MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2013 Certified)

WINTER- 19 EXAMINATION

Subject Name: Applied Mathematics Model Answer

Important Instructions to Examiners:

Subject Code: | 22210

1) The answers should be examined by key words and not as word-to-word as given in the model answer scheme.
2) The model answer and the answer written by candidate may vary but the examiner may try to assess the

understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more Importance (Not applicable for

subject English and Communication Skills.

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The figures
drawn by candidate and model answer may vary. The examiner may give credit for any equivalent figure drawn.
5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values may vary and

there may be some difference in the candidate’s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer based on

candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent concept.

Q. | Sub A Marking
No. | Q.N nswers Scheme
1. Attempt any FIVE of the following: 10
02
? If f (x)=tanx , show that f (2x) = LX)Z
1-[F(x)]
Ans | T(2%) "
= tan 2x
_ 2tan X 1
1-tan’ x
2f (x
= ( ) 2 Y
1-[f(x)]
OR
2f(x)
1-[ 1 (0]
_ 2tanx Yo
1-tan®x 1
= tan 2x y
2
= f(2x)
. _ e +e” . 02
b) | State whether the function f (x) = is even or odd.
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1. b X 4 aX
) () = e*+e
Ans -
_ e ¥ +e " 1
Sof(-X)=——F—
(—x) >
(=2 2+e "
s f(=x) = f(X) Yo
- function is even. 1y
. dy .
c Find = if y = x.e"
) dx y 02
ANs |y = xe*
dy d, . ,d
L =X—(e")+e* —(x
dx dx( ) dx( )
2
Y xe* +e*.1
dx
Y et
dx
d) | Evaluate J. tan™* x dx 02
Ans J'tan‘1 X dx= _[tan‘1 X .1 dx
=tan™* ledx—j(.[ldx)i(tan‘1 x)dx i
dx
=xtan’1x—jx - dx Y
1+x
:xtan’lx—j X dx
1+ x°
B 4, 1p 2x
=Xtan X_§~[1+x2 Ya
- xtan‘lx—%log(1+ X*)+c &
e) | Evaluate I J1+sin2x dx 02
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€) _[«/1+sin 2x dx

Ans

= J.\/(sin X +C0S x)2 dx

= J.(sin X +c0s x) dx

=—COSX+SinXx+cC

= J'\/sin2 X 4+ C0S? X + 25in Xcos X dx

b
Ans Area A= I y dx

sin x dx

;
[-cosx];
[

COos

x

—cosz|—[—cosO0]

(-9

2

f) Find the area bounded by the curve y =sin x and the x -axis from x=0tox=rx

1+
T2-i
140 240
T2-i 2+
C2+i+2i+i°
S22
_2+3i-1
441

Ans | Z

1+i

d) | Expressinthe form a+ib,Z=="—, wherea,b, IR .i =J-1

2—1

Yo
Yo
Yo
Yo

02

Yo

Yo

Yo

Yo

02

Yo

Yo

Yo

Yo
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2. Attempt any THREE of the following: 12

. . dy
a) | Ifx=a(f-sind) ,y=a(l-cosd) find ™ 04
X
Ans | x=a(@-sind) , y=a(l-cosd)
x=a(f-sing)
1
% =a(l-cosd)
de
y=a(l-cos®)
1
dy _ a(0+sing)=asing
dée
dy
dy dg__ asind 1
dx dx a(l-cosd)
déo
dy _ sing 1
dx 1-cosé
b) | Ifx*+y*=xy find dy 04
dx
ANS | x2 4 y? = xy
dy _dy 1
L2X+2y—=x—+Y.1
y dx  dx y
dy . dy
L2XH2y ==X+ 1
y dx  dx y
dy
S(2y=X)—=y-2Xx
(2y=x) 3 =Y 1
) ﬂ _y—2x
Tdx 2y-x 1
c) | A metal wire 36 cm long is bent to form a rectangle. Find its dimensions when its area is 04
maximum.
Ans | Let length of rectangle = x , breadth =y
S 2X+2y =36
S y=18-x 1
Area A=Xxxy
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2.

c)

d)

Ans

A= x(18—x)
L A=18x—x°
.'.d—A:18—2x

dx
d2A

" dx?
Let d—Azo

dx
218-2x=0

SoX=9

=2

atx=9

d?A

dx?

Area is maximumat x =9
Length =9 ; breadth =9

=-2<0

A beam is bent in the form of the curve y = 2sin x —sin 2x. Find the radius of curvature of

the beam at this point at x =%

y =2sin Xx—sin 2x
.'.Q=Zcosx—2c052x
dx
d’y

™ =-2sin x+4sin 2x
X

atx=2
2

ﬂ = ZCOS(EJ—ZCOSZ(Ej =2
dx 2 2

2
d g =-2sin (£j+4sin Z(Ej =-2
dx 2 2

@] o

. Radius of curvature = =

Yo

Yo

Yo

Yo

04

Yo

Yo

Yo

Yo
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2. d) .. Radius of curvature = -5.59
=5.59 1
3. Attempt any THREE of the following: 12
a) | Find the equation of the tangent and normal to the curve 4x° +9y® =40 at (1,2) 04
Ans | 4x*+9y* =40

.'.8x+18yd—y:0
dx
_dy -8x
“&_@
_dy  —4x
”&_W
at (1,2)
dy _—4(1)
o 9(2)
dy -2
dx 9

..slope of tangent,, m = %2

Equation of tangent at (1,2) is

-2
—2=—"(x-1
y-2=-(x-1)

29y -18=-2x+2
~2X+9y—-20=0

L

~.slope of normal , m'=—=

) is

=]
N | ©

Equation of normal at (1,

9
—2=>(x-1
y-2=2(x-1)

S 2y—4=9x-9
S 9x—-2y-5=0

Yo

Yo

Yo

Yo

Yo
Yo

Yo

Yo
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3 b) Find L y=x""+(tanx)" 04

dx
Ans | Letu=x""
- logu = log x™™
. logu =sin xlog x Yo
ldu . 1
;. =—=sinx-=+log x.cos x 1
u dx X
ldu sinx
.. ——=——+cosxlogx
u dx X
du (sin X j
.. —=u| ——+cosxlog x
dx X
du gy (sin X J Y
So—=X""| ——+cos xlog x
dx X
Let v =(tan x)"
- logv =log (tan x)'
Y
~.logv = xlog (tan x)
1
1av_ X-—1 sec? X+ log(tan x)-1
v dx tan x
2
1av_ xsec x +log (tan x)
vdx tanx
dv xsec’ X
S—=V +log (tan x
dx [ tan x g(tanx)
: d—v—(tan X)' Xseczx+log(tan X) Y
Cdx tan x
dy  gux(SINX x| xsec® x
so—=—=x"" ——+cosxlog x |+ (tanx +log (tan x
dx ( X : ] ( ){ tan x ol )}
c) | Find % if y:Iog[x+«/x2+a2J 04
X
Ans | V= Iog[x+«/x2 +a2J
dy 1 1
L= 1+ 2x+0 2
dx x+«/x2+a2[ 2«/x2+a2( )j
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3.

c)

d)

Ans

X

'Q— ! (1+ J
X x4/ +a? Jx2 +a?

Jdy 1 [x+x/x2+a2J

X xxral
Jdy 1

Cdx Xt a?

Jx2+a?

Evaluate I %
+5¢0s X

J- dx
4 +5c0s X
2dt

PUt tan > =t , dx= >
2 1+t

2

I 1+t?

=J4(1+t2)2i|t5(1—t2)

dt
=2
j4+4t2+5—5t2
dt
=2
I9—t2
dt
o e
1

=2—Io
2-3 g

3+t

+C

X
1 3+tan —

=Zlo
3 g

. +c
3—-tan =
2

04

Yo

Yo
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4. Attempt any THREE of the following: 12

x—1)e*
a) | Evaluate I(—)X dx 04
x%sin? (ej
X
Ans _[ (x—l)eX i
x%sin? [ej
X
Put & =t
X
xe* —e*(1
. ( )dx =dt 1
x—1)e*
( 2) dx =dt
1
dt 1
Isinzt %
= Jcoseczt dt 1
=—cott+c 1
=—cot i +C
- - "
b) | Evaluate J'sin3x dx 04
Ans Jsin3x dx
since sin3x = 3sin x—4sin® x ssin®x= %(BSin X —sin3x)
1. . .
"'J.Z(?’S'n X —sin3x) dx 2
:l(—3cosx+cosng+c 2
4
=3
OR jsm X dx 1,
= J.sinzx sin x dx
:J.(l—cos2 x)sinx dx 1
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4. b) | Put cosx=t
o.—sin xdx = dt
.sin xdx = —dt 1
~f(1-17) (—dt)
=—[(1-t*)dt
3
=—(t—t—J+c 1
3
oS> X
=—| cosx— 3 +c Y
2 04
c) Evaluatej 2X°+5 dx
(x—=1)(x+2)(x+3)
2x*+5
d
Ans -[(x—l)(x+2)(x+3) X
2
Consider 2X°+5 = A + B + ¢ o
(x-1)(x+2)(x+3) x-1 x+2 x+3
52X 4+5=A(X+2)(x+3)+B(x-1)(x+3)+C(x-1)(x+2)
Putx=1
LT =12A
7 1
12
Putx=-2 =13=-3B
_13 e
3
Putx=-3 = 23=4C
4
7 -13 23
2x* +5 12 . 3 ., 4
= d
J‘(x—l)(x+2)(x+3) X I x—1+x+2+x+3 X
:élog(x—l)—%log(x+2)+?Iog(x+3)+ 2
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4. d) | Evaluate sz.esx dx 04

Ans j x2.e% dx
:xz(jesxdx)—j _[eaxdx i(xz) dx '
“dx
3x 3x l
—x2 8 —J'e 2x dx
3 3
_xe” 2 I xe™ dx
3
2,3x B
= X; —g_x('[e“dx)—j( eSde.%(x)jdx} Ya
2,3x [ 43« 3x
_xer 2 xe——je—.ldx} 1
3 3] 3 3
~ x2e3x _g'xesx _ﬁ L
T3 33 9 &
04
5 {
€) | Evaluate J.i dx
0 \/§+\/5—x
5
Ans |:j—"’5_xdx (1)
0 \/§+ 5-x
I :j. 5= (5-%) dx 1
25— x+5—(5-x)
5
I :J' Jx dx (2)
0 5 X ++/X
add (1) and (2)
5 f 5
|+|:JLdX+J‘LdX 1
0«/;+«/5—x 0x/5—x+«/;
5
o1 = [YE XX
0 x+6-x
5
21 = [Ldx
0
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4. e _[yTP 1

) 2l = [X]o
21 =5-0
| = E 1
2
12
S. Attempt any TWO of the following:
a) | Find the area of the circle x* + y* = 36 by using definite integration. 06
Ans X2 + y2 =36
Sy =36-X%°
Sy =+36-x’ .
6
A=4H36—x2dx
0
6
= 4.[\/62 —x%dx
0
— 4] 267 —x? + Lsint[ X 2
2 2 6)),
=4 0+%sinl(1)—0} 1
-4 @Z} 1
2 2
=367 1
b) i) | Find the order and degree of D.E. 03
jdzy dy .2
=X xy?2=0
o ax
2
Ans | [d y _ WLy
dx dx
d’y _(dy 2)2
=l —=+X 1
dx? (dx y
.. Order =2 1
Degree =1 1
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5 | b)) Solve D.E. x-ﬂ+ y=x 03

dx
Ans x.ﬂ+ y=x
dx
Uy Yy _ e
dx x
. . dy
Comparing with d—+ Py=Q
X
S P= 1 Q=x?
X
.. Integrating Factor = eI P
Lox
e
_ eIogx
.. Solution is,
y-|.F.:jQ-|.F.dx+c
1
y-x:jx2 Xdx+c
SOXY :Ixsdx+c
x* 1
Xy =—+cC
y 4
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3. C) | The velocity of a particle is given by v =t? —6t + 7. Find distance covered in 3 seconds. 06

Ans | V= t2 —-6t+7
1
v=3X_ t*—6t+7
dt
cdx=(t? -6t +7)dt
1
o fdx=[(t* -6t +7)dt
3
x=L o3y Ttec 1
3 1
att=0,x=0 ..c=0
t? 1
X=——3t 4Tt
3
att=3
3 3
X =(T)_3(3)2 +7(3)
Sx=3 1
6. Attempt any TWO of the following: 12
a) (i) | Express in polar form, Z =1+i+/3 03
Ans | Z=1+i\3
Comparing with Z = x+1iy
Lx=1ly= «/§
r=x+y?
1
2
r=\(0)°+(v3) =2
-1
6 =tan y
X
-1 \E
f=tan |—
1
0 =tan'f3
0=60° or = 1
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6. | a) (i) | Inpolar form,
Z =r(cos@+isin0)
Z =2(cos60° +isin60°)
or
Z:Z(coszﬂsinzj
3 3 1
a)(ii) | Find L {sin3t+cos 2t} 03
Ans | L{sin3t+cos2t}
3 S
s’ +3 742
3 LS
$°+9 s*+4 1
06
b) | Find L td—25*3
(s+2)(s+6)
Ans L_l 25+3
(s+2)(s+6)
Let 25+3 _ A N B ”
(s+2)(s+6) s+2 s+6
5.25+3=(s+6)A+(s+2)B
Puts=-2
s =1=4A
__1 1
4
Puts=-6
-9=-4B
B> L
4
-1 9
) 25+3 4 4 Yo
L = +
(s+2)(s+6) s+2 s+6
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6. b) o 2543 :_ELl{L}_,_ng{ 1 } 1
7 |(s+2)(s+6)] 4 [s+2) 4 [s+6
— gt T aht 2
c) | Solve the differential equation using Laplace Transformation. 06
dy 2t
=L _3y=t-e®, y(0)=0
dt y=te v(0)
Ans d_y_3y=t e‘zt
dt
dy ot
L{——3y}:L{t e}
SL(y)-y(0)-3L(y) =(-1) 5 5 1
ds\s+2
sL(y)-0-3L(y)=-1 _12 Ys
s+2)
(s-3)L(y)=——
(s+2)
1 1
L e
) (s+2)"(s-3)
1
Ly=LN
g {(S+2)2(S—3)}
Let 3 = A + B >+ ¢
(s+2)°(s-3) s+2 (s+2)° s-3
.'.1=A(s+2)(s—3)+B(s—3)+C(s+2)2
Puts=-2
~1=B(-2-3)
-1
-+ ”
Puts=3
1=C(3+2)°
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6.

c)

_1
25
Puts=0

1= A(-6)+B(-3)+C(4)

1=-6A-(-3)+(4)

-2 e
5 25

NI
25
-1

25

S
1 _25 .5 .25
(s+2)’(s—=3) s+2 (s+2)° s-3

Important Note

In the solution of the question paper, wherever possible all the possible alternative methods of
solution are given for the sake of convenience. Still student may follow a method other than
the given herein. In such case, first see whether the method falls within the scope of the
curriculum, and then only give appropriate marks in accordance with the scheme of marking.

Yo

Yo
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