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Question 1

I) Classify each of the following PDEs as linear,quasilinear,or nonlinear and state its

order and homogeneity .

(&) 22Uy + YPuyy, — log(l +2*)u =0

37 order, linear and homogeneous.

(b) wy + utty + Uz = f(x)

274 order, quasilinear and non-homogeneous.

II) Find the general solution for

Zog — 22gy + Zyy = 4e" T3 1 cos(2z + y).

The differential operator

L=D2-2D,D,+ D’

1. Solving Lz = 0:

Lz= (D, —Dy)?2=0 = 2z, = f(z+y)+z9(x+y)

2. Particular solution:

_ 413y o 4 x+3y __ x+3
= Ty = el =
cos(2x
Zpy = —7172((71)%))74 = —cos(2z + ).

The general solution is:

z= flz+y) +xg(z+y) + e — cos(2z + y).
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Question 2

I) Find the general solution of the following partial differential equations.

(i) 5p + 4q = y® + 1 + €** First order PDE with constant coefficients.
1. First we find the homogeneous solution Let £ = x and n = 4x — 5y, then

Zeg =P = z{ﬁa: + 2Nz
= 2¢ + 4z,

Zy = q = ze§y + Zyy
= —Hz,

Substitute in the PDE we get
52¢ + 20z, — 202, =0 = 52 =0 = 2.=0

By direct integration z, = f(n) = f(4x — 5y)

2. For the particular solution

1 1.1 1 1
dzy =P +1 = zy:Z(y‘g—l—l) — zp1:1(194+y)zﬁy4+1

1 11, 1,

52y = 2% = 2552562:6 — zp2:g(§)e2 =10 2

The general solution is
1 1 1
— 4dr — 5 .4 - il 2:(:‘
z = f(4x y)+16y —|—4+1Oe

(i) cosyz, + cosxz, = cosx cosy
First order PDE with variable coefficients (linear)

Let ¢ =z and ¥ = 2 — cogydy = coszdr = siny = sinz + ¢ =
dr yay Yy

cosy
n = c; =siny —sinz. Then we find

Ze =P = 28 + 2y

= Zg — COS T2,

2y = q = ze&y + 291y

= cos Yz,
Substitute in the PDE we get

cosy(ze — cosxz,) + cos x(cosyz,) = cos x cosy
COS YZg — COSY COS T2, + COS Y COS T2, = COS L COS Y
COS YZ¢ = COS L COSY
ze = cos§
z=sing+ f(n)

The general solution is

z=sinx + f(siny — sinx)
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(iii) xp + yq = 2zye * First order with variable coefficients (quasilinear). Using
Lagrange method we have the auxiliary equation is

de dy  dz
r oy 2xye?
1. d?z:d—; — Inz=hy+c = =€y = izcl.
2. ydﬂ;;r;dy = 2ng,z = ydr +xdy = €*dz = xy=¢€e"+co = g =
Ty — €e°.

The general solution is
x
z=F(—, xy—eé°).
Y

IT) Show that u(z,y) = 3(z + f(z —y))? is a solution of u, +u, = /u

4= 12+ flz = )1+ F) = 5+ @ = y) + 5@+ o~ )

uy = 3200+ (=) (1)

substitute in the PDE

oty = 5+ f@ =) + 5 o= ) = S+ e )
= S+ fr )
- Vi
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Question 3

Find the integral surface of
yp — 2wyq = 2z,

which passes through the given curves x = ¢, y = t?> and z = 3.

Using Lagrange method we have the auxiliary equation is

de  dy
y  —2xy 2z

dz

1. df:—é‘liy — 2rde = —dy = 2= —y+c = a=2"+y.

dy _ dz dy _ dz _ . B
2. vy = 2u2 - —y - - lny+C—lnz:>6_lny+an

= €‘ =y = yz.

The general solution is
F(a* +y, yz) =0.

Using the conditions:

1
aq=t4+t*=2 = ¢ =t! = 5clzt
1 1 1
V 2 2
2= %c?
Then
vt = o (a® +y)°
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