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Practise Quiz – 2 (Modules 6 to 9) 

Dr. Niket Kaisare, IIT-Madras 

Prob. 1: Multiple Choice Questions 

1. “Quadrature” refers to 

d. Representing integral as a weighted sum of function values at certain points 

2. Which of the following methods can be used to solve Stiff ODEs: 

d. None of the above are suitable for stiff ODEs 

3. The optimum step-size ℎ for a !(ℎ!) numerical differentiation is: 

a. ℎ ∝ ! 

4. For an ODE Boundary Value Problem (BVP)? 

c. Neumann and mixed boundary conditions are handled using “ghost point” approach 

5. c. Cubic Spline:  is not a closed formula for integration? 

 

Prob. 2: Objective Type Questions 

1. Simpson’s 3/8th rule to compute: ! ! !"!"
!  with ℎ = 1 

3
8

f! + 3f! + 3f! + f! + f! + 3f! + 3f! + f! + f! + 3f! + 3f! + f! +
f! + 3f!" + 3f!! + f!" + f!" + 3f!" + 3f!" + f!"  

 

This can alternatively be written as: 
3
8 !! + !!" + 2 !! + !! + !! + !!" + 3 !! + !! + !! + !! + !! + !! + !!" + !!! + !!" + !!"  

2. Shooting Method 

3. Round-off Error increases as the step-size is decreased 

4. The Laplace equation is an  elliptic  PDE. 

5. Neumann boundary condition: (i) Flux condition, (ii) Insulating boundary, (iii) Symmetry 

condition, and (iv) !!! + ! = 0    are all going to be acceptable solutions to this question 
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Prob. 3: Short Answer Questions 

1. First, I will transform the variable into another appropriate variable so that the limits of 

integration are finite. An example is ! = !
!!!! or ! = tan!! ! , etc.  

With the first choice, the integral becomes 

! 1− !
! ! 1!! !"

!

!
 

We can now use trapezoidal rule with an appropriate choice of ℎ. 

 

2. Yes, Heun’s method is numerically equivalent to RK-2 Heun’s method if the function ! !,!  is 

function only of t and not of y. However, this is not all. We need to factor in that the solution of 

ODE is of the form ! ! = ! ! + !, whereas integral is nothing but ! = ! ! − ! !! . 

Thus, the two methods are equivalent provided we account for this factor (“constant bias”) also. 

 

3. Each step of RK-4 method requires four computations of the ODE function. However, RK-4 is a 

fourth order accurate method (local truncation error is ℴ ℎ!  and global truncation error is 

ℴ ℎ! ). This means that halving the step size will result in a factor of 16 (i.e., 1/2!) 

improvement in accuracy with only four additional computations of the ODE function. Hence, 

RK-4 is preferred over Euler’s method. 
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Prob. 4: Numerical Differentiation to find a Jacobian 

Numerical Jacobian is given by: 

! =
!!!
!"

!!!
!"

!!!
!"

!!!
!"

=

!! 1+ ℎ, 1 − !! 1− ℎ, 1
2ℎ

!! 1,1+ ! − !! 1,1− !
2!

!! 1+ ℎ, 1 − !! 1− ℎ, 1
2ℎ

!! 1,1+ ! − !! 1,1− !
2!

 

Since central difference formula is ℴ ℎ!  accurate, the optimum step-size is ℎ ∝ !
!
!. Since we 

are taking derivative about 1,1 , we choose ℎ = ! = 10!!. 

! !,! = !!!!
!! + 3!" + !!  

In order to get the desired precision as per the problem statement, we will need to retain all 

the digits displayed on the calculator. 

!,!  !! = !!!! !!!/!(⋅) !! = !! + 3!" + !! !!!/!(⋅) 

1+ 10!!, 1  0.36791623 
0.3679 

5.000500010 
5.0 

1− 10!!, 1  0.36784265 4.999500010 

1,1+ 10!!  0.36784266 
–0.3679 

5.000600030 
6.0 

1,1− 10!!  0.36791623 4.999400030 

 

Thefore, the Jacobian is given by (please note the elements): 

! =
0.3679 −0.3679!

!5.0 6.0
 

 


















