Solved Paper 2013

Mathematics
Class-XII

Time : 3 Hours

Max. Marks : 100

General Instructions:
(i) All questions are compulsory.

(i) The question paper consist of 29 questions divided into three sections A, B and C. Section A comprises of 10 questions of one
mark each, Section B comprises of 12 questions of four marks each and Section C comprises of 7 questions of six marks each.

(iii) All questions in Section A are to be answered in one word, one sentence or as per the exact requirement of the question.

(iv) There is no overall choice. However, internal choice has been provided in 4 questions of four marks each and 2 questions of six
marks each. You have to attempt only one of the alternatives in all such questions.

(v) Use of calculators is not permitted.

| Delhi Set I Code No. 2/1/1 |
| SECTION - A where 7 is the order é)flmatrix
AP =64
Question numbers 1 to 10 carry 1 mark each. = |A] =8
B3 1 2x x+3 15
1. Writethe principal value of cos 12 4 cos! (——) 4. If = , then write the value of x.
2 2 2(x+1) x+1] |33
Sol. | cos™t ﬁ +cos™! L Sol. 2x x+3 = 15
2 2 2x+1) x+1 [3 3
L =2x(x + 1) = 2(x + 1)(x + 3)
6 3 =3-16=-12
51 =2+ 2x -2 - 8Bx-6+12=0
T e =-6x+6=0
=x=1
2. Write the value of the following: T
b 13 |yo |56 )
tan™! (E)_tanfl a 5.1f 2 + = , then write the value
b a+b 0 x 1 2 1 8
f (x + y).
Sol. tan"!{ % |- tan~'[ 422 o yl) 3 0] [5 6]
’ b a+b Sol. 2 +Y =
0 x 1 2 1 8
1-t oo
= tan_l(ll]—tan_1 Z |:2 6 :|+|:y 0 = 56
b 140 0 2x| |1 2] [1 8]
a i ~ -
2+y 6 |56
= tan'l(z )— [tan_l 1-tan™ (b )] 1 2x+2] - |1 8]
a
R 2+y=5
T A e = =3
" (b) [4 b 2w+2=8
= x=3
= tan"l(a)+co’r_1(a)—7C x+y=3+3=6

3.If A is a square matrix of order 3 such that |adj A |
= 64, find |A|.
Sol. |adjA| = 64
|adjA| = A"

6. The total cost C(x) associated with provision of free
mid-day meals to x students of a school in primary
classes is given by
C(x) = 0.005x> - 0.02x + 30x + 50

If the marginal cost is given by rate of change L;—C
X

of total cost, write the marginal cost of food for 300
students. What value is shown here ?
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Sol. C(x) = 0.005x° - 0.02x* + 30x + 50

Marginal cost = ac
x

= 0.015x* - 0.04x + 30 + 0

€ 0.015x® — 0.04x + 30
dx
ac )
e = 0.015(300) - 0.04 (300) + 30
X =300
= 1350 - 12 + 30
= 1368

7. Write the degree of the differential equation :

dy 3 dzy
—= | +3y— =0
(dx) ydxz

4 2
Sol. (dy) +3yd—z =0
dx dx
Degree of the differential
derivative i.e., = 1 equation is power of its highest

N
8. Write the value of A so that the vectors a =

A AN A - A A A
2i+Aj+k and b = i-2j+3k are perpendicular

to each other.

Sol. 2?"’7\;}"‘%

- ~ A~ ~
b =i-2j+3k

N
a

b =0

(i +1j+k).(i-2]+3k) =0

2-20+3=0
A= 2
2

A A A
9. Write the projection of the vector 71+j—4k on

A A A
the vector 27+6 j+3k

N

Sol. a

7i+]j—4k

e A~ A~ ~

b 2i+6j+3k
-

onb =—

Projection of the vector =
|b]

_

71+ -4Kk).(21 +6]+3k)

_ j j
|22 +6% +32 |

_ 14+6-12

C|V4+36+9

= § units
7

* Out of Syllabus

10. Find the direction cosines of the line 4-x = % =

1-z
-
Sol. Equation of the line
4-x _y _1-z
2 6 3
x-4 _y _ z-1
2 6 3

direction ratio of the line (-2, 6, -3)
.. Direction cosine of the line is

-2 6
JE2P +(67 +(3) 27 +(67 +(-3)°
-3
J2)2 + (6 +(-3)
_ 263
7’77
SECTION - B |

Question numbers 11 to 22 carry 4 marks each.

*11.Let A=R-{2}and B=R-{1}.If f: A > Bis
x-1
a function defined by f(x) = Y show that f is

one-one and onto. Hence find f~ 1
*12. Prove that:
sin! i+ sin! 3= tan! 7
17 5 36
OR
Solve for x:

tan!3x + tan 12x= T
4

* 13. Using properties of determinants, prove that

1ad
1 b v =@-b)b-0)(c-a)@a+b+c)

1 ¢ ¢

14.If x = 2 cos 6 — cos 20 and y = 2 sin 0 — sin 20, then

prove that
d—y = tan(@)
dx 2
OR
Ify = (sinx)* + sin™! V&, then find ’;l .
x
Sol. x = 2 cos 0 —cos 20
Yy = 2sin 6 —sin 20
dx

— =-2sin6 + 25sin 20
o

d—y = 2 cos 6 — 2 cos 20
e
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Sol.

dy
dy _ do
dx !Lx
dae
_ 2(cosB—cos26)
"~ 2(sin26—sin 6)
d ZSin@sing
@y _ 2 2
dx Zcosﬁsing
2 2
4y = ’tanﬁ =R.H.S
dx 2
Hence Proved
OR
y = (sinx)* +sin"Vx
Z—Z = di(smx) +—sin/x
dy d 1 d \/—
=L = —(sinx)" +
dx ( y N1—x dx
d]/ d . x
= = —(sinx +7
dx dx( ) 2xV1-x
dy d . 1 .
-~ = +—_— .1
el (sinx) - @
Let = (sin x)*
taking log both 51des
log 4 = log (sin x)*
= x log (sin x)
i10 u = ixlo sinx
dx & dx &
1du d . .od
—— = x—Ilogsinx +logsinx—x
u dx dx dx
1du XCosx .
—— = ——+logsinxx1
u dx sinx
di(sin x)* = (sin x)* (x cot x + log sin x)
x
..(ii)
from (i) & (ii)
dy (sin x)* (x cot x + log sin x)
dx
1
+ [ ——
24x —x?
15.If y = x log ( xb ) then prove that
sd’y _ (dy Y
dx* xdx y
y = xlog
a+ bx
dy ilog +log ix
dx dx “a+bx a+bx dx
dy _ atbx d x x
dx x dxa+bx a+bx

dy _ (a+bx) (a+bx).1 —xgo +b)
dx (a+0bx)
+1
8 a+ bx
ay +log
dx a+bx a+bx
xd—y = log
dx a+bx a+bx
dy ax .
-2 = +
* dx a+bx y ®
x@ dy _ (a+bx).a—ax(0+D) dy
dx®  dx B (a+ bx) dx
ry @
dx®  (a+bx)?
dx? (a+bx)? a+bx
2 2
3 sz = (xgz - y) [from (i)]
Hence Proved
1 C(;S4x , when x <0
x
16.If f(x) = a, when x=0
L, when x>0
[(V16+vx ) -1

and f is continuous at x = 0, find the value of a.

Sol. L.H.L.

LHL. f(x)

limx—0~

RHL.  f(x)

im f(x)

x—0"

fx) =

=8

1-cos4x N
7’
2
. 1—cos4x
lim —_—
x—0" X

<0

. 2sin®2x
lim >
x—0" X

. 2x4sin?2x
lim —————

x—0" 4XZ

. 2
8 lim sin 2x
x=0~\  2x

[limsme:l]
-0 O
L,X>O

16 +/x —4

i Jx \/16+\/—+4

0 1645 -4 164 +4
im V(16 +x +4)

C16+Jx-16

lim (V16 +/x +4)

x—0*
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=4+4=8

for continuous function
LHL =RHL = f(0)

17. Evaluate: j

Evaluate: _[ez" (

Sol. [ =20

5—cos?x —

(3sinx—2)cosx

(3sinx —2)cosx

8§ =8=a
a=28
> ——dx
5—cos“x—4sinx
OR
1—si
sin2x dx
1-cos2x

dx

4sinx

J(3smx 2)cosx I

4+sin’x—4sinx

Put sinx =t
cos x dx = dt
—J 3t—-2
44+t
3i-4)+4
P —4r+4
_ +3J~ (—4+2t) j dt
44t +t* 44t +t
=flo t—2)2+4
8 j(t 2
= 3log|t-2|+ 4 +
—(t-2)
. 4
= 3log|sinx -2|-— +C
sinx —2
. 4
= 3log|sinx—2|—— +C
sinx—2
OR
Iezx 1—sin2x ix
1-cos2x
Let 2x =t
2dx = dt
_ lj.et 1—sint it
2 1-cost
1 1—25in£cosi
2 2sin®—
= ljet 1coseczi—coti dt
2 2 2 2
t
Let —cotg = f(t)

18. Evaluate: j

-1
Lo—e
2

Put

1 ot \
—cosec®— =f'(t)
2 2 f

t
feot=+C
2

[J¢'(fty+ Fepae=e o)

-1
= —e¥cotx+C
2

3x+1

(x+1)% (x+3) *

ol [—2 L g
(x+1)*(x+3)
3x+1 A B C
(r+1)2(x+3)  x+1 (x+172 x+3
3x+1 =A(x + 1)(x + 3) + Bx + 3)
+Cx + 1)

x =-1
~2=0+2B+0
B=-1
x=-3
~8=0+0+4C
C=-2
x=1
4 =8A + 4B + 4C
4=8A-4-8
8A =16
A=2

=

3x+1

J(x+1)2(x+3) g

= de—J’ ! 3 —2J ! dx
x+1 (x+1) x+3
=210g|x+1|+i—210g|x+3|+c
x+1
_ 210gx+1 N 1
x+3] x+1

g

4
19. Evaluate: |log(1+tanx)dx

Sol.

I= J';/4log(1+tanx)dx

I = J;Mlog[l + tan(z - x)]dx

I—J/4lo

I = J-n/4log

0

= [10g2

1+tanx

g(1+

1—tanx)dx

dx

1+tanx

—J:/4log(1 + tan x)dx
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20 = J;Mlogde

[xlog2]¥/* = (ZlogZ—O)

—
I

T
—log2
g 08
- o5 >
20.If a, b, c arethree mutually perpendicular vectors
- o5 o
of the same magnitude, prove that a+b+c is
- -
a c.

5
equally inclined with the vectors a,b and

- > -
Sol. a, b and ¢ are mutually perpendicular vectors of

same magnitude

- - -
lal =1b] =1c|
- > - > - >
and a.b =b.c =c.a =0
- 5 5 o e s
a(a+b+c) =|al.la+b+c|cosa
e e e T Y - o 5 5
a.a+a.b+a.c =|al.la+b+c|cosa
2 - 5 o5 5
[a®| +0+0=|a||la+b+c|cosa
]
a
oso = ———— (i)
la+b+c|

- e
Similarly angle between b and (a +b +c) be

cos P =

= = (i)
| a c

And angle between ¢ and (a +b +c) bey

5
cosy = el
r= - -
la+b+c|
i -
el | _ 18
- 5 o - 5 o
a+b+c la+b+c|
-
_ <]
- 5 o
la+b+c|

cos o = cos = cosy

- - -
~(Given |a|=|b|=|c])

* Out of Syllabus

a=pf=y Hence Proved
21. The cartesian equations of alineare 6x-2 =3y + 1
= 2z — 2. Find the direction cosines of the line.
Write down the cartesian and vector equations of
a line passing through (2, - 1, — 1) which is parallel
to the given line.
OR

Find the shortest distance between the two lines
whose vector equations are

? = (6?+2?+2]§)+X(?—2?+2£) and
- AA A A A
r = (-4i-k)+u(3i-25-2k)

Sol. Given line 6x-2=3y+1=2z-2

1 1
X — g B y + g 3 z—1
11 1
6 3 2
. . . 111
Direction ratio of the lines 33 orl,2,3

1
Direction cosine of the lines e
V1I©+29+3

2 3 or 1 2 3
V12422432 12422432 NITRENVRENIT]
Equation of the line parallel to the given line and
passing through (2, -1, -1)

x-2 _y+1 _ z+1
1 2 3

In vector form +27 —]A'—I;+7»(1A'+2]A'+312)
OR

Givenline 7 = (61 +2]+2k)+A(i —2] +2Kk)

= (-4i-k)+p(3i-2j-2k)

~ 1

Given lines are not parallel

N ~ N ~ = A A
a = 6i+2j+2k, a, = —4i—k
- ~ ~ ~ i ~ ~ ~
by =i-2j+2k, b, =3i-2j-2k
ik
= - ~ ~ A~
byxb, =11 -2 2| =8i+8j+4k
3 -2 -2
- -
|byxby| = |V8*+8%+42|
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= |V64+64+16| =12 4 3 2 x 37000
I . o whereA= |5 3 4|, X=|y|, B=|47000
a,—a; = -10i -2j-3k 111 z 12000
Shortest distance between lines AX =B
RN AAX =A7'B
_ |(ay—a,).(b;xb,) X=A"B
- o
|b,xb | = X=A"B ()
4 3 2
_‘(—10?—2}—312).(8?+8}+41§)‘ Al =1|5 3 4
- ‘ 12 ‘ 111
‘_80_16_12‘ I B I O
=71 11 11 11
108 =4(3-4)-3(5-4) +2(5-3)
T =-4-3+4=-3
. _ -1 -1 27
.. Shortest distance between lines .
i AdjA=|-1 2 -1
= 9 units
6 -6 -3
* 22. Out of a group of 30 honest people, 20 always speak ) )
the truth. Two persons are selected at random -1 -1 6]
from the group. Find the probability distribution =|-1 2 -6
of the number of selected persons who speak the |2 -1 -3]
truth. Also find the mean of the distribution. What
values are described in this question? a4 -1 L
A" =—|-1 2 -6
SECTION - C l2 a1
Question numbers 23 to 29 carry 6 mark each. . [1 1 -6]
23. Two institutions decided to award their employees = 3 1 -2 6
for the three values of resourcefulness, competence |2 1 3]
and determination in the form of prizes at the rate X = Alp
of T x, ¥ y and T z respectively per person. The - .
first institution decided to award respectively 1 1 6137000
4, 3 and 2 employees with a total prize money of . 3 1 =2 6147000
T 37,000 and the second institution decided to (-2 1 3 ]{12000
award respectively 5, 3 and 4 employees with a 4000
total prize money of ¥ 47,000. If all the three prizes — | 5000
per person together amount to < 12,000, then using 3000
matrix method find the value of x, y and z.
What values are described in this question ? <. x =34000, y =¥ 5000 and z = ¥ 3000
Sol. Problem written in algebraic equation 24. * For the curve y = 4x® - 24°, find all the points on
4x + 3y + 2z = 37000 the curve at which the tangent passes through the
5x + 3y + 4z = 47000 origin.
x +y + z = 12000 OR
Equations can be arrange in matrix form If the length of three sides of a trapezium other
4 3 2« 37000 than the base are each equal to 10 cm, then find the
5 3 4fly| = {47000 area of the trapezium when it is maximum.
11 1)z] [12000 Sol. OR

Let the trapezium ABCD in which
AD = AB=DC =10 cm
and AD || BC
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Let BC = xcm
A10cm D
10 cm, 10 cm
ml ml
B M N C
AABM = ADCN
BM = NC = X210
AABM, /M = 90°
JAB? —BM?
100 —
_ 300 x% +20x
Area of trapezium = fAM(AD + BC)

V300 — x2 +20x
2

1
A=~ 10+
! (10+x)
1 2
A= (300~ +202)(10+x)
a“ 1{1(—2x+20)(10+x)
dx 424300 -x% +20x

+4/300 — x% +20x (0 +1)}

A 1 {(10 —x)(10 + x) + (300 — x* + 20x)

de 4 V300 — x% + 20x
1{400—2x2+20x}
4 /300 — x* + 20x

x2 —10x —200 }

_ _1{
2 V300 - x2 +20x

1{ (x —20)(x +10) }
2 [4/300 - x% +20x

For max / minima

a
dx
L (x=20)(x +10) =0
= x=20o0rx=-10

PA _d _1{ x —10x—200}
dx*  dx| 2300 -x*+20x

|

2 — f—
J300— 2% + 20x (2x—10)— = 102200 555
— -1 V3x% — x* +20x
2 300 - 22 + 20x

LAY 1V30060)-0)]
dx? 20 2 J300

Hence area is maximum at x = 20 cm
Area of trapezium

A=

%\/300 —x%+20x(10 + x) cm?
= %\/300 —400 + 400 (10 + 20) cm?

1073 %30
4

75v3 cm?

25.Using integration, find the area of the region

bounded by the curves y = x* and y=nx
Sol. Intersection point of the curve is (0, 0) and (1, 1)
Y y: XZ

Yl

Required Area = _[; (Y1 — Y, )dx

= I:(x —x%)dx

1 unit?
6

26.Find the particular solution of the differential
equation (3xy + yz) dx + (Jc2 +xy)dy = 0;forx =1,

y =1
Sol. (3xy + yz)dx + (x2 + xy)dy =0

dy _ 3wty
dx X4y

Put y="Vx

(it is homogeneous equation)

4y = V+xd—v
dx dx
dv 3V + V%

Vax— = -
dx x? +Vx?
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*27.

28.

LAV vV
dx 1+V
_ v-vi-vi-y
1+V
1+V _ dx
QVi+4V)  x
ﬁ1+vmv dx
29 (V2+2V) x
14V N v | dx
z v Jawv+2)| T Iy
fx%[log|V|+log|V+2|] =-log |x| + log C
G
log|V(V +2)| = 10gx7 (€1 =Cy
wv+m=5%
X

y(m) e
x| x x4

C
w+m=§

xzy(y + 2x) =
wherex =1,y =1
I1x11+2)=C
Ci1=3
.. Particular solution is

xz(y2 +2xy) =3

Show that the lines r = (i+j—k)+A(37-5) and

- A A A A
r = (4i—-k)+n(2i+3k) are coplanar. Also find

the equation of the plane containing them.
OR

Find the distance of the point (1, -2, 3) from the
plane x - y + z = 5 measured parallel to the line
x-1 _ y-3 _ z+2

> T T

If a young man drives his scooter at a speed of 25
km/hour, he has to spend T 2 per km on petrol.
If he drives the scooter at a speed of 40 km/hour,
it produces more air pollution and increases his
expenditure on petrol to ¥ 5 per km. He has a
maximum of ¥ 100 to spend on petrol and travel
a maximum distance in one hour time with less
pollution. Express this problem as an LPP and
solve it graphically. What value do you find here ?

Sol. Let men travels x km with 25 km/hr

29.

and y km with 40 km/hr
.. Total distance travel (x + y) km
Maximise distancez = x + y

Constraints

Time taken to cover x km = h

X
25

Time taken to cover y km = 10

XY (D)
25 40

8x + 5y <200
Expenditure on petrol
2x + 5y <100

and alsox>0and y >0

..(ii)

8x + 5y = 200 2x + 5y = 100
0 |25 20 x | 0 | 50|25
y |40 ] 0 | 8 y | 20| 0 |10
Y
50
40
30 N
20p \ &
10
X
10 20\30 40 5060
8x+5y=200
2x+5y=100
Corner point of
fiesible area z=x+Yy
0,0) z=0
(0, 20) z=20
@, @ z = 30 - maximum
373
(25,0) z =25

Hence distance travellatry at speed at 25 km/h is
%0 km and 50 km/h is % km

In a group of 400 people, 160 are smokers and non-
vegetarian, 100 are smokers and vegetarian and
the remaining are non-smokers and vegetarian.
The probabilities of getting a special chest disease
are 35%, 20% and 10% respectively. A person is
chosen from the group at random and is found
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to be suffering from the disease. What is the
probability that the selected person is a smoker
and non-vegetarian ? What value is reflected in
this question ?

Sol. Let A = Person suffers from the disease
E; = Person is a smoker and a non-vegetarian
E, = Person is a smoker and a vegetarian

E3 = Person is a non smoker and a vegetarian

160 16 2
PE) = 1on = 2 = =
400 40 5
100 1
P(E) = — = =
2 =100 = 1
140 7
D(Es) = — = L
) =20 =~ 2
plA)_3 _7
E, 100 20

p[Al-2 _1
E, 100 5
plA|- 0 _ 1
E, 100 10
Required probability
P(EnP(A]
) ot
A A A A
P(E|)P| = |+ P(E,)P| =— |+ P(E;)P| —
eor{ Jrrteae( 2 Jerer( 2
2.7
7><7
_ 520
2.7 1.1 7_1
EX XX
520 4 5 20 10
_ 28
28+10+7
_ s
45

l»- a'
[} )

-
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