Solution by Lagrange’s Method ( Type 2 based on Rule IT)
EXERCISE 2(B)
1.p — 2q = 3x*sin(y + 2x)
Solution : Given PDE is,
p—2q =3x%sin(y+2x) ..cocoiiiiiiii, (i)

The Lagrange’s auxiliary equations for (i) are

dx _dy _ dz

e . (ii)

1 -2 3xZsin(y+2x)

From 1%t and 2" fractions of (ii), we get

dx _dy
1 -2
= —2dx = dy

= [—2dx+c¢, = [dy
>—=2x+c; =y
DL =Y H2X i (111)

From 1%t and 3' fractions of (ii), we get

dx dz
1 3x2sin(y + 2x)
dz _
= dx = e7sine, [From (iii),c, = y + 2x]

= 3x2sinc,dx = dz
= sinc, [ 3x%dx = [dz + c,, Where c, is an integrating constant.
= x3sin(y +2x) =z +c,

= x3sin(y +2x) —z=rc,



= The required general solution will be

c; = @(cy1)

x3sin(y + 2x) —z = @(y + 2x), @ is an arbitrary function.Answer

2_p—q=L

x+y

Solution : Given PDE s,

x+y

From 1%t and 2" fractions of (ii), we get

dx _dy
1 -1
= —dx =dy

= [—dx+c¢, = [dy

ﬁ—x+C1:y

From 1%t and 3 fractions of (ii), we get

dx dz
F
x+y
= dx =22 [From (iii), ¢; = x + y]

c1dz

= [dx =]

— t e where c, is an integrating constant



=y, = x—cqlogz

=c, = x— (x+y)logz

= The required general solution will be
c; = ¢(cq)

x— (x+y)logz = @ +y), gisanarbitrary function. Answer

3.xy’p—y3q+axz=0

Solution : Given PDE is,

xy’p —y3q+axz=0
Sxy’p—y3q=—axz ....................... (i)

The Lagrange’s auxiliary equations for (i) are

dx _dy _ dz ..
92— Ty3 T Taxz e (11)
From 1%t and 2" fractions of (ii), we get
dx _ dy
xy2 - _y3

dx _ dy

x -y

dx dy . . .

= f7 =— f7 +logc,, Where c,is an integrating constant.

= logx = —logy + logc,

= logc, = logx + logy = log(xy)

From 2" and 3" fractions of (ii), we get



—y —axz

dy dz 1
> —==— From (iii), x = —

y3  aflz [ (iii), y ]

y

d dz
=2 =

y*  aciz

dy dz

=ac;.— = —
1y4 z

dy dz
:>aC1fF+ Cy = ;

= axy. (— 3—;3) + ¢, = logz [ From (iii), c; = xy ]

From, (iii) and (iv), we get the general solution of the given equation is,
c; = ¢(cy)

i.e, logz + :—;z @(xy) Answer

5.(@)z(p—q) =2+ (x+y)°

Solution : Given PDE is,

z(p—q) =2+ (x +y)?

Szp—zq=z +(x+y)2.. ... (1)

The Lagrange’s auxiliary equations for (i) are

dx dy dz

& e, (i)

z —z  z2+(x+y)?

From 1st and 2" fractions of (ii), we get



dx dy

z -z
=>dx+dy=0

= [dx + [dy = c; where c,is an integrating constant.

From 2" and 3' fractions of (ii), we get

dy dz
—z 72+ (x +y)2

dy dz _
=== Fre? [ From (iii), ¢c; = x + y ]
zdz
= _dy z2%+4¢,2
1 1 2zdz . . .
=>—[dy+ Sloge; = E'fz2+c12 where c, is an integrating constant.

oy + Lloge, = Llog(s* + e

= =2y + logc, = log{(z* + ¢,*)}

= logc, = 2y + log{(z? + ¢,*)}

=c, = e?Y[z% + ¢,?]

=0 = e[22 4+ (X 4+ Y)2] e (iv)
From (iii) and (iv), the general solution is

e?’[z? + (x + y)?]=¢(x + y), where ¢ is an arbitrary function. Answer

(b) z(p + q) = 2% + (x — y)*
Solution : Given PDE is,

z(p+q) =2+ (x — y)*



Szptzqg=z2+(x—y)%. ... (i)

The Lagrange’s auxiliary equations for (1) are

dx _dy _ dz

ax e i, (11)

z z z2+(x—y)2

From 1st and 2" fractions of (ii), we get

dx _dy
z  z
=>dx—dy=0

= [dx — [dy = c; where c,is an integrating constant.

From 2" and 3' fractions of (ii), we get

dy dz
z 224 (x —y)?
dy  dz _

=== T [ From (iii), c; = x + y ]
zdz

= dy o z%+4¢,2

= [dy + ~logc, ==. [ =222 where c, is an integrating constant
2 27 27 g24¢,2 2 '

>y + %logcz = %log(z2 + ¢,%)

=2y + logc, = log{(z® + ¢,%)}

= logc, = =2y + log{(z% + ¢,2)}

=c, = e ¥[z% +¢,?]

=0 = [22 4+ (X — P)2] oo (iv)
From (iii) and (iv), the general solution is

e 2Y[z% + (x — y)?]=¢(x — y), where ¢ is an arbitrary function. Answer



8.zp—zq=x+y

Solution : Given PDE is

ZPD —Z4 =X Y e (i)
The Lagrange’s auxiliary equations for (i) will be
Z=2= xdey .......................... (ii)
From 1st & 2nd fractions of (ii), we get
dx dy
z =z
= dx = —dy
= [dx = — [ dy + c¢;, where ¢, is an integrating constant.
>x=-y+C
DL T XY (iii)
From 1st & 3rd fractions of (ii), we get
dx  dz
zZ x+vy
dx _ dz

=—=— [from (1]

= c,dx = zdz

=cy [dx = [zdz + %2, where c, is an integrating constant
2

= C1X = Z + 2
2 2

=c, = 2c;x — z2

=20, =2+ V)X —Z% o (iv)

From, (iii) and (iv), we get the general solution of the given equation is,

c; = @(cy)

ie,2(x +y)x —z% = @(x + y), where ¢ is an arbitrary function. Answer



9.xyp + y*q + 2x* —xyz=10
Solution : Given PDE is
Xyp + y2q +2X2 = xYZ = 0 oo, (i)

The Lagrange’s auxiliary equations for (i) will be

dx _dy _ dz

oy Y7 T iy e (ii)
From 1st & 2nd fractions of (ii), we get
dx dy
Xy y?
_dx_dy

x oy

dx d . . .
= 7 = f7y + logcl, where Cc11s an lntegratlng constant.

= logi = logc,

From 2nd & 3rd fractions of (ii), we get

dy dz
y2 = 2x% — xyz
dy dz _
s T ——— [ from (iii), x = c1y ]
dz
=dy = ¢1(2¢1-2)
dz
= Cldy = 20,7
=>c [dy=] Y _tc,, where c,isanlC
2¢1—z
= ¢y = —log(2c; — z) + ¢, = [

=y +log(2c; —2z) = ¢,

=>§.y+log(2?x—z) =c,

Letustake, 2¢c; —z=u

=>dz = —du

dz

2¢1—z

—J— =logu

log(2¢, — z)



From, (iii) and (iv), we get the general solution of the given equation is,
¢z = ¢(c1)

ie,x + log (Z;X — z) =@ G), where ¢ is an arbitrary function. Answer



