Midterm Exam. First year Electrical Engineering Dep.(Power 2017-2018)

S 3, (e nl 23l L) o

Answer the following question:

(1) Ifw =tan(x*+y?) Findx %+y%.
OX oy

(2)  Solve the following differential equations (D 2_5D + 6)y =e” sin2x

(3) Find the general solution of the differential equations
Xy"—(2x +Dy’'+(x +1)y =X ZeX given y =e* is a solution of homogenous equation

(4)  Find the function y which satisfy the equation x 2y "—4Axy '+ (4x 2 B)y =X 4sin2x

Dr. Fathi Abdessalam

Answer

@) Ifw =tan*(x 2 +y ) Findx ?er%
X

oy

sincew =tan (x> +y?2) then tanw =(x2+y?)

sec2w 2V = oy M oy costw = x 2 = 2x 2cos?w
OX OX OX

sec’w %:Zy :%zZy cos’w =y ;ﬂ:Zyzcoszw
X

X éﬂ+ y %: 2x 2cosw +2y 2cos®w =2(x 2 +y 2)cos’w = 2tanw cos’w
X

=2SinwW CosSw =Sin2w

(2) (D? -5D +6)y =e* sin2x
To find the complementary function construct the characteristic equation
(m? —5m +6)y = 0Factorize to find the roots

(m-3)(m-2)=0 m=3and m=2

The roots are
ye =Ae> +Be?  Where A and B are arbitrary constants.

Now we find the particular integral




1

Yp=—"3 e sin2x (use shift rule)
(D2-5D +6)

X 1
e”sin2x =
(D -2)(D -3)

=g L sin2x =e”* 1 sin 2x

(D-1(D -2 (D?-3D +2)

X

in2x =e”* sin 2x

(4-3D+2) ° (-3D -2)

Sy % sin2x =—e* % sin 2x

X X

~ (3D -2) sin2x = (6cos2x —2sin2x)
40 40

X
The general solution |yg =y¢ +Y = Ae> +Be +e4—0(60052x —2sin2x)

(3) Find the general solution of the differential equations
xy" —(2x +1)y’+(x +1)y =x %X giveny =e* is a solution of homogenous equation
Answer

y =e” is a solution for the homogenous equation. Let the complementary function is

y =Ve" ynen Y =V +ve* and y"=ve* +2E" +ve”
Substitute in the homogeneous equation

Xy "—(2x +Dy’+(x +1)y =x %>

vieX + v ke’ +vxeX —(2x +)We* +veX )+ (x +1veX =x %*

V& -V =x2 put u =v'

u'x—u=x? linear with integrating factor u =Xl

ly—Ly=1then Lu=x+c; =u=x2+cyx
X x 2 X
2 1,3 . 1,2

V'=XTHCX =V =3XT 405X +C

1.,3.X ,1 2, X X
yG =y =§Xe +§Clxe +C2e




Another method

Factorize the equation

[XD - (x +D][D -1]y = x %X

Put (D-1)y =u 1)
[XD = (x +1)Ju =x %X (2)
Solve (2) and substitute in (1)

[XD —(x +1)Ju =x %*

Xu'— (X +Du =x %X
X +1
u'— wu — XeX
X
. . . . . . —de —X —=Inx e_x
Liner differential equation with integral factor u=e X =e =—
X
e—X
Multiply the equation by <
—X —X —X
e X +1)e e
ur® S +g Uu=1 ~——u=x+c  and Uu=x2%* +cxe”
X X X

Substitute in (1)

(D -1)y =x%* +cxe*

y' -y =x%* +cxe*
ye X —ye™ =x?1cpx
ye =%x3+%c1x2+c2

_1,3.x 1 2. X X
y—§Xe +§C1X (] +Cze

(4) x%y "—4>Q/'+(4x2 +6)y = x % sin 2x
Solution:

x2y "—4xy’+(4x2+6x)y =x%sin2x



Write the equation in slandered form

4 . 4 -1 1. -4
y"——y’+(4+9)y =x2sin2x p =—— and —[ p(x)dx =—] “dx =Inx?
X X X 2 2 X
Remove the first derivative by the transformation y =uv
-1 2
where v =g 2Ide:e'”x =x2
y =ux?
y'=ux?+2xu
y"=u"?+4u'x + 2u
i i i . 4, 6 2 .
Substitute in the equationy " — —y +(4+—2)y = X “sin 2x
X X
4 .
u"x2+4u’x+2u——(u'x2+2xu)+(4+£2)ux2=x25|n2x
X X
U2 +4U'X +2u — 4u'X —8U +4ux? + 6u = x 2sin2x
U2 +4U'X +2u —4U'X —8U +4ux % + 6U = X 2sin2x
U™ +4U’X +2U —4U'X —8U +4ux % +6u = X 2sin2x
u" % + 4ux? = x sin 2x
u” +4u =sin2x
Us = Acos2X + B sin2x
: —X C0S 2X
Up = Sin2X = ——
D+4
u=Acost+Bsin2x—XCOSZX
: . 2 2 . x 3 cos 2x
The solution of the equation is y =uv = AX“C0os2x + Bx S|n2x—T




