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Q1. Consider the equation
@u

@t
+ a

@u

@x
= 0:

(a) Complete the table below by (i) identifying the numerical schemes, (ii) specifying whether they are
implicit or explicit, and (iii) describing their stencil con�guration.

S.No. Di¤erence Equations (Numerical Scheme) Name Implict/Explicit Stencil
(1). Un+1j = Unj�ak

2h

�
3Unj � 4Unj�1 + Unj�2

�
+

a2k2

2h2

�
Unj � 2Unj�1 + Unj�2

�
:

(2). Un+1j = 1
2

�
Unj�1 + U

n
j+1

�
�ak
2h

�
Unj+1 � Unj�1

�
:

(3). Un+1j = Unj�ak
h

�
Unj+1 � Unj

�
:

(4). Un+1j = Unj�ak
2h

�
Un+1j+1 � U

n+1
j�1

�
+

a2k2

2h2

�
Unj+1 � 2Unj + Unj�1

�
:

(b) Using the scheme provided in S.No. (3) with h = 0:25, and k = 0:2; solve the given equation for time
T = 0:4 subject to the given initial and boundary conditions.

@u

@t
� @u
@x

= 0; 0 < x < 1; t > 0:

u (x; 0) =

�
1 if 0:25 < x < 0:75
0 otherwise

;

u (0; t) = 0 = u (1; t) .
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Q2. Explain the 2D �nite element method and discuss its advantages over the �nite di¤erence method.
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Q3. Describe the di¤erent types of boundary conditions commonly used in numerical methods for solving
partial di¤erential equations.
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Q4. De�ne Riemann problem. Consider the Riemann problem for the equation

ut + f (u)x = 0;

with f (u) = 1
2u

2 and initial condition

u (x; 0) =

�
ul if x < 0
ur if x > 0

;

Find the solution when (i) ul = 0; ur = 1 and (ii) ul = 1; ur = 0: (iii) Also sketch your solutions u (x; t)
at t = 0 and t = 2.
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Q5. Consider the partial di¤erential equation

ut + 3ux + u = 0;

with the initial condition
u(x; 0) = sin(x):

1. Solve the equation using the method of characteristics.

2. Verify that your solution satis�es both the partial di¤erential equation and the initial condition.
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