MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

Subject Name: Applied Mathematics  Model Answer Subject Code: 22224

SUMMER -2018 EXAMINATION

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.
Q. Sub Marking
No. | Q. N. Answer Scheme
1. Attempt any FIVE of the following: 10
. e +e” .
a) State whether the function f (x) = is odd or even. 02
Ans e +e”
f(x)=
(%) 5
—X + 7(7)()
f(ex) =8 1
e +e
_ Yo
2
= f(x) Yo
- function is even. 1
2
b) | i £(x)=XL find f(lj 02
X’ -1 2
2
-1
1y
<13 J e
m 1
2
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Q. Sub Marking
No. | Q.N. Answer Scheme
1. C) .o dy . 2 \5 02
Find — ,if y= 1
ind =~ if y (x*+1)
Ans Y=(X2+1)5
. dy 4 d
..&=5(x2+1) .&(x2+1)
:5(x2+1)4.(2x) 1
:1Ox(x2+l)4 1
d) | Evaluate I (tanx+cotx)* dx 02
Ans j(tan x+cotx)* dx
:I(tan2x+2tan X COt X + cot? x)dx &
:I(tan2 X+2+ cot” x )dx
:_f[(sec2 x—1)+2+(cosec? x—l)}dx &
- I(sec2 X+ cosec” x Jdx
= tan X —Cot X +C Vo 72
€) | Evaluate I log xdx 02
Ans jlog xdx=j|ogx-1 dx 2
=log ledx—J'Uldx %Iog x}dx 1
1 Vs
=1 “[x =d
og x(x) J.x » X
:xlogx—jldx
=xlogx—x+c &
=x(logx—1)+c
f) Find the area between the lines y = 3x , x-axis and the ordinates x=1and x=5 02
b
ANS AreaAzfydx
: a
=I3xdx Y
1
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Q. N.

Answer

Marking
Scheme

f)

9)

Ans

5
= 3I xdx
1
3]
2 1
52 12
-45-3]

=36

Show that there exist a root of the equation x* —2x—1=0in (—1,0) and find
approximate value of the root by using Bisection method. (Use two iterations)
x*—2x-1=0
f(x)=x*-2x-1
f(-1)=2
f(0)=-1
rootisin (-1,0)
_—1+0

= -0.5
& 2

- f(-0.5)=0.25
~.rootis in (-0.5,0)

"X, = _0"?0 =025

OR
x> —2x-1=0
f(x)=x*-2x-1
f(-1)=2
f(0)=-1
rootis in (-1,0)

Yo

Yo

Yo

02

Yo

Yo
Yo

Yo
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2. Attempt any THREE of the following: 12

. dy . P 04
Find — if cos(x“ +y“)=log(x
) . ifcos(x" +y*) = log (xy)
ANs | cos(x* +y*)=log(xy)
. dy) 1(_dy )
so=sin(x2+y%)| 2x+2y—= |= —| x—L+ 2
( y)( ydxj xy( dx y
. . dy 1dy 1
so=2xsin(xP+y?)=2ysin(x*+y? ) L ==L+
( y ) y ( y )dx ydx X
dy a2y 1)1 S22
..&[—Zysm(x +y )—;J_;+2xsm(x +y ) 1
dy_ )1(+2xsin(x2+y2) .
dx —2ysin(x2+y2)—1
y
3 s e dY 4
b) Ifx=acos’@,y=asin’ @, find — at 6 =— 04
dx 4
ANS | acos o y=asin’@
.'.%:—Sacoszesina d—y=3asin29(cose) 1
dée dée
dy
Ldy _de
Tdx dx
de
dy _ 3asin®*#@cosd 1
dx -3acos’@sing
1
Y_ _tano
dx
ato="=
4
Y__an”
dx 4
ﬂ:_l 1
dx
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c)
Ans

d)

Ans

Find the maximum and minimum value of 2x* —3x? —36x+10
Let y=2x°-3x*-36x+10

- Y 6x2_6x-36
dx
2
29Y _1ox6
dx
dy

Consider —==0
dx

6x>—6x—-36=0
X*-x-6=0
SX==-2,x=3
atx=-2

2
9 _12(-2)-6=-30<0

dx®>

Sy IS maximum at x = -2

Yow = 2(-2)° =3(~-2)" —36(-2)+10
=54

at x=3

d?y

dx?

sy isminimumat x =3

Yo =2(3)° =3(3)" —36(3)+10
=-71

~12(3)-6=30>0

04

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo

A beam is bent in the form of the curve y = 2sin x—sin 2x Find the radius of
curvature of the beam at the point x =%
y = 2sin x—sin 2x
% = 2C0SX —2C0S 2X
2

d_y = —2sinx+4sin 2x

dx?

Latx=2
2

ﬂ = ZCOS(ZJ—ZCOSZ(ZJ =2
dx 2 2

04

Yo

Yo

Yo
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Q. Sub Marking
No. | Q.N. Answer Scheme
2. d 2
) d—zl:—ZSin Z 14 asin2| Z|=-2 Y
dx 2 2
) 3
2
{1+(dyj }
) ) dx
. Radius of curvature is p = =—————
d’y
dx?
[1+(2)° 1
.o p —_ _—2
- p=-5590 or 5.590 1
3. Attempt any THREE of the following: 12
a) Find the points on the curve y = x®+3x* —9x+ 7 at which tangents drawn are
parallel to x — axis. 04
Ans | V= xX}+3x*—9x+7
Y 31 6x-9 1
dx
- tangent is parallel to x-axis
.. slope of tangent = slope of x-axis
B !
dx
5 3x°+6x-9=0
S Xx=1; x=-3
Ly=2 ;y=34 1
~.pointsare (1,2) and (-3,34) 1
b) | Differentiate tan‘l( 2x2j W.r.t. sin‘l( szj 04
1-Xx 1+Xx
Ans | Letu :tan‘l( ZXZJ and v:sin‘l( szj
1-x 1+X
Putx=tan@=tan ‘' x=0
u= tanl(ﬂ) Y
1-tan“ 6
a1 Yo
u =tan™(tan 20)
u=20
u=2tan"x
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Answer

Marking
Scheme

b) du 2

ax 1+ %
2X j
+x2

v:sinl(
1
_1( 2tan @ J
v=sinT| ————
1+tan“ @
v=sin"(sin 20)
v=20
v=2tantx
v 2
dx 1+x
du 2
du  dx  1+x

..Wzgz 2
1+ x°

2

2

dx
Sau_y
dv
OR

Letu= tan‘l(

2X j
1—x?
du 1 (1-x*)2-2x(-2x)
So— = X
o 1+( ZXZT (1)
1-x
L du _ (1—X2)2 242X
~dx (1—x2)2+4x2 (1—x2)2

Jdu_ 242
- dx (1—x2)2 +4x?
du 2(1+x2)

- dx (1—x2)2 +4x?

_ du_2(1+x2) )

"&_(sz)z 1+ X2

.'.v:sinl( ZXZJ
1+x

Yo

Yo
Yo

Yo

Yo

Yo

Yo
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Q. Sub Marking
No. | Q.N. Answer Scheme
3. b) 2 1

dv 1 ) (1+x*)2-2x(2x)
- 2 .
dx 1_( ZXZ] (1+X2)
1+x
dv _ (1+ X2) 2 _oy?
dx (1+ x2)2—4x2 (1+ X*)
v (2-2x)
X (1+ xz) (1+ xz)2 —4x°
v 2(1-x)
S (14X°)(1-%7)
Qv 2 7
Cdx o (1+x°)
2
du
du_ g _ (1+x)
dv ﬂ 2 Yo
dx (1+x°)
du
c) Find & ify - (log x)* +x== o
dx
Ans | Letu=(logx)" 1
2
logu = xlog(log x)
1
1 du 11
T X_Iogx;HOg(IOg X)
du 1
So—=u| ——+log(l
™ u(logx+ og ( ogx)j
d 1 7
u X
S—=(1 ——+log(l
™ (log x) {Iogx+ og ( ogx)}
Letv=x® *
logv = cos™ xlog x Y
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Q. Sub Marking
No. | Q.N. Answer Scheme
3. Y

©) | 1dv . (1) [ -1 ]
——=c0s " X| = [+log x
v dx X 1— x2

. dV_ costx -1 1 1
vt {(cos x)[;j—logx[ 1—x2ﬂ

Jdy du_dv

Tdx dx dx

Sec X CoS ecx
d) | Evaluate: J —— dX
log tan x
Sec X Cos ecx
[RECXCOSEK
log tan x

Put logtanx =t

Ans

1
. ——sec? xdx = dt
tan x
cosx 1

sin x cos® x
.. Sec x cos ecxdx = dt

=j%m

=logt+c

dx = dt

=log(log (tan x))+¢

Attempt any THREE of the following:

a) Evaluate : I 22—31dx
X® 43X+

Ans J~ 21 dx
2X°+3x+1

1 1

e

Yo

Yo

04

Yo

Yo

12

04

Ya
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Answer

Marking
Scheme

a)

OR

1 1
I2x2+3x+1dxzj(2x+1)(x+1)O|X

1 _ A N B
(2x+1)(x+1) 2x+1 x+1
1= A(x+1)+B(2x+1)

Putx:_—1
2

Let

SLA=2
Put x=-1
B=-1
_ 2 +—l
(2x+1)(x+1) 2x+1 x+1

-_ d
J.(2x+1 x+1 J'(2x+1 x+1] X
_ 2log(2x+1)

2
=log(2x+1)—log(x+1)+c

—log(x+1)+c

OR

1%

Yo

Yo

Yo

Yo

1+1
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Q. Sub Marking
No. | Q.N. Answer Scheme
4, a) J‘ : 1 dx

2X°+3x+1
MT.) 1
Thirdterm:( ) =g %
4(F.T.) 8
1
= dx
1
X2 +3x+ 2 41
8 8
:j 1 —aX
g2 3] 1 1
2X+—=| —=
(g4
1
=] sV L ”
IR
&) B
2x+i—i
B D S NN
=— g +C 1
\/E 2(1j 2X+i i
B BB
[2x+1j
=log +C
2X+2
dX 04
Evaluate :
b) Iazsin2x+b2 COS 2X
AnNs j dx
a?sin2x +b? cos2x
:I dx /cos2x v,
a?sin2x +b? cos2x
COS 2X
:J. sec? xdx Put tanx =t L
a’tan2x+b? -.sec? xdx = dt
=J' dt
a’t2+p? 1
_J' dt
- 2
az(t2+b2] &
a
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Answer

Marking
Scheme

b)

Ans

OR

dx
J.azsin2x+b2 C0S2X
3 dx/cos2x
_-[ a2 sin 2x +b? cos 2x

C0S2X
¢ sec’ xdx

J‘a ? tan 2x + b?

Put tanx =t
-.sec? xdx = dt

Iz

1 at 1
=—tan" +C
b [bja

1. _,(atan x)
=——tan +C
ab b

Yo

Yo

Yo

1%

Yo

Evaluate : I X cos ecxdx

j X C0s ecxdx

= CO0S ec’lxj xdx — I U xdx % cos eclxj dx

—coseclx-x—z—jx—z-( L J-dx
2 72 (xx*-1

=cosec‘1x-x—+—_|'—X -dx
2 2 «/ 2 1

X2 1

2 4 «/

2

=coseclx-x—+l(2 x? —1)+c
2 4

=cosec 'x-—

2

= coseclx-x?+%(«/x2 —1)+c

04

Yo

Yo
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Sub Marking
Q. N. Answer Scheme
9 Evaluate : I L dx 04
2—log x)(2log x—1)
Put log x =t
Ans I 1 dx 1 J Y
x(2-logx)(2logx—1) S =dx=dt
X
—dt 1
I Pmsrpray &
1 __A N B
(2-t)(2t-1) 2-t 2t-1
1=A(2t-1)+B(2-t)
S Putt=2 ,A:% Yo
Put t=1  B=2 &
2 3
12
1 _3 .3
(2-t)(2t-1) 2-t 2t-1
1 2
1 3 .3
—dt=|| =—+——|dt
I(2—t)(2t—1) I 2t 2t-1 ”
:—%Iog[Z—t]+§Iog[2t—1]+c 1
:—%Iog[Z—logx]+%|og[2|ogx—1]+c Y
OR
Put logx =t
1
j dx 1
x(2-logx)(2logx—1) .'.;ddet Y
1
——dt
-[(Z—t)(Zt—l)
[
—2t°+5t-2
-1 1
=—|——dt
27, 5
t —Et+1 v,
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No. | Q.N. Answer Scheme
4. d) _1I 1
=— dt Y,
274 3¢, B By ’
2 16 16
Y S A
(=) 1
4 4
¢ 5 3
111
=——log +C
,3 7|53 1
4 4 4
= liog[t=2lsc
= 3 g 1
t—=
2
_%Iog Iogx—i +C Vs
logx—=
J 2
04
4 3/ _
€) Evaluate:J' 97X gy
" Yo—x+3x+4
4 Yo_x
AT 1] o Box )
1 Y9—x+3x+4
F J (5—x
=] ) dx 1
1\/ 5 X +\/5 x +4
4
dx 2
!\/x+4+«/9 X (2)
4
add (1) and (2), |+|_j V9 X+ x +
Yo —x+3x+4 L x+4+3o—x
Yo—x+3 x+
s 21 =
J-\3’/9 X+3x+4 1
.-.2|:j1dx
1
21 (x)i1 1
|:§ 1
2
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Q. Sub Marking
No. | Q.N. Answer Scheme
5. Attempt any TWO of the following: 12
X2 y2
a) Find the volume of the solid generated by revolving the ellipse EJFT 06
about x —axis
2 2
Ans | Consider XY
9 14
2 4 2
v =5(0-x)
Volume of solid V :zj yZdx
3 4 -
V=rx|=(9-x")dx
r[5(-x) 1
54
V =27 (9-x*)dx
29 1
_ L3
v=32 9x—x—} 1
9| 3 |
8z 3’ 0°
V=—|93)—-— |- 9(0)——
5oo-5 o5 :
V =167
Note :If student has considered/assumed other value than 1and attempted 1
to solve the problem , give appropriate marks.
PR 06
b) |Attempt the following:
(i) Form the diffrential equation by eliminating the arbitrary constants if 03
y = acos(log x)+bsin(log x)
Ans | Y= acos(logx)+bsin(logx)
dy i 1 1
-.——=-asin(logx)=+bcos(logx)—
™ (logx)~ (logx)~ 1
dy .
.-.x&:—asm(log x)+bcos(log x)
d’y dy 1, . 1
X—s+—=-acos(logx)=—Dbsin(logx)=—
dx®  dx (log )x (log )x 1
d’y _dy .
. y2 _
XX = (acos(log x)+bsin(log x)) ”
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Q. Sub Marking
No. | Q.N. Answer Scheme
5. b)(i) ,d%y  dy

X' —— 4+ X—=— L
e ax 2
2
xzd—¥+xd—y+y:0
dx dx
b)(ii) | Solve the differential equation: % +ytan x = cos? x 03
X
Ans
dy +ytan x = cos® X Comparing with ﬂ+ Py=Q
dx dx Yo
~P=tanx and Q=cos’x
IE = eJ.tanxdx _ elog(secx) —sec X A
~y-IF :jQ- IFdx +c
y-secx:jcoszxsecxdx+c 1
y-secx=‘|.cosxdx+c
y-Secx=sinx+c 1
©) In a single closed electrical circuit the current ' | " at time t is given by 06
E-RI- L% = 0. Find the current I at time t, given that t=0, I=0 and
L,R,E are constants.
Ans dl
E-RI-L—=0
dt
dl R E . ... dy 1
—t— == Comparing with ==+ Py = /2
d L L baring dx y=Q
R E
SP=—andQ=—
L Q L
T 1
~1-IF =jQ- IFdt +c
R R
I-eLtszeLthc 1
L
R
= et
I e ZEF‘FC 1
L
R R
et =Set' 1
R
When t=0, 1=0
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Q. Sub Marking
No. | Q.N. Answer Scheme
5. C) _ E

.C= —E 1
| e%t = Ee%t _E
R Yo
E -
-Eree ) 1
6. Attempt any TWO of the following: 12
a) | Attempt the following: 06
(i) Solve the following system of by equtions by Jacobi's -Iteration method. ( Two iterations) 03
SX+2y+2=12 , x+4y+22=15, x+2y+52=20
1
Ans | X =§(12—2y—z)
1
=—(15-x-2z
y=7( )
1
z=g(20—x—2y) 1
Starting with x, =y, =2,=0
X, =24
y, =3.75
z,=4 1
X,=0.1
y, =1.15
7, =2.02 1
a(ii) | Solve the following system of equation by using Gauss-Seidel method.
( Two iterations) 03
15x+2y+2z2=18, 2x+20y—-3z=19, 3x—-6y+252=22
1
Ans | x=—(18-2y-z
15( y=2)

y:2i0(19—2x+3z)

1
=—(22-3Xx+6
4 25( X+6Y)
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Q. Sub Marking
No. | Q.N. Answer Scheme
6. a)(ii) | Starting with y, =z,=0

b)

Ans

X, =1.2
y, =0.83
z, =0.935

X, =1.027
y, =0.988
z,=0.994

Solve the following system of equations by using Gauss-elimination method
6X—-y—2z=19 , 3X+4y+2=26 , X+2y+62=22

6x-y—-z=19
3X+4y+2=26
X+2y+6z=22

6x—-y—-z=19 18x+24y+6z =156
3X+4y+z2=26 and X+2y+62=22

4 _
9x+3y =45 17x+22y =134
o 3X+y=15

66x+22y =330

17x+22y =134

49x =196

Note: In the above solution, first z is eliminated and then y is eliminated to find the
value of x first. If in case the problem is solved by elimination of another unknown
. e., either first x or y, appropriate marks to be given as per above scheme of
marking.

06

1+1
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Q. Sub Marking
No. | Q.N. Answer Scheme
6. c) Find the approximate root of the equation x* —x—10 = 0, by Newton-Raphson
method (Carry out four iterations)
Ans | Letf(x)=x"-x-10
f(1)=-10<0
f(2)=4>0 1
f'(x)=4x’-1 1
Initial root x,=2
f'(2)=31
X, =X, — f,(xo) :Z—leml 1
(%) f(2)
f(1.871
X, =1.871- ( 871) =1.856 1
f'(1.871)
X, =1.856— f,(l'856) =1.856
f'(1.856) 1
f (1.
X, =1.856— ( 856) =1.856
f (1.856) 1
OR
Letf (x)=x"-x-10
f(1)=-10<0
f(2)=4>0 1
f'(x)=4x’-1 1
Initial root x,=2
~f(2)=31
f(x)- 4x° -1)-| x* =x-10
0 [1()]_x(40-1)-[x'~x-10]
' f'(x) 4x° -1
~3x*+10 2
S ax-1
x, =1.871 Y
x, =1.856 72
Y
X, =1.856 Ya
X, =1.856
OR
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Q. Sub Marking
No. | Q.N. Answer Scheme
6. ) | Let f(x)=x"-x-10

f(-1)=-8<0
f(-2)=8>0 1
f(x)=4x°-1 1
Initial root x,= —2
f'(-2)=-33
xlzx—f(x‘)) =— —f(_z):—1758 L
" (%) f'(-2)
X, = —1.758— f,(_1'758) = -1.700 L
f (-1.758)
%, = -1700- 7% _ 4 607 1
f (-1.700)
x, =—1.697 — f,(_1'697) = -1.697 1
f'(-1.697)
OR
Let f(x)=x*-x-10
f(-1)=-8<0 1
f(-2)=8>0
f'(x)=4x°-1 1
Initial root x,= —2
- f(-2)=-33
f ' _ 3 1) _ 4
X (x) [f(%)] _ X(4x*=1)—[ x* —x-10]
' f'(x) 4x° -1
_3x*+10 2
S Ax -1
Yo
x, =-1.758 Y
X, =—1.700
Yo
X, =—1.697
x, =—1.697 2
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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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