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MIE 704 - 2014 : Quiz2: 80 min  Maximum Marks - 20

; 1 THREE Formulac sheets (Ad size, unruled) arc allowed. All sheets
should be in your own handwriting,

9 BACH formula sheet should have a 1 ¢cm margin on the top with your
name and roll number written clearly in pen.

3. NO photocopics. Any photocopy implies ZERO marks in the exam.

4. NO Text-book; NO Print-outs of any kind.

1. Consider the 1-D, first order, lincar hyperbolic equation

E A = a@fzq Bl
e T

/ Now consider the following scheme for its solution

eedl sl Tk
L
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e M Y eCI ML _f’fi-lJ

At ) 201 2INT

Use the Von Neumann method for stability analysis to find a stability
criterion for the scheme. In this method, do not bother about move-
ment along a particular dircction.

(10 marks)
2. Consider the equation
‘ =40
Y" - 4Y' 4 13Y = 40cos(z) Sy
with initial condition given as Y(0) = 3 and Y’(0) = 4. Convert this 37

0 a set of first order differential equations. - Solve this set using the
r method for a step size of h = 0.05 and 0.1. Solve for 4 steps using

0.05 and for 2 steps using h = 0.1 . Calculate the error at x=0.2
comparing both the solutions with the exact solution

Y(z) = 3cos(z) + sin(z) + e~ sin(3z)

(10 marks)
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ME 704 - 2015 : MidSem Quiz : 120 min Maximum Marks — 30

All sheets

I. THREE Formulac sheets (Ad size, unruled) arc allowed.
should be in your own handwriting,

’ 2. EACH formula sheet should have a 1 inch margin on the top with your
name and roll number written clearly in pen.

3. NO photocopics. Any photocopy implics ZERO marks in the exam.

1. NO Text-book; NO Print-outs of any kind.

1. Consider the set of cquations with the unknowns z,, and .
T+ 4zy = 1
4z + 19 =0

(a) Beginning with the starting guess {z1, 29} = {0,0}. show five it-
crations using the Jacobi and Gauss-Siedel methods. (4
marks)

(b) Next interchange the two cquations, i.c.,
4y 4 Dy= ()

Iy /1.7'2 =1
Use the same two methods with the same starting guess and show
five iterations. (4 marks)
(c) What is the reason for the difference in approaches 1 and 2. In
cach case, how is the Gauss-Siedel performing with respect to
Jacobi? (2 marks)

2. Consider the function: y = sin®(z) x cos(z).

(a) Create a table of {x,y} by evaluating the function in the interval i
at the points: 0.0, 0.25, 0.5, 0.75, 1.0 (i.c. steps of 0.25). Note |
that the values are in radians. There are 5 points in all. i

(1 mark)

(b) Using Trapczoidal rule, find the integral of this function between
0 and 1 (using the above set of points). (2 marks)

the exact value using analytical integration and hence find
or. (2 marks)

i the estimated orror? Henee, caleulate the value of the
I using modificd Trapezoidal rule.
: (2 marks)
the exact error, at what point should you cal-
derivative? Show how you will obtain this
bed in class. (3 marks)
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3. Small questions

(a)

(b)

(c)

Consider the following sct of points: (x1, y1) = (L, 4.1), (x2, ¥2)

= (4.5, 11.45), (x3, y3) = (8, 18.8). e
Pass a second order polynomial (ax? + bx + c) exactly through

these three points, Use Lagrange’s method. Find the values of
the polynomial cocfficients. (5 marks)

: . : 2 :
Consider the curve given by the equation: y = B 2 oA SR
1. in the interval 0 to 1. If a straight linc is drawn between the
points {0. y(0)} and {1, y(1)}, what is the point in the interval

where the slope of the curve matches the slope of the line?
(2 marks)

Assume that you want to cvaluate L,f’ f(z)g(z)dz where f(x) can
be any function and g( z) is always _\1[_3 If a single point evaluation
using Gaussian Integration is to be carried out where the interval
from {a, b} is mapped to {0, 1}, then where should the function
be evaluated and what should be the value of the weight? This
formula should be exact when f(r) is a polynomial of order 1 or

below.
(3 marks)
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ME 704 : 2015 : Quiz 3 : 75 min Maximum Marks = 20

L. One Formula shect allowed (A4 size sheet: both sides). Formula sheet
sheet should be in your own handwriting.

2. NO photocopies of any material (including notes).

3. NO Text-book; NO Print-outs of any kind.

Consider the 1-D Parabolic Equation

where a is a positive constant.
Consider the following method for solving u; at time step (n + 1):

,Un+1 2d n i o 2dun—l e 2d u
4 = —u! —u gyl
: 1+2d ¥ " 1 40g " 1494 1
Here d is short hand notation for:
a(At)
(Az)?

Note that the method involves time at three levels : n + 1, n and
ﬂ e 1.~

1. Use Von-Neumann stability analysis to evaluate the stability crite-

rion for the method.
(13 marks)

2 Use Taylor Series analysis to check whether this method is consistent
r with the equation. What is the order of the method? (7 marks)
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ME 704 : 2015 : Quiz 2 : 75 min Maximum Marks = 20

1. One Formula sheet allowed (A4 size sheet: both sides). Formula sheet
sheet should be in your own handwriting.

2. NO photocopies of any material (including notes).

3. NO Text-book; NO Print-outs of any kind.

/ Consider the equation
Y” +4Y’ + 13Y = 40cos(z)

with initial condition given as Y(0) = 3 and Y’(0) = 4. Convert this
into a set of first order differential equations. Solve this set using the
Euler method for a step size of h = 0.05 and 0.1. Solve for 4 steps
using h = 0.05 and for 2 steps using h = . Calculate the error at

0]
x=0.2 by comparing both the solutions wath the exact solution

2z

Y (z) = 3cos(z) + sin(z) + e *sin(3z)

(10 marks)

2. Consider the equation

_—Iy

dx
with initial condition given as yp = e when zg = 0. Use the 2nd order
AB method with i = 0.1 to obtain the values of y at z = 0.1, 0.2, 03,
0.4 and 0.5. To begin. you can usc RK2 with y2 = 0.5 (i.c., Heun's
Smethod). Tabulate the values using the Numerical scheme, thc exact
lues (using integration) and the error. Also find the value at x =
using RK?2 directly with A = 0.5. (10 marks)
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ME 704 ; 2013 . Quizvlz 80 min F ki Mmmu@ MMA

1. Three A4 size sheets of formulac are allowed. Everything should be

your own handwriting.

2. NO photocopies of any material (including nates),

3. NO Text-book; NO Print-outs of any kind

1. Consider the equation f(x) = (14+x?) cos (x) in the interval 0.5 to 175
For evaluation of the cos function imagine that "% is in radians

(a) Usc the trapcezoidal rule with 4 intervals to obtain the value of the
integral. Also use the modified trapezoidal rule to get a better
answer.

(5 marks)
(b) Use Gaussian Numerical integration (Note the limits of integra-
tion) with 4 function evaluations. The valucs of %8 arc + /-

0.8611363116 (both with w,= 0.34785 48451) and + /- 0.3399810436
(both with w,= 0.6521451549), (5 marks)

2. Consider the sct of cquations with the unknowns z;, and 2,
z1+4zy =1
41 + 29 =0

(a) Beginning with the starting gucss {z1,25} = {0, 0}, show five
itcrations using the Jacobi and Gauss-Siedel methods, Which
method diverges faster? (5 marks)

(b) Next interchange the two cquations, i.c.,

41+ 29 =0

1+ 4z =1

Usc the same two methods with the same starting guess and show
five iterations. Which method converges faster? (5 marks)

der the following set of points: (x1, y1) = (1, 4.1), (xg, y2) =
1.45), (x3, y3) = (8, 18.8),

cond order polynomial (ax? + bx + c)exactly through
¢ points. Use Lagrange’s method. Find the values of
mial coefficients. (5 marks)

ant to fit a quadratic polynomial ’ ax? + bx + ¢’
m:a using a least square fit mcthod. Fmd th,e
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ME 704 : 2012 : MidSem Quiz : 120 min Maximum Marks = 30

St

- Open Notes exam. All notes should be in your own handwriting.

<]

NO photocopies of any material (including notes).
NO Text-book; NO Print-outs of any kind.

£

i

(a) Consider the curve given by the equation: y = 5x° + 2x2 + 3x +
1, in the interval 0 to 1. If a straight line is drawn between the
points {0, y(0)} and {1, y(1)}, what is the point in the interval
where the slope of the curve matches the slope of the line?

(2 marks)

(b) Consider the equation: y = €%, in the interval 0 to 1. Expanding
about x=0, you are finding the value of the function at x=1 using
a Taylor >enes expansion. If you incorporate terms up to that
including x*, find the value of "x” in the interval which will ensure
that the error term (i.e. the Taylor residue) is exact. Assume that
the value of the function given by your calculator is correct up to
8 decimal places. (2 marks)

2. Consider the set of equations with the unknowns z;, 79 and z3:

(a) Beginning with the starting guess {z;, 73,23} = {0,0,0}, show
five iterations using the Jacobi Method. (4 marks)

solution for the above. (2 marks)
(c) Comment on the behaviour of the Jacobi iterates. (2 marks)

3. Consider the function: y = cos(x). Create a table of {x,y} by eval-
uating the function in the interval at the points: 0.0, 0.1... (in steps
of 0.1)..., 0.9,1.0. (Note that the values are in radians). There are 11

points in all. (1 mark)

(a) Using Simpson’s rule find the integral of this function between
; 0 and 1 (using the above set of points). Find the exact value
_using analytical integration and hence find the error. Compare

ﬁkii error with the estimated error using the expression given in
(4 marks)

e you want to fit a quadratic polynomial ' ax? + bx + ¢’
the 11 points using a least square fit method. Find the
ab,c (4 marks)

for the following (add comments and make it un-
. clearly think about the logic and then write the
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(b) Using any method (known to you from before), find the exact
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(a) Assume j : are solving a 1-D-problem. You are given an array

X[NMAX]
ray T[NM.
At all the
calculated

respective!
ence sche.
derivatives

and for th

difference !

Assume t

vertically

known on!

of points |
array F[N
by integr:

vhere the temperature is known and given by the ar-
X]. NMAX is the total number of points in the array.

» points the first and second derivatives have to be

nd stored in the arrays FD[NMAX] and SD[NMAX]
. Both are calculated using first order central differ-
s for the inner points. For the left-most point, both
wre calculated using forward difference (first order)
right-most point, they are calculated using backward
‘rst order). (4.5 marks)

re is a horizontal beam and there is a load acting
1it. The load is acting at all points. However, it is
1t points X[NMAX] where NMAX is the total number
the array. The values of the force are stored in the
AX]. You have to get the net load acting on the bea.m

1g the force using the Trapezoidal rule:"
(4.5 rnarks)

»
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analysis to evaluate the stability crite-

af{ Al .
Ax)? V vt ! =V

‘ (10 marks)

e = Tt
CRg hetaa Vg

X 3

e e
= = L
o S
e WL

xvr'z:l:t a= 33‘ m/s, Az =10"2m, At =104 .
'i.o.. length ism

¢ initial conditions (at
4w = ,‘L\J for5<i<Tu;=0
y conditions are u(0,t) = u(100,t)-= 0.

ited using the vaniable n, starting with n=0
he following method (with ¢ = aAt/Az): _—

_@

i [ oy, . T o
€ ‘;I&1+x = 25&1' + ILE'_]‘]

B |

fulyy — wl, ]+
1, =2, n=3). Make a neat plot of the solution
Show points i = 2, 3, 4, 5,6, 7, 8 9 and 10
is the solution behaving. Is it as expected? If *
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« 1 has problems, explain what kind of problems

~cxplain why this mcthod should give proper |




3. Caleulations and Number Crunching Consider the system of
aquations (so-called Predator-Prey model, the derivative can be ae
gunied to he w.r.b. time):

Y{ = AY;[1 ~- BY3); Y1(0) = Y10
A, |
Y’Z/ = CYQ{[)Yj — 1,]; Y,(0) = Yz,u

:‘ & 1 1 [ ! ¥ ol J 1 i — e f # i S
Consider tho casc with A =4, B =0.5,C =3, D = 0.5, Yignd. 1}

Consider the simplest RK2 formulation (where symbols have their
ugual meaning):

h ,‘
y’j,n»)-l =lYin + 5 f] ($1u Y15 ?/2,71)""

Take 3 step sizes of h = 0.2 cach, and plot ¥; and Y3 (on the same
graph) as a function of time.

f](”""'f“’ Yign + hfy (-’Em Yi,msY2.m)s Yon + ,’:fZ(fIEm:‘/l,m Y2.1)

Similarly, take 3 steps of h = 0.2 cach and plot both quantities again
if all other quantities are kept constant, but initial conditions arc
changed to:Y19 = 1, Yo = 3.

Comment on the behaviour of the solution. Which is the predator and
which is the prey?

(10 marks)

4. (a) The Lax method for solving the linear 1-D wave cquation

(% = ~a2", where a i§ a positive constant) is given as:
At .
n4+l _ 1 7 n ) a’__ T ‘
Ug - 2= §[U¢+1 + uily] A [Uz+1 u ]
PR TR

Does the scheme satisfy the sufficient condition for a TVD scheme?

Please demonstrate clearly one way or the other.
(5 marks)

Define s(x) as : i
29 4+ 222 + 1 for 1 <z <2 and, :
2 4+ fz? - 36z +25;for 2Lz < 3.

value of A for which s(x) is a cubic spline function on

ify that it is indecd a cubic spline function on this

s it a natural cubic spline function on this interval?

e (5 marks)

JERpp————e————ES g “
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ME 704 : 2014 .

i

St

idSem Quiz © 120 min Maxirmium Marks = 30

1. THREE Formulae shoets (A4 size, unrulod) are allowed. Al shects
2 should he iy your own handwriting,

2. EACH forumula sheet ghould have a Tem maigin on the Lop with your
name and roll number writton cloatly in pon

3. NO photocopios. Auy photocopy implics ZERO matks in the oxam

4. NO Tcxﬁ-bouk; NO Print-outg of any kind

1. (a) Considpy the equation: y = ¢t iy bho inteival 0 o 1, Fxpanding
about x=0 s

iing Taylo sories, you are told to find the value of
the function at x=]1. If you MCOrPOrabe Loring i 1o that including
x4, find the value of "x" in the intorval which will engiire that the
crror term (i.e. the Taylor rosidue) s oxnet, Assuine that the
value of the function given by your caleulator is corroct p to 8
decimal placoes. (2 marks)

(b) Suppose you want to find the

square root of a real number 7 &
Show that the Newton schome

for wolving this can be written as

1 ' &
Topp] = = | T o = ],
@1 s il

Show also that the crror formula can be written ag

1 - .
Vv - Loy = ‘ij’(\/a 5 Tn)l

Ly

(3 marks)

2. Consider the sct, of cquations with the unknowns Zi, 2y and 1y
2xq + 6z4 + 375 = —3.6

o1 + x5+ Tzy = 11.5
10z7 + 49 4 324 = 9

(a) Kceping the system intact, begin with the starting guess {2,25, 23}
= {0,0,0}, and show four itcrations using the Jacobi Method, (3
marks)

g substitution/Gauss elimination/Dcterminants or any other
thod you know of, find the exact solution for the above, (2
' nt on the reason for the behaviour of the Jacob} iterates.
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3. Consider the function: y = 7 x cos(r).

(a) Create a table of {x,y} by evaluating the function in the interval
at the points: 0.0, 0.25, 0.5, 0.75, 1.0 (i.c. steps of 0.25). Note
that the values are in radians. There are 5 points in all.

i (1 mark)

(b) Using Trapezoidal rule, find the integral of this function between
0-and 1 (using the above set of points). (2 marks)

(¢) Re-calculate the integral using the modified trapezoidal rule.
(1 mark)

(d) Using Simpson’s rule find the integral of this function between
0 and 1 (using the above set of points). What is the estimated
crror? (2 marks)

(¢) Find the exact value using analytical integration and hence find
the error using cach of the above methods. (2 marks)
(f) Assume you want to fit a quadratic polynomial * ax? .| bx ¢’
through the 5 points using a least square fit method. Find the
cocfficients a, b, c. (3 marks)

4. Write a pscudocode for the following (add comments and make it un-
derstandable). First clearly think about the logic and then write the
code. Too many scratches and over-writing will imply that the answer
will be given zero marks.

Assume you arc solving a 1-D problem. You are given two arrays of
size NMAX (total number of points):

1) X[NMAX] : co-ordinates of the points and,

i) T[NMAX] : temperature at these points.

At all these points the first and second derivatives of the temperature
field have to be calculated and stored in the arrays FD[NMAX] and
SDINMAX] respectively. Both are caleulated using first order central
difference schemes for the inner points. For the left-most point, both
derivatives are calculated using forward difference (first order) and for
the right-most point, they arc calculated using backward difference

{ the value of NMAX

| the values of X and T arrays.
| the first and sccond derivatives using a loop and appro-

" QUTPUT with the X value of a point, ity tem-
respective first and sccond derivatives on cach

Scanned by CamScanner




