MPZ 3230 — Engineering Mathematics I
Assignment No. 02 —Academic Year - 2008
_Auswer all questions ; b

(3) The differential equation satisfied by a beam uniformly lorded W kg/m with one end fixed
and the second end subject to tensile force P, is given by

d*y

Bl

=_Py—-ﬁzlx2,

Where E is thf2 modulus of elasticity, I is the moment of Inertia of the cross section; You
can assume—- = N ;
E

(i) Find the complementary function of the given differential equation.
(i) Find the general solution of the given differential equation.
‘ . d
(iii)  Show that the particular solution of the given differential equation {(when gi:- =0
and y=0atx=0 )is
2

y=g;(1"Coshnx)+FZJ; , where n’ =E}}

(2} .
(n) Find the partictilar solution of the differential equations.

(i)x(1+y1)-y(1+x2)%=0 Given that y =0 when x=0

(ii)(1+ez“')%+(l+y2)e’=0 Given that y =0 when x=0

(b). Obtain the general solutions of

d’y .4
i). +4—45y=-2cosx
® g Aoy . ,
d'y 3d'y _dy - ' S
. 3=t y=e"
&k e |
(iii). using variation parameter method obtain the general solution of,
d'y
dx’ — ¥

(i)

- e sin(e'Jr )+ cos(e")



!

(3). (i). Using the definition of the Laplace transform, find the Laplace transforms,

(a). f(x) = yig ¥
(b). F(t)=sin2¢cos3t

»,

x} 0<x<2

(c). f(x)= x—=1 2<x<3
7 x>3

l‘:.‘ @, 2(382 1)

(s2+1) '
(ti). Find the inverse Laplace transforms of the
S—4
4{S-3) +16
8§42
' 5%-25-8
S+1
n - 3
($* +65+13)

(8
®)

(c).

(iif). Solve the following initial value problem Y'Hy+3y =¢ t > 0; by using the
Laplace transform method, given that y(O) =0 and y'(O) =1,

@@ fPtg+r=0

Prove that,
ra gbh rc a b ¢
gc ra pb=pgrlc a b
b pc gqa b ¢ a
3 -6 -3
(b). 4=3 -3 -5
0 4 -3
* Find A"
(c). Find x,y,z using Cramer’s rule
2x—y+3z=9
xty+z=6

X=y+z=2



(5) (a). Define the der.ermmant of a 3x3 matrix A and B are two square matrices and I is the
identity matrix. Assuming the results, . '

A4 =1 and |AB|=|4|B],

Show that ‘A_l l = —1——
|4
a—-x a—y a—z
Shnw that |b—x b—y b-z|=0
c—x c—-y c—=z

(b). The 3 currents in a electrical circuit are given by following equations.
i +2i,+3i; =1 .
I, +3i, +5{; =3 ‘
iy +5i, +12i, =4

(i). write these equations in matrix form,
(ii). Using matrix inversion method, calculate the three currents of the electrical

ciTCUits,

-' 6. (). F Z=x"+2x*y+y" and x =tcosf and x=1tcos@ and y =1sinf

_,0z | dz . .
Find —, and 30 in their simplest forms.

ot

@). If Z = xfn{x? + y? )— 2ytan” (% ) verify that,

" (iif). (a).show that Pg =g p, | puUugsEgquUp

(b).show that (pUq)urEpU(qur), (pmq)mrzph(qﬁr)
(c).shqw that

(prg)ur=(purinlgur)and(pug)nr=(pnr)nigur)

Please send your assignment on or before the due date to the following address. Please send
your answer with your address (write back of your answer sheet) and when you are
doing assignment use both sides of paper.

Course Coordinator - MPZ 3230

Dept. of Mathematics & Philosophy of Engineering
Faculty of Engineering Technology

The Open University of Sri Lanka.
Nawala,Nugegoda



MPZ 3230
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(.
d'y wx?
NE2Y = gy O
) TRl

&y _ml o
d® EI|  2EI

wx”

[Dz—n2 ZEET , Where %’I:nz

- Auxilaryequation D> —n* =0.. D=+

. Compementary function = Ce™ + C,e™
{ii)Particular Iuterregual PI,

y=(1_)11n {_251} 2EI{D1 23_‘2}

e /]
ALl .
/{ p* D' D ]

l4—t+—F+—+
n n II

1 -
D*—n? n—Dz

n

__ o (2.9 )
'2n251(x +

The general solutionis y=CF + Pl

_ ne —nx @ (2 2 )
=Ce" +Ce +2n2EI X +A2 _

(i)Given that, % =0,y =0whenx =0,

| : w _l)2 .D4 2
APLey=—2 |14+2 2 4.
Y 2n2EI[ o }{‘}

dy

- wx
o Cne™ +—ne,e™ +

n*El

0=(C,-C)n
G =G,



When y=0;

F i
0=C, +C, +——
. EIn
o

G =C,= "5 )

Substitute the values, of C, and C, to the general solution;

A
2n151x+42

B 27142'] (e'“ * g“’“).;.

. P R
Given /Ef—n

—m[e’“+e"“) @ (2 9 )
yE— | [+ =+ %/,
np 2 n

2p
=" cos & (rx)+ =+ -2
np 2p n'p

) a’
y= E(l —cosh (le))-!—T

(2. (=) i) x{1+3)— p{1+x )Zx 0 Given y=0, when x=0

dy _xl+3°
dx__}fl—l-.‘!c2
(?) T

2x
== dx + C. (C- is any arbitrary constant
= Py . (0 iy ity conston

J.l-l—yz
1 2 _ 1 )
-2—€f1|1+y l-—i-£’n’1+xl+C
1 1
¥ =0 When x=0, then Eﬂnl—ifnlzc;c=0

2

". The particular Solution; lé’n L+ yz =0
2 1+x

(i) (I-i—e");{ (I-f—y )e =0 Given, y=0, when x=0.
o



_Cil“_ 1+y1 x
A . l+e¥

o1 e*
g lp ™
tan”'(y) = j’i—fe—hdﬁC————(l)

e’ . dt
dx Let t=e";then— =¢e*
I1+ez: ' dc -

. e .t 1 _ 1 — tan-!
"I1+e2’dx_jl+tzxz’dt J-Wdt tan'(t)

Substitute, ¢ =e"; jﬁdx =tan~' &
Now, Substitute the values of equation,
tan”'(y)= —tau“(e‘)+ C
Given y=0, when x=0
tan™(0) = ~tan'(¢* )+ C
C=0+tan™ =7/

. Particular solution is; tan™ (y) =—tan™ (Bx)+ %

tan™ (y)+ tan"'(e*)= 7/

2
(b) (i) %x%i+4%+5y=—2cosx
The characteristic equation is,

2
g—f+4ﬁb—'+5y=0
dx dx
m*+4m+5=0 .

— - - 1
—btB —dac  ~4+42—415 —4+(-4) L

2a 2 2 -

mo=24i m,=~2—i

There for complementary function y, = e"h'(./i cos2x+ Bsin2x) A and B are constants.
In order to find particular Intégral, use trial function method, , :

Let, y, =crcosx + Bsinx (cxandﬂareunknown constants)



dy .
: —y=—a:smx+ Pcosx

2 dx
.dz
J:‘" =-gcosx— fsinx
dx®
Substitute; ) .

d’y,  dy

—F+4—L 5y =-2cosx
dx? dx e

~acosx— Asinx+ 4(—asinx+ ﬁcosx)+5(acosx+ Bsiﬁx): —2cosx

(4cc +4P)cosx + (45— 4a)sinx = —2cosx

Equating terms; (4a + 4,8) =28 =-2;a= _% '

4ﬁ—4a=0;azﬂ;ﬁ=—%

. . .1 |
.. Particular integral is — Z cosx— —‘Ism x

- - . 1 .
. The general solution is y =& > (4cosx + Bsinx)— Z(cosx +5inx)

o d'y _d'y
et 3—2-43
O o

The characteristic equation is,

d
—y+y=—.e‘r

m’ +3m’ +3m+1=0

(m+1)’ =0

m=l  my =1, m =
Therefore the complementary function is,

y. = Ae™ + Bxe™ + Cx’e™™ A, B, C are arbitrary constants.

In order to find the particular integral, Using D operator method,

1 -
y”_(D+I)]e

3 3
X e o X

3 Ix2




: 3

N S

Since particular Integral is = —6—e *
3 .

General Solution is

y=Ae™ + Bxe™ +Cx’e™ + 2 p e~

3 .
y= (A +Bx+Cx+ %—Je" A, B, C are arbitary constant

e o)

dy
Complementary function; e y=0

(u

Characteristic equation; m*> —1=0
Roots of the characteristic equatlon m, =1,m, =-1

Complementary function is y_ = Ae® + Be™ Where A and B are arbltrary constant.
Ly, =€ and y,=e”
Particular Integral, using variation parameter method,
The wranstian @(x)= 3, ~ .31
=g (g F)—eTeF=-1-1=-2

1) -2 el sl o

= —% ( Isin e dx+ Ie" cos € "dx)
= -—;-( Isin e "dx+ |cose ™ x %(e" )dx) o
= ~—%( _[sin e *dx+ e  cose™ — J'e" (—;sin e"‘)(— e }ix)
= —%( Isin e dx+e cose™ — _[sin e dx)
= —le’ cose™”
2

J‘J’zf (x) (Je"’ {e sm( )+ 005( )}dx)

ofx)
—% ( J‘(e'z" siri(e“)-i— e cose™” )dx)



it

1 2 . 1 de
=—— le" " sine ™ dx —— [cose™ x —— x dx
.2J 5 239

=__;_-[e-z.rsme-fdx—--;-cose"( ')——J-— ( sme X— )ih?

—X

= __1. J‘e‘l" xsine “dx — f——COS e v x ——1— J-Enlr sin e"dx
2 2 2

J

-x

e -
cose™*
2

=— I e sine “dx—

Take Ie‘l' sine“dx ,and Let e™* =1

. dt
e (— 1) = '&;

Substitute, J.axatxsina' X = _f-— asing de

(~a)
d

= -.[ag}-(—- COSCX)ix

- —{a(— cose)— _[-— cosa x1x a’a}

=@cosex+ peosa dor

=gcosa —sing

Substitute,x =™ ;= ¢ cose ™ —sine™
—X

J’J’zf (x) =—(e""cose™ —sine™*) + ¢ cose

_ (x) J'J"z (x)f (X) J’z x) J'yl (x)f nf &),
o(x)

=g'¢— le“' cose  +sine ™y —eg¥{— le"’ cose™"
2 2

1 _ A | -
=-——cose " +e”sine™ + —cose™"
7 2
y,=¢e"sine”"
General Solution; = Y+,
=4e’+Be™ +e"sine”

(3)° (i)-(a)f(X) = x:"e_z-"

L[f(x))= I flx)xedx = qu e dx



- tl]x.'.’ue--(.f+2):rd_x
0

= —x(s+2)

1 e
— 3_1 _ -—:(J+2)=:+ i
D5 e R+ [y

i gHst2) < = g X+
= (D) 6x | + f—yx6dx
i (s+2) o 0 (s + 2)

% Gxdx

Il

—x{5+2) = 6
6| =
| s+2)* ]o (s+2)

6
", The Laplace transform of x’¢ > is = 5
(s + 2)

) f (r) sin2¢ cos3t

L[f(t)]z'n](sin 2t cos 3t} dt

{ sin 5t+sm(—t)}e % dt

OL._‘B

=L
2

:_:[ ~* sin 5¢ —é—_[e"'.sintdt

NI'—‘

5 1f 1
NG +25)'_5[.92 +1]
LU())__{5s+s S—SZ} 1[ 45" - 20 ]

(s? + 59 +1) 2| (5* +5) (2 +D

22 (s* -5)
T (P +25) (7 +1)

x O<x<2
(e) f(x)= x-1 2<x<37
7 x>3

L{f(x))= mj fx)xe=dx

L{f(x))= zsze"“dx + JJ‘(x— e = dx+ mj'/e““d;

2 s 2 @ —u P o= P e ™ 3
- & o ¥ by 2 by 5 by 2

_7[5‘2]‘
§




‘ - 2 2 Sk
— 47 21| xe™™ Pl 3 e}s 267 e-—!: e e-—3.r el e._h

L =C +0+— == |- + -5+ + T
‘ &) 5 5 s 8 o A § § Ry Ay hy NN

Te™

—23
e “-_( —ax 1)+ - .
iy

[— e 4 59_3’]

il
§

~Jg

(2435 +3s

(i) &), 1] 54
45-3F +16 4| (s—3)F +4

R B e o
5 e
) e eyl

= 193' cos2f —1e3’ sin 2¢
4 4

==e"{cos 2 ~sin 2¢}

s+.’é _ (s+2) _
s3—2s'—-8_(s—4)(.5'+2)_(s—4)

e

(b).

(c) s+1 §+3-2 s+3 i 2
O RAE IR ) ey S PTG Ay
(s+3) 2

B [(s +3F + 2’[(3 +3f + 21] - [(.5' +37 + 22[@« +3) + 21]

_,{ s+1 } _ (s+3) b2 1
(*+6s+13) [ “(s+3F 422" [(s+3)2+23j fs+37 +22] [(s+3F + 22
'xcos2txe ¥ sin2s — 2{e‘3’ % 8in 2t x e™ sin 2t}
=e % sin2¢ cos2t — 2 gin? 2t

=e¥sin2t {cos2t —sin 2t}




i) Y443y =t p(©0)=0;y(0)=1
Using Iaplace Transformation method,

*{szy(s) — 5p(0)— y' ) }+ 4{sy(s) - y(0)} + 3y(s) = Siz —————— 1)

But given; y(O)z 0, y'(O) =1,
Substitute given values for equation (1),

{59e)-0-1}+ 4fls)-0}-35(s)=

(s* +4s —-3)y(s)-1 =;12-

$(s) = 1+s* =AS+B+ C + D
(*+4s+3) ¥ (s+3) (s+1)

1+5* =(4s +B)(S2 +4s +l)+ c&z(s +1)+ Ds*(s +3)

pa qb rc a b c
@éXa)igc ra pbl=pgric a b
rb pc qa b ¢ a

pa ab rc . |
LH:S: gc ra pb= palrga® - pzcb)—qb(qlac -~ prbz)-l- Jr'c(c_;r_pc2 —r*ab)
rb pe ga
= pgra’ — p'abc—q’abc + pqrb® + pgrc’ —r’abc
=qu(a2 LB +ca)—abc(p3 +q +r3)
Given, p+g+r=0 ,-_rz_(p+q)




SR

Substitute, r= -—( p+ q)
2 .

+5 +c3)—abc(p3 +q’ +(—-p——q)3)

= pqr(a3 +5 + 03)—abc(p3 +q ~(p +4° +3p%g + 3pq2))
= pqr(a3 +5 + cj)— abe(-3pg(p + 7)) . "

= pc_ﬁr'(a3 +b 4+ )-— aba(-— 3 pq(— r))[ p+g= —r]

3

pqr(a' +b 4+ - 3a'bc)

a b c
R:H:S= =pgrlc a b
b ¢ a
= pqr[a(a2 - bc)— b(ac— b* )+ c[::2 - abﬂ
= pqr[a“ +5 % - 3abc]

_.T.‘..R:H:SzzL:H:S

- Therefore,
pa gb rc g b c
gc ra pbl=pgrlc a b
rb pc ga b ¢ a
3 -6 -3
MA=l3 -3 -5
0 4 -8

Row Transformation method
A=14

1

10




-6 =31 [1 0 0O

-3 —-5[|=|0 1 0|4

4 -8 |0 01

VR, > R,—R,

-6 =311 00 ] ”
3 —2|={-11 0|4

4 -8 [0 01

VR —>R/3
—2 -1} [} o o
3. —2|=|-1 1 0|4
4 -8| o o1

- L .

LR >R +R/2

-5 % 0 %T

3 -20=[-11 ol4 .

-8 |_0 0 1
YR, >R ~-R,

_s1 [ 1/]

0 -5 }é 0 A
1 —-6|=|1 -1 114

4 -8 0o 0 1
= L -

LR, >R, —4R,

0 -5 _%0%7
1 -1 1
0 16| |4 4 -3

L R,/16

—
I
=

I

51 [ 1
0 -5 A 0 }é
1 -6l= 1 -1 1 |4
0 1] L—1/4 Y4 -3/16
LR — R +5R,
(11 -
0 0 Az 5/4 Ae
1 -6|={ 1 -1 -1 |4
0 1 ~-1/4 1/4 -3/16
{ R, > R, +6R,

11/ sja -1
0 0 Az 5/4 Aﬁ
1 ol=|-12 Y2 -1/8 |4
0 1] | y4a V4 -3/16

I=474



112 5/4 —7/16
* lnversemetrixis=| -1/2 /2 -1/8
' /4 14 -3/16
2x—-y+3x=9 . .
(c) X+yp+z=6 :
Xx—y+z=2
In Matrix form;
2 -1
1 1
1 -1

— = L

N
1l

N N D

Ax=B ,
det A=2(1 - (~1))~ (~1)1-1)+3(~1-1) =2

According to Cramer’s rule,

9 -1 3
6 1 1
o2 U Y9 -(-1))+1(6~2)+3(-6-2)
-1 3 -2
11 1
1 -1 1
—2
=—=1 x=1
_2_ _—
2 93
1 6 1 _26-2)-9(1-1)+3(2-6)
yodl 21 -2
2 -1 3 -4,
11 1 ==
1 -11
y=2
Z=3;
x=lhyv=22z=3 .
(5)Given; A4 = Iand|4B|=|4|B|
447 =|1); 447 =1
It |AB|=|4|B] ; [4d7!|=||4
1=|dja”
1
AY==
‘ | |A|

12




in

(b)

vla-x a-y a-z a-p
-lb—x b-y b—-z b-p
c-x ¢—y C€—Z C—p
-x d-y d—-z d—p s
LR —>R-R
R >R -R
a-b a-b a-b a-b
b—¢ b-c b-c b-c
c—x ¢-y ¢—z C—p
d-x d—-y d-z d-p
!
1 1 i 1
(a-—bXb—c) ! ! ! !
c—x ¢—y €—Z Cc—p
d—x d-y d—-z ¢—p
R =R -R,
0 0 0 0
(a ub)(b’ —_c) 1 1 1 !
c-x ¢—)y €—E C—p
d-x d-y d—z c—p

if all elements in any row (column) of a determinant are zero, then the value of the

determinant is zero.

a—Xx

b-x

d—x

i+ 20, +3i, =1
(). §,+2i,+5i, =3

i, +5i, +12;, = 4

In Matrix form;

a-—y
b—y
le-x ey
d-y

R0 o R

-p
4
=P

13




1 2 3]=1(3x12~25)-2(12-5)+3(5-3)

4= 3 5
1 5 12=3
Coefficient of (A);V
—{_ 1+l3 5 _ _ =
cof,, =(-1) S 12l_(36 25)=11
el S v e

cofy; =2 ; cofy, =-9;cafy, =9;cof,, =-3;caf, =1;cof, =-2;cof;, =1

11 -7 2
- Coefficentof A=[-9 9 -3

1 -2 1 1% —%/

1
3

| 11 -9 1] AM="74 9 -

S Adi(A)=[cof () =}-7 9 -2 %Y u

3
2 -3 1

| 75)

By(1); x==A"'B

1Y -% Y
:2:‘_% % _A 3

J % % K-
i =1 -9 44 =20/ - 6664
=711 +9-8/=26/_ o
121_;%_3_%:“1%:—3.66;4

.

-~

)

o
G
R

© 14



H

6)@ png=gnp puUg=gqup.

P Q- png | gnp | pJg | gup

0 0 0 0 0 0

0 1 0 0 1 1

1 0 0 0 1 1

1 1 i 1 1 1
LpNng=Eqgnp pyuq=qup

®).[pug)ur=pulgur)

P |Q|R (pug) LpUqJUr (qur) pu(qur)

o |o o |0 0 0 0

0|0 |1 |1 1 1 1

0 |1 (0 |1 1 | 1

1|0 (0 |1 1 0 1

1 (1 ][0 |1 1 1 1

o0 |11 |1 1 1 1

1 {0 {1 |1 1 1 1

111 |11 1 1 1

(pug)ur=pulgur)

15




TR [ @nd) ] @nd) | (ng)r prlgnr)
0 0 0 0 0 0 0 .
0 0 1 0 0 0 0
0 1 0 0 0 0 0
1 0 0 0 0 0 0
1 1 0 1 0 0 0
0 1 I 0 1 0 0
1 0 1 0 0 0 0
11 gl 1 1 1

(Png)nr=pn(gnr)
(c)(pmq)urz(pur)ﬁ(qu)

?[o]%[(rg) (o) @ur) | ng)or | (burn(gur)
0lofolo 0 0 0 0 '
0010 1 1 1 1
01100 0 1 0 0
1000 1 0 0 0
14101 Tt 1 i
o1 [1]o e 1 1
1o |1 o 1 1 1 11
1141 1 :1 1 1

(pg)ur=(ur)nfgur)

i6




=(prr)ulgnr)

(mug)nr

(pug) | (pnr) | @nr) | (puglnr | (nr)ulgnr)

=(pnr)ulgnr)

(pugnr

17



