ENGINEERING MATHEMATICS—2008

, ] SEMESTER -2 , Co
Time : 3 Hours : : o : : Full Marks : 70
’ : , - GROUP-A -
( Multlple Choice Type Questiﬂns)
1. Choose the cﬁrrectaiternatlves for any ten of the followmg s : 10x1=10
@) b-l_—IxZ is equalto ‘ | ‘ o - 5
(a) X2+ 2x+2 (b)—(x2+2x+2) ©) 2x-—x2 : (d) —(2x-x2)
i ,
(i) An mtegratmg factor for the dlfferentlal equation '(—iil— +y=Llis 7 -
@e & @ L@ g
: (iii) The general solution of the dxfferentlal equation D2y + 9y Ois ‘
© (@) de3* + Be-3x o ~ (b) (4 + Bx)e

.. (c) Acos 3x + Bsin 3x : @ (A + Bx) sin 3.
(iv) FfL{t(t)} - tan‘l( P) then L{t/(t)} 5o |

(V) In Slmpson s 1/3 rule of ﬁndmg j f (x) dx, f(x)is approx1mated by

(a) line segment ' Ch (b) parabola ’
(¢) circular sector - "~ . (d)parts of ellipse.
(vi) The system of equations x + 2y =5, 2x + 4y = 7 hias
~(a) unique solution S 7 (b) no solution
(c) infinite number of solutmns SR (d) none of these.
(viiy The four vectors( 1,1,0, 0),( 1,0,0.1),(1,0,a,0),(0,1,a,b)are lmearly mdependent
- if
(@ a=0,bx2  (c)a ¢O,b¢-2¢ b)a=2,b#0- (d)g¢-2;b¢0.
(viii) The rank of a matrix A = ( 5 3) is
@1 ®2 @3 (d)noneof these.
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98 . - . WBUT SOLVED BOOK

.. 1;. A

1
. (IX) ‘The matr_ix_A = ‘/F {5 ns
R V2 Y2 ) |
(a) an orthogonal matrix - ' v o (b) a sym'metfic matrix
(¢c) an idempotent matrix o L (d) anull matrix.
“(x) T:R?—> R?isdefined by T (x,, xz) = (2%~ Xg, Xy = x2) Then kemel of Tis
() {(1,2)} () {(1,-D}
©1©,0} @12, (=D}
(xi) A?erisequal to( where h = 1 Yy oo ‘ S - v
(@)(e-1ye (b)(e=1er (c) ex(e-D ((1);32’M
- 1 00 ‘
s (xit) The cigenvalue of the matrix { 0 .2 0 |is-
‘ , 10 3 _ _
@001 T (b)1,2,3 ()2,3,6 - (d)noneof these.
~ (xiii) The mapping - f : R -> R where f (x) = sin x, X € R i
' (a) one-one , (b)onto. ‘ )
© nelther one-one nor cnto . ’ () both one-one and onto.
LGy (Dl Dy =-(1 D) —(1+D+D2+ ))3=—(x2 +2x+2)
() Lpael® o ¢!

(i) Dzy +9y = 0; Let y= % is the trial Solutlon
' - The A.E. is m?+9 = 0=>m =-9=>m=43i
.. The general Solutlon isy =A cos 3x +B sin 3x

() L{f@®)F =tan"'(4) . L{tf(()} (1)%[ ()]__._P___: L
U@ boparabola . | |
(25 (125
M2 4 7)—’(0 0 -3)

- The rénkof the coefficient matrix is 1.
"~ Therank of the augmented matrix is 2
.-, The System has no solution.
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1100110 0f

110 0y .
oo ot oo 1f - 01011010 1
i) A=, 0 a0 @ 1 adTo o a -l
0-1 a

b 00 a a0 0 al+
=_1(a+ab+a)=-a(b+2)
- |A|#0=5a%0and bz-2

(1 2y (1 2 '
(Vi) .2;3)—,’ 0 -i)--Rank=2.

. 1 -1 1 1 |
o aeif) oeaf’ )
| 2 0y (1 0)
A-AT=1 =1
o 2o 1
- o A'=AT . The matrix is orthogonal

x) T (X1, %)= 0= 2% — %, =0.& x;+x, =0
Solve x; =0, x, =0 ." ker (T) = {(0,0)}

() %™ = A(ae) = Afe —e%) = e (eb -1)]

= (" ~1)ae” = (¢ - 1)e"

=(e—1)2e"
: l’l—x 0 0
(xii)) | 0. 2-A 0 |=0
!0 0 3N
S (1-1)2-1B-1)=0
=>A=123

(xiii)  f(x)=sinx,
The mapping f : R »R.
we know —1 <sinx <1
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So,f(R)=[-L,i]«R. . *
~ It is not onto. ’ :
Let Sin x| = Sin x,

=sin(2n+x,)= smx2

:>x‘ =Xy = 2n
s not one to one. : ‘
- The mapping nexther one to one nor onto.

GROUP-B
' ( Short Answer Type Questions)

Answer any three of the fallowmg

2 Solve the differential equatlon by Laplace Transformatlon

dly )
oy 1 =1y Z|=-1
de? +9.y | y(), y(2) .

d2 :
Ans, gl £Y, 9y =1.
Taking I'ep]'ace transfrom both sides, we get.

S2L (y) - Sy(O) y/(0)+9L(y) L(l)
Let y/(0)=C

| 1
SZL(y)—S~C+9L(y)?§
1 . S+C 1y

"9 § 95749 §7 49
‘ Takmg Inverse Laplace transform, weget

y=4-1+% cos3t+$§sin3t

But y(3)=-1

:>—1—9+3 cos——+£sm32" "

T;>,C='_-9 - 8C052 _1o
3sin¥x %

y=%+ 8 cos3t+42 sm3t

’ :>X1 $X1

3x5=1
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3. Solve by the method of variation of parameters ‘g—%wx = see3x,

Ans. See Q. No. 3.(a), 2005.

4. Examine the consxstency of the followmg system of equatlons and solve, if possnble
x+y+z=1.
2x+ty+2z=2
- 3x+2y+3z=5.
~Ans, See Q. No. 3(iiX(a), 2006

5. HW={x,y,2z) ER:x+ y +z = 0}, show that W isa subspace of R’, and find a
basns of W.

Ans. {(x y,z) eR’: x+y+z 0} ‘ -
| | Leta~(al,q2q3) eW ..g;lk+oc2+a3,=,Q-
and B = (B,;le[%) eEW “By+By+Ps= 0
- aa+bp = (acy + bﬁl,aaz +bBy,a0s+ bf. )
‘Now, au; +bB; +aoy +b82 +aot3 +bB3 -a(al +0y o )+b(B, 4B, +B3 )
=a0+b0=0 .. ac+bBeW . Wisasubspace.
Let the basis is a = (al,' -aé, a;) . ak1+az+a3 =0 a, = ~{(aytas)
| 8= (-8y-ay ayap) = dy (-1, 1, 0)tay (<1,0,1) '
wa=Li(-1,1,0), (1,0, 1)} - The basis is L {71, 1L,0). (1,0, 1)) -
. The dimension is 2. ‘

6. Examme whether the mapping T : R'—> R’ defined by T.(x, y) = (2x -y, X) is |
linear,

Ans. - Leta, BERZ and o = (alzaz)ﬁ (Bx’Bz) :
 Tw)= T(ay,0,) = (70‘-1"‘%,%)
T(B)“T(Blsﬁz) (231 B..B )
Now T(aa+bB) T(aa]+b,B,,aa2 +b[§2) [ (aa,+b{3,) ~(aq, +bp;), aa1+bBl] ~
[ (20cl —a,)+b(2B, - [32) aq, +bB] ,
=a(20 — 0,0, )+ B(2B; ~ BBy ) = aT(c) + BT(B)

S Tis l'megr mapping.
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1
7. Evaluate J

]d:‘ using Trapezoidal rule, taking four equal sub-intervals.

0
i
Ans. J%‘;
1]
Here f(x)=.a=0.b=1,n=4
et Tl
n 4
1
X fix)= m
0 ' |
0.25 0.8
0.5 0.6666
0.75 0.5714
1.0 0.5 :
sum 1.5 . 2.0380

We Know from Trapctiodal rule

Ir= '5‘[1’(&_] )+ z{f(xi )+ £(x, ) +£(x3 )} +f(x, )]

0.25

3

[14+2(0.8+0.6666 +05714) + 03]

=~:§[|5+ 4.076]= PS—?Q =0.695

GROUP-C-
( Long Answer Type Questions )
Answer any three of the following questions.

8. (a) Find Laplace transform of f(t) =sint,0<t<n
=0,t>m.

1 0 2

(b) If A= [g —ll (IJ then verify that A satisfies its own characteristic equation.

Hence find A™
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(¢) Show that ( 31, —2 ), (2, 1 4 ) { 1,-1,2) form a basis of R’

Ans (a) We know from Definition

-it

L{f(t)}= Je’s’f(t)dt = Je sintdt -j e e dt

o o . 2i
1 (i—s)t ~(i+s)t T :
2-2——[: i~S +£ I4S - :l :
1L~ R o
1 oli- s)7t ——(t+s) 7
5{[ i-s i+s ( +IJ+§ ]
1 —s® v T+e™"
2i( o )(l H-S) 1+S |
1-A 0 2 X ‘
ansy | O TR Lo —1)= 21
0 1 -A ‘ : .

,',»‘The Charecteristic equatioﬁ IS A3-2A+1=0

(=]

1 0 2 12 2 .
Herea=|0 ~1 1|20 2 - A3 0 =3 2
01 0 0 -1 1
104_"204100,
NowA3-2A+H[=|0 -3 2/-f0 -2 2]+[0 1 0=
‘ o 2 -1Jlo 2 o) lo o1

. A satisfies his own characteristic equation.

o o o
o o o

A3-2A+=0

= 2A-A3=1

= A(2-A%) =1
C o= AQI-ADSA

Lo o o
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104 - ’ . * WBUT SOLVED: BQOK -

200 1 2 2

'002'0—4—11’

| I -2 -2}
caAT=0 01
01 1

31 —2_]3 1 -2
Ans.(©) 2 1 4{=]-1.0 6|=24
« 1 -1.2 4"0 0

. The three vectors are linearly mdependent
, The vectors belong to R3 :
- .. The veetors form a basis.

2. o
d dy
24y Y 2
9. Solve : X -x— =3y =x"logx.
@ Solve: x” 5 -x7 0~ 3y =x" log
T Qolee s (T 4 Ca , d
“(b) Solve : (D*+4) y = x sin’x, where,D=E; _
L . . '\_‘ ’ )
dy =~
(c) Solve : x(—l—+y—y logx. ..(1)

. 2
Ans. (a) X wadx—3y X’ 'logx

Letx etie.t= logx.
Then ;—%— =D(D- l)y where D=

xE =Dy
" The given equatlon @ becomes

D(D-1)y-Dy-3y= et
= (D>-2D-3)y = te**

Let the trlal solution is'y = e™
"-AE.m?-2m-3=0 =>m=3-1

- CF. isAe}t+Bet=Ax3+ B

, 1 =2 =2
Al—zl—A2—0 2 0|-{0 2 ~1|={0" 0
0 -1
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l 2w -

) ‘y- N 1
CORE LRV USRI SRRV |
RI=57 553" "D+ ° Dr2-3)Dr2+1)
"‘t ‘ . 1 . 2t 1 ) o N
=€ t=C~ t .
€ (D—-l)(D+3')V ‘Dl+2d-s
et 2t o % :
‘ 2 € 2 A\ (5]
= L_.D_‘ = —— {14 2D:D" =2 (142
3(1 ) t=-= (1+ : +)t "3 (“f3)
_ = t-3e - -x? lpgx_gxz
-3 . 3 9

) g . . ) 2 ) R
. The general solation is y = AX + -‘-3- _XTlogx 2.2

X
3 9°
Ans. (b) Let y = ™ be the trial solution

S AE=m24=0=>m=42i .. CF=Acos2x+Bsin2x

1 xsin®x = — x(1-cos2x)
PI= ) PR

X~ Txcost] Lp-Q)

po L g LI

PV

D’+4" 4

R A T via

= (x - ~——2—‘—~ éD)xz—})— €os 2X-

D4 |
e - ‘xsin2x_ L ne
= (x P~ 2D) y [vpcos2x = fqos‘Zxdx]
X’ sin2x 1 sin2x+ 2XCOS2X

‘ 4 D? +4 2

Asin2x 1 1 o1
= — = —5——SiN2X - —5——X €05 2X
4 2 D°+4 - D +4

2 . _ ~ 2 o , '
X 51n2x_f1__x_lsin2fo=x s;n2x+xcq52fo
4 2 2 o 4 8 ‘

x* sin2x , Xcos2x ' |
4 8

=>2Q=

105



106 , “ WBUT SOLVED BOOK

- x%sin2x  xcos2x
= Q= — +
g 16

' 2x Xcos2x
(P _ z{_— X‘ Sln
2 Q 16_ 32

'P

| ' x x?sin2x xcos’x
The general solunon isy=ACos2x+ B Sin 2x + § - e %

*

dz z- log ‘ (2)"

» (‘1)' become% Shainal Pt~ P ., -
dx . x X

-

1,;
_I'F.=e—jd_x’i -

o , 1 S
Multiplying both sides of (2) by - and then integrating we get

E—_'- J’logxdx— [long 2dx j{ I:x}dx]
st

1 logx+1. o » ’ S

o = -C
Xy X

= 1 =(1+logx)-

10. (a) Compute f( 0-5 ) & f ( 0~9) from the following table
x 0 1 2 3 |

fix)y 1 2 1 34
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(b) Apply the convolution‘theore_m to evaluate

R e ean ey CEE
[(r«2 +28 + _‘5)‘2 )

(¢) Prove that : : _
(-a) (b) () |
(y-2), G-b), G-9),= 2(x=y)(y-z)(z—x)(a—b)(b—c)(c-a).
(z—a) (z-b) (z—©)

Ans. (a) The difference lable is

X f(x) Af(x) AP f(x) AMf(x)
0 1 1 8 6
[ 2 9 14
2 11 23
3 34
For evaluating f (0.5) we use Newton's Forward interpolation formula.
; X=X
Herex=0.5,x,=0,h=1,u= < =0.5
u(u-—1 u-I)u-2
C(x) = fix,) + uAfix,) + (—2—)A2f(x(,)+i'-.-—g(———)ﬁ3f(xu)
1 0.5(0.5-1 0.5(0.5-1)(0.5-2
:>f(0.5)=l+0.5><l+—(—7’—-—)><8+ ( 6)( )><6=0.8'?5

For evaluating f ( 0.9)
: x_xt)
h

=01

Here x = 0.9, x =1, h=1,u=

(0.1+1)
2

5 £(0.9)=2-0.1x9 + x14 =1.870

= [ i =T I R ] I I - I

we know..L™ {52123.} =4sin2t .- L"'{(S+I)'2+22 } =1e'sin2t

, t
and we know from convolution theorem : |,“{f(s)g{s)}= [F(u)G(t-u)du
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Where L~1{f(s)}=F(t) and L_‘{g(SA)}'=‘G(,t) a

.!—l ) 1 ‘ -t c . . ) . - :
S v rere I T NI RO

s+1)° +2%(s+1)" +27 2
M o
te "2 sin(2t~2u)sin2u -
0 8
e~tl et [sin2t-4u)
== iCOS{ t—4u) cosZt du =————1————~——-—«——ucos7t‘
. 83;1. ‘ ¥ 8!_.4 jO,
- 'e"‘fs‘.n‘zx teosea SN2t et fanae o |
g, — atihdiutoAl S - D i
, B4 ;tc0521+ 3 ) tcoz:._t;iJ
. ‘ , {\2 X t’k ) ,;R X x Vlz e o i\lei‘
Ans. (¢) We knqw !32‘ vy le - _Rlyz—xz' y-x ﬂ}‘”(y—i)(z-—lk)lywd-x 1 0;
: izz z ll ]/7—\ czex 0 A

= () (2~ X) (yHxezx) = (y~‘<) (z—X) (y—z)
; ——(x—y) (y-2) (zx)

T
| apd}a b c|=(a=b)(b-c)(c-a)
,]az b2 c? NN o
2 -2x 1 N ¥ -
. j—yz -2y lfa b c!‘=2(x—y)(y—z)(z—x)(a—b)(b-’c)(c—a)
L -2z 1fla? b? . o

I(x—-a)2 (x;b)2 (x—cz)

:>(y—a)2 (y- b)?  (y-c)?

= 2(x-y)(y~Z)(z-x\a-b)(b-c)(c-2)
(z—a)" (z—b)2 (z—c)zk T / -

11. (a) Provethat: A -V = A - V, where symbols have their usual meaning
‘(b) Estimate the missing term in the following table :
x o 1 2 3 4
’ f 13 9 — 81
(ci Solve : Xy - 2xy?) dx + (Bx’y - x?‘),dy = (),
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Atis. (@) AV[f(x)]=A[VE(0] = A{f(x-(x~h)} .' R
= Af(x)-Af(x-h) = At(x)—[f(x) f(x— h)] Af(x)-VE(x)
=(A-V)f(x) . AV=A-V ’
Ans. (b) Four Points of f(x)are known ‘
- A(x)=0 '
:>(E—l)4 f(x)=0
= E*(5)-4 B3 f(x)+6 E2f(x)~4E f(x)+£(x)=0
= f(x+4h)- 4f(x+3h)+6f(x+2h) 4f(x+h)+f(x) 0

Hereh—-lputtmgh— Tand x=0we get
f4) - 4f (3) + 6 (2) - 4f(])+f(0) 0

£(4)+6f(2)- 4f(1)+f(0)

f =
()=~
Ans. (¢) Method I
dx W --------------- l--: ........ .
It is homogeneous differential equation. =
dy -
Lety=vx = E;—V+xg;

. 2.3 .3 2
: dv 2vox v~ 2vT-v
(1) be + ==
(1) becomes V- xdx PR T R vy

dv 2v v v2
= dx 3v—1 3v-1

o Bvel L d o
= =0 (%—;lz—)de%z—‘:O
Integratmg we get, '

| 3logv+%+log‘x—c.
: Yy X
::)lO v e
.gx2 y

o oM ,
Method H —— = x" - 4xy,

)
= 6xy — 3Xx
By Yo

oN
x
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- It is not exact differential equation
Now Mx + NY =x2y?2
!

-, integrating factor is % )
Multiplying both sides of the given equation we get.

e e L S dx—xdy 3 2

X2 eI gy = LK 4 gy Zdx =0

X7y X7y Y y X
3
X y

Integrating . we get ; + lng—g =C

d T
12. (a) Show that E{X“Jnlx)} =x"Jp (x)

(b) Obtain a function whose 1st difference is 9x* + 11x+ 5, whereh=1
(¢) Solve the differential equation by Laplace transform :

, Ty
L L R sint\, ¥(0)=0,y'(0) =1
dx~ dx J
Ans. (a) We know J (x)= i(—l]'['—‘)mz, S0
t G e , ell(n+r+1)
o x2n+2r

= x"J (x)= S (=-1)
"( ) :{J( ) s i r!F(n_+r+l)

,2n#+2r-1

d = 2n+2r X
= x"T (%)= =1) :
dx[\ “(\)] Z( ) 2"+2y r!l(n+r+1)

r=0

)n+2r—l

e - {n+r) : 3
ﬁrél(_!) r_w;;r}rfn+r}'(% »

)n+2r-l |

=x"Y(-1)(3

= nj .
r=0 r!l(n—1+r+1) s g-l(")

Aus. (b) We first express Af.(x) in term of factorial natation

9 EL: o] 5
0 9 |
9 20
0
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S Af(x) = 5504 20 x(l)‘;{—‘9~x.(2) | |
L )= 5_);“) ;'?x(z) +ﬂ—§x(3) +A, Aisconstant. |
5-x+ le(x;i)+ 3x('x—1)l(x—2)+A'
5%+ 10x2-10x+3x3-9x2+6x +A

3x3+x2ax+A
2,

I

' taking laplace transforny both side, weget'

1
= Sy(S)—sy(O) y(0)+2sy(5) 2y(0)+5y(5) (S 12412
' 1
= (S +7s+5)y(8) 1—-—-—————2S+2 - |
. :"(s’)_ 1 b S -2s436
.y ( —23+2)(s2 +2s+5)"3‘2'+25+_5 ('524_-2s+2)(sz+25+5)
4541 o |
(o) ] S 66 (8- 7

2

65| (s+1)%+22 (S+1)%2 422 (S- 1)‘+1 (S-1) 41
Tokmg inverse Laplace transformation, we get )

v 1 > e X - X o2
= y—65[4e cos2x+33e sm2x_—4e cosx+7e smx] ;

_x ° Nx

ry (4 cos2x+33 sm2x) + E—(7smx 4cosx)

13. (a) What is meant by linear mdependence of a set of n—vectors ? Show that the vectors
- (1,2,1), (-1, 1,0) and (5, -1, 2) are linearly independent.
(b) Show that W= {(x,y,2z) € R*:2x-y+3z= 0fisa subspace of R, Find a basis of W,
What is its dlmensmn ?

. (b + c)2 a?  a?
() Provethat A=| b  (c+a)’ b’ |=2abec(atbre)’
' ‘el 2 , (g + b)2 l
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Ans. (a) Linear Independence of a set of n vectors —

" Let F be a field. ‘The n vectors v, v, ,... vy is. sand to be lmearly mdependent 1f every relatxon of

‘the form
cpv +c2v2+ ey v —0 < eF 1 <1<mmphesc =0, for each l<ign

121 |
-1 1 0{=2%0 - The given vectorsare linearly independent.

Is -1 2

Ans. (b) See Q. No. 3.(a), 2002.
Ans. (c) See Q. No. 2.(a), 2004.

._ =121 0
14. (a) Find the rank of matrix | 2 ¢ 1 2
: 1. 6 3 2|
(b) Solve by Cramer’s rule : ' v
2x—-y=3. '
Jy-2z=5
2z+x=4 ,
(c) Find the eigenvalues and corresponding eigenvectors of the matrix
11 -1 2
A=|2 2 4
’ 3 -3 6
Ans. v(,a) See 2002, 2b
o k-1 o0 |
- Ans.(b)Here A=0 3 -2|= 2( 6)+1(2)=-—-10
o 1 0--2\
, -1 0} SRIRPRE
A=l5 3 -2|=3(-6)+1(-10+8)=-20
0 -2 : ‘
R 23 ool : | ~
Ay=l0 5 -2 =‘2(_—10 +8)-3(2)=-10
” 4 -2

B T e

B &

P B o W M T

{.

AT N e M
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2 -1 3
A=l0 3 5= =2(12) +1(-5- 9) 10
1 0 4 :
x=—‘2—‘_~§%8—-%2 ;
y=2=28=)
A3 10
Z:—-——:—-—a——:—l
A ——10

.. Thesolutionisx=zy=1,z2=-]

Ans. (¢) The characteristic equation is
- 1 2 .
2 2-7 4 |=0
3 -3 6-A
= M(5-A)=0
= 1 =0,0,5

.. The eigen values are 0,0,5.
X
~ When ) =0, the eigen vector is 2
o ‘ , X3
1 -1 2Y(x;) (0O
2 -24 X2=‘0'
3 “3 6 X3 i 0 ; ’
‘ = Xi"‘ XZ+ ZX3 = 0
2X;—2X, +4x3=0
© 3= 3%, +6x,=0
" The defénnmant of the coefficient matﬁx is equal to zero.
.. The system has infinite solutions.
X; =Xy +2X3=0
=2 Xy =X+ 23 .

WBUT (2nd Sem)—-—8
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. ) Xl
.. The eigen vector is (Xl +2x3 )

.. The eigen veefor is 2¥1> =yi{2|
, \3

X3
When ) =5
-4 -1 2\ yi) (0
|2 -7 4|=|y,|=|0
37 -3 1) \y;) (o)-

= =4y -y, 2y;=0...(1)
2y, ~ 7y, +4y; =0 .....(2)
3y, 3y, *y3=0.cccco.. 3)

(3)x2-(1)gives2y, -y, =0
(3)2 gives 2y, ~y,=0.
S Yy =2y, '

From (3)
¥3=3y2~3y,
=6y, -3y,
Y1

3y,

1

L
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