MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION piﬁ'i

(Autonomous) DEGREE & DIPLOMA
(ISO/IEC - 27001 - 2005 Certified) ENGINEERING

WINTER -2018 EXAMINATION
Subject Name: Applied Mathematics Model Answer Subject Code: 22201

Important Instructions to Examiners:

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 answer 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.

Sub Marking
Q. N. Answer Scheme
Attempt any FIVE of following: 10
a) Define odd and even function with suitable example. 02
Ans | Iff(—x)=—f(x) then the function is an odd function 1,
e.g. f(x)=x"+x
F(=x)=(—%)"+(~x)
= —(x3 + x)
Y2
=-1(x
If f (—x) = f(x) then'th€ function is an even function 72
eg.f(x)=x"+1
f(-x) :(—x)2 +1
=x*+1
= (X) 1y
X +9
b) | If f(x)= 3,f|ndf(4)+f(5). 02
X_
2 2 ot
Ans £ (4)+f (5)= 4°+9 N 5°+9
J4-3) \{5-3
34
=25+——=49.042 - 1
J2
OR
2
f(4)=222 _2s s
4-3
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b)

Ans

d)

Ans

Y2

Find % ify=(3a)" +x"¥ +x" +a
X

% =(3a)"log3a+log3-x"9" +a.x** +0
X

log3)-

=(3a)"log3a+log3- x99 +a.x**

OR
wy=(3a)" +x

(log3)

(0o%) 4 x* + a2

cy=3a +x" +x" +a°

% =3*a* loga+a*3*dog3*%log3-%"¥* +a-x*1+0
X
=3"a* (loga +40g3) ¥ 1093 x"*9* +a. x**

02

YVotlo+1o+1s

YVotlo+1o+1s

Evaluate |’ -log xdx

J.x2 -log xdx = log x.[ x2dx —JU xzdx-% log x}dx

02

Ya

Yo
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L 2 Evaluate J‘ZL 02
X“+4x+5
J* dx
Ans X2 +4x+5 y
4x)’ ’
Third term = ( X)Z =4
4x X
dx Y
_Ixz +4X+4—-4+5
_ dx 1,
(x+ 2)2 +1
= %tan'l(izj+ c
1
=tan™(x+2)+c 2
f) Find the area bounded by the curve y =6Sinx, x=@axis and the ordinate x=0,x = % 02
Ans b
Area A= J. ydx
3 1
= jsin xdx
0
P 7
=[-cos x]oé ?
——[0-1]
=1 Y,
) State the trapezoidal rule of numerical integration. 02
ANS | Trapezoidal rule
b
h
Jf(x)dx:a[(yo+yn)+2(yl+y2+...+yn71)] )
where h= B
n
) Attempt any THREE of the following: 12
a) | Find % ifx*+y?+xy—y=0at (12) 04
X
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No. | Q.N. Answer Scheme
2. |QANs | - x?4y?4xy—y=0

1
2x+2yﬂ+xﬂ+ y—d—:O
dx  dx dx
dy
L2X+Y+(2y+x-1)—=0
y ( Y )dx
.'.(2y+x—1)d—y:—(2x+ y) 1
dx
Cdy —(2x+y) .
Tdx 2y+x-1
at (1,2)
dy _—(2(1)+2 4 1
dx 2(2)+1-1
. . .4 dy Vs
b) | Ifx=a(cost+tsint) andy =a(sint—tCost), fird ™ att=z 04
X
Ans | ' x=a(cost+tsint)
' d—)t(:a(—sint+tcost+sint)
= atcost 1
.y =a(sint—tcost)
.'.%za(cosutsint—cost)
=atsint 1
dy
Ly _dt
Cdx o dx
dt
. dy _ atsint
" dx  atcost
=tant 1
att="
4
d—yztan—
dx
=1 1
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2 c) The rate of working of an engine is given by the expression 10V + 4000 , Where 'V' is the 04

speed of the engine.Find the speed at which the rate of working is the least.
ANSs | The rate of working is, W =10V +@
1
dw 4000 2
co——=10-—
dv V
~d°W 8000
R YERE &
Consider aw =0
dv y
2
10— 43?0 =0
10-57
V2 =400 1
~V =20,-20
atVv =20
d’W 8000 1
Ve = 07 =1>0
(20) Yy
.. The speed is V = 20 at which the rate of working is least
d) A telegraph wire hangs,in the form of a curve y =a-log [sec(iﬂ. Where 'a’ is 04
a
constant.Show that the curvature at any point is lcos(i).
a a
Ans | y=alog (sec (ED
a
S -
X C(j a a/la
Y tan (5) 1
X a
2
o 2)3) 1
X ajla
- 3
212
1+ [dy}
. ) dx
. Radius of curvature is p = = FEvas
ay
dx?
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2. d)

3. Attempt any THREE of the fellowing:
. . 1 1
) Find equation of tangent 10 curve x :f’ y :1—¥ whent =2,

Ans | x=

.. slope of tangent =m=-1

whent =2

x:}zE yzl—%:l—lz1
t 2 t 2 2

12

04

Yo+l
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a
) .. Point is (EE]
22

.. Equation of tangent is,

1

b) Find dy if y:xx+xﬁ
dx
Ans | Letu=x"
. logu =log x*
= xlog x
1du 1
S ——=X-—+log x
u dx X
=1+logx

g—i =u(1+logx)
= X" (1+log x)
Letv=x"
~.logv=log x
=«/§Iogx
Cladv 1

1
S——=AX-—+logx-—=
v dx X

24x

:X‘ﬁ(i_Floﬂ]
Jx o 2dx
Cy=Uu+v

. dy _du dv

Tdx dx dx
= X" (1+log x)+ x‘ﬁ(i+lo—xj

Ix 2

04

Yo

Yo

ITEPDC
=\
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3. C) 04

Find ¥ ify = tant| -
dx 1-x?
Ans | y=tan™ [L}
J1-x?
Letx=sin@ ..0=sin"x 1
) y—tanl[ sin@ }
J1-sin?@
=tan™(tan 0) 1
_p 1
=sin'x
Jdy 1 1
Cdx J1-x?
OR
Letx=cos@d  ..0=cos*x 1
. y—tan‘l{ cosd }
\J1-cos? @
=tan™'(cot &) 1
=tan™ (tan (E - GD Yo
2
:%_9 Y
-7 _costx
ﬂ__ -1
dx 1—x?
_ 1
1-x?
OR
y=tan™
1-x
> 1
1-x*(1)-x (—2x)
dy _ 1 24/1-X? )
dx X 2 :|.—X2
1+
1-x?
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c) x2

sec’ X y
1+tanx)(3+tanx)

d) Evaluate _[ (

J- sec? x

dx
(1+tanx)(3+tan x)
Let tanx =t

Ans

-.sec? xdx = dt

1
—[—=dt
-[(1+t)(3+t)
Consider
1 A @B
(1+t)(3+t)_1+t 3+t

J1=A(3+t)+B(1+t)
PUt t=-1 -~ A==
2

Put t=-3 .'.B:_—1
2

1 1

1 22
(1+t)(3+t) 1+t 3+t
1 1
.'.I;dt—_[ 2 2 4
(1+1)(3+t) 1+t 3+t

Iog(1+t)—%log(3+t)+c
(ﬁ}c
J 3+t

(1+tanxj
log +C
3+tan x

o

1
2
1
2
1
2

04

Yo

Ya

Ya

Yot+Y2

Yo
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4, Attempt any THREE of the following: 12

a) Evaluate:I 1 _—dx 04
x[9+(loge X) }
1
Ans dx
'[x[9+(loge x)z}
Let log, x =t
1
.'.ldx:dt
X
= Lt
9+t
1
e 1
=1tanl(£j+c 1
3 3
~Lian (_Ioge Xj+c 1
3 3
1
b) Evaluate: I — =~ dx 04
25In X + 3CcasX
Ans I 1 dx
2sin X +3c0s X
Let tan>=t
2 1
. 2t _1-t? 2dt
2.8IN X =——,C0S X =, dX = ——
1+t2 1+t 1+t
= | E ~2dt
B 12 1412
2( 2t2j+3 1 t2 +t
1+t 1+t
:I;z.zdt
4t +3 3t
Yz
= [ 2t ?
t —-4t-3
—4t
Third term :( )2 :ﬂ Y2
4% 3t 3
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b) 1
:—2j Tt
3t —4t+-—-—-3

3 3
=2 12 _dt
-5 5]

-2

+C

&l

+C

L
&
—
\>< N | X
|
=)
+ |
R

3 tan
2

3tan)2(—2 \E

3tan§—2+\E

Il
|
1
o
(@]
\_—/

OR
Let tan X =t
2

1=t dx = 20t
1+t°

. 2t
S.SinX = ~,C0S X = o
1+t 1+t%

_J* 1 2dt

- 2\ 2

2( 2t2j+3 1—t2 1+t
1+t 1+t

-2dt

1
:J4t+3—3t2

Y2

Y2

Yo

Ya
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b)

Ans

d)

+C

+C

1 3tan§—2—«/1_3
- 2
= log +C

‘/1_3 3tan;—2+«/1_3

Yo

Y2

Evaluate : J.sec3 X dx
Letl = _[sec3 X dx

= Isec2 X-Sec X dx

=Sec X Isec2 X dx—j{ sec® X dx-disec x}dx
X

=secxtan x—j[tan X -sec X - tan x Jdx
=secxtan x—jtan2 X - Sec xdx

=sec xtan x—j(sec2 X —1)-sec xdx
=sec xtan x—j(sec3 X —secx)dx

=sec xtan x — I sec® xdx + jsec xdx

| =secxtan x— I +log(secx+tan x)+c

- 21 =secxtan x+log(sec x + tan x) +c¢

sl= %(secxtan x+log(secx+tanx))+c

04

Ya

Yo

Yo

Ya

Yo

Ya

2x° +5
Evaluat
o I(X_1)(X+2)(X+(§l)JRX(‘FNTFRQ'

04
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4. d)Ans %% +5 d

X
J.(x—l)(x+2)(x+3)
: 2x* +5 A B C 7
Consider = + +
(x-1)(x+2)(x+3) x-1 x+2 x+3
52X +5= A(X+2)(x+3)+B(x-1)(x+3)+C(x—-1)(x+2)
Putx=1=
2
2(1)"+5=A(1+2)(1+3) ”
Al
12
Putx=-2=
2(-2)" +5=B(-2-1)(-2+3)
13 ¢
~B=—
Putx=-3=
2(-3)" +5=C(-3%1)(:8+2)
nc=2 %
4
7 -13 23
245 153 a4
C(x=1)(x+2)(x+3) x-1 x+2 x+3
7 —13 23
I 2C+5 —J. +—4 Ya
(x—=1)(x+2)(x+3) X— 1 x+2 X+3
:élog(x—l)—%log(x+2)+?Iog(x+3)+c Vot Y/otY2
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4. z 04
€) | Evaluate i;dx
< 1++/cot x
A % 1
NS | Letl = [————dx
¢ 1++/cot x
= [ ——ax
5 COS X
1+ -
sin x

7 e 7 —
|+|=I SIN X dx+J‘ COS X dx
0

+ \Jsin X ++/cos x Jeos X +/sin x.

i~

o1 :J- s!nx+»\/cosxdx
0 SIN X ++/COS X
3

21 =I1dx
0

21 =[xz

21=2_0
2

1=Z
4

Yo

Yo

Yo

Yo

Yo
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5. Attempt any TWO of the following: 12
a) Find area of the region by the parabolas, y* = 9x and x> =9y 06
Ans | y® =9X -------- (1)
x> =9y
. _ XZ
Sy = 5
x2 Y’
equ. (1):[;} =9x
4
X 9x
81
X' =729x
x*=729x =0
X(x*-9°)=0
1
x=0,9
b
Area A=|(y,—Y,)dx
9 \/_ X2
SA=| WX —— |dx
IS 1
9
x? ¥
SA= -—
3 27 2
2 0
3(9)% 93 1
= - -0
3 27
2 1
A=27
b) Attempt the following: 06
(i) Form a differential equation by eliminating arbitrary constant.If y = Asin X + B cos x 03
Ans | Y=Asinx+Bcosx
. Y _ Acosx—Bsinx 1
dx
d’y .
.. —5 = A(-sinx)—-Bcosx
dXZ ( ) 1
=—(Asinx+Bcosx)=-y
d2
—2/ +y=0 1
th OUR CENTERS:
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b)(ii)
Ans

Ans

Solve (1+ x3)dy —x’ydx=0
2 (14 %) dy - xPydx =0

o (1+ %) dy = x*ydx

Cdy  x%dx

Ty 14X

.. Solution is,

dy ¢ X
-[V_J1+x3dx

2
3Y1+x

-~ log yzélog(1+ X°)+c

03

An electrical circuit containing an inductance lshienries resistance R in series
with an electromotive force.E sin o’ satisfiesithe equation L%+ Ri = Esin wt.

Find the value of the current at@ny.time t, if initially there is no current.

Lﬂ+ Ri = Esin wt
dt

di R. E .
So—+—I=—sInot
dt L L
. . dy
Comparing with d—+ Py=Q
X
R

E .
P=—and Q=—sinwt
L Q L

R R

IF = eJL =et
. Solution is
i-IF = [Q-IFdt+c

R R
i~eLt :jEsin coteLtdt+c
L
E . H
= Ej'sm wtet dt+c————(1)

R
Let I:Isin a)teLtdt

) LA Reod .
:sma)t'[eLdt—J‘ IeLdt-asma)t dt

06

Yo
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5. C) e%t e%t
=SIna)t-F—J‘?-COSa)t wdt
L L
. =t Lo T
=—sinwtet — jeL Ccos wtdt
. -
:LsincoteLt—2 cos wt - IeLdt .[ J.eLdt Ecosa)t dt} &
R R ]
R
R el
=—sin teLt—ﬁ cos wt - ? sma)t a) dt
L
R Pak
| :Lsin wtet t— J.eL sinetdt
R 2 R 22
Izhsina)teLt— o7 cosote’ — = I
2|2 R 2 R
1+2 I2_ I =£sina)teLt—w|; cogater
R R R
’ R 2 R
I:% LsincoteLt—a)I; costet
R+ L R
~.equation (1) becorfes
R z R 2 R
ieLt:E% LsincoteLt—a)I; coswteLt +C 1
LR +0°L°| R R
initially i =0
~.whent=0,i=0
_E_ R [-ol] _
L R®+w’l*| R?
—-EwL
0=———+c¢C
R? + o’
oo Eol 1
R+
M E R [L. R ol %] EelL
. le S Y —SIn wte 5
LR+l | R R+ oL
: ER : ol EoL T 1
Sd=————|sinot——cosot |+ ———¢
R+ oL R R+ oL
Page No.17/22
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5. C) OR

di . .
L—+ Ri=Esinwt
di R. E .
So—+—I=—sInwt
d L L
: . dy
Comparing with d—+ Py=Q
X
P=E and Q:Esina)t
L L
IF :eI%dt =e%t 1
. Solution is
i-IF :jQ-let+c
Et E Bt
i.al — | —qj L
i-e ILsma)te dt+c 1
E. . R
:Efsm otet dt+¢c————— (1)
{ Ieax sinbxdx = ————(asin bx—bcosbx)}
a“+b
R &
RAL L
.'.IeLtsin wtdt :Rze—[%sin mt—a;coswt} 1
F+co2
~.equation (1) becomes
R
. ot E et R .
I-et =—— —SIinwt —wcoswt |+C 1
LR 2| L
?+
L
ELet R .
= ———| —sinot-wcosat |+c
R°+o°L° | L
initially i =0,..whent=0,i=0
EL
0=———|-w|+cC
R2+a)2|_2[ ]
.. @EL 1
T R+’
R
. ® Elet [R. wEL
Col-e = 3.3 —SIhot—wcoswt |+ 3 )
R+l | L R+ oL
_R
'.iz%[ESinWt—wcosaﬁ}ﬁ‘%e Lt 1
R°+w°L"| L R°+w L
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c)

OR

LY 4 Ri = Esin ot

Comparing with %+ Py=0Q
X

P:E and Q =Esina)t
L L

Joo_ gt

IF=e'l =e
.. Solution is
i-IF = [Q-IFdt+c

N Ry
i-et =I—3|nwteLdt+c
L

R

:%Isin otet dt+c————— (1)

Ie""x sin bxdx = ————sinfdbx —tan " (Ej
Ja® +b? a
~.equation (1) becomes,

R
—t
Bt L

] E )
i-et =T sinpot —tan™

R2
F +CO2

-R
;sin a)t—tan*(w—l'
JR? + 20 R
initially 1=0
s.whent=0,i=0

E
VR + U0’

JR2+Ew2

0= sin(—tan1 ol

S.C=

S
%))

sin (—tan‘1

isalelorm () ol ()
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6. Attempt any TWO of the following: 12

4
a)(i) | Using trapezoidal rule, evaluate the approximate value of I Jx dx, given by
0
X 0 1 2 3 4 03
y=vx| 1 | 14142 | 17321 | 2
’ h
Ans f f (x)dx:z[(yO + Y, )+ 2( Yy Y, ot yn_l)]
a=0,b=4and h=1
4
o Nxax = %[(0+ 2)+2(1+1.4142+1.7321) | 2
0
—5.1463 1
. S dx
a)(ii) | Evaluate j > using trapezoidal rule by using féllowing data:
s 1+
X 0 1 2 3 4 5 6
1 03
= 1 0.5 02 0.1 0.588 | 0.0385
=1 X2 0.027
b
AnS | [f(x dx— [(Yo+vo ) 2(Ve Yo + 0t ¥, ]
a=0,b=6and h=4
6
j ~dx = —[(1+ 0.027)+2(0.5+0.2+0.1+0.588+0.0385) | 2
o 1+ X 2
=194 1
1
b) Evaluate J > dx by Simpson's 1/3" rule by taking 6 sub intervals. 06
Ans | Lety= a=0,b=1and n=6
1+ x°
Lho2-a_ 1-0_1 1
n 6 6
. ol t[rlzr[2]5T],
6 3 2 3 6 5
IS I I T I R B
y 1+ x° 37 10 5 13 61 2
Using Simpson's 1/3™ rule
b
h
I f (x)dx:g[(y0 Yy ) AV Yt ot Yoy )+ 2( Yo+ Yot ot Vosp) ]
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6. b) 1 2

Jrogoe (1t 24 2)o 2. 2]
0 3 2 37 5 61 10 13
1
dl 1 dx=0.7854 1
< 1+ %
OR
1
Lety= > a=0b=1land n=6
1+Xx
ap=P0za 1701 46 1
n 6 6
X 0 0.1667 | 0.3334 | 0.5001 | 0.6668 | 0.8335 1
1 2
y= 5 1 0.9730 0.9 0.8 0.6922 | 0.5901 | 0.5
1+X
Using Simpson's 1/3" rule
b
h :
I f (x)dx=§[(yO Y ) FA(Yy+ Yy + o Y NE2(Y, Yt Yo ]
h 0.1667
J' f(x)dx= [(1+ 0.5)+4(0.9730+0.8+O.5901)+2(0.9+0.6922)] 2
0
¢ 1
[——dx=0.7855 1
o L+ X
c) Using Simpson's 3/8™ rule to find I e dx by taking seven ordinates. 06
Ans | Here n=6
y=e* a=0, b=
h:b— _06-0 01 1
n 6
X 0 0.1 0.2 0.3 04 0.5 0.6
2
y= e"‘2 1 0.99 0.9608 | 0.9139 | 0.8521 | 0.7788 | 0.6977
Using Simpson's 3/8" rule.
b
3h
[ 100 =[ (Yo +¥a) #3800+ Yo+ Vot Yot)+2(Ya Yo ot Vo)
: j e dx _—)[(1+ 0.6977)+3(0.99+0.9608+0.8521 + O.7788)+2(O.9139)] 2
0
j e dx = 05351 1
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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.
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