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B.Sc Situation
Pre Autonomy Period
How computation made its way
into the curriculum

e C.U prescribed that the students complete 10

- standard assignments in 3 years time.

~+ C/Fortran must be used to write the programs

~ » There would be no practical examination, only
- records need to be displayed at the time of
examination.



Responses to the C.U
effect

What happened In SXC What happed mostly
everywhere else
* First two years: The students

were introduced to the * After the initial

python programming transience, the 10
language and how to attack problems became
physics problems using a s’gandardlzed quickly and
combination of python and digests became

gnuplot. available in the market.

e Last year: Students had to
learn how to do the 10 C.U
problems right using Fortran.



Behind the scene

* |In SXC, most of the students quickly lost
the Python and the Physics.

» Since only a few classes were available,
a book was compiled for the students
which they could mostly use as a type

assist!



The Type Assist
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Post Autonomy Period

e \We were free to pick a different structure, but

were expected to stay in conformity with the
existing policy.

e New course contained elements of
visualization, LaTeX, Introduction to the F90

Language, Numerics with F90, spread over 5
semesters.

* Method Used:

— Basic Instruction
— Factsheet
— Worksheet



Plotting Lab 1

FactSheet

plot I(x)
plot f(x),g(x)
plot [I0yl:y2] f(x)

Set parametric
plot ©,T*%2,T,T#*3
unset parametric

set polar
plot [-2spi:2#pi] [-3:3] [-3:3] t*sin(t)
unset polar

show samples
set samples 500

1 Semester 1

1. MMIla.Review of Math Methods: A very brief review of one-variable
calenlus highligshting the important application areas, and the suceessful
system of differential modelling. Elementary functions and their special
properties. Plotting Graphs of simple functions with their derivative and
integral curves. Functions of two variables and their visual representation.
An overview of the math methods and their relationship to the whole
colurse.

12 Lectures

10.

Plotting Labs

ASSIGNMENTS

. Plot the graph of 327 — 8 for x between -5 and 5 .
. Plot the same function, but restrict the ¥ range between -20 .. 40.

. Plot the graph of 29 + 1 — exp(z) over x=-8..8. Select suitable y range to

show all the four x intercepts.

. ¥ = sin{x) over two complete periods.

. Plot 3z — 6z? over the domain [-10,10] with automatic vy scaling. After

observing the graph, edit the domain and range so that you can see the
x-intercepts clearly. Estimate the x-intercepts with the mouse cursor.

. Define the functions g({z) = berp(—0.5z) and h(r) = r + 1 then do the

following,.

(a) Plot a graph that shows both functions g{x) and h(x). Experiment
with different values for domain and range.
(b) Estimate the coordinates of the point of intersection of these two

graphs by using left mouse-button click. Check the answer by any
calculator.

. Define the function k(x) = x + 3sin(2x), then do the following:

(a) Plot the graph of this function on the domain [-1,8] .

(b) Modify your plot from part (a) to include the horizontal line y = 4.
Use this new plot to estimate the number and approximate values
for x such that k{z) = 4.

{c) What single function could you graph that would give you the same
information as in part (b)

. Plot the parametric curve determined by = = 2 — ¢t and y = 2¢ — t% over

the t interval [-2,2].

. Plot the polar equations r = 1 + cos# and r = sin 34 for # = [—7, 7]

Plot exp(—z/100) cos(x) with a suitable sampling rate.



The F90 Lang Labs
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Contents
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2 Ball Games or Simple Dynamical Problems
3 Exploring Oscilations

4 Nonlinear Oscillation, A Case Study

5 Numerical Methods

7 Gnuplot Flashback

Solutions

b1 Numverieal TRbegration: v s i aieiitae 3 aneiii s o
52 Finding Roots of nonlinear equations ... .............
6 F90 Flashback

12
13
14
19
22

22

Solution to Ex:15

o PROGHA S RAELLY
o FEAL CHooemsion(d) @@ xivec
» INTECEN -: Nples M

Mplus—di
L=
alwee= [ 0.5 0.0,1.1,1.4.1.Tk

o ko0 i 2s 2R
& Call EulerGrind | NFlus N, z0vec)
o WPl

s zilwec ={—1.0)e[/ 0.5 0.0k

s k11,014,107 ,2.0,2.0.2.8, 2.4
a Call EulerGrind | NFlus N, xi0vec)

f % & & ¢ ¥ T B B & &

HPhoa=14

L=

zlwec=[ /5.2, 0.0,0.0 3.0k
ki an.0 00,000}

Call EolerCrind [ HFlus N, x0vec)

Contnins

Subroutioe BEulerDrind [ MEPlus N, zilvec)
HEAL Dimeosion|¥). lmiteniila] = xivec
PITECEHR, Intemt(In) @ MPluas &

HEAL =: k=1.0==1.0,lam=0F
HEAL -: =0 wil—0,x8

HEAL -: femd=I30.
FLEAL
FUEAL

z: DA—001 Secc

s IHD D=8

s xl=zdwec(l)

Do WHILE [oCiemd |
Printe, 1,27
= ksx jm — lamsxesd'm

New F90 Numerics Lab

ntw, "¥lnimsct®  I&NPlus

nts, "

nis "*
(]
Subroutine Euler(Grind

dodex O umizg 2:5w 1lal,
dzdex 1 umizg 2:5w 1 la 1,

dndex & umizg 5w 1lal,
dodex ¥ umizg 1:5w 1 la 2,
azder 10 ueizg 2:5w 1 1 2,

dzdex 17 usizg 2:5w 1 1a 2,
dnder 15 usizg 2:5w 1 1a 3,
dzdex 19 umizg 2:5w 1 la 8,

v isdex 25 umizg D:Ew 1 la 3




TeX Labs

BTEX Lab 3

FactSheet

o Tables are prepared by loading data imside a tabular environment. Before
attempting to typeout a table, you would need to decide beforehand the
following: (1) The number of columns required and, (2) The justification
of elements within a column or, the width of a column, if the column is
of fixed width. The following code-fragment produces a table with three
colummns which are left, eenter and right aligned and followed by another
column of a fixed width.

\begin{center}

‘\begin{tabular}{Il|c|rip{10em} |}

“hline

\textbf{Item} & Code & Price & Comments \\

\hline —
Hijbijbij & CBETT2T & 10000.00K 2 ,ﬂns. (cbooes = W g ure

» A set of equations can be lined up by p
This environment is available only whe
age. The following snippet produces a
gible for producing chemical equilibrin
forms do not produce equation numbers

\beginf{align+}

d & ‘\rightarrow u + e*{-} + ‘\bar{\nu_e}
& & \rightarrow u + e {-} + \bar{\nu_e}
u+ 5 & \rightarrow d + u

“end{aligne}

d— u+e +17
s—+u+e + 15
u+s—d4u




Experiences at the P.G
Level

The P.G course is run jointly by SXC and BI(CAPPS)
Kolkata.

The students have to clear a randomized MCQ +
Interview before they can get admission.

The students can apply from anywhere after
completing B.Sc

State of students who choose to study here:

- seems to be well motivated, but ...

- more guided by examination reflexes than
relying on their rational ability, and

— lack basic preparation in Physics. Irreversible
damage to natural curiosity level ??



Syllabus

2.1.2 Computational Physics

This course will introduce the computational methods used to investigate phys-
ical Phenomena.

Numerical Techniques : Finite vs. infinite precision calculations, Coding
tools: Languages and Libraries, Handbooks, Numeric Differentiation and
Integration, Interpolation and Extrapolation Techniques, Special Fune-
tions, Matrices : Inversion, LU decomposition, Tridiagonalization, Eigen-
system of a tridiagonal matrix; Linear and non-linear least squares, Monte
Carlo Caleulations, Finite Difference Solution (RK) of Differential equa-
tions, Finite Element Solution to PDEs.

Computer Algebra / Visualization Application of copyrighted and open-
source non-proprietary software like Mathematica, Matlab, Maple, Gnuplot / Grace
ete for performing rapid caleulations, prototyping, visualizations and data
analysis.

Applications Applications of computational techniques for the study of a vari-
ety of scientific problems like Chaos and Nonlinear Dynamics, Initial and
Boundary Value Problems, Simulation of Model Systems, Critical Phe-
nomena, (uantum Mechanical Scattering ete.

- —— - e



Constraints

» Cannot build upon the existing B.Sc
framework since many students join
from outside.

e Certain amount of repetition is essential

* Feedback taken at the beginning of the
course reveals little familiarity / aptitude
for computation



Marks will be

B TR s o S i e s i s deducted for
not filling this
b (T o )T R« i S s Papensns -t Pass/Honours | section
i | completely.
Physical Computing
Questionnaire
Hello [ Roll: mrer/og/ol

You are attending a course which has a strong emphasis on computation. It is therefore necessary

for us to be aware of your initial backgrounds in this field. We have therefore prepared this
questionnaire to gather this information and also to indicate where we might be headed. For questions,
7-10, Solve the problems using your favorite computer language. Please hand this questionnaire back to
us after an hour. Thank you.

Can you handle computers comfortably? (Tick items you can handle, Cross out items you'd feel
not so comfortable with)
v1. Copy Files,
v2. Play Media,
/3. Write Text,
4. Prepare report (with abundant math, tables, graphics and cross references)
/5. Run Applications,
/6. Surf Net
2. Know one or more computer languages (Yes / No) well enough to carry out simple tasks.
If yes, tick / mention the language name from the following list.
*1. Logo
»2. Basic
»3. Fortran 77 /90
x4, C/C++
*5. Java
#6. Other (Please Specify)
3. Used More than one Operating System
“1. Primary OS: Wendows xP, 8.
~ 2. Secondary OS:
4. Are you familiar with Command Line Interfaces(apart from chat prompts)?
v1. Dos Prompt (?)
2. Unix Terminals (?)
5. Did you use any applications belonging to the following categories ?
v1. Text/ Word Processors: _ M= WoR™D , Powesps cne
2. Graphics / Animation:
3. Scientific Computation
1. Plotting data and functions
2. Fitting data, finding roots of equations, ... (numerical analysis)
3. Statistical calculations
4. Symbolic calculations
6. Did you use a scripting language (like Perl or Javascript) ?
1. Yes, Specify
v2. No.
7. Ask the user to input his/her name. Print a welcome message in response.
8. Ask user to input his/her weight (in Kg) and height (in feets). Calculate and display the ratio
r = (weight in Kg) / (height in m)*.
9. Ask user to input a number between 1 — 100. Print 'Small', 'Medium' or 'Large' depending on the
input.

P 1.

L7 < BRe 8 0N (AT SR, (OO, (PSRRI o, MR ORNIRER:, (MDY LA SO = SRR T

_—

Marks will be
deducted for
not filling this
section

Physical Computing
Questionnaire

Hello [ Roll: |

You are attending a course which has a strong emphasis on computation. It is therefore necessary

for us to be aware of your initial backgrounds in this field. We have therefore prepared this
questionnaire to gather this information and also to indicate where we might be headed. For questions,
7-10, Solve the problems using your favorite computer language. Please hand this questionnaire back to
us after an hour. Thank you.

1. Can you handle computers comfortably? (Tick items you can handle, Cross out items you'd feel
not so gomfortable with)
~ Copy Files,
27" Play Media,
‘}( Write Text,
W Prepare report (with abundant math, tables, graphics and cross references)
~ Run Applications,
6. Surf Net
2. Know one or more computer languages (Yes / No) well enough to carry out simple tasks.
If yes, tick / mention the language name from the following list.
¥ Logo
27 Basic
3. Fortran 77 / 90
& C/CH++
&. Java
6. Other (Please Specify)
3. Used More than one Operating System
1. Primary OS: 78, X/ Cwendews
2. Secondary OS:
4. Are you familiar with Command Line Interfaces(apart from chat prompts)?
1. Dos Prompt (?) Yes
% Unix Terminals (?)
5. Did you use any applications belonging to the following categories ?
W Text/ Word Processors: _M§. t/orod
*Z. Graphics / Animation:
3. Scientific Computation
1 Plotting data and functions
2. Fitting data, finding roots of equations, ... (numerical analysis)
3. Statistical calculations
4. Symbolic calculations
6. Did you use a scripting language (like Perl or Javascript) ?
1. Yes, Specify _Javascr/pt, PHP
2. No.
Ask the user to input his/her name. Print a welcome message in response.
8. Ask user to input his/her weight (in Kg) and height (in feets). Calculate and display the ratio
r = (weight in Kg) / (height in m)*.
9. Ask user to input a number between 1 — 100. Print 'Small', 'Medium' or 'Large’ depending on the
input.

e



Subsequently

. Students make use of python in nonlinear
dynamics.

» Students learn to use python for dynamical
- problems involving Differential equations and
catch up with numerical algorithms later.

» They also use python to talk with the Phoenix
Box.

 They learn Matlab to develop awareness of
existing toolboxes and rapid development of
code.

 [hey learn to simulate and design analog and
digital circuitry.



with pictures!

T FEE R

import turtle as t

TR A e from time import sleep

R, test=1@

o e i t.width{2)

T g n=1

-'.-E'-.é"--lc-..: c="red"

DS 7 while test > 8:

: :' s if c=="red':

Eh T c="blue’

LA T elif c=='blue’:
c="red’

t.color{c)
t.forward(§a)
t.right{{{-1)**n)=*=98)
n=n+1
test=test-1

sleep(2)

4% teach-cmpph. .




lectronic simulation
and elements of
Interfacing
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Conclusions

Students should be motivated early to get acquainted with os
basics like file-systems and file-operations.

Python serves very well as a first computing language.

Pictorial programming can expose the basics of coding very
rapidly

A combination of fact and work sheets works well in all levels,
even in the face of resource / time constraints.

Teaching how to explore phenomena through odes and pdes
should really be taught at first, with numerical techniques filling
In wherever appropriate. It can also come later as a separate
course.

The students should be exposed to existing code libraries and
tools which allow for rapid prototyping.
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