2014

Question

Section A: 1-10 i -iv
Section B: 11 —22 V - XV
Section C: 23 -29 XVi - XX

CBSE-i Mathematics (2014) i



Section: A

Question: 1 [1]
LetR ={(a, a®) : ais a prime number less than 5} be a relation. Find the range of R.

Answer:
Here R = {(a, a3) :ais a prime number less than 5} = R ={(2, 8), (3, 27)}. Hence range of R =
{8, 27}.

Question: 2 [1]

4 2|1 2|2 0
Use elementary column operations C, —-C, — 2C; in the matrix equation {3 3}:{0 3}{1 J

Answer:
Column operation is to be done on 2" matrix.

. 4 271 2][2 0

Given =
s oo o) 1

C2 4 Cz_.... ZC]_

4 6] [1 2][2 -4
= =

3 -3/ |0 3[|1 1
Question: 3 [1]
Find the angle between the lines r=2i—5j+k,A(3i+2]+6k) and r=7i— 6k+ p(i+2j+ 2k)

Answer:

F:2i-5]+k+/1(3i-2]+6k) ........... (i) and r- 77-6k+/¢(f+2]+ 2|<) ........... (ii)
Comparing the equations with standard vector from of equation of line
F:;+AB we get bjz3?—2]+6k and @:%+2]+2k

b, b,=3+4+12 =19

b, =9 +4+36 and[bz| = 1+4+4-3

b, b,
Angle between the lines (i) and (ii) is given by cos™| —2—2 :cos'l(lgj
b,|.jp,| 2

Question: 4 [1]
If Aisa 3 x 3 matrix, | A= 0and | 3A | =k | A |, then write the value of k.

Answer:
Given: |3A|=k.|A|
We know that |3A| =3" |A|,where n is order of A.

Given that order of A is 3.
= |3A[=3% |a|=k. [o|= k=27

Question: 5 [1]
Let R ={(a, a3) : ais a prime number less than 5} be a relation. Find the range of R.

Answer:
Given: R ={(a, a°) : ais a prime number less than 5}.
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= R={2.2%, (3,3%} = Range of R = {8,27}

Question: 6
. 1 1 . -1 1
Write the value of cos _E +2sin E

Answer:
We have, cos‘{-;j + 23in'1(;j [+ cos(-8)=cosB)]

(3o {eos3)
COS™| -— |=coSs ™| cos—
2 3
.1 l . . T
Also sin™| -= |=sin™| sin—
(-3 (ng)
.'.cos'l(-lj+ Zsin'l[lj =Ty Z(RJ
2 2 3 6
b1 T T 2
SRS L
i3]

Question: 7
Write the projection of vector i+j+k along the vector | .

E
6

Answer:
Required
vector= 21| —_2-31*6K | _ 5| 2-3j* 6k :lem:3(2T-3]+6k) ~6i-9j+18k
J22+(-3)2+62 J49 7
Question: 8
a+4 3b 2a+2 b+2 .
If = , write the value of a-2b.
8 -6 8 a-8b
Answer:
. a+4 3b 2a+2 b+2
Given =
8 -6 8 a-8b

On equating, we geta+4=2a+2,3b=b+2,a-8b=—-6=>a=2,b=1.
Now the valueofa-2b=2-(2x1)=2-2=0

Question: 9

Write the value of the following : ?x( ]+ k)+] x(k +i)+kx(i+])
Answer:

?x(]+k)+]x(k+f)+kx(f+])
:fx]+ka+]xk+]xf+kxf+kx]

=k-j+i-k+j-i=0

(1]

(1]

(1]

[1]
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Question: 10

dx
Evaluate: J‘ﬁ
SIN® X COS™ X

Answer:
Let!= [ dx

2 x cos? x

sin
_ 2 2 o 2 2
_.fcosec X.sec XdX—J.(l+COt X).sec” xdx
:J‘sec2 xdx + I1+ cot? x. sec? xdx

sec? xdx
:tanx+J'7

tan® x
= tanx+.fz‘2 dz

2—2
=tanx+

1 1
+Cc=tanx——+cC
2+1 z

1
=tanXx—-——+c
tanx

(1]
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Section: B

Question: 11 [4]
Show that the vectors a, b, ¢ are coplanar if, and only if a+b, b+c and c+a are coplanar.

Answer:
e Scalar triple product

4 3 343
. (éxB).E:(Bxé)é:(éxé).ﬁz[é,ﬁ,é} b, b, bg|= volume of the parallelepiped formed by

€1 G C3

three non-coplanar vectors a, b, ¢

Step: 1

a, b, c be coplanar, then [555} =0

Step: 2

To show that a+b,b+c, c+a are also coplanar.

Consider [5+bb+gg+5J

:(éx b+axc+bxb+ 6x6).(6+§)

= (axb +ax c+0+ bxc)

[abc |+ [ace |+ [bec |+[abc]+[aca] [bca]
:[565]+0+0+0+0+[566]
2[abc|=0

Step: 3

Since a+b, b+c,c +a=0, it follows that they are coplanar.
Step 4

Conversely, if [ai+b, b+c,c+ ai} are coplanar then [ai+bb,+ cc + ai] =0

Step: 5

From the above, it can be seen that [5+55+66+§J:2[555J, it follows that

[556} =0=>ab,care coplanar.
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Find a unit vector perpendicular to both of the vectors a+band a-b where a=

b=i+ 2]+ 3k

Answer:

e Unit vector L to two vectors and aand b is given by n==

- = A

«  axb=i(aghg-agbp) ] (aib3-agbr) + k(atbp-a2by)

OR

e where a=(a1i+a2 j+azk )andB:(b1i+b2 j+bzk )

Step: 1

A

Leta =i+ j+|2and62?+2]+3|2

Let us find §+6:(?+ ]+ I2)+(€+2]+3|2)=2€+3]+4|2

Step: 2

Next let us find 5- 5

a-b=(i+ j+k)—(i+2]+3k)=0i-1j-2k =] - 2k

Step: 3

Unit vector L to a and b is given by

is Lto(a+b)and(a-b)

S, @3+ A (-24)
@i+ 3]+ 4K) % (- 2K)

Step: 4

Let us determine (2?+ 3}+4l2)><(-]- 2I2)
i ] k
(2i+3j+4K)x(-]-2K)=|2 3 4
0 -1 -2

2i+4]-

I(6+4) 1(4 0)+k(2-0)=2 2k

Step: 5

a><b

a><b

?+]+k

. Here we are asked to find a unit vector which
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(@i +3]+ ak)x (- 20| = (22 +42+(2)? = J4+16+4 =24

Step: 6

. . ~ 2i+4j-2k
The required unit vector n :iT
24

Question: 12 [4]
Find the approximate value of f(3.02), upto 2 places of decimal, where f(x) = 3x* + 5x + 3.

Answer:
2 3 4
=|4 6 8
6 9 12
1
2|[234]
3

[1x2 1x3 1x4
2x2 2x3 2x4
_3x2 3x3 3x4

The above given matrix has 3 rows and 3 columns. Order of matrix = 3x3

OR

Find the intervals in which the function f(x)=gx4-4x3 -45x2 +51 is

i.  Strictly increasing
ii. Strictly decreasing

Answer:

Here f(x):gx4—4x3-45x2 +51

= f(x) = 6x° = 12x° -90x = f'(x) = 6x(X*-2x-15) = 6X (X+3) (X-5)

Now for critical point f'(x) = 0

= 6X(X+3)(X—-5)=0=x=0, -3, 5i.e. =3, 0, 5 are critical points which divides domain R of
given function into four disjoint sub intervals (—o—3), (-3, 0), (0, 5), (5, ©)

For (—o, —=3) f'(x) = positive x negativex negative x negative = negative, i.e. f(x) is decreasing in
I(Z_OO:,(:%’), 0) f {(x) = positive - negative + negative x negative = positive, i.e. f(X) is increasing in (—
i’c?r) (-0,5) f(x) = positive x positive x positive x negative = negative, i.e. f(x) is increasing in (-
g’OSr).(S, o) f(x) = positive x positive x positive x positive = positive, i.e f(x) is increasing in (5, «)
Hence f(X) is (a) strictly increasing in (-3,0) U (5,%) (b) strictly decreasing in (-,-3) U(0,5)
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Question: 13

Solve the differential equation (x*> — yx®) dy + (y* + x°y?) dx = 0, given that y = 1, when x = 1.

Answer:

The given equation is gxz-yxz)dy + (Y +x°y?)dx = 0
Or, x°(1-y) dy + y2(1+x )dx =0

2

Dividing every term by x°y?, L—zydy - 1+; dx=0
y X
; : l-y 1x2 o _
Integrating both sides, j—zdyﬂ 5 dx=c

y X

1 1 1
Or, J{yz-dy}iyﬂ[xz—l}ix:c
Or, j(y'z -ijdyﬂ(x'z +l)dx =c

-1 -1
Or, y -Iog+x +X=C
1 1

Or, x-[l+1j-logy:c
Xy

Question: 14
Solve for x: cos (tan” ' x) = sin cot’lg

Answer:
. T
cos(x) = sin| = -
0= sin 2 -x)

cot’x = Z-tan’x

2

. R 13

Given cos (tan"x) = (cot 4]
We know that cos(x) = sin(g - xj

. T 1 . 13
=sIin—-tan"x=sin -—
2 4

13

=7 _tanx=cot? -
2
T 1 -1
We know that — - tan™x = cot "X
2

—cotx =cot 3
4

13
4

=X

OR

Prove that: cot > 7 + cot—1 8 + cot * 18 = cot * 3

(4]

(4]
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Answer:

.1
cot-'’x =tan* =

X
tan™x + tan™ [XW]
1-xy
1 1 1
L.H.S. = cot-'7+cos™18 = tan™ =~ +tan™ ~ + tan* —
7 8 18
11
41 41 L4 5ts
tan*=+tan*==tan*| 7 8
7 8 11
7.1
8
E
tant| 56 |=tan® 12 = gant 2
% 55 11
56
tan? L, tan? L, tan? 1
7 8 18
3,1
tan? > rtan? L otant|11 18
11 18 1-3
11.1
18
5
_ -1 198
=tan 71975
198
= tan'11 =cot!=R.H.S
3
Question: 15 [4]

Let f : W—>W, be defined as f(x) = x — 1, if X is odd and f(x) = x + 1, if x is even. Show that f is
invertible. Find the inverse of f, where W is the set of all whole numbers.

Answer:
It is given that:
n-1 if nisodd

f: W—W is defined as {n +1  if nis even

One-one:

Let f(n) = f(m). It can be observed that if n is odd, and m is even, then we willhavea-1=m + 1.
=n - m = 2. However, this is impossible. Similarly, the possibility of n being even, and m being
odd can also be ignored under a similar argument. Therefore, both n, and m must be either odd
or even.

Now, if both n, and m are odd, then we have: f(n) = f(m) = n-1=m-1=n=m

Again, if both n, and m are even, then we have: f(n)=f(m)=>n+l=m+1=n=m

Therefore, f is one-one. It is clear that any odd number 2r + 1 in co-domain N is the image of 2r
in domain N, and any even number 2r in co-domain N is the image of 2r + 1 in domain N.
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Therefore, f is onto. Hence, f is an invertible function.
m+1 if mis even

g: W—W is defined as g(m)= {m -1 ifmisodd

Now, when n is odd: gof(n) = g(f(n)) = g(h—-1)=n-1+1=n

Note when n is odd, n-1 is even, and, when n is even: gof(n)—-g(f(n))=g(n+1)=n+1-1=n

[when nis even, n+1 is odd. Similarly, when m is odd: fog(m) = f(g(m)) = f(m-1) = m-1+1=m
When m is even: fog(m) = f(g(m))= f(m+1) = m+1-1=m

gof = ly, and fog=ly

Thus, fis invertible and the inverse of f is given by f-1=g, f-1=g, which is the same as f. Hence,
the inverse of f is f itself.

Question: 16 [4]
Three cards are drawn at random (without replacement) from a well shuffled pack of 52 playing

cards. Find the probability distribution of number of red cards. Hence find the mean of the
distribution.

Answer:
Mean of the probability distribution = x=%(x;.x p(x;) )
Three cards are drawn from a pack of 52 cards. Let x be the number of red cards drawn. In the

pack of 52 cards there are 26 red cards, and 26 black cards. We can draw 3 cards out of 52 in
52

Cg ways.
2 26
P(x=0)= p (no red cards drawn) = “6co-7"c3 = 3
S2¢q 17
26 . 26
c.c7c
P(x=1)= p (one red cards drawn) = %2 = 13
Cg 34
26 02.26 ¢, 13
P(x=1)= p (two red cards drawn) = — 5y T
C 34
3
26c3.26 Co 2
P(x=0)=p (nored cards drawn) = — 2~ = _—
52C3 17

.. Probability distribution of number of red cards is given by

X: 0 1 2 3
P(x) 2 13 13 2
17 34 34 17
x-Pg) 0 8 26 3 = X.p(x) >
34 34 17 2
Mean of the distribution is = > = xi.p(xi)g
Question: 17 (4]

2
Ifx=acos0+bsin6 andy=asin 6 —b cos 6, show that yzd—z—xg—ery:O
dx X

Answer:

Given: x = a cosb+ b sinf, and y = a sinb - b coso
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Step: 1

Differentiating y and x with respect to 6, we get dx

dy .
=- +
46 asinB +3cos

dy
dy _dg _acosB+Psinb
dx g% BcosB -asin®

Step: 2

d®y d dy. do

dx2  de dx dx

- _ 1 +
i asinB+[cosO and

i (dyj _ (BcosB - asinB)(-asin® + cosh) - (acosO + BsinB)(-Bsind - acosO)

de \dx

(B cosb - o(sine)2

_ (Bcos8 - cxsine)2 + (acosB + Bsine)2

(B cosB - cntsine)2

_ B2c0s%0+0 sin%0 +a’cos?0 +B%sin%0)

(Bcosb-a sinE))2

() o

= =2 | =

de \dx (BCose+0(sine)2
Step: 3

de 1

dx - [3cosB - asinB

. i o2 +p2

d (dy) de a? +p2
= | 2| — =
de\dx/) dx  (Bcosl -asin®
o2 + 2

(Bcoso - 00036)3
Step: 4

y2 =(asinB- [3(:036)2

)2

BcosO-asin®  (BcosBd - asine)3
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2 2.2
y2. d :(asinG-Bcose)zx a”+B 3
(BcosB -asinB)

<

o
N N

X
a” + 82
Bcosb - asind

acosb +3sind

X. d—y =(acosB+BsinB)x —— —— —
dx BcosB-asind

_ (acosb + Bsine)2

Bcosb - asind

Step: 5
d2y d 2 1p? 9-bsind

y2 ;_Xl+ —_a’+b : _(acos S|.n )+(a cosB-bsingd)
dx dx bcosB-asin® bcosb-asind

a2 + b2 - (az cos20+ b2 sin20+b2cos20 +aZ sin20 )

bcosB-asind

a2 + b2 -(a2+b2)

~ bcosB-asin®
Hence proved.

Question: 18 [4]

XCOS™ X
Evaluate: j—dx

J1-x2

Answer:
xcos'lx

cos'lx:z :—;dx:dz = de:-dz
1-x2 1—x2

dx

I:-J'cosz.zdz

=-(z.sin z - jsin zdz+c

-(z. sin z + cosz - ¢)
-zsinz-cosz+c

= Iz—cos'l. 1-x2 -x+c
I:-\ll-xzcos'lx-x+c
Question: 19 [4]

Find the distance between the |11 and 12 given by
|, r=i+2j— 4k -+(2i+ 3j+ 6k)
|, : r=3i+3]—5k-+p(2i+6j+12k)
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Answer:

Given lines are

|, r=i+2j— 4k -+(2i+ 3j+ 6k)

|, : r=3i+3j—5k-+p(2i+ 6)+12k)
After observation, we get |, || I,. Therefore, it is sufficient to find the perpendicular distance of a
point of line |; to line l,. The co-ordinate of a point of I, is P(1, 2, —4). Also the cartesian form of
line I, is

X-3 y-3 z+5

4 6 12

Let Q(a,h, g) be foot of perpendicular drawn from P to line |,
- Q(a,b, g) lie on line I,

.a-3 pB-3 vy+5
T4 6 12
S>a=4r+3,p=61L+3, y=12A-5
Again, @ is perpendicular to line I,.
--PQ.b=0, where bis parallel vector of I,

= (a-1).4 + 5(B-2).6+(y+4).12=0

=40 -4+6B-12+12y+48=0

=40+ 6B+12y+32=0

=440+ 3) +6(6L + 3) + 12(120-5)+32=0
= 160 +12+36A+18+1441L-60+32=0

—=1960+2=0 o j-=2_"
196 98

Co-ordinate of Q = | 4x L +3,6 x 1 +3,12 x 1 -5
98 98 98

2 2 6 145 144 251
=-—+3,-—+3.-—+5 || — , — - ——
49 49 49 49 49 49

Therefore required perpendicular distance is

ERRCRAC
-5 5

962 + 467 +55°

= A(say)

49°
B 9216+2116+3025__J14357__7J293__J293unns
49° 49 49
Question: 20 [4]
Solve the differential equation x log x j—y+y=g log x.
X X

Answer:

- . : _ . dy vy 2
Dividing both sides by x log x, we can rewrite the given equation as —+-—— = —

dx logx x

[ dx _ olog(logx) _

The integrating factor is = e
xlogx

logx
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dy
dx

y 2
Z = logx
%2

+

Multiplying the equation by log x we get : logx

2 ,
Integrating, we get : log x = J—Zlogx dx + ¢ = ylogx =2]logx x x 2dx +c
X

-2
Using integration by parts and solving, we get : ylogx = — (1+x) +c
X

Question: 21 [4]
2
If cos y = x cos (a +y), where cos a # = 1, prove thatﬂJrM
dx sin a
Answer:

Step: 1

Cos y = x cos(aty)

cosy

- cos(a+y)

cos(a+y). E (cosy)-cosy. E (cos(a+y))
dy _ dy dy

dx cosz(a+ y)
_ cos(a+y).(-siny) - cosy.(-sin(a+y))

cosz(a+ y)
_sin(a+y)cosy-cos(a+y)siny

cos? (aty)

_sin@+y-y)
cosz(a+y)
sina

cosz(a +v)

Step 2.
Q: sina

dx cosz(a+ )

dy _ cosz(a+y)
dx sina
Hence proved.

Question: 22 [4]
Two schools P and Q want to award their selected students on the values of discipline,
politeness, and punctuality. The school P wants to award Ix each, Iy each, and ¥Ix each, for the
respective values to its 3, 2, and 1 students with a total award money of ¥1000.

School Q wants to spend Y1500 to award its 4, 1, and 3 students on the respective values (by
giving the same award money for the three values before). If the total amount of awards for one
prize on each value is ¥600, using matrices, find the award money for each value. Apart from the
above three values, suggest one more value for awards.
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Answer:

Here we can say,
3x + 2y +z=1000
4x +y + 3z = 1500

x+y+z=600

Therefore,

3 2 1)x 1000

4 1 3| y|=|1500 |, or

11 1)\z 600

A.X=B
|A|:3(—2)—2(1)+1(3):—5¢0
~X=A'B

Co - factor’s are,

Ay =-2 A, =-1, A =3
Ay =-1 Ap =2, Ay =-1
Az =95, Ay ==5, Ag=-5

Hence,

X -2 -1 5 (1000
y :—1 -1 2 -5(1500
z 3 -1 -5){ 600

- x=100,y =200,z =300

i.e., 100 for discipline, ¥ 200 for politeness, and I 300 for punctuality. One more value like
sincerity, truthfulness, etc.
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Section: C

Question: 23 [6]
A cottage industry manufactures pedestal lamps and wooden shades, each requiring the use of a
grinding/cutting machine, and a sprayer. It takes 2 hours on the grinding/cutting machine, and 3
hours on the sprayer to manufacture a pedestal lamp. It takes 1 hour on the grinding/cutting
machine, and 2 hours on the sprayer to manufacture a shade. On any day, the sprayer is
available for at the most 20 hours, and the grinding/cutting machine for at the most 12 hours. The
profit from the sale of a lamp is < 25, and that from a shade is < 15. Assuming that the
manufacturer can sell all the lamps, and shades that he produces, how should he schedule his
daily production in order to maximise his profit. Formulate an LPP and solve it graphically.

Answer:

Let x be the number of pedestal lamps and y be the number of wooden shades that we can
make. Our problem is to maximize x and y and the maximum profit at a given capacity. Clearly,
X, y 2 0. Let us construct the following table from the given data:

Pedestal Lamps (x) | Wooden Shades (y) Time available

Grinding Machine (h) | 2 1 12h
Sprayer (h) 3 2 20h
Profits (Rs.) 5 3

We have the following constraints: 2x+y << 12, and 3x+2y << 20
The profit on pedestal lamps is Rs. 5, and on wooden lampshades is Rs. 3. We need to
maximize the profits, i.e. maximize 5x + 3y, given the above constraints.

Plotting the constraints:

Plot the straight lines 2x + y = 12 and 3x + 2y = 20. First draw the graph of the line 2x + y =12
Ifx=0,y=12,andif y =0, x = 6. So, this is a straight line between (0,12), and (6,0). At (0,0), in
the inequality, we have 0 + 0 = 0, which is 0. So the area associated with this inequality is
bounded towards the origin. Similarly, draw the graph of the line 3x + 2y = 20.

If x=0,y=10,and ify =0, x = ? . So, this is a straight line between (0,10), and (2300j At

(0,0), in the inequality, we have 0 + 0 = 0, which is << 0. So the area associated with this
inequality is bounded towards the origin. Finding the feasible region: We can see that the
feasible region is bounded and in the first quadrant. On solving the equations 2x +y =12, and 3x
+ 2y = 20, we get,

3x +2(12-2x) =20 —3x + 24 — 4x = 20 —x =4,

fx=4,y=12 —2x4 = 4. =>x=4, y=4

Therefore the feasible region has the corner points (0,0), (0,10), (4,4), (6,0) as shown in the

Solving the objective function using the corner point method
The values of Z at the corner points are calculated as follows:
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Corner Point | Z = 5x+3y

0O (0,0) 0

C (0,10) 30

E (4,4) 32 (Max Value)
B (6.0) 30

The maximum profit we can make is Rs. 32, which involves making 4 pedestal lamps and 4
wooden shades.

Question: 24 [6]
Find the equation of the plane that contains the point (1, — 1, 2) and is perpendicular to both the
planes 2x + 3y — 2z = 5, and x + 2y — 3z = 8. Hence find the distance of point P(-2, 5, 5) from the
plane obtained above.

Answer:
Distance of the point (X;,y1, z;) from the plane ax + by + cz + d = o0 is given by

ax1+byl+czl+d|

\laz +b2+c2 |

Step 1.
Given that the required plane contains the point (1, -1,2). Let the normal to the required plane be

To form the equation of a plane we need a point on it and normal vector (ﬁ )

n. Alsoitis given that the required plane is L to the planes.

2X+3y-22—-5=0............ (i),and x+2y—-3z-8....... (i)

Normal to the plane is n = (2,3, -2). Normal to the plane (ii) is n, = (1,2, -3)
Since the required plane is L to (i) and (ii)

=y,

i ] ok
n=[2 3 -2i(-9+4)-j(-6+2)+k(4-3)
12 -3

ie, n =(-541)

Step 2:

.. Equation of the required planeis -5x + 4y + z+d =0

Given that this plane contains the point (1, -1, 2)

= it satisfies the equation of the plane. =>-5x1+4 x(-1)+2+d=0 =>d=7
= Equation of the required plane is5x —4y —z—-7=0

Step 3:

We know that distance of the point (x4,y1, ) from the plane ax + by + ¢z + d = 0 is given by
|ax1+by1+czl+d|

| a2 +b2+c2 |

The distance of the point (-2, 5, 5) from the plane 5x - 4y —z - 7 = 0 is given by
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iz | a2
OR

Find the distance of the point P(-1, -5, —10), from the point of intersection of the line joining the
points A(2, -1, 2), and B(5, 3, 4) with the plane x —y + z=5.

Answer:

Given: A (2, -1, 2), B (5,3,4). Direction ratio of the line AB = (5 -2,3+1, 4-2) = (3,4,2). Equation of

the line AB is given by

X-2 y+1 z-2
3 4 2

Any point on this line is given in terms of Aby c(3A+2,4A-1,2A+2)

Let the line AB intersect the plane x-y+z =5 at this point C. = C lies on the plane too.

.. C satisfies the equation of the plane. = (3A+2) = (4A-1) + (2A+2)=5 = A=0

.. C (2, -1, 2) We have to find the distance of the point P (-1, -5, -10) from C (2, -1, 2), which is

given by \/(2+1)2 +(-1+ 5)2 +(2+1o)2 =J9+16+144 =13

Question: 25 [6]
Two schools P and Q want to award their selected students on the values of Tolerance,
Kindness, and Leadership. The school P wants to award X x each, Rs. y each, and X z each for
the three respective values to 3, 2, and 1 students respectively with a total award money of ¥
2,200. School Q wants to spend ¥ 3,100 to award its 4, 1, and 3 students on the respective
values (by giving the same award money to the three values as school P). If the total amount of
award for one prize on each value is ¥1,200, using matrices, find the award money for each
value. Apart from these three values, suggest one more value which should be considered for
award.

Answer:
3 equations are formed from the given statements, i.e., Given: 3x+2y+z=2200
4x+y+3z=3100, and x+y+z=1200

3 2 1|x 2200
Converting the system of equations in matrix form we get, |4 1 3|y |=|3100|,i.e., AX=B
1 1 14z 1200
3 21 X 2200
where A= [4 1 3|,x=|y| and, B=|3100 |=x=A"1.B
111 z 1200
Atz L adia)
A
|A|=3(1-3) —2(4-3) +1(4-1) =—6-2+3=-5
-2 -1 5
AdiA=|-1 2 -5
3 -1 -5
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2 15 2 1 5 2 1 -5][2200

1 2 5|=x=2]1 2 53100
3 1 5 31 5 513 1 51200

4400+3100-6000 ] [300

2200-6200+6000 |= | 400

6600 +3100+6000 | | 500

= x =300, y = 400 and z = 500, i.e. the award money for each value are ¥ 300 for
Tolerance, %400 for Kindness and, ¥ 500 for Kindness.

gl =

Question: 26 [6]
An insurance company insured 2000 scooter drivers, 4000 car drivers, and 6000 truck drivers.
The probabilities of an accident for them are 0.01, 0.03, and 0.15 respectively. One of the
insured persons meets with an accident. What is the probability that he is a scooter driver or a
car driver ?

Answer:
Given the total number of drivers are as follows: 2000 scooter drivers, 4000 car drivers, and 6000
truck drivers. Total = 2000+4000+6000 = 12000.

Let El be the event that the insured person is a scooter driver.

Number of scooter drivers _ 2000 _ 1_ 2000 _1
Total number of drivers 12000 6 12000 6
Let E2 be the event that the insured person is a car driver.

P(El) =

Number of scooter drivers 4000 _ 1
Total number of drivers 12000 ~ 3
Let E3 be the event that the insured person is a truck driver.

P(Ez) =

PE.)= Number of scooter drivers ~ 6000 1_ 6000 _1
’ Totalnumber of drivers 12000 2 12000 2

Let A: event that the insured person met w an accident.

P (scooter driver met w/ an accident) = P (A| El) =0.01= &

P (car driver met w/ an accident) = P Al 0.03= 3
E, 100

P (truck driver met w/ an accident) =P Ly 0.15= 15
E, 100

The probability that a driver is a scooter driver who met w/ an accident is given by P[%j

We can use Baye's theorem, according to which P (E;A)
P(E,)(P(A|Ey)

~P(E))P(A|E))+P(E,)(A|E,) +P(E5)P(A | Ey)

1 1
A 1 +1 3 +1 15 1+6+45 52

1
6100 3100 2 100
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Extra: We can easily show that P (that he is a car driver) = —
52

Question: 27 [6]

oy y

Find the area of the smaller region bounded by the ellipse % + i =1, and the line g + > =1.

Answer:

Hence the required area is the area enclosed between the straight line, and the ellipse. To find
the limits, the semi major axis extends from 0 to 3, and the x intercept of the straight line is also 3.
So the limits are from 0 to 3.

The required area is A= Ig [109) - 9] dx

2
Here a=0, b=3,f(x)= X?+y2 =1
== g[ 9_)(2}
3
X

_ 23 2., 23
A= §I o VO-x“dx- 5 [%(3-x)dx

On integrating we get,
2 3 2 °
= 2[X o+ 96inY X" = 2| 35X
A—§[§9x +25|n1(3ﬂo 3[BX 1
On applying the limits we get,
_ 29z 2[ 9} _2{917 9}_2 9
A= Jz(zﬂ 3%2) T3l a2)737 a2

Hence the required area is 32(11—2)sq.units

Question: 28 [6]
The sum of the perimeters of a circle, and a square is k, where k is some constant. Prove that
the sum of their areas is least when the side of the square is equal to the diameter of the circle.

Answer:

Step 1:

Let x = Radius of the circle, y= Side of the square.

Circumference of the circler = 21rx = 21r, Perimeter of square=4s=4y

Sum of perimeters of circle and square:21-rx+43/:k----(1)
Area of circle =mrr’=mx2=Tr’, Area of square=y (i.esz)

Step 2:

Sum of areas of circle, and square = Tx*+y’

CBSE-i Mathematics (2014) XX

B>



A= TIXC+y----(2)
From (1)2mx+4y=Kk, 4y=k-211X
_k-2mx

4

k-21TX
4

2
A:Trx2+{ } [By substituting the value of y]

Step 3:

Differentiating with respect to x we get, (;LA = 21'rx+2[
X
2| k
= |:27r+7r:| X —ﬂ-
2 4

kr 2 k
X 2 =
4  Ar+rx 2(r+4)

k- ZWX} [_Zﬂ} —omx- 1 [k—-217X]
4 4 4

2
2 'IT

On double differentiation we get—22[2n+ —— ] = positive
dx
2

k
A is least when x =

2(r+4)

2(z+4)
Therefore, y = 2x — proves that the sum of their areas is least when the side of square (y) =
diameter, i.e, 2 times the radius (X)
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Question: 29 [6]
Find the distance of the point (-1, -5, -10) from the point of intersection of the line

r=2i-j+2k+ x[s i+4 ]+ 212) _and the plane F.(?- i- kj -5

Answer:

General point of the line is (2+3X)i +(-1+41)]+(2+2x1)k

Putting in the equation of plane; we get 1.(2+3))—-1.(-1+4%)+1.(2+21)=5
Aa=0

Point of intersection: 27—]+2I2 or(2,-1,2)

Distance: \/(2+1)2 +(-1+ 5)2 +(2+1O)2 =4/169 =13
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