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Benha University
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Electrical Engineering Department
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e Answer all the following question ¢ No. of questions:6
e [llustrate your answers with sketches when necessary. e Total Mark: 100 Marks

e The exam. Consists of one page

1) Evaluate the following integrals [20 Marks]
r t : d t ® m n ~2 n o0 . 4
a) J > b)_[(x—a) (b-x) dx, ¢) j(tanx) dx , d) [tsin2tcos3te” tdt
0 1 +t a 0 0
2) Find inverse Laplace for the following functions [20 Marks]
se™ 1 1 3s+2
F(s) = + G(s) = +
®) s+6s+20  (3s+4)’’ ) (s> +9)  sP+6s+5
3) Find Series solution for the following D.E. about x =0 [20 Marks]
(1+x%) y +y =x
4) Solve the following differential equations using L.T. [10 Marks]
)3y +4y=e, y(0)=1/3, iy +y=2t, y0)=3,y(0)=1
5) Solve the following P.D.E'S [10 Marks]

a) 3ux + 4 u,-5u =10 (y + x)

b) 9 u = Uy, B.C. u(0,t)=u(2,t)=0, IC.u(x,0)=x-1,u,(x,0) =4x
6) Find Laplace transform for the following function [20 Marks]
. 6 0<t<2
i) f(t) = tsin2tcosh3t +e >t [ e 2Usinudu, i) gt)={ 3t 2<t<3 '+ Cos2t-cos3t

u=0 9 t>3
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Model answer

Answer of question 1

Totidt 1y Vidy i
a)l1+t4 = 4.£ 5y (by putting t* =y, hence dt =

- |

© 12 o o —1/4
1/4 and m+n=1,thusm=%,n=%,fromwhichj rdt 1 J‘&—
0 0

1 2
1 BGALA= .

b) Put x-a =y = dx = dy, therefore

b-a
j(x a)” (b-x)" dx = j y [(b-2)-y]"dy=(b~a)" j y [ 1"dy.

putz = b—za = (b-a) dz = dy, thus

1
T(X—a)m(b—x)ndx :(b—a)m+n+1jzm[1-z]“dz:(b—a)m+n+1ﬁ(m+1,n+1)
a 0

/2 /2

y—'*), therefore m-1 = -

c) I (tanx)" dx = I (sinB)" (cosO)~ nd9——B(p, q) , such that 2p-1 =n and 2q-1 = -n,

/2

therefore p = (n+1)/2, q = (1-n)/2, thus I(tanx) dx ——B((n+1)/2 (1-n)/2)

- 21/4

2sm(n+1)

—BG/8.1/2)

o 4t 19 0 . - 4t
d) [tsin2tcos3te ™ dt= 5 [ t[-sint +sin5t Je™" dt
0 0

2s ) 10s

Since L{t sint}= L L{t sin5t}= S5 therefore
(s“+1) (s“ +25)
o0
[ tsin2t cos3t e dt =l[— 228 7+ 10s 5ls=4="— 4 5+ 202
0 20 (s“+D° (s°+25) (17)°  (41)

Answer of question 2

2s -2s
2) F(s) = se N 1 _ (s+3-3)e n 1

, theref
$2+6s+20  (3s+4)}  (s+3)7+11  27(s+4/3) erefore




f(t) = 3 D[cosTT(t—2) — ——sin VT1(t—2)JU(t—2) + %e_(‘m)ttz

V11
G(s) = + 23S+2 = 1 4 3H3- 3)+2 therefore
3(s +9)  s?+6s+5 s3(s2+9) (s+3)
1t s1n3u 7 1.t* | cos3t
== + - = + +
g(t) 9u£0( ) du + 3e™>! cosh 2t 2e 3t sinh 2t = 9[2 5 ]

3e73 cosh 2t -% et sinh 2t

Answer of question 3

Since p(x) and q(x) are analytic for all x, therefore x = x, 1is regular point and

substitute (4) in the above D.E., we will get
<1+X3>z2n<n-1>an<x-x0>n-2+22n(n—1)an(x-x0)n 2 X 3 n(n-1)a,(x-x,)™
n= n= n=2

+ v =
Y oap(x-x )" —X
n=0

Put n = s+2 for the 1¥ term, n = s for 2™ & 4" terms, n = s+1 for 3™ term, we get

(1+X Z (s+2) s+1)as+2(x-x0)5+Zzs(s-1)as(x-x0)s
- &

+2 X, ZOS(S+1)as+1(X—Xo)S+ ﬁ a(x-x,)° =% therefore a, + 2(1+Xg) a, +
- s=0

[al + 4X08,2+ 6(1+Xg)a3] (x -X 0) +

ZOO: I+x2)(s+2)(s+1)a,, +2x s(s+1)a s?-stl)ag)(x-x ) X

s+2 s+1+(

By comparing of coefficients we get

a= X0 %0 4= 2(1-(1+x3)a,txa,)
2(1+x3) 12(1+x2)?

(I+x5)(s+2)(s+1)a,,+2x s (s+1)a  H(s*-s+1)as=0,5=2.3,..

At s =2, 12(1+x(2))a4 +12x 2,432, - ( , therefore



2 X 3
;= 20 3 0 R YRELY

v ____ _ ap- — v U
24(1+x2)3 " 6(1+x2)? 1 2(1+x}2)?

The solution will be in the form
o0
Y(X) - Z dp (X - Xo)n
n=0

Let ag= A, a; = B, therefore

_ 5-3
yx)=A[1+ =L oy 2+ f0 (xex P R0 g ) ]
2(1ex2) TR gz U0 24(1+ 7y (%o

B((x-x.) - b x-x)P - %0 (x-x.)t+...) + X-X, )

((x-x) T o gy (x-xg)*+...) 2(1+ 2)( -Xo)

3 7x,+3x3

+ X- +70 70 4. ,put xo =10

6(1+x2)2( oy 2(1+x2)? PR
Answer of question 4
By taking Laplace for Both equations , therefore
1) 3[ sY(s) — y(0)] +4 Y(s) = 1/(s-2), therefore Y(s) = ! + 1 , thus

(Bs+4)(s—-2) (3s+4)

1 1 _ 1 1

Y(s) = 3[82_(2/3)5_(8/3)]+3[s+(4/3)] 3([s-(1/3)—(25/9)) +3[s+(4/3)]’

therefore y(t) = ¢ e sinh(5/3)t + 1 4"

2 3s+1

+ , therefore
s2(s2+1) (s2+1)

ii) (s2+ 1) Y(s) -3s— 1 = 2, therefore Y(s) =
S

t
y(t)= [ (1-cosu) du + 3 cost + sint = 2[t — sint] + 3 cost + sint

u=0

Answer of question 5
a) The solution will be in the form: wo +k w= g(a,p) such that:

o =xcos0+ysinB, B =-xsinB+ycos® =x=a cosO - B sinB,y= a sin6 + 3

cosO,



U =Ug Gt upgPBy=ug cosO-up sinb,
Uy=Ug Oyt upgfBy=ugsinO+upcosd
Substitute in the above P.D.E. so that:

3(Wg cosO- wg sin0) + 4 (wgsinO+ wpgcos0) — 5 w = 10 [a(cosO+ sin0 )+ (

cos0-sin0)]

Coefficient of wg = 0, therefore —3 sin0+ 4cos0= 0, thus tan® = 4/3 , sin0= % and
2

cosO= %,thereforeSwa-5w= l4a-2B= wg-w= 5[7 o -B]

which 1s linear D.E. such that the solution will be in the form:

w(a e = [ (70— Ble~*da + 4(B)

b) U(x,t) = Z sm( )x[ A, cos (3n—n) t+ B, sin (3ﬂ)t]
n=l 2 2

But U(x,0)=x-1= i Ansin(nZn)X , which is Fourier sine series such that
n=
2 nr
= [(x-1) sin(=5")x dx
2
0
Since Uy(x,t) = Z (Snn)sm(nn)x[ -A ,sin (3 rm)t + B, cos (3 nn)t]

And U(x,0) = 4x , therefore Z Bn(3nn)sin(nzn)x = 4x , which is Fourier sine series

such that B, (312171) = J'4X Sin(nzn)x dx, therefore
0

2

B. =
" 3an

S —

4x sin(HTR)X dx

Answer of question 6



2(s-3) . 2(s+3)

L{ tsin2tcosh3t} = L{tsin2t(e* + ¢")/2} =
t tsindteosh3ty = Litsindt(e™ + e7)/2} = 1 v L P ({437 147

3t b oy 1
L{e™™ [ e“Ysinudu} = >
u=0 [(s+5)"+1][s+3]
6 0<t<2
Since g(t) =1 3t 2<t<3 } =6u(t)+ 3(t-2) U(t-2) — 3(t-3) U(t-3), therefore
9 t>3

G(s) = 6/s + (3/s* )e™ — (3/s* )™

2t -cos3t © g S 1, s2+9
[ 05=t-COSty _ ds = =1
{ t j i(s2+4 sz+9) 72 n[sz+4

]



