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| f(t) Equil Posn
\Ly o e 1 ...........
Question 1: |5 Marks| Answer by v or x BC E L\ - l
CIE 2 L VS
(1) All linear Ordmar\ Differential Equauons are of the first degree.

(2) The two families of parabolas y =cx’ and x =y’ are orthogonal.

e
k !&'ifl'-c Fig. 1
(3) y=e" represents the solution of the BVP y"-y=0, y(0)=1y(1)=1.
) . ot st .n - g
@) 1f Lf (1) = F(s), then L[1 /(1) ]=5F (s)- £ (0). bh;” ! \: ﬁ*‘mm i E\éﬂg‘

(5) The maximum rate of change of the surface f (x, y,z) =0 always happens in the direction of its gradient.

Question 2 |15 Marks, each item 5 Marks]

. )
(a) Find the orthogonal trajectory to the family of parabolas y’ = cx. IS (
(b) Find the solution (o the IPV y'=2y+2/ye’, y(0)=1. Fig. 2
}
(¢) Find the general solution to the ODE y" -y’ =¢".
0 /4 27t
Question 3 |15 Marks)
. . N o) sP+4
(a) Find Laplace transform to the function J(t) shown in Fig. 2 and L e g . [6 Marks]
, sint
(b) Evaluate the improper integral f eV p —dr. [4 Marks]
(¢) In the spring mass system shown in Fig. 1, Find the response y(t) if m = k = 1,c=0and f(t) = sin(2t),
assume zero initial velocity and zero initial displacement. [5 Marks]
Question 4 |15 Marks]
(a) Find the local extreme of the function z = 50+ 6x +8y — x? — . [4 Marks)
(b) Find the rate of change of the surface x? + ¥y —6x-8y+z=0 ata point ( 2, 2, 20 ) in the direction,
{2/ + 3k. Find also the maximum rate of change. [S Marks]
(¢) Evaluate the Double integrals: ) j J. e dxaﬁz (i1) _[ .f (st )a’xdy [6 Marks]

Best of luck, Prof. Ibrahim L. El-Kalla
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Model Answer
Quesﬁau 1: [5 Marks] Answer by \ or X
(1) N. (2) x (3) x 4) x. (5) V.

" -

Question 2 (a) |5 Marks]

For the given family: 2yy =c= 4

;Y
=2y =—.
x T 2x
’2 .
For orthogonal family: y'z:-z—'E — 5 j}-d): J‘—ZIdX‘+C. or: L‘;—+x2 = c. Family of ellipses
y -

<+

Question 2 (b) |5 Marks|]

The solution of the Bernolli ODE y'+ p(x)y = ¢(x) " takes the form: zy'™" = J-(l —n)uq (x)dx + ¢

Where the integrating factor, u = Exp( J(l - n)p(x)dx) - Rewrite the ODE in the Bernolli form
Y'=2y=2¢"y"" where, p(x)=-2, q(x)=2¢" and n=0.5

=0 U= Exp( ‘[(1—0.5)(—2)dx) =e " = Y =" [ I(I—O.S)2e’e_’ dx+c] =e’[x+c]

y(0)=1=.1=e[0+c]>. .c=1 Finally the solution is, \/; =e*[x+1]

4
-

-
—P

Question 2 (c) [$ Marks]
1 ¢
yG=y6+yp W:O N :ex
e
For y =)' -y =0 clem’—m=0= - m=0 or m=1
x O ex X
Y.te +ce For y, =y +u +ue* W = 1 & =
€
Where, u, = [2. ¢ * i
ere, u, = j——,—e dx=-eand u = I—ze"dx=x 1 0
Z 7 el |-
= =
Yy =(x-1)e Finally, y; =c +ce +(x-1)e" o
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jon 3 (a) (|4 Marks]

10)

o O<i<nx |
f(l)m{E!r-wt x<i<a e i
;5 '. 10 t>2x fr/\
'f(i) =fu(t)-v{t-7)+ (27 1) u(r - =) -u(r -27)]+0 : .vr S »
F)y=t-tu(t-2)+(2a-tyu(t-x)— (27 -1)u(r-27)
Fly=1-2(-a)ule =)+ (c-27)ule-27) >0 F(s) =t =254 S

s s :

Question 3 (a) (vi) [2 Marks|

f +4 (s +9)-5 . 5
249 §749 5749

s
v

Question 3 (b) |4 Marks]

I= fe"ﬁ' (m)dt = L(ﬂ)
' 1 t )

. sinf sint 1
“wLim,_, [—“) =1 exist=. L( ] = j" dx = |tan xl =2 _tan's
t y 1 2

! x’+
o 1= —tan™ :‘ =r _ZE_X
2 i 2 36
“ — - MO Equil Posn
Question 3 (c) [£ Marks] m

When, m=k = |, ¢ =0 and f(t) = sin(2t) then, ¥+ y =sin2s, y(O):j;(O):O

Assume, L(y) = )7 and the take Laplace to both sides then:

Lyj+Ly=Lsin21 = ..[s’Y —-sy(0)-y(0)]+Y = 2?‘_4
s
2 2
Y[s* +1]= =.:. Y=
o+ l=507 Fa)ea)
From partial fraction 4 = 22 . and B = 2 -2
(s*+4), 3 (s*+1) 3
§'=-1 §=—4
2/3 2/3

e = y(t)=zsint—lsin2t
s*+1) (s2+4) ' 3 3

E Y(s)=(
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sion 4 ({4 Marks|

: ! ; ¥ » ; S i = oy g b Ead s 4 \ V'
2= f{x)=50s6x+8y e S f,=6-2x=0 f =8-2y=0 the critical point is {3.4) Sk
fom=2, fo=-2 and [ =0 v D=f, f. -1, ) =4>0and f, <0

- (3.4) local maximum and /., =50+6(3)+8(4)-9-16=7

- -

Question 4 (b)|5 Marks|

For the surface. f(x.y.z)= x'+y -6x-8y+:z=0, f =2x-6. f,=2y-8and/, = !

L3 1 .3
The grad(f)= fi+f j+ fk=(2x-6)i+(2y-8);+ k. The unit vector of i -2 +k = \/TZ(‘ ~2j+k)

3 9
The rate of change at point (2,2,20)is (-2i-4,+k)0O —l—_—(i -2j+

Vid A\/I—‘i

: 4+16+1 =
The maximum rrate of change at point (2, 2, 20) is | grad ( f ){! = H( ~2i-4 7+ k )H AL L J21

J21

-4
-

v

Question 4 (¢) (1)[3 Marks]

. . » L ! x !
(i) Change the crder of integration, / = f J.U e dydx = J-O (y)o e' dx = ,

1
<0

1

2

-

2

1 3 3 ! 1
I== [ 2x e dr= , =5(e-1)

e’

B | —

Question 4 (c) (ii)[3 Marks]

(ii) Change to polar, /= |~ L‘d’z*“)dxdy: jo”” [(e raras

v =

_'—1 x/2 _n —1 pxi2 2

1..-2—L [ (-2r)e drd6’=?_[0 | do

s YOO 72 -1 ” 6

1~—2—(e =) [ dg=—(0-1)(6), ’2% > x
u—‘@‘@m‘ubwi-w-m Xx=rcosf, y=rsind

x*+ y* =r?, dxdr = rdrd@
O<r<w, 0<@<7x/2

Best of luck, Prof. Ibrahim L. El-Kalla
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