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Question 1: [12]

Question 1: Select and write the appropriate answer from the given alternatives in
each of the following sub-questions: [6]

Question 1.1.1: If the points A(2, 1, 1), B(0, -1, 4) and C(k, 3, -2) are collinear, then k [2]
(A)0

(B) 1

(C)4

(D) -4

Solution: (c) 4

solution:

Direction Ratio of bar(AB )=(-2, -2, 3)
Direction Ratio of bar(BC)=(k, 4, -6)

. , DR of AB
If point AB and C are collinear then —— =constatnt
DR of BC
2 2
4
k=4
Question 1.1.2: [2]

—1 5
The inverse of the matrix [_3 2] s

1/13 2 -5
SR S |

1713 15
T l=3 2

1/13 -1 3
s 2

S
3 2]

1/13

Solution:



{A]1'132 0
M s 1

Al =-2+15=13

2
. adjia |3 -1

Al=
| 4] 13
1 [2 —5

1 e —
4°=1 {3 —1]
Question 1.1.3: In A ABC, if a=13,b =14 and c = 15, then sin (A/2) = . [2]
&) i
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—
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il 5
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Solution:

1
r [ -
®y3
at+bt+e 13 +14 + 15
5 = = — 21
2 2
A ,!"I (s—b)(s—¢) _ /(21 —14)(21 - 15) _ xi
y be ) 14 x 15 Vs

Question 1.2: Attempt any THREE of the following: [12]

Question 1.2.1: Find the volume of the parallelepiped whose coterminous edges are

given by vectors [2]
2: + 37 — 4k, 51 + 75 + 5k and 4z + 55 — 2k

— 7 —
Solution: If ¢  a8d ¢ are conterminous edges of parallelepiped then the volume of
_}
[: b ?}
the parallelepiped =
where @ = 2i + “1_) — 4k

b =5i+7j+ 5k



¢ =4i+55—2k

g [P
V:[a"bcﬁ’]: 5 7 5
45 -2

= 2(—14 — 25) — 3(—10 — 20) — 4(25 — 28)

= 2(—39) — 3(—30) — 4(—3)

= —78+90+ 12

= 24cube Unit

Question 1.2.2: In A ABC, prove that,a (b cos C-ccos B) =b?-c?2.  [2]

Solution:
Taking LHS
a(bcos C — ccos B)

— abcos C — accos B

(azebzcg) (a2+c2b2)
= ab| ——— | — ae| —8—
2ab 2ac

a?+ b -2 —a?—c2+0p?
2
2b% — 2¢2
2
= b2 — 2(RHS)

Question 1.2.3: If from a point Q (a, b, ¢) perpendiculars QA and QB are drawn to the YZ
and ZX planes respectively, then find the vector equation of the plane QAB. [2]

Solution: QA and QB are the perpendiculars from the point Q( a, b, c) to YZ and ZX
planes.

~A=(0,b,c)andB=(a,0,c)

The required plane is passing through 0(0, 0, 0), A(0, b, c) and B(a, 0, ¢)

The vector equation of the plane passing through the 0,AB is

f.(azxaﬁ)za.(azxm)

e . (E) X b) =0



Now, OA=a=0.1 4+ bj + ck

and OB = b =ai + OJrck

B 3 5k
a 0 e

= (bc — 0)i — (0 — ac)j + (0 — ab)k
= bei + a,c;j — abk

~ from (1), the vector equaticn of the required plane is
F. (bc;' + ac:y' - abi‘) ={)

Question 1.2.4: Find the cartesian equation of the line passing through the points A(3, 4,
-7) and B(6,-1, 1). [2]

Solution:

Equation of line passing through the point A(z,¥y, 2z;) and B(z, ys, 22) is

T—I Y-y 2z

T2—T1 Ye—Y1 22— 2

Equation of line passing through the point A(3, 4,-7) and B(6,-1,1) is

z—3 y—& 2—(=T)
6—3 -—-1—-4 1—(=17)
z—3 y—4 2z+7

3 -5 8

Question 1.2.5: Write the following statement in symbolic form and find its truth value:
v n €N, n2+nis an even number and n? - n is an odd number. [2]

Solution: Let p=Vv n € N, n?2 + nis an even number
Letg=V n €N, n?-nis an odd number

The symbolic form of given statement is
(pAQ)

Truth value of given statement is
p=VvneN,n?+nisaneven number (T)
g=VvneN,n?-nisanodd number (F)

(+ fromn =1,n%-n =0, which is not an odd number)

~(PAQ)=TAF=F



= the given statement is false
Question 2: [14]
Question 2.1 | Attempt any TWO of the following: [6]

Question 2.1.1: Using truth tables, examine whether the statement pattern (p Aq) vV (p A
r) is a tautology, contradiction or contingency. [3]

Solution: No of rows = 2n=23 =8
No. of columns = m+ n=3+3=6

PAQ |pPAT | (PAQ)V(PAT)

MMM MmO
i N e R N R N e e N M)
e e e I R s T T e IR
mimm|m|m|m—|
mimm|m|mH|mH
mmmmm|| |

In the last column, the truth values of the statement is neither all T nor all F. Hence, it is
neither a tautology nor a contradiction i.e. it is a contingency.

Question 2.1.2: [3]

m—l_y—?_;:—?»a r—2 y—4 -5
2 3 4 3 4 5

Find the shortest distance betwean the lines

Solution:

The lines are

X-1 Y-2 Z

2 3 4
T 2 u 5_1: z 3]
f— e et 2
3 4 5] (@)
Here

=1y =2,n1=3and a1 =2,by =3,c1 =4
o =29 =4,z0="5 and as =3, bo =4,c0=15

Shortest distance betwesn the lines is



I~ T Yo~ Y1 22— 2%

ay by ¢y
as by co
d=
\/(blCZ — byey)? + (cra2 — c2a1)” + (arby — aghy)?
T2— T Y2— Y1 22— T 2 2
Now ay by c1 =12 3 4
as bo 2 3 4.5

=1(15—-16) —2(10 —12) + 2(8 —9) = —1+4—-2=1

and (bicz — bac1)? + (c1az — c2a1)® + (a1ba — azby)® = (15 — 16)% + (12 — 10)® + (8 — 9)?
—1+4+1=6

Hence, the shortest distance betwesn the lines (i) and (i1) is= units

1 1
ﬁ‘ R
Question 2.1.3: Find the general solution of the equation sin 2x + sin 4x + sin 6x =0 [3]
Solution:

(sin2z + sinbz) + sindz = 0
2sin4z.cos 2z +sindz =0
sin4z(2cos2z + 1) =0

sindr =0 or 2cos2z +1=10

1
sindx =0 or cos2z = -5 = — cos % = cos(1r— -131)

Usingsinz =0 = z = nw
sindz =0
4 = nw

The genral solution is x
nmw
Tr=—

4

using cosz = cosa = = = 2mz + «

2T
2 = _—
cos 2z cos( 3 )

2z=2mwi%



The genral solution is x

by
r=mm =+t 3 where m,n € z

Question 2.2: Attempt any TWO of the following: [8]

Question 2.2.1: Solve the following equations by method of reduction: [4]
Xy+z=4,

2x+y-3z=0,

X+ty+z=2

Solution: x-y + z = 4,

2x+y-3z2=0,
X+y+z=2

1 -1 1] [=z] '4'|
2 1 3ltyl=10
1 1 1]|=z] _EJ

Rs— 2Ry and R3 — Ry

1 -1 1] [« 4
0 3 —5||yl=|28
0 2 0]]= -2

z—yt+tz=4 ..01)
dy —Hz=—8..12)

2y=-2 wl3)
y=-1

By equation (2)

-3-52=28

—bz =5

z=1

By eguation (1)
r+1+1=4

=2
Anstx=2,y=—1,2=1



Question 2.2.2: [4]

If & is the measure of acute angle between the pair of lines given by az® + 2hzy + by® = 0, then prove that

2y/h? — ab
tanf = fﬁa ,u+b%ﬂ
L]

Solution:

Let my and ms be the slopes of the lines represented by the equation
az® + 2hzy + by’ = 0 .........(1)

Then their separate eguation are

y=myz and y = max

therefore their combined equation is

(y — myz)(y — maz) =0

ie mymoz® — (my +ma)zy+ 17 =0 oo (2)

Since (1) and (2) represent the same two lines, comparing the coefficients, we get

My 1 o mq + ma
a b 2h
2h I
.-.m1+m2:_? aﬂd mlmZZE

Thus (mq — m2]2 = (mi1 + mg]2 — 4mymo
2h\ 2 a
— : = —— — —
(my —ma) ( 5 ) 4(b)

4(h* — ab)

= {:ml - mz}z = B2

Let the angle betweeny = myxand y =max be 8.



My — Mg

tanf = .

1+ s

2
Ty — Mo

1+ mima

4R —ab
b

1+ 3

2vh? — ab

if h==10
a+tb it atdbs

.'.tanﬂ':‘

Hence to proved.

Question 2.2.3: Using vector method, find in centre of the triangle whose vertices are

P(0, 4, 0), Q(0, 0, 3) and R(0, 4, 3). [4]
Solution:

Let p, @, T be the position vectors of vertices P, Q R of A PQR respectively
p=4j,§ =3k 7 =45+ 3k

PQ=q—p=3k—4j=—4j+3k

3
QR=7—qg=45+3k—3k=4j
RP=p—+F=4j 47— 3k= -3k
Let x, y, z be the lengths of opposites of vertices P.Q.R respectively,

T

Il

07| — 4
-y=|R_P|:3
2= |PQ| = V6T 9=VB =5



If H(h)is the incentre of APQR then

zp +yq + zr
rt+ytz

4(43) +3(3k) +5(4j + 3k)
1+3+5 |

167 + 9k + 207 + 15k
12

h =

367 + 24k . -
—5 =3 +2
Question 3: [14]
Question 3.1 | Attempt any TWO of the following: [6]

Question 3.1.1: Construct the switching circuit for the statement (pAqQ) vV (~p) V(p A ~
Q). [3]

Solution:
Let

p = Switch S is closed

q = Switch S5 is closed

~p = switch S| and ~q = S,

S

i S)/

/.
S'_v

Question 3.1.2: Find the joint equation of the pair of lines passing through the origin
which are perpendicular respectively to the lines represented by 5x? +2xy- 3y? = 0. [3]

Solution 1:

Comparing the equation 5z + 2xy- 3y2 = 0, we get,
a=>52h=+2,b=-3

Let my and m3 be the slopes of the lines represented by 527 + Exy—:}y? =0



mit+ma=-——=-——=-= .. (1)
a

mims = — = ——
T

Mow required lines are perpendicular to these lines

, 1 1
their slopes are —— and — —
myq Mo

Since these lines are passing through the origin, their separate equations are

1 1
y=——= and y = —
mq may

T

S.omyy = —x and mey = —x
r+my=0and z+ moy=10
their combined equation is

(2 + myy)(z + may) = 0

%+ (my + mo)zy + mymoy” = 0

a9 2 —B
& — — :D
T +3Iy+ 3y2

322 + 22y — 57 =0

Solution 2: Given homogeneous equation is

5x2+2xy-3y?=0

Which is factorisable

5x? + 5xy - 3xy - 3y?=0

5x(x +y)-3y(x+y)=0

(x+y)(5x-3y) =0

~X+y=0and 5x - 3y = 0 are the two lines represented by the given equation
=Their slopes are -1 and 5/3

Required two lines are respectively perpendicular to these lines.

= Slopes of required lines are 1 and 3/5 and the lines pass thought origin

=~ Their individual equations are



3
y=lxandy= —EI

iex-y=0and3x+ 5y =0

~ Their joint equation is

(x -y)(Bx+5y)=0

327 — dry + Sry — Eyz =10

322 + 20y — 542 =0

Question 3.1.3: [3]

Show that:

cos [ 2 + cos ! 12 — cos ! 33
5 13) 65

Solution:
) )
and b = cos —_—
13

Let a = cos '(

S IS TS

Let a = cos l(

4

cosa= —
5

We know that

. 2
smza =1 -cos“a

sina=1/1— cos2a

4 —

5 <o

_[»-16  [9 3

- 25 V25 5
letb = cos ! 1—2
il 13

[y
|

b =

R 5



12
cosh= —

13
W know that

5in2b =1- CDSzb

sinb = v'1— cos?h
272 [ 144
1 =) = /1 - ==
13 169

_K/lﬁg—ln_\/za 5
N 169 SV 160 13

We know that

cos(a+bh) =cosacosb-simasinb

Putting values

4 3

cosa= —.,sina= —
5] ]

feep 12 B
COs —]-S,SII"I—]-3
[+b]—4><12><3><5

s Tt 13 "5 T 13

_ 48 3

65 13

_ 48-15
G5




Hence LH.S = R.H.S

Question 3.2: Attempt any TWO of the following [8]

Question 3.2.1: If |, m, n are the direction cosines of a line, then prove that I + m? + n? =
1. Hence find the direction angle of the line with the X axis which makes direction
angles of 135° and 45° with Y and Z axes respectively. [4]

. Let av, 3, ¥ be the angles made by the line with X-, Y-, Z- axes respectively.
Solution:

[ =cosa,m = cosf3 and n = cosvy
Let@a = a1t + asj + azk be any non-zero vector along the line.

Since % is the unit vector along X-axis,

~

2’(‘050 = acos«

a.i = |a.

Also, @.1 = (ali - agj' + agk). i
=a1 Xx1+a3x0+a3x0=a
A COS QX == @] wrerereerrrirrsesesssrisnsnins (1)

Since j is the unit vector along Y-axis,

~

jlcos B =acosp

a.j = |al.



3 = |al. |3|cosﬂ = acos f

I~]]

=]

_7 — (ali‘ + ag_}'+a3ic)._}'

=a; x0+a3x1+a3x0=a

similarly acosy = ag ... (3)

from equations (1), (2) and (3),

a®cos® a + a* cos2/3 + a® cosz'y = a% + a-g 2 ¢ ag

a*(cos® a + cos? B+ cos®y) = a® [a = la| = y/a} + af + a%jl

c.costa+ cos® B+ cosPy=1

ielP+m?4ni=1

also

a=7,8=135% 9 = 45°
cos® a + cos® B+ cos®y = 45°

cos®a + cos? 135° + cos245° =1

cos® a + 1 + > =1
2 2

cos® =0

m 3r

.= — 0or —

2 2
Question 3.2.2: Find the vector and cartesian equations of the plane passing through
the points A( 1, 1,-2), B(1, 2, 1) and C(2, -1, 1). [4]
Solution:

The vector equation of the plane passing through the points A(a), B(E) and C(¢)

r. (4B x AC) = a(4B x 4C)........n



~ - -~

leta=i+j—2kb=i+2j+ke=2i—j+k

i
SLAB x AC = |0
1

=(3+46)i—(0—3)j+ (0— 1)k
—9i+3j—k

a.(ZExZ’cT') - (2+3-2i:).(92+33—-k)
=1(9) +1(3) + (-2)(-1)

=9+34+2=14

from (1), the vector equation of the required plane is

~
-

f.(9§+33—1.):14

~
-

(a:i +yj + zi:)(92+33 —k) =14
-~ the cartesian equation of the plane is
9z + 3y — 2= 14

Question 3.2.3: Solve the following LPP by using graphical method. [4]
Maximize : Z = 6x + 4y

Subjecttox=<2,x+y=<3,-2x+y=<1,x=0,y=0.

Also find maximum value of Z.

Solution:
Inequalities x = 2 HEy=3 -2utya
Equalities x=2 X+y=3 -2x+y=1

T
Intercept E:l £+E=1 _1+%:1
form 2 3 3 ]

Origin Test Q=2 0+0=3 -2(0)+0=1



True Origin  True Origin
Side Side

True Origin Side

Shaded portion OABC is the feasible region, Where 0(0,0) A(2, 0) D(0, 1), B(2, 1)
For C:

Xx+y=3
-2x+y=1

3x=2
~xX=2/3
2/3+y=3i.ey=7/3

(207
33

Z = 6x + 4y
Z at 0(0, 0) = 6(0) + 4(0) = 0

Z at A(2, 0) = 6(2) + 4(0) = 12
ZatB(2,1)=6(2) +4(1) = 16

27 2 7 40
LZate|l —,— | = — — = —
+(33) 0(3) < (7)1



Z at D(0,1) = 6(0) + 4(1) = 4 Thus, Z is maximized at B(2, 1) and its maximum value is
16.

Question 4: [12]

Question 4.1 | Select and write the appropriate answer from the given alternatives in
each of the following sub-questions: [6]

Question 4.1.1: Derivatives of tan®0 with respect to sec®8 at 8=1t/3 is [2]

Solution:

v”g

(B) 3

Llety = tan®#, and z = sec® @

d o € £

TZ — 3tan>@. sec> 8, d_; — 3sec’ f. secOtan O
d: /3
_yzsu;\{):s]n(z).—_v_

dzx 3 2

Question 4.1.2: The equation of tangent to the curve y = 3x? - x + 1 at the point (1, 3)
is [2]

(a) y=5x+2

(b)y=5x-2

(c)y=1/5x+2

(d)y=1/5x-2

Solution: y = 5x — 2
dy
dz

Slope of the tangent at (1,3)=(6-1)=5

=6z —1 at (1,3)

Equation of tangentisy - y1 = m(x - x1)
y-3=5(x-1)

5x-y-2=0
y=5x-2



Question 4.1.3: The expected value of the number of heads obtained when three fair

coins are tossed simultaneously is [2]
(M) 1
(B) 1.5
(C)0
(D) -1
Solution: (B) 1.5
p=1/2
q=1/2 [+q=1-(p)]
n=3
1
Expected value E(X) = np =3 = 5 = 1.5
Question 4.2 | Attempt any THREE of the following: [6]
Question 4.2.1: Find dy/dx if x siny +y sinx = 0. [2]

Solution: x siny+ysinx=0
Differentiate w.r.t. x both side
8 [ o
zcosy— +siny| + |ycosz +sinz— | =0
dz dz
dy

C.siny +ycosz = —(—sinz — zcosy)
dz

o dy (siny+ ycosz)

U dzx sinz + T cosy
Question 4.2.2: Test whether the function is increasing or decreasing. [2]

1
fixl=x— — xR xz0,
X



Solution:

o x # 0, for all values of x, =0

i 0,1+ — is always positive
X X

thus f{x)>o, forall x e R
Hence fi(x) is increasing function.

Question 4.2.3: [2]
Evaluate:fmT;Edz

Solution:

LetI = /( 5“\1/‘;/5 )da:

Letyz =1
1 dt

Jz dz

1
—=de = 2dt
\/—

T

frole] 2/sintdt

= —2cost+ C
= v2cos(\/;) + C

Question 4.2.4: Form the differential equation by eliminating arbitrary constants from

45T 5z
the relation ¥ — 4e” + Be [2]

Solution:



y= Ae™® + Be ™

Differentitating w.r.t. x

d .
%Y _ A.e5.(5) + Be 5%(—5)
dzx
d
2= 54.¢°* — 5Be 2
dx
Again differentitating w.r.t. x
d* &
2Y _ 5465, (5) — 5Be 5. (—5)
dz?
d2y
— =25A4e™ + 25Be
dzx
d?
3; = 25(.:4851 + Be 51)
dzx
d?
dz?
de
= — 25y = 0 is the required differential equation
x

Question 4.2.5: The probability that a bomb will hit a target is 0.8. Find the probability
that out of 10 bombs dropped, exactly 4 will hit the target. [2]

Solution: Let r = no of bombs hit the target
p=0.8

q=0.2 (1-p=q)

n=10 r=4



p(r=4)="Cp"q"" r=012.ccn

= 19¢,(0.8)*(0.2)°
_ 10¢, (180 )4(1_20>b
= 41!—(:! X (2)‘8(%)10

10
| 10 x9x8x7 ><(2)18x(i)

4x3x2 10
1\
= 210 x (2)® x (—)
10
262144 x 210 55050240

= Anti[log 210 + 18log 2 — 10]
— Anti[2.3222 + 181og(0.3010) — 10]
— Anti(3.7402)

= 0.0055
Question 5: [14]
Question 5.1: Attempt any TWO of the following: [6]

Question 5.1.1: If u and v are two functions of x then prove that [3]

fu:d:-uf:ﬁ:—f[d—fﬂdz]dz

Hence evaluate, f:e



Solution:

Let /vd:z: =W+ (1)

th — =v.....(2
en, — =1 (2)
d d d
Nowa(u,w) u. E(w) + wd—(u)
+ w3 ... from(3)
= U v+ W—....... rom
dx

By definition of integration.

[l o]
U W = u. v+ w— |dzx
dzx
=/u.vdz+/w.ﬂda:
dz
/u.vdzzu.w—/wﬂ‘-dm
dz
=u/vd:z:— /‘[ﬁ /v.dz]d:c
dx

[next section only required for question 2]

d
Hence, /me”da: = z./e"d:c - /[—&;x./e’drx] dx

=Iez—f1xezdj:
—zeT —eT+ ¢

Question 5.1.2: Solve: dy/dx = cos(x +y)

Solution: Given,

[3]



d
d_y = cos(z + y) ...(1)

T
Putzt+y=vw (i)
R | I e
dy dv
-(-i; = ZB— —1. (lll)
Substituting (i) and (iii) in (i), we get
d
d_: — 1 =cosv
0%y
S cos v
. dv of VU
. E = 2COS (5)
1
e Tdv = 2dzx
on (3)

v
secz(—)dv = 2dzx

2
Integrating on both sides, we get

/sec2(§)dv - 2/dz

2tan(%) =2z + ¢/

tan(%) =z+ %

Tty cl
. tan 5 =+ ¢ whereec = —2—

Question 5.1.3:

3
e’ —coszx

If flz) = —Q for x= 0, is continuous at x = 0, find f{0).

Solution: f(x) is continuous atx =0

[3]



i - SR— 3 (cr - 1) + (1 — cos )

z - 0 < x>0 .’1:2

z 0 z2 2 \z0 T
1 9

=14 —=(1)"
S (1)

3

T2

Thus, f(0)=3/2

Question 5.2: Attempt any TWO of the following: [8]

Question 5.2.1: If y = f(x) is a differentiable function of x such that inverse function x =
f~1 (y) exists, then prove that x is a differentiable function of y and [4]

dr 1

d
d_y = (%) where % #0
Solution 1: Let dy be the increment in y corresponding to an increment 6x in x.
asdr — 0,4y — 0

Mow y is a differentiable function of x.

_ by  dy
iz 0 dx  dzx



NO\N—y > ﬁ —
z Oy
Oz 1
Biw) gl —W
dy =

Taking limits on both sides as dz — 0, we > ¢

. 51‘_ [l} 1
By kS | S
sz0 §y oz 0 | Sy &

or dz 0
) 1
lim L S 2 ..[as 6z — 0,y — 0]
5z-30 dy lim %
dr 0

Since limit in R.H.S. exists

limit in L.H.S. also exists and we have,

bz _do
Jyrﬂay_dy
d 1 d
—zz—where—y#ﬂ
Y d dz

T
V1+tan?y V1422

T =tany = cosy =

d d
secy.d—i =:1-= d—; = sec2y
dy 1 1 dy v

—=—=—=coszy=>-—=cos
dx

d(tan '=z) i 2_( 1 )2
——— =cos"y=(cosy) = | ——

dx Vv1+ 22
d 1 1
8 t =
= (tan " z) 1122

Solution 2: 'y’ is a differentiable function of x'.

Let there be a small change 6x in the value of ‘X’

Correspondingly, there should be a small change 0y in the value of ‘y’.
As 6x — 0,6y — 0



: ox Oy
Consider, —x—=
oy ox
ox 1 oy
et
oy 9 ox
ox
Taking lim on both sides. we get
dx—0
_ I &x 1
lim| — |= —
N\ oy lim ( O_\ ]
:«—-.01\ ox ,
Since ‘y” 1s a differentiable function of “x’
. (o) dy
lim ~_' = =
&0\ 8x / dx
Asdx—>0, oy =0
(& 1 .
hll%(?]z‘—‘s— ()
=01 Sy ; V
&x—=0\ Ox )

Imitson R H.S. of (1) exist and are finite.
Hence, Iimuts on L.H.S. of (1) also should exist and be finite.

limt ?—X ] = exists and 1s finite.
Gv—0 011 d"
dx 1 dy

dx

Question 5.2.2: A telephone company in a town has 5000 subscribers on its list and
collects fixed rent charges of Rs.3, 000 per year from each subscriber. The company
proposes to increase annual rent and it is believed that for every increase of one rupee
in the rent, one subscriber will be discontinued. Find what increased annual rent will
bring the maximum annual income to the company. [4]

Solution: Here, the number of subscribers = 5000 and annual rental charges per
subscriber = Rs.3000.

For every increase of 1 rupee in the rent, one subscriber will be discontinued.
Let the rent be increased by Rs. x.

New rental charges per year = 3000 + x

and number of subscribers after the increase in rental charges = 5000 - x. [1 M]
Let R be the annual income of the company.

Then, R = (3000+x)(5000-x)
=15000000-3000x+5000x-x?



d’R
— 15000000 + 2000z — z2 and g = = —2
Y

R is maximum if ;ﬁ = 02.€,2000 — 2z =0
T

i.e if = =1000
d’R

(_) —_2<0
d$2 1000

By the second derivative test, R is maximum when x =1000.
Thus, the annual income of the company is maximum when the annual rental charges
are increased by Rs.1000.

Question 5.2.3: [4]

e i — L
Evaluate: f 1|.|' dz
—a a-+ T

Solution:
IR
a-+ :c

Let I =

\ a+;r
B ¢ [(a—=z)(a—=) .
—/a (a%—z)(a—x)d

a—:z

\/a2—1'

a o T
:/ —d:r—/ ———dz
a Va? — z? a vVa?— z?
T

a
[but ——— is an is an even function and ———  is an odd function]

Ja2 —x2 Va2 — g2




Question 6: [14]
Question 6.1: Attempt any TWO of the following: [6]

Question 6.1.1: Discuss the continuity of the following function, at x = 0. [3]

ﬂr}=%|,fnr:%n

=1forzx =10
Solution: f(0)=1............ (given)............ (1)
forz > 0,|z| ==
o He) =l e
— lim =

z 0" T

= lim (1)

=1
for x<0,|x|=-x

li — lim —
£ FeEl =
—lim ——

z-0 T

= e

=1

f is discontinuous at x = 0

here li]l.})li f(z) # lil})l F(X)

.'.lirlil:I fl(z)does not exist
Ir—3
hence, it is discontinuous atx = 0

Question 6.1.2: If the population of a country doubles in 60 years, in how many years
will it be triple under the assumption that the rate of increase in proportional to the
number of inhabitants? [3]
[Given :log 2 =0.6912 and log 3 = 1.0986.]

Solution: Let P be the population of the country at time t.



Given — o P
dt

dP
. — = kP (where k is a constant)
dt
1
. —dP = kdt
P

Integrating both the side wortx

1
dep=kfldf+c

logP=Fkt+c
P:Ehlc‘,:Eh.Ec
let e’ = a
. P=a.e"

Let initial population att =0
"N=a.e" N=a

P —=N.e"

Given P = 2N when t = 60 years,
;. 2N = Ne%*
i 1
2=e% o k= __log2
60
- P=N.e%

Reguired t when P = 3N

3=eM= log3 =kt

1
log3 = (Elog 2) .t

,_ 60log3

log 2
60 x 1.0086
0.6912

= 95.4years(=.)

The population of the counter will triple approximately in 95.4 years.



Question 6.1.3: A fair coin is tossed 8 times. Find the probability that it shows heads
exactly 5 times. [3]

Solution: Let X = Number of heads
p = probability of getting head in one toss
p=1/2

1
—1-p=1-—=—
q P S

Given n=8

1
z~Bl 8. =
-2(53)

The p.m.f. of X is given as

P(X - 1:) e nCIpan Z

1\%/1)
i.eP(z) = SCI(E) (5) (8—=2),2=0,1,2,3,.....,8

(exactly 5 heads) = p[X=5]

N raN?
B 803(5) <§> [""Ce ="Cn 4]

_8><7x6x 1 7
T 1x2x3 7 256 32

«~ P[X = 5] = 0.21875

Hence, the probability of getting exactly 5 heads i1s 0.21875

Question 6.1.3: A fair coin is tossed 8 times. Find the probability that it shows heads at
least once [3]

Solution: Let X = Number of heads
p = probability of getting head in one toss

p=1/2



Given n=8

1
Bl 8 =
~2(53)

The p.m.f. of X is given as

P(X =z) ="Czp"q"

I
i.eP(z) =8Cz(—) (—) (8=2),2=10,1,2,3,.....,8

2 2

P (getting heads at least once)

PIX>1]=1-P[X =0

=1—P(0)=1 —800(%)0(%)8 0

LY . 125
B 2) 256 256

P|X > 1] = 0.996

Question 6.2: Attempt any TWO of the following:

Question 6.2.1:

Find: I =IL
sin x + sin 2x

Solution:

I—/ dz
- sinz + sin 2z

1
- r dx
sinz + 2sinz cos

sinz

dz

/ dz
sinz(1 + 2cosz)

sin® z(1 + 2 cos z)

[8]
[4]



Let u=cosx

=du=-sinxdx

Also,

sinz=1—coscx =1 — u?

1
- I:f_{1—u2){1+2u}d“

1
= f T E e e

Lsing partial fractions, we get

1 A

B c

Q+uw)(l—uwl+2u) 1tu

+ +
1—u 1+ 2u

= —1=A(1—u)(1+2u) + B(1 + u)(1 + 2u) + C(1 + u)(1 — u)

= —1=A(1+u—2u®) + B(1+ 3u+ 2u%) + C(1— )

= —1=(-24+2B-C)u’+(A+3B)u+ (A+ B+ C)

Equating the respective coefficients on the LHS and the RHS, we get

-2A+2B-C=0 ... (1)
A+3B=0 .. (2)
A+B+C=-1 ... (3)

Adding (1), (2) and (3), we get
6B=-1

=B=-1/6

From (2), we get
A=-3B
=>A=1/2

from (3), we get



C=-1-A-B
=C=-4/3

So,
1 I SR 1 4
(1+u)(1l—w)(1+2u) 2(1+u) 6(1—u) 3(1+2u)

1 1 4
:'\IZ/[Q(Hu) “81-w) 30+ ™

1 1 4
= Elog(l + u) + Elog(l —u) — x—210g(1 +2u) +C

1 1 2
= Elog(l + cosz) + Elog(l —/CO8E) — glog(l +2cosz) +C

Question 6.2.2: Find the area of the region lying between the parabolas y2 = 4ax and x? =
4ay. [4]

Solution: The equations of the parabolas are
y° = daznn 1)

2= day....wn(2)

! = 64a’z

3 3 _
.'r[.'r — (4a) ] =0
¥=0 and x=4a

y=0 and y=4a



The points of intersection of curves are 0(0, 0), P(4a, 4a)

The required areas is, A = (Area under parabola y2 = 4ax) — (Area under parabola x2 =
ay)
2

4a 4a 2
:/ Vdazdz — / —dzx

0 0 a

0 4a 3 0
= 4va % 4aVda — 1 % 64a°
3 2a
32 , 16 ,
= ?a = ?a
16

= —azsq units
3 ;

Question 6.2.3: Given the p. d. f. (probability density function) of a continuous random
variable x as: [4]

IJ

flz) = 5.1

= 0, otherwise

Determine the c. d. f. (cumulative distribution function) of x and hence find P(x < 1), P(x
<-2),P(x>0),P(1<x<2)

Solution: c.d.f. of the continuous random variable is given by

L .
F(a:):/ Y iz
1 3

B
91,

3

41
e 9 ,TE€ER

Consider P(X<1)=F(1)=(13+1)/9=2/9
Pz <—-2)=0
P(X >0)=1— P(X <0)



P(X>0)=1—-P(X <0)

=1 F(0)
0 1
=1‘(3+3)
_8
=9
P(1 <z <2)=F(2) - F(1)

1 1
=F ==
(5+3)

I
9



