ENGINEERING MATHEMATICS—2007
Time : 3 Hours . . Full Marks : 70

Group-A
[ Multiple Choice Type Questions ]

I. Choose the correct alternatives for the following :
10x1=10
(i) Laplace transform of the function cos (at) is

S

1
(a) (c) (d) )

Ans. —e

b
s —a? (®) s*+a?" s? +a?
1 0.1
(ii) The rank of the matrix A=[1 1 1| is

101
(a)0 (b) 1 (©)3 (d)2

1 0 1 1 0 1
Ans. A=l 1 I|-2=Rijlo 1 o
101 0 0 0

There are two non zero rows

.. Rank is 2.
; : cdly  dy.,
(iii) The order and degree of the differential equation E=aah (=) =y are
R3-R, dx dx
(a) 2,2 (b) 2,1 1,2 (d) 1,1
Ans. (b) '

0 -a -b
(iv) Value ofthe determinant a 0 ¢/ is
b ¢ 0
(@)0 (b)abe (c)-abc (d)2 abc
Ans. (a) i

(v) Integrating factor of g_y +y=11s
' P X

(a) e* (b) x2 (c) x (d)2
Ans. Integrating factor is e/ % = ¢* '
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(vi) The operator equivalent toshift operator E i :s

@1+a Oy @i-a  @1-a
Ans, (a) '
(vii) The number of sngmficant digits in-3.0044 is _
@5 b)2 . {©)3 ()4
Aans. (a) : ’
. 0 a P
(viii) Ifa, B are the roots of the equation x2 - 3x + 2 =0, then ? 00
: . , -a a
3 e
. (a)6 B (c)—6 @3
Ans o, B are the roots of the equatlon x2-3x+2=0 '
=1,p=2
0 1 |
The determinantis 2 0 0/=-2(1+2)=-6
1 -1 1
| - 123
" (ix) The sum of the eigen valuesof A={0 2 3| is
- 0 0 2 ‘
(a5 (b) 2 ©1 : (d)6
Ans. (a) P S .
(x) A-v) x2L isequalto
. (a)h? - (b)-2n?
(c) 2h? , - (d)None of these

Ans. (A- v)x2 =Ax2 - yx2
o =@+h?-x? (x2-(x-hy?} -
=(x+h)y?-x2-x2+(x-h)?
=x2 + 2hx + h? - 2x2 + x2 - 2hx + h2
. =2h? | ,
(xi) If a linear transformation T : IR? — IR? be defined by
T(x}, X5) = (] + x,, 0) then ker (T) is

(a) {(1,-1)} O} @00} @001

Ans. Let ker (T) is (x., V)
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~ T, y)=60
=(x+y,0)=(0,0)
= x+ y=0
>x=-y=k
=>x=ky=-k
wker (T)=(x,y)=k(1,~1) - Ker (T) {(1,-1)}
2000 2001 2002 ’
" (xii) The value of {2003 2004 2005| is
2006 2007 200
@2000 (O (c) 45 (d) None of these.
2000 2001 2002 2000 1 1
Ans. [2003 2004 2005 %Gy 003 1 1]=0.

, 2006 2007 2008 2004 1 1

(xiii) The value of K for which the vectors (1, 2 D, K, 1, 1) and (0, 1, 1) are lmearly

dependent _ :

@r ®2_ oo (©0 o @3
P2 o2 )

Ans. k 1 1=k 0 6=-k(2-1)=-k k=0
0ot iy 11 <
Group—B
[ Short Answer Type Questions ]
Answer any three questions. - 3x5=15
2. :Apply éonvolution theorem to find the inverse Laplace transform of ————

(s +9)?

o s ' 1 sin 3t
. L =cos 3t L"{ }:
Ans. We have L {s‘-+9} and g9/ 3

Now using convolution theorem, we get

N 1. sin 3(t - u) 1 S . .
L '{ — }=Jcos 3Ju————du =—- .[(cos 3u)(sin 3t cos 3u - cos 3t sin 3u) du
2 VA ; ; .
(s _+9) o 3 L 3 s o

, t t . )
L= l sin 3t J.cosz 3udu '——1- cos 3t~jcos 3usin3udu
3 0 3 ° ' .
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- v + , t . .
_ _1_ sin 3t J‘l cos 6u du 1 cos 3t J'sm 3u d(sin 3u)
172 73 E

- -v N ) ¢ . . 2 t
=l sin 3t E+Sln 6u] ——l cos 3t _‘______sm‘ 3“
3. 2 12 1 9 2 0

<

IS

: - . t I |
-1 sin 3t _t_+sm6u} _1 cos 3t | 2. 3u
30272 )y e 2

lo
=1 sin 3t L, m 6t]—l cos 3tsin? 3t
3 12 12 ] 18
=tsm3t+sm 3tsm6t=—l—c'o's3tsin23t .
6 36 18 ,
_tsin3t L o8 3t sin’ '3t_cos 3t sin? 3t .=tSin 3t
6 18 18 6
» b2+c?  al a’ :
~ 3. Prove that b2 c2+a2‘ _ b? |=4a%b2c?.
2 et alep?
b? +¢? a’ a® 0 -2¢2 -2’
Ans. | b2v c¢? +a? b2 | =[b?® c?+a? b2 R;=R;-R;-R;
S A
) 0 2—02,2 —b2 ‘ ) 0 >‘~ 27 e . —2b2 5 N :
=2p2c2|] £ 12 1o |=ab2elo SR 1240 R R, R,
, b2 b2 T2
2,42 , 2,12
) 1 a +2b | - a +2b
c c
A 22 2,2 ‘ ) '
=2b%? {—cz(l—-a +b )+b2(a b+2° —1)}=2b2c2{~—c2+a2+b2+a2+c2—b2}.
) ‘ i
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4 Solve the differential equatmn by Laplace transform :

2
'd—+4x sin 3t, x(0), x'(0)=0
dt?
5
Ans. d—;<-+4x sin 3t
dt

d?x :
= L{ 2 } +L{4x} = L{sin 3t}

= SzL(x) -sx(0)-x'(0)+ 4L(x) = 2 2
o s +9

= L(x) (2 +4)= s23+ 5 +5x(0) +x'(0)

3
= L(x) (2 +4) =
' s2+9

¥ 3 3( 1 1 3- 2 1 3
B i v Sy ='(“5—”"§—) 107,232
(s +9Xs*+4) 5 \s?+4 s2+9) 10 s°+4 5 s%4+9

:>x=—§- sin2t-—l sin 3t
10 5

5. Solve: (x2+y?+2x)dx+xydy=0
Ans. (x2 +y2+ZX)dx+xy dy=0
= (3 +xy?+2x2) dx +x2ydy=0
= (x3 + 2x2)dx + xy? dx + x%y.dy =0
=>x3+2x2)dx+d (x2y?)=0

S 4 53 22

_ Integrating 3{—- + e + X 2y =C

6. Show that W = {(x, Y z) € R3 2x -y + 3z 0)isa subspace of R3. 'Find a basis of W.
What its dimension?
Ans. Leto = ((11, az, a;) and B (Bp By ‘33), ,B EwW
Aot bﬁ a(a, a,, a3) + b(ﬂp Bz, B3 = (aal +bBy, o, + bﬁza a3 + bP;)
Now 2(aa; + bp, ) (aoc2 + bBZ) + 3(aa3 +bBy) = a(2oz1 oy + 3a3) +b(2B; - Bz + 3[33)
=a.0+b.0=0 : ]
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Coaa +rbBew. .. W is a subspace of R3. - "= « 0
o =(0), 0y, 03) EW 5200~ 0yt 3a3=0
:>a2=2a.|+3d3» : =
o= (ay, 204 +30L3,‘0L3)=0L1 (1,2,0)+a5(0,3,1) ~a=L{(1,2,0),(0,3, 1)}
" Basisof Wis £(1, 2,0),(0, 3, 1)}and dimension is 2.

10 2 y
7. HA={0 -1 1] then verify that A satisfies its own characteristic equation. Hence
0-1 0 :
find o 7 '

[1 0 2
Ans. A=]0 -1 1

1-A 0 2
0 -1-2 1|=0"
0

Characteristic equation is z
. 1 M-

= (1- {1 -A)-A)—1}=0
=0 -AM+HA-D=0
S -2A+1=0

12 2 10 4
a<lo & %l az=lo 2 | at=lo =3 2|
0 1 ol 0 -1 1 0 2 ~Ij =

; Tt o 47 [1 0 2171 0 0] [o 0 o]
Now A3 —2A+1={0 -3 2|-200 -1 1|+{0 1 0|={0 0 0
| 0 2 Z1/ 70 1 o/lo e 1] f0o0 0

.. A satisfies its own characteristic equation.

A3-2A+1=0
S 2A-AY=1
> AQI=-AY)=F
x5 38 3 2]
0 0 2] [0 -1 1
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Group-C
(Long Answer Type Questions)
Answer any three questions. 3x15=45
A? 3 -

8. (a) Evaluate _f«;— x°. 5
(b) Find the missing data in the following table : 5

B =2 -1 0 1

fx) | 6 0 tnern 0
(c) Show that(3,1, -2), (2, 1, 4) and (1, -1, 2) form a basis of R>. © 5

Ans. () (T-:Z') X = {E-;—l-)—} X3 = (E-2+ E7)x?

 =(x+h)3-2x3 + (x = h)} = 6xh?

_Ans. (b) There are known four points.

.. The polynomial obtained from the given points is of degree 3

-, Fourth difference is equal to zero. L AYEX) =0

‘.-:>(E—1)4f(x) 0 B

= (E4- 41-:3 +6E2-4E+ D f(x)=0 .

= fix +4) - 4f(x+3)+6f(x+2) 4f(x+ 1)+f(x) 0

Puttingx =—-2 '

t(Z) 4f(1) + 6£(0) -»41’(—-1) F f(—2) 0?* A

~0+6f(0)-0+6=0
= f(O)--Z fx) = 2x2 2.

3 1 -2
Ans.(c) ll 124 =24#0

. *The vectors are linearly independent.

- Since R3 is a vector space of dimension 3 and there are 3 lmearly independent vectors of R3.

Therefore the vectors form a basis.

9. (a) Prove that ] gi_g_t_ dt= 3 Z, by Laplace transform. 5
(b) Apply convolution theorem to prove that [ sin u cos (t-u)dt= 3 sint. 5
v : o : »
y tany x
LAY _ BBy (14
(©) Solve: - [1+x) (1+x) e*.secy 5
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Ans. (a) Let F() = sint = f(5) = ——
s°+1

Weiknow J-F—(t—tl dt= If(u) du
0

$sint . ¢ 1 R
_:{ : dt—£u2+1du ;[t_an u]o _";,—2— e

, o .
"Ans. (b) Let F(t)'js_in ucos (t—u)dt

Using convolution theorem, we get
L{F(t)} =L{sint} L {cos t}

1 s _1_
ks+ls+I (sz ) 2
__l__( )-l( _E‘_

2 s2) 2 ds

1+s2

| :>1¥(t)=%L—{ Dy d( ! )} =.;. .sint=‘_S;""_, -

dy tan
Auns. (¢) —i— 1+y =(L+x)e* secy

dy sin y »
=(1+x)e* ... -
o Trg s aRxyet... (1)

= cosy—

LetV =i 3d—v—'cos _c_l_)_f_
¢ sy dx ydx

o dv v < iy
(1 —_— ——=(14x)e* ...... 2
“ (1) becomes X 1ix ( ) | (‘)
1 oav 2
l+x dx (1+x)°

Integrating " A J.ex dx+c =siny=(1 +x)(e" + c)

10. (a) Solve by Cramer’s rule: e gAY e Pt

x+y+z=7
x+2y+3z=15
x-y+z=3
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: d
(b) Find general solution of p = cos (y — px), where p = ﬁ-

‘ o
ogy _ Y(log y)

‘ dy 'yl
¢) Solve: —+
(© et 3

X X
Ans.(a) x+y+z=7

x+2y+3z=15
x-y+z=3
N1 1
Here A=ll 2 3/=4
L
, 7 1 1
A=15 2 3=8
3 -1 1}
17 1
A,=lI".15 3/=8
1 3 1
I 1.7
A3=1 2 15[=12 -
1 =1 3
A . '
. x:._l=2,;y'=éz.=2’ z=£=3 .:‘x=2’y’=22=3
A . A A ’ o

Ans, (b) p=cos (y - px) = y-px=cos™ip... (:1)
Diff. w.r. to x. v '

DX — e —— . —
# p—P dx  Jf1-p? dx

N (PRSI T -
]...pz -dx

dp '
—=0 =p=c
dx P
.. The general solution is, from (1)
y=‘cx+cq§f1c < 4
| - S Jx? -1

=0 =>x= =>p=
l—p2 . ,/l—p2 ) X

<. The singular solution is y = Vx* -1 +cos

-1 sz

-1
X

89
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| lo o
y ylogy _¥( gy) M
X X

_Ans. (c)

1 dy logy (log y)’ 2

y - dx X X
' 1 dy dv
LetV=logy > — L =—
&Y dx dx
v v? 1 dv 1 1
) Y T —_— e — = .. 3
From(Z)d ro=v3 Tt 3
2 dx - dx
From (3)
dt t 1 _dt v o1 rtdt ¢ 1
& x X2 dx x xX T xdx x* X

Integrating, we get —=—5 +¢C
4 g2, We g X 2x2

1 1 1 1
= =—s+C = =—7+C =2x=lo 1+2cx
Jx  2x? xlogy 2x? gy( )

. ) v d
11. (a) Solve (D2 - 2D)y = e* sin x, where D = o

| o 4 |
(b) Solve.?t-—7x+y—0and %—Zx Sy=0

(c) . Sel Gamascel
2x+ 2y+z=12
3x+2y+22=8
. - 5x+10y-8z=10
Ans. (a) (D?-2D)y=e*sinx =>D(D-2)y=e*sinx.

To find CF,,
The AE.m(m-2,=0m=0,2 .~ CF=C+ czeZX»
: ” 1 1 : .
To find PF. Pl = ————e*sinX. = ¢* —————sinXx. = i
D(D-2) OOy T BT
__e*sinx ' ' |
2 )

e*sinx

. Thesolutionis y =C, +C,e¥* - >
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Ans.(b) (D-7x+y=0..ccccon. €))
' D-5)y-2x=0.. ... -
(D x2+(2) % (D—7)gives.' o
(D2-12D+37)y=0 . y=¢€%(c, cost+cysint)
Puttmg the value of y in (2) we get, e6t [(cl +cy)cost+ (c2 cy) sin t] 2x=0
>x= et (k; cos t +kj sin t)

C1+C2 K _02

-C
2 T 2
*. The solutlon is |
x.= €8 (k; cost + k, sin 1)
y =ebt (c; cost + ¢, sint)
Ans. (¢) The augmented matrix is
A=[% 2} ‘82}_1_2_1»[% 3 ‘.%]
- .15.10 -8 10 0 6 -11. -10]-

i

- where k"=

0 2 -1 20

C RSR.m ' : 1 01 4
_Ry=Rj-2R, 10 1 Za RiOR; Lo 2 21 20 ,
L - 10 6. -11 -10 . 0 6 -11 -10}
CRy=Ry-3R, |10 ‘4 | |
—3i 3250 2 -1
_\ 0 -8 -70
The system of lmear equatlon of the matrix are
-8z=-170>2z=35/4
2y-2=20=>y=115/8
x+z=-4> x =-51/4 .. The solution is x= —%,(y 5%, z #'145—
12. () Use Lagrange’s interpolation formula to find f(x), where
' £(0) = -18, (1) = 0, £(3) = 0, (5) = 248, f(6) = 0 and f(9) = 13104. 5
(b) Apply appropriate interpolation formula- to calculate f(2 I). Correct upto two
slgmﬁcant ﬁgures from the followmg data : 5
X 0 -2 4 6 '8 10
f(x) 1 5 17 37 45 51
(© Apply Slmpson s1/3rd rule of evalunﬁe _f t:rking six equal in.tervalsbfrom

[0, 6] and correct upto three decimal places.

(l+x)

5
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(x—1)(x=3)(x = 5)(x—6)(x—9)
(0-=1)(0-3)(0-5)0-6)(0-9)

(x=0)(x—=1)(x=3)(x —6)(x = 9) < (-248) + L0 1)(x=3)(x = 5)(x=6) < (13104)
(5-0)(5-1)(5-3)(5-6)(5-9) (9-0)(9-1)(9-3)(9-5)(9-6)

(x=5)(x-9) x(x-9)x3I +x(x~5)9l]
45 20 36

Ans. (a) f(x) = x(-18)

:(X - ])(x—3)(x—6)|:

4x2 - 56X +180-279x2 +2511x +455x2 —2275x
=(x? ~10x? =27k - 18) x s

180x2 +180x + 180
180

=(x3-10x2+27x - 18)(x3 +x+ 1)=x5-0x' + 18x3 —x2 +9x - 18
Ans. (b) The difference table is

=(x3—10x2+27x—13)(

X f(x) Af(x) A*f(x) A3(x) AM(x) ASf(x)
0 4 8 0 -20 -10
2 5 12 8 -20 -30
4 17 20 wffg 10
6 37 8 2
8 45 6
10 51
Hereh=2,x=2.1,xy=2, u= x_hx" - 2"2'2 =0-05

Applying Newton’s forward interpolation formula.

u(u (0) u(u—l)(u 2) u(u—l)(u 2)(u 3) A“f( )

f(x)=f(x,)+u Af(xo)

=5+0-05x 12+(0'05)(g'05_l) x8

,(0-05)(0- 05; 1)0-05-2) (220) + (0—95)(0—01 = 1)(;;05-2)(0 05-3) (=30)

=5.442804688
=54
X, —X

Ans. (¢c) Here x;=0,x,=0, h=—-2 I

0=6_0=Iand f(x)= 5
(1+x)

6 6
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X x)
Xg=0 Yo=1
el
x =1 Y, 7
el
= Y279
£ |
i 1
X4 =4 Y4 35
2551
x5=5 _YS_E
_ 1
x6=6 Y6_E

We know from Simpson’s 1/3rd rule

h

=3 [vo +4(y, +¥5+y5)+ 20y, +3,) +4)
| 1% 1 R 1

== |l+4 —+—+— |42 =+ — |+—| =
3[ [4 16 36] (9 25] 49] e

13. (a) Apply the method variation of parameter to solve the equation
2

-(‘:—z#;r:sec’x-tanx. _ 6
(b) Expand by Laplace’s method 6
0 a b ¢
:: —-0d g : = (at - be+ cd)’
-¢c —-e —f 0
(¢) . Given that L{sint/t} = tan~!(1/s), find L{sin(at)/t}. 3
Ans. (a) dng +y =sec® x tan x
dx
To find C.F., the A.E. is
ml+1=0 >m==i 5w C.F.=¢; cosx + ¢, sin x

. _|cosx sinx|_
w |—smx cosx‘_]



94 B .~ WBUT SOLVED BOOK
~ P.l= si‘nxJ' cosx . sec3x ténx dxlf—' COSX I sinx sec?x tanx dx

=sin xJ‘sec2 X tanx dx - cos x-J sec? x tan2x dx

=sin xj tan x d(tanx) - cos xj tan? x d(tanx)

—sinx tan’x - tan’x _ tan? (sinx sinx)3 _sinx tan’x
' ‘ 2 3 6
. . sinx tan®x
. The solution is y = ¢, cosx +¢, sinx + ————

_a g al0 f -d f]
An b -d 0 f ‘_ l l l_ b“._
s.(b) |- -c < %0 a 0 a di<e 0

d O ci-b 0} +b cif-b
—a e 0 d —c el—¢c - d el-c
= a2f2 —-abef+ acdf + acdf — abef + (be — cd)(be — cd) ' ‘
- = a2 — 2abef + 2acdf + bZe 2+c2d2 2bced

= (af be + cd)?
Ans. (¢) We know, if L{f(t)} f(s), then L{f(at)} f(a)

L tf(t)" si ¢ |
L{f®}=1(s)= tan'] - L{f(a t)} L{s"‘ “‘} 21 f(i)’:—'f @
gtia) At osfa
=1 L{S‘“‘}=ltan-li | :L{s‘“ o2
a t a s t. )], s _
14. (a) Assuming the orthogonal properties of Legéndre function, prove that
+l[ 2 2 - ) I
P dx= : . ,
!1 n(x)] ‘x i+t : b >
(b) Show that J ('x)= 2 sinx. o , R 5
12 = : .
' 0 0 1]
(¢)  State Cayley-Hamilton theorem and show that the matrix A= 3 1 0/]satisfies
the above theorem. - 27 14 5
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Ans (a) We have from Rodrigue’s formula

P, ( )- d” (x?-l)" l ——D"(x? 1) p=4 ..-.(1)
n'2“ dx" 2" dx
- The orthogonal property of Legendre polynomialsis

B ‘
Ipm(x)' p,(x)dx =0, (m=n) ...... (2)

From equn. (1) we have, n!2° p,(x)=D"(x? - l)n )
Whenm =n, then from (2) & (3), we have

(n!2“)2 j’[pn(x)]2 dx = jD“(xz —.l)"Dv"(x2 —1)"dx

~1 -1

~|pr(x2 -1)" D2

= _‘}Dnn (xz __‘ l)’“ Dn-l(*z _ l)" dx | |

=) jDz"(K:z - l)n (x2 - l)n dx [ Integrating by barts (r;-l) times)

-1
|

=_(—1)'“}(2n)s (x2-1)"dx =200}t [(1-x2)"dx
. 6

-1

j D"(x2 -1)" D" (x* -1)" dx

 2a(2n-2)...4-2

3 - .
'=2(2n)! [cos™ 040 putx=sing =2(2n)!
Jcos’

220 [2a(20-2) d2f 2 o o
N 2n+1)! —2n+1'[,2 off

S ,
= (n! 2“)2 j[pn(x)]zdx=2n2+l-[2" n!]2

-1

’:} I px(x) 2n +1

) (2n+1)2n-2).... 21

95
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- Ans. (b). We know- J (x) =(32(_)n {r(nl; 1) p[‘(rl, +2)(x)2

el )

12 i(%)%{r(li%)_ 1!1"(; ;%)G.)z, . 2vr(;+ )(22&)4’3_&(}1}5@)2 }

2 . ‘
=, [——sinx ' v , -
Xm - : : :
Ans. (¢) Cayley Ham11ton Theorem : Every square matrlx satlsﬂes its own characteristic equatlon.
The C.E. of the given matrix is

-2 0 1
3 1-2 0 |=0 =AM -522+6A-5=0
=2 1 4=} _ ' ~

0 011 , (21 4 (s s 14)
A=[3 1 0f A?=|3 1 3 A3 -3 4 15
2 1 4 =5 5 14, =13 19 5]

L A3I-5A2+6A-51=0
- A satisfies the theorem.





