=c05260° + c0s?45° + cos?y =1
1\2 12 —
:(E) +(ﬁ) + cos“y =1 L

=1 ————=
=CO0S“Yy 17

5 Cosy = l: y = 60°
2

1 1 1
sl =c0s60° = =, m = cos45° = —,n = cos45° = 5

V2

Diagonals are OE,AF,BG,CD.

Direction ratios of OE are (a — 0,a — 0,a —
0)i.e.{a,a,a)

-~ direction cosines of OFE are




a a a : 1 1 1
(\/a2+a2+a2 "Va2+aZ2+a?’ \/a2+a2+a2) € (ﬁ' V3’ ﬁ>
Similarly, direction cosines of AF,BG,CD are
-1 1
(«/_«/_«/_)(x/_x/_x/_)(«/_«/_x/_
Let o be the angle between the two diagonals OE& AF.
We have, cosa = 11, + mym, + nyn,
1 —1 1 1

NV

) respectively

Similarly ,we can prove that angle between any two diagonals of a cube is

(1
cos 1(—)
3

Given, [xsin2 (%) — y] dx +xdy = 0;y = E whenx =1

[rsin? () -v] , ay

=0
= X dx

d . . . : .
= d—z = g — sin? (%) (It is homogeneous differential equation)

. d d
Putting y = vx and é =v4x=

dv .
=>V+ X— =V —SIn“v
dx

dv .
= X— = —sin“v
dx

dv dx

sin?v X
Integrate on both sides

1
:>J-coseczvdV= —f; dx

= —cotv = —logx + C

= logx — cot (%) =

T

T
y=7 when x = 1, (i)= logl — cot (%

>=C:>0—1=C:>C=—1

Hence, the reqd. particular solution is,logx — cot (g) =-1

- 2y 1 . = _
Given:(1 + x )dx+2xy— —— y=0whenx=1
2x _

1+x27 T (14x2)2°
Qi.e.linear D.E.inYy.
2X
Now,LF = e/ Pdx = oJTiz & — glog(1+) — (1 4 x2)
Hence,the solution of the D.E.:y. (I.F) = [ Q(I. F)dx + C

which is in the form of % + Py =




1
~y. (1 + x2) = J-m.(1+x2)dx+c

1
= fmdx+c
2y (1+x*) =tan"'x+C i

By question y = 0 whenx = 1,(i) =0.(1 + 1) =tan"1 1+ C=0 =
StC=C=—2

Hence, the reqd. particular solution is,y. (1 + x?) = tan"1x — %

Given, projection of b alonga =the projection of & alongd

b.a ¢.a

> =

Also,given b1l ¢=>b.¢ = 0

-

Then,|3d — 2b + 2| = 91@|? + 4|B|” + 4|72 — 123.b — 8b.¢ +

12¢.d

=9.12+4.22+4.32 - 123.b— 0+ 123.b, (by(i) & (ii))
=9+ 16 +36 =31

Letd =1+ J+ k b =2i+ 4] — 5kandé = A1+ 2]+ 3k.
According to question,|d X p| = V2, where
_ b+é _ (@+Mi+6j—2k _ (2+M)i+6j-2k
[b+é] SN2 +62+(-2)2 )2 +ar+4a
1 i j ok
> 1 1 1|=V2
AM+aAr+4412 40 6 —2
=S[(—2-6)i—{-2-C+M}+{6—2+1)I|
= V2VAZ + 40 + 44
=|-81+ (4 + 1)) + (4 — VK| = V2VA® + 41 + 44

=V(=8)2+ (4 +1)2 + (4 — )2 =V2VA* + 40 + 44

=\ = 1 (after squaring on both sides)

p

SECTION D
(Each question carries 5 marks)




Here, by triagle law of vector addition

d+b=-¢

By pre cross multiplication of (i) by &, we get
dxa+dxb=-3 x¢

By post cross multiplication of (i) by B, we get
ixb+bxb=—¢xb

=3 xb=b x¢

From (ii) and (iii)

>[d x b|=|b x¢ =& x3

—|3||b|sin(z — C)=[b||¢|sin(x — A) = |¢||Z]sin(x — B)

=ab sinC =bc sinA = ca sinB
sinA _ sinB __ si

Dividing by abc, we get — = —— = —

N —,2 R -2 L oo
Here, [+ b| =ld|*>+ |b| +2d.b
=12+12+2|§||E| cosO
=12+ 12+ 2.1.1.cos®

0
=242 cosO = 2(1 + cosO) = Z.ZCOSZE = 4C0$2§

0

~2 ) L -
=1d|>+|b| —2d.b
=12+ 1% — 2 [d]|b] cosO
=1%2+4+1%2 -2 .1.1.cosO©
0 ., 0
=2-2 cos@=2(1—cose)=2.251n2§=451n2§
0

= 4sin? =
Slrl2

Dividing (ii) by (i)




6 |[3-1b]
tan—- = g
2 |3+ b

AL1,8.4)

. A".{ m b aj

Equation of BC:A=2 = 2L — 273 20 w1 _ 723 _ 2 with
2-0  -3+1 -1-3 2 -2 -

dirction ratios(2, —2, —4)

Now , coordinates of L point on the line BC are (24, —24—1, —41+

3).

Thus, direction ratios of AL are (24 —1,-24—-1—-8, —41+3 —4)

ie(24—1,-21-9, —41-1)

L is the foot of the perpendicular drawn from A on BC.

Therefore, AL is perpendicular to BC.

So, we have 2(24—1) + (=2)(=24—-9) + (—4)(—441—-1) = 0.

=41 —-2+41+18+161+4=0

=241+ 20 = 0= = ‘—Z

Hence, L= (24,-24—1,~41+3) = (2 (‘6
L-4(3)+3)= (3 3.7)

The length of the perpendicular

A= (1) (09 (1-3) =

If A'(a, b, ¢) be the image of A(1,8,4) in the line through B and C,
then L is the mid pint of AA

-5
Therefore, 5 =
—-13

=a=—,
3

Hence, A =




3 = A, withdirection ratios (1,2,3)

Coordinates of any point M on the Li.e. M= (A,2A+ 1,31+ 2).
Now, direction ratios of line PMare (A—1,2A+1—6,31+2—3)
ie(A—1,2L—-5,3x-1)

If M is the foot of the perpendicular drawn from P on the line L.

Then PM is perpendicular to L
~1v—-1)+2@Ar—-5+3BAr—-1)=0

=141 - 14 = 0= =1

Hence, M= (A,20.+ 1,32 +2)=(1,3,5)

Let Q( a, b, c) be the image of P(1, 6, 3) in the line L (but on the line L,).

Then, M is the mid-point of PQ

(as object distance from the mirror is equal to the image distance from the

mirror)

1+a 6+b
Therefore, 1 = —~ 3=—,

=a=1 b=0 c=7
Thus , a point on the line L, is Q(1,0,7)

Hence the equation of the line L, is X;ll = = %( since the lines are

Y
2
)

parallel , directions ratios are remain same

Given lines are
L:t=1-0Di+ (t—-2)j+ B —-20k
=1—ti+ 4 —2j+ 3k — 2tk
= (1— 25+ 3k) — t(i —j + 2k).
Lyt=(s+ i+ (2s—1)] - (2s + k).
=si+1+2sj—7—2sk—k.
=(1—-j—k)+ s(i+2j—2k)
Now,a, —a; = (1—j—k) — (1—2j+3k) = 01 +§ — 4k
ik
Also,b; xb, = |1 _]1 21=12-4)-j(-2-2) + k@2 +1)
12 -2
= —2144j + 3k
(a7-ay).(b1xb;)

Hence, shortest distance between two lines L; and L,= b oxbs]
1 2

_ 0.(=2)+1.4+(-9.3 8

= |—— units.
/(—2)2+42+32




Given: y + % (xy) = x(sinx + logx)
d
=y + xd—z +y = x(sinx + logx)
dy .
=x — + 2y = x(sinx + logx)

dx

oy Ey = sinx + logx which is a linear D.E. in the form

d dx
y —
wTPy=Q

=

Now,IF = e/ Pdx — /58X — g2lo  _ glogs® _ y2
Hence,the solution of the D.E.:y. (I.F) = [ Q(I. F)dx + C
~y.x? = [ x?(sinx + logx)dx + C.

Ly.x? = ]XZSiHX dx + f x2logx dx + C

x3 1 x3
= x*(—cosx) — [ {2x (—cosx)} dx + log 3~ J. =3 dx + C

3

X 1
= —x?cosx + 2J.x.cosxdx+?.logx—§fx2dx+C
5 _ _ x3 1 x3
= —x“cosx + 2 [x.smx— J. 1.smxdx] +?.logx—§.?+ C
x3 x3
= —x2cosx + 2[x.sinx — (—cosx)] + ?.logx -5t C

Section —E
(This section comprises solution of 3 case- study/passage-based questions of 4 marks each
with two sub parts. Solution of the first two case study questions have three sub parts

(1),(i1),(i11) of marks 1,1,2 respectively. Solution of the third case study question has two
sub parts of 2 marks each.)

36. 1

Comersof the roofare P 6,845, Po (21 840 Py (2116100 and Py (6, 14,1400

(i1 Heoe & = PV of Ps — PV of P = (211 + 87 + 4k) — {6i 4+ 87 + 4K)
51407 & Ok
ad B = PV ol Py PV ol Py = (61 4+ 16] + 1ok) — (&l + 8] + 4k} = 01 4 B + sk
Theielore, Conpenycils 111'.:‘: .|||||'Fl.|:|::!'=_ 0,0 mdid 8 .6

i i
W= AxB =18 EI; 0l = o — 0% — 7(90—0) + B{(120 —0) =
n] = (5]
0f — anj -+ 120k
Given: F = 61— 2f + 1k
Pow F. N = 6% D+ 23 B30+ 3 % 120 — 540
OR

F. N 540 540

Cirsd .
[F[In]

{IBF + (=27 + BP0+ (—907 + (1207 7 %150

ik

18

L= e T =)
&6




Given, line for motorcycle A, L;: ¥ = A(1 + 2] — k)
And, line for motorcycle B, L,: ¥ = (31 + 3§) + u(2i +j + k)
i) Lpt=ai+21—-k
=xi+yj+zk=10+2] -k
LxX=N,y= 2N ,z= —L
X Y _ z _
T e e
== A , which is the reqd. cartesian equation.

1 2
() Lpt=3B1+3)+puRi+j+k
Direction ratios are ( 2,1,1)

=~ direction cosines of OE are
2 L ) ie (=, =, =
V2Z4124+12" V22412412 V224124127 T W6 V6 Ve R
(i)  Now,a, —a; = (31 + 3f) — (01+ 0j + 0k) = 31 + 3j
Also, by xXb,=11 2 —-1|=12+1)-7(1+2)+
2 1 1

(

k(1 -4) =3i-3j -3k
Hence, shortest distance between two lines L and
(3-a7).(b1xb;)
|byxb,|
_|3.3)+3.(=3)+0.(-3)

\32+(-3)2+32

L=

= 0 units

_ 12+21+(-1).1
byl D+ @2+ (—DZJ(2)2 + (1)% + (1)?

0 =60°

Given :1[: = kP
dt

dP—kdt
=5 =

Integrate on both sides

1
:>f§ dP—J-k dt
= logP =kt +C
= logP = kt + logC

= logP — logC = kt

log— =kt
= log
e
(i1) According to question, at t=0,P=1000

In this case,(i) = 1000 = C.e°
= C=1000
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Hence, (i) = P = 1000 e*t

Again, att=1,P=2000
In this case,(ii) ) =2000 = 1000 ek
=2 = ek~ k =log2




