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B.A./B.Sc. 5th Semester (Honours) Examination, 2023 (CBCS)
Subject : Mathematics
Course : BMH5CC11
(Partial Differential Equations and Applications)

Time: 3 Hours Full Marks: 60

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Notation and symbols bear usual meaning.

1. Answer any ten questions: 2x10=20

(a) Find the differential equation of the set of all right circular cones whose axes coincide with
Z-axis.

(b) Define order and degree of a partial differential equation with example.

(c) Solve the partial differential equation u2 + uf‘, =uusingu(x,y) = f(x) + g(x).

(d) Find the partial differential equation of the family of planes, the sum of whose x, v,z

intercepts is equal to unity.

(e) Classify the following partial differential equations with proper reason whether they all
linear, non-linear, semi-linear or quasi-linear: 1+1
(1) xzp + x%yz%q = xy
(i) xyp + x%yq = x%y?z?

3 . ; a a 2
(f) Find the characteristic curve for the equation x 5;17 -y a—:— = u in x-y plane.

(g) Find the general integral of )—i—z p+ xzq = y2.
(h) Determine the region where the given partial differential equation Yy, + xuy,, =0
is hyperbolic in nature.
(i) Changing the independent variables by taking u =y — x and v = %(yz — x?), find the
2
ai‘ c?zy )

value of

() Find the family of surfaces orthogonal to the family of surfaces whose PDE is

a a
O+ap+@E+0g=x+yp=73, q=7.

2 2
(k) Show that u(x,t) = ¢p(x + ct) + Y(x —ct) is a solution of the equation 62271; = Z—E ,
where ¢ and  are arbitrary functions.
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— xsin~12 % S et BT
(1) Ifu = xsin o + ytan afl then prove thatxax + yay is — at (1, 1).
(m) Write down one-dimensional heat equation and indicate its nature.

(n) Solve x3 3—; + y? % = 0 using method of separation of variables if u(0,y) = 10 /Y.

(0) Solve: y*(x —y)p + x2(y — x)q = z(x? + y?)

2. Answer any four questions: 5%4=20

(a) Find the integral surface of the differential equation 2y(z — 3)p + (2x — z)q = y(2x — 3)
which passes through the circle z = 0, x? + y? = 2x.

(b) Prove that the general solution of the semi linear partial differential equation Pp + Qq = R

is F(u,v) = 0 where u and v such that u = u(x,v,2) =¢; and v = v(x,y,2) = ¢, are

; dx d dz
solution of o = —QX = [cq, ¢, are constants].

(¢) Solve the Cauchy problem by method of characteristics p —zq +z = 0, forall y and x > 0
for the initial data curve c:xy = 0,y = t,z; = —2t,—00 < t < o0,

2 2
(d) Reduce the equation % =(1+y)? gTi to canonical form.

(e) Solve the partial differential equation by the method of separation of variables:

a2%u Bu | du _ 0
ax? ax  dy

(f) Find a complete integral of x(1 + ¥)p = y(1 + x)gq.

3. Answer any two questions: 10x2=20

(@ (1) Consider partial differential equation of the form ar + bs + ct + f(x,y,2,p,q) = 0 in
usual notation, where a, b, ¢ are constants. Show how the equation can be transformed
into its canonical form when b? — 4ac = 0.

(ii) Solve: p + 3q = z + cot(y — 3x) 6+4

(b) (i) Reduce the following to canonical form and hence solve:

2 2y =08 o BF . 0%
x°r+2xys+y“t=10 (r_axz’s‘axay’ _ayz)
oy : th G 82z 2 8%z _
(i1) Find the characteristics of BT 52 =7 (5+2)+3

() (1) Obtain D’Alembert’s solution of following Cauchy problem of an infinite string:
Upp — C2 U =0, xERL> 0
u(x,0) = f(x)
U (x,0)=gx)vxeR
(ii) Solve the following problem by method of characteristics: 5+5
Zy + 2z, =1

z(0,y) = ay, a = const.
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(d) (i) Use the method of separation of variable to solve the e uation2 = @, iven that
g ax?2 ot &
v=0whent s ocaswellasv=0atx=0andx = [.

(i) Verify that z = f(y + ix) + g(y — ix) — (m? + n?)~1 is a solution of

9%z 8%z
== T oz cosmx .cosny. 5+5



