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Answer any one question.

(a) Solve the following system of linear equations using Gauss-Seidel method :
4x) —xy +2x3 =3
3x+6xy —4x3=2
le o 3x2 + 5I3 =-2
Verify your result using the NumPy linalg module. 10

(b) Create a NumPy array of 20 elements between 0 and 10 using linspace(). Compute the cumulative
sum of the array. Plot the cumulative sum array with respect to the original array. Put appropriate
x label, y label and title. 5

(a) What is the advantage of RK4 method over RK2? Solve the following differential equation

dy 1

& xy
numerically by fourth order Runge-Kutta method with initial conditions x, = 1, y, = 1 in the range
x=1 to 5. The analytical solution of this equation is y = \/1+2logx . Plot Numerical solution as

points and Analytical solution as line in a same graph by matplotlib. Put appropriate title, x-label,
y-label and legend. 10

(b) Create a NumPy array 4 containing 10 evenly spaced values from 1 to 10. Reshape this into a
5x2 array B and print it. Compute the sum and product of elements along the columns as well
as along the rows. Find the mean, maximum, minimum, standard deviation and variance of the
values in B array. 5

(1890)
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(2) (B(3rd Sm.)-Physics-H/Pr/DSCC4P/CCF(Set] ))

(a) The following data represents the temperature variation over time :

Time (t) 012 |3(4]5
Temperature (T) |30 | 45| 50 [ 52 | 48 | 40

Use LagFange interpolation to estimate the temperature at #= 2.5 and print it. Plot the given data
and the interpolated point with different marker and style. 10

(b) CreaFe a 12 element NumPy array using ‘NumPy arange’. Reshape it to 3x4 matrix, name it as
matrix A. Make a Transpose of it, name it as matrix B. Multiply A and B. Print the matrix A,
B and the product AB. 5

(a) Evaluate the complete elliptic integral of first kind

E
2
dx
K(m)= | ——
jd]—msinzx
0

by Trapezoidal method in the range m = [0, 1) with step size 0.1. Plot K(m) against m using
matplotlib for the given range of m with line and bullets in a rectangular grid. 10

(b) The current (/) and voltage (V) data across a resistance is given by :

Current (/)[4] [0.1 02 03 05 07 1.0 12 15

Voltage ")[V']1]1.2 25 3.7 62 85 123 14.8 18.5
Plot the data, fit them using NumPy function and plot the fitted line. Calculate the resistance from
the fitted parameters and print it. 5

(1890)
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(a) Using Simpson’s 1/3 rule, compute and print
T
= J- sin x dx
0

for 3 different step sizes. Comment on the result. 10

(b) Save the two given matrices 4 and B as NumPy arrays. Print them. Convert them to 1D arrays
using suitable NumPy methods. Square all elements of the 1D array corresponding to B then plot
it with respect to the 1D array corresponding to 4. Put appropriate axis labels.

I 2 3 10 11 12
A=|4 5 6|[,B=[13 14 15 5
7 8 9 16 17 18

(a) Solve the following system of linear equations using Gauss-Elimination (with partial pivoting)
method :

2x+y—z+w=35
3x-2y+4z-w=-3
x+3y—-2z+2w=4
4x—y+5z-3w=6

Verify your result using the NumPy linalg module. 10

(b) Plot 2xsin2x lJncsinh5 and -jlz—xcoshg in subplots arranged in a row. Set the range of x values
g 2

from —mn to 7. Label x and y axes. Put title as “My Plot”. 5

(1890)
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Answer any one question.

(a) Solve the following system of linear equations using Gauss-Seidel method -

dx+y+2z=4
3x+5y+z=7
xX+y+3z=3

Verify your result using the NumPy linalg module. 10
(b) Create a NumPy array of 20 elements between 21 and 40

; usin aran i :
a 10x2 matrix. Store the first and second columns of the matrixgin mogzg_fel:\:s?ape the array into
slicing. Plot the second array against first array. nt arrays using arra;




(b)

(a)

(b)

d*x
M—=—jx—-m
_ dr? &
where x is the displacement of the spring that varies with time f. Reduce it assuming g =1 and

~ =1. Solve it numerically by 4th order Runge-Kutta method with initial condition ¢ = 0,x=0,
v=0.3 up to = 30. Plot the displacement versus velocity of the mass using matplotlib. Put title,
legend, x-label, y-label. 10

A vector [5, 2, 6] in cartesiap co-ordinate system is rotated by an angle 6 = 180° with the rotation

1 0 0

operator R=|0 cos® —sing | Find the new vector and its magnitude. 5
0 sin® cos@

Generate a set of (x, y) data where x values are from 0t

y = sin(x?). Now find the value of sin(0.9?) using Newton’s forward interpolation or Lagrange
interpolation method. Plot the given data as line and markers and the interpolated data as a marker
with different style. Put title, legend, x-label and y-label. 10

Write a 20 element NumPy array using ‘NumPy arange’. Reshape it to 5%4 matrix, name it as

matrix 4. Make a Transpose of it, name it as matrix B. Multiply 4 and B. Print the matrix 4, B
and the result.

5

0 2.0 in a step 0.2 and y values follow

(1890)
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o 1 ,
4. (a) Using Simpson’s 3 rule, find the value of error function

2 [
ETf(X) = 7;- J.e dt
0 i

for x in the range [-3, 3]. Plot erf(x) against x in the given range with rectangular grid. Draw
X-axis and Y-axis. Put a suitable title and axis labels. 10

(b) The velocity (v) and the momentum (p) data of a moving particle of mass (m) is given by :

Velocity M)[ms™] |11 21 31 41 51 61 71 81
Momentum (p)[kg.ms™']| 5.6 104 157 204 255 303 356 40.5

Plot the data, fit them with NumPy function and plot the fitted line. Calculate the mass (m) from
the fitted parameters and print it. 2

5. (a) Using Trapezoidal rule, compute and print
4
I= I (47 +1)
1
for 4 different values of step sizes. 10

(b) Save the two given matrices, 4 and B as NumPy arrays. Print them. Compute C=4 + B, Convert
4 and C to 1D arrays using suitable NumPy methods. Plot the 1D array corresponding to C with
respect to the 1D array corresponding to 4. Put appropriate axis labels and title.

11
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(a) Solve the following system of linear equations using Gauss Elimination Method :

3x+2y—2z=5
2x-3y+4z=-3
x+4y+3z=7

Verify your result using NumPy linalg module. 10

(b) Define a function 1 (x) =x*+ x. Create an array for x consisting of numbers between 1 to 10 with

interval 0.5. Create and print an array for the function f(x). Plot f(x) against x by matplotlib ass
line through scatter data. Label the axes.

(1890)
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Answer any one question.

1. (a) Solve the following system of linear equations using Gauss-Seidel method :
20x+y—2z=17
3x+20y—z=-18
2x-3y+20z=25

Verify your result using the NumPy linalg module. 10

(b) Use NumPy to create an array 4 of 9 evenly spaced values between 0 and 27 (inclusive) and then
calculate the cosine of each of these values, storing the results in array B. Print the size of B. Plot
the data in B against the data in 4. Put a title and label the axes. 5

2. (a) Solve the first-order differential equation using the RK2/RK4 method :

Y 2y, y0) =1
dx

Find y(x) for 0 < x <2 with step size 4 = 0.05. Plot the solution curve. Plot the exact solution in
the same window. The exact solution is given by
y(x)=—x%—2x -2 43¢ 10

(b) Create an array of 9 equispaced numbers from 1 to 5. Create another array containing 9 integers
between 1 and 9. Reshape these two arrays into two 3x3 matrices 4 and B. Show that
(AB)T = BTAT, 5

(1890)




3. (a) Consider the following dataset -

(2) (B(3rd Sm, )-Physics-H/Pr/DSCC4P/CCF(Ser-IIT)

x| 1

3

S [ 718[9]10(12] 13

Y 150

=30

—20 (20 |5)1[30/80-10

Us_c ng;range interpolation to find y at x = 6. Plot the given datapoints distinctly and the interpolated
point in the same graph with different point style. 10

(b) Write a 24 element NumPy array using ‘NumPy arange’ starting from 1. Reshape it to 4x6 matrix,
name it as matrix A. Print matrix 4. Find the maximum and minimum of the first row and find

the corresponding index.

4. (a) Estimate the value of 1t from the formula L .[ s

5

1

using numerical integration by Trapezoidal

1+x2

0

method, for 4 different step sizes. Comment on the result. 10

(b) Consider the following dataset from a measurement :

X

0

I 12 ] 3 4 5

Y

0

0.8/09]01[-08]-1.0

Fit the data using NumPy polyfit module with a polynomial of degree 3. Plot the discrete data
points and the fitted line by matplotlib and print the coefficients. Label X and Y axis. Put title as
‘NumPy polyfit’. Put legends as ‘Cubic Fit’ to the line and ‘Data Points’ to the points. 5

S. (a) Using Simpson’s 1/3 rule, compute and print

for 4 different values of step sizes.

2
I=J-(x3 +2x2 +3)dr

0
10

(b) Plot f(x) = cos?(x2) + 0.5x2 and g(x) = sin? (XQ & gJ + x2 in same graph with two different linestyles

with x-axis from -5 to 5. Put appropriate legend and title.

5

(1890)



(3) (BGrd.Sm. )~Physics-H/Pr/DSCC-4P/CCF(Set-IIl))

(a) Solve the following system of linear equations using Gauss Elimination and print the solution.

2x+y—z+3w=8
X—2y+4z—-w=-_3
3x+3y+z+42w=10
dx—-y+5z-3w=6

(1890)
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Answer any one question.

Write a Python code to solve the following system of linear equations using Gauss elimination
method :

x+tptz=3
x+2y+3z=0
x+3y+2z=3

Verify your result using corresponding function from NumPy linalg module. If both the results are
same, explain why Gauss elimination preserves the determinant. Print the upper triangular
matrix (transformed). [Code : 7+1+2, Output : 2]

3 2 4 4
Compute C=AB—BA, where A= 6|, B={4 5 1]|. Use suitable NumPy’s linear
7 2 2 3

L=
o L N

algebra module. [Program : 7, Output : 1]

Write a Python code to solve y"—)'—2y=4x2 y(0)=1, y'(0)=4 by using fourth-order
Runge-Kutta (RK-4) Method. Plot numerical y(x) vs. x using matplotlib and compare that with

exact results: y(x)=2e*+ 222 —2x2+2x —3 by plotting in the same plot. Choose a

ppropriate
labels and legends for this. 3

[Code : 10, Plot : 2+24]]
Given a NumPy array [[1,2,3,4,5], [1,4,9,16,25]], treat the first element as x-data and the second
element as y-data. Plot 32 vs. x through matplotlib. Label the axes as ‘X-data’ and ‘Y-

. ) , data’ and set
title as ‘Experimental plot’.

[Program : 3+2)



3. (a)

(b)

4. (a)

(b)

5. (a)

(b)

(2) (z(3rasm. J-Physics-T11PrICC-SPICBCS/Set-1)

Consider the given data set

[ —

[xJo[ 23 6
Y 136]153(29.7 546 |70

81012 | 14 [16] 18
| /0 191.8 120.6 | 152.5 163 [174.9
Now plot the above data points using matplotlib, Using Lagrange interpolation method find the value

of y for x=9.2 and x = 15.1. Plot the i - iate legend
: 1. the int 3 d set appropriate Icg
at suitable position. SRS ot Ll LS a\ces[ér;de : 6fllj+1, Plot : 3+3]

Create an one-dimensional array of 9 clements. Reshape the array to (3x3) matrix ‘A’ form. Print

the matrix ‘A’. Find eigenvalues (A;) and corresponding eigenvectors (X;) using NumPy linalg
module. [Code : 1+1+2+2]

4
Using Simpson’s one-third rule write a Python code to evaluate I e_J'r2 cosx dx verify your results
4
using corresponding function from Scipy library. [Program : 8+2, Output : 1+1]
Create an array ‘XS’ of N= 100 equally spaced numbers xg, x;, ...., X_; between 0 and 1. Create

another array ‘YS” of y,, ¥y, ..o Yn_1» Where y;=x;(1 —x,) for all i. Modify the array ‘YS’ by the
rule y;=p(y; +y;2) (1 =-2p)y; for i=1, .., N-2, where p= 10-5. [Code : 2+2+4]

Using trapezoidal rule, write a Python code to calculate (up to 3 decimal place accurate) :

1
J 42dx

1+x
0

Verify your result using the corresponding function from Scipy library.
[Program : 8+2, Output : 1+1]

: 3 5 6 :
Givei b fhatices, 4= B 4] and B =[7 8]' Write a Python code to confirm that (AB)T = BT4T

[Code : 8]



(3) (2(3rd Sm.)-Physics-H/Pr./CC-5PICBCSISet-1)

6. (a) Consider the following data set

X= [-10.0, -9.0, -8.0, 7.0, —6.0, =5.0, —4.0, 3.0, -2.0, -1.0, 0.0,1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, 10.0]

Y= [1.2,42,6.7,83,106, 11.7,13.5, 14.5, 15.7, 16.1, 16.6, 16.0, 15.4, 14.4, 14.2, 12.7, 10.3, 8.6,
6.1, 3.9, 2.1]

2 . ] ;
Now fit a Gaussian curve f(x) —ge " to the given data set using curve fit function from

scipy.optimize module. Hence find the parameters a and b. Plot the fitted curve along with data
points using matplotlib. Label x and y axis. Set the appropriate legend at suitable location for fitted
curve and data points. [Code : 6, Output : 2, Plot : 2+2]
(b) If your (x, y) data is given in the form : [(0,1), (1,3), (2,2), (3,5), (4,7), (5,8), (6,8)], using NumPy

extract the data in the form of x-list and y-list and plot through matplotlib. Set x-limit on the x-axis
between —1 and 7 and y-limit on the y-axis between 0 and 10. [Code : 5, Plot : 3]
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Answer any one question.

Solve the following system of linear equations by Gauss elimination method :

10x; — Txy +3x3+ 5x4=6
—6]:] + 8X2 "‘x3 = 4x4 =5
3x;+x,+4xg—1lxy=2
5x) = 9xy = 2x3+4xy =17
Verify your result using corresponding function from NumPy linalg module.
[Program : 9, Output : 2, Verification : 1]
Create a‘NumPy array within {—25, 25] having 11 elements. Omit the middle element ie., ‘0’. Using
matplotlib plot the following function in the same graph with appropriate legends :

& 2 3 . X . . . . .
(i) x +2x°+ 3x° (1) € A . Label the horizontal axis as X’ and vertical axis as ‘Y. Put title of the

graph as ‘Test functions’. [Code : 2+2, Plot : 4]



(2) (Z(rd Sm,)-Physics-HIPrICC-5PICBCS!Set-I1 )

2. (a) Write a Python code to solve the following differential equation by RK4 method

2
—-j{ f+y=0 with the boundary condition at x=0, y =0, and g}_’. =04..
" '

Find the solution in the range 0 < x < 30 for step size 4 = 0.01.
Plot (i) y(x) vs. x
d )
iy 2
dx

VS. x.

Use appropriate labels and legends. [Program : 8, Plot : 2+2]

(b) Using NumPy create a (4x4) matrix of 16 elements. Print (i) the matrix (ii) an array containing the
sum of the elements of each row (iii) an array containing maximum of the elements from each

column, using appropriate code. [Code : 2+3+3]

3. (a) The speed of a train, running between two stations is measured at different distances from the
starting station. If x is the distance in km. from the starting station, then v(x), the speed (in km/hr)
of the train at the distance x is given by the following table :

x | 0 (50100 150|200 |250

v(x)| 0 {60 (100 (120 80 | O

Find the speed of the train at x=125 by using Newton’s forward interpolation or Lagrange
interpolation method. Plot the ‘position-velocity’ data with matplotlib. Also show the interpolated
point distinctly in the same graph. Label the axes and write ‘Position-Velocity graph’ as legend

inside the graph. [Code : 10, Output : 1, Plot : 2+1]
10 2
(b) Compute the integral, / = I e dx, using the quad function from scipy package.
-10

[Program : 5, Output : 1]



(3) (2(3rd Sm.)- Physics-111Pr./CC-5PICBCS/Set-11)

4. (a) Using Trapezoidal rule, write a Python code to calculate :
. 05 B 2
@) Il(SxJ —Bx)dx (i1) J‘xze Y dx
0 2 -2

taking the number of intcrvalis as runtime input. For each case, verify your results using
corresponding function from S(;le library, Also plot the integrand functions as f(x) vs. x. in the
range 10 to 10 using matplotlib in separate figures.

[Code : 4, Verification : 2+2, Plot : 2+2]

(b) Show using Python NumPy Linear algebra module 4= F # ] is similar to B= r—i 02} using
0 -2 4 =

; . ; 2 -2
invertible matrix P:[2 2:\ [Code : 6, Verification : 2]
7
5. (a) Using Simpson’s one-third rule, write a Python code to find J :I ot in X dx for three different
a-Inx
0

values of a ={7, 5, 2}. Compute the integral using quad function from SciPy package and compare
your result. Plot the integrand in the integration limit with appropriate label and legend.

[Code : 8, Output : 2, Plot : 2]

(b) The norm of a real valued square matrix A is defined as 4] = T?'(ATA)- Write a code that given

two n X n matrices 4 and B will calculate their ‘distance’ d(4, B) =|| 4 — B||. Use appropriate linalg
module from NumPy. [Program : 5, Output : 3]

6. (a) The pressure of a gas p and its volume v are related by an equation of the type pvf = ¢, where
y and ¢ are constants. In an experiment the pressure of a certain mass of gas was kept fixed at
certain levels and the corresponding volumes of the gas were measured. The results are tabulated

below.

05110 | 1.5 |20 )25]30
v [1.63 1099 |0.74 |1 0.64 | 0.53 | 0.45

Determine the value of y and ¢ by using curvefit function from scipy.optimize module. Plot the fitted
curve alone with data points using matplotlib. Set the appropriate legend at suitable location for fitted
& [Code : 6, Output : 1+1, Plot : 2+2]

e form : [(12,23), (82,43), (13,54), (35,64), (63,25)]. Extract the data
list and y-list and plot by using matplotlib. Use appropriate labels.
[Program : 4, Plot : 2+2]

curve and data points.

(b) The (x, y) data is given in th
using NumPy in the form of x-



(Z(3rd Sim.)-Physics-H/Pr/CC-SPICBCS/Set- 1T

2023

PHYSICS — HONOURS — PRACTICAL
Paper : CC-5P
(Mathematical Physics - I1)
Full Marks : 30

SET - 111

[Program : 20, CNB : 5, Viva voce : 5]

Answer any one question.

1. (a) Write a Python code to solve the differential equation using fourth-order Runge-Kutta (RK4)
method : 2 x:%}l — ¢2 + x? with the initial condition x(z = 1) = 0. Plot your result using matplotlib and

compare that with its analytical solution x2 =2~ ¢ in the same plot. Choose appropriate labels and
legends for this. [Code : 9, Plot : 3]
(b) Create a NumPy array of 50 integers in the interval 100 to 300.

(i) Print the array (ii) Replace elements with ‘0” which are divisible by 3 and print the new array
(iii) Now slice the array into five smaller arrays with 10 elements and print the arrays (iv) Arrange
the elements of the array in reverse order and find their sum. [Code : 4, Output : 4]

2. (a) Given the data

x [ 1.0 [23]31]48]56]63
y 26 [28[31]47]51]53

Write a Python code to fit a linear function y =ax+ b against those data points using suitable
function from SciPy. Optimize module. Print the best-fit values of the parameters a and b. Plot the
data points and your best-fit function using matplotlib. [Code : 5, Output : 1+1, Plot - 3]

(b) Given the matrix, 4=

[ T

1 1
1 1|. Find its eigenvalues and corresponding eingenvectors using
11

NumPy’s linalg module. [Program : 6, Output : 2+2]



(2) (Z(3rd Sim)-Physics-111PrICC-SPICBCSISer-111

a i Simpson’ .
(a) Using Simpson’s 1/3 rule, write a Python code to compute (up to 4 decimal place) :

3
X
dx
I l+x°
0

Verify your result using the corresponding function from SciPy library.

b) C : i [Program : 8+2, Output : 1+1]
®) (reate a one-dimensional NumPy array of numbers between [1 — 15] in integer steps. Reshape this
nto a (5, 3) 2D array. Treat this as a 5 x 3 matrix. Transpose the matrix and take product between

the two and print the trace of the product matrix. Use appropriate linear algebra module from
NumPy package. [Program : 2+2+2+2]

(a) Write a Python code to estimate the integral
1
Iap = jsin2 x dx
0

for number of intervals N =1, 10, 100, 103, 104,10°, 106 using trapezoidal method. Now find the
value of the integral (/y,,q) using quad function from SciPy.

Estimate € = |1Trap_]quad' for different values of N. [Program : 8, Output : 2+2+2]

: 11 : :
(b) Find eigenvalues and eigenvectors of the matrix, 4= [1 J. Use appropriate linear algebra module

from NumPy package. [Code : 6]

(a) Write a Python script to solve for x|, x5, and x3 following Gaussian elimination method.

3 2 -1 xl 1
2 2 4||x|=|-2
-1 0.5 -1 x3 0
Hence solve the system of equations by matrix inversion. Use appropriate linear algebra module
from NumPy package. [Program : 10, Output : 1+1]
(b) Given a set of data (in appropriate units) from a measurement. Plot the Temperature-Pressure data
with matplotlib.

Time 0 20 40 60 80 100
Temperature | 0.0002 | 0.0012 | 0.0060 | 0.0300 | 0.0900 | 0.2700

Label the axes and write ‘Temperature-Pressure graph’ as legend inside the graph.
[Code : 5+3]



(3) (Z(3rd Sm.)- Physics-HIPr./CC-5PICBCS/Set-111

6. (a) Using Lagrange or Newton Interpolation formula, write a Python code to find the value of f (¢ = 50)
from the following table :

r | 15 | 30 [45] 60 [ 75
£ ]0268 0577 1 [1.732]3.732

Compare your result using any one-dimensional interpolating function from NumPy or SciPy. Using
matplotlib, plot the data as f(¢) vs. t as red rings. Also show the interpolating function in the same

plot. Use appropriate labels and legends. Mention the value of f(f) when ¢ — 90.
[Code : 8, Output : 2, Plot : 2]

(b) Create a linearly-spaced array within [-10, 10]. Plot the function

(e-p)?
e 202

1

f(x):(l'\[2—ﬂ’.

using matplotlib for p=-5,5 and o =0.5 in the same graph. Use appropriate legends and axis
labels. [Program : 6, Plot : 2]




(z@3rasm. )—Plrysics-H;‘Pn/CC—SP/CBCS/Set—I 4

2023

PHYSICS — HONOURS — PRACTICAL
Paper : CC-5P
(Mathematical Physics - II)
Full Marks : 30

SET -1V

[Program : 20, CNB : 5, Viva voce : 5]

Answer any one question.

1. (a) For the data points

x 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0810910
f(x)|-1.26 | -1.10 | -0.91 | -0.67 | -0.54 | —0.32 | -0.10 | 0.08 | 0.33 | 0.51

Find the value of f(x) for x=0.58 and 0.78 using Lagrange’s interpolation formula and also the
value of x for which f(x) =—0.20 using Python code. [Program : 8, Output : 1+1+2]

(b) Create a one-dimensional NumPy array of numbers between [0 - 14] in integer steps. Reshape this
into a (5,3) 2D array. Treat this as a 5 x 3 matrix. Transpose the matrix and take product between
the two and print the trace of the product matrix. Use appropriate linear algebra module from

NumPy package. [Program : 2+2+2+42]



(2) (Z(3rd Sm.)-Physics-HIPrICC-5PICBCS/Set-I V)

2. (a) Write a Python code (RK4) to solve the differential equation for the L-R series circuit having an
impressed emf Eysin of.

Li{'{‘R‘- = EO Sin wl

dt
where L=0.9,3.0; R=1, 10; Ey=10, 1; and ® = 100, 314, with the initial condition i(z = 0) = 0. P}ot
your solution as i (f) vs. ¢ (0 < £ < 10) for those parameters using matplotlib in separate graph with
proper labels and legends. [Code : 8, Plot : 4]

(b) Create a linearly-spaced array within [-5, 5]. Plot the function

#(:‘u}z

e 20’2

1
Jx)= ov2n

using matplotlib for p=0 and o =1, 0.5, 2 in the same graph. Use appropriate legends and axis
[Program : 6, Plot : 2]

labels.

dx

1+3c2

using Simpson’s one-third rule to evaluate

i3

3. (a) Compute the value of n from the formula :

O‘_‘_

with an accuracy of the order of 107, [Code : 4, Verify : 2, Accuracy : 2]

Compute the following four functions analytically and plot them using matplotlib in the same plot.

(b)

n
_f;,!(x): (—1)” exz jn (e—xz) fOr n= 0’ 1, 2’ 3.
X

Take x € [-1, 1]. (i) Label the axes as ‘x” and ‘f(x)’ (ii) Write title *f(x) vs. x’ (iii) Use different

linestyle, line color and marker for different functions, (iv) Write legend for each functions at the

appropriate location. [Calculation : 2, Code : 4, Plot : 1+1+(1+1+1)+1]



(3)

[Z (3rd Sm.)-Physics-H/Pr./CC-5P/CB csiset-1V

4. (a) Compute the integral using Gaussian Quadrature (16 points)

(®)

5. (a)

(®)

a’x

—dx

X
1

Compute the integral using quad function from SciPy package and compare your resulit.
The nodes (x;) and weights (w,) are given below for 16-point Gaussian quadrature :

x; | —0.989401 | —0.944575 | —0.865631 | —0.755404 | —0.617876 | -0.458017 | —-0.281604 —0.0950_1;_3_|
0.0950125 0.2816 0.45802 0.617876 | 0.755404 | 0.865631 | 0.944575 | 0.989401
w; | 0.027152 | 0.062254 | 0.095159 | 0.124629 | 0.149596 | 0.169157 | 0.182603 0.18945
0.189451 0.1826 0.169157 | 0.149596 0.12463 0.09516 0.062254 | 0.027152
[Program : 1042, Output : 1+1]

1 -2 " ;
Let 4 =[4 } the characteristic or eigenvalue equation is x?— 6x + 13 =0. It is said according

to Caley-Hamilton theorem that the matrix 4 satisfies this characteristic equation. Establish this
numerically. Use appropriate linear algebra module from NumPy. [Program : 6]

Write a Python code to solve the following system of linear equations using Gauss elimination
method  2x,;

4xl+2x2+X3:4

6x) — 4xy + 2x3= -2

—x2+x3=-l

Verify your result using corresponding function from NumPy module from linear algebra module.
1+1]

Given a NumPy array : 4 =np.array([[0.5, 1, 1.5, 2, 2. 5] [0.25,1,2.25, 4, 6.25])), treat the first
element as x-data and the second element as y-data. Plot 33 vs. x through matplotlib. Label the axes

as ‘X-data’ and ‘Y-data’ and set title as ‘My plot’. [Program : 4+2+2)

[Program : 10, Output :



(4) (zGrasm. )-Physics-H/Pr./CC-5P/CBCS/Set-IV )

6. (a) R is the resistance to motion of a train at speed ¥; fit a function of the type R = a+ bV? connecting

(b)

R and V, using the following data :
V(km/hr) : 10120 (30|40} 50

R(kg/ton) : |8 [10[15]21{30

Use curve fit function from scipy.optimize. Find the values of a and b. Plot the fitted curve along
with data points using matplotlib module. Hence find the parameters a and b. Label x and y axes.

Set the appropriate legend at the suitable location for fitted curve and data points.
[Program : 9, Output : 1+1, Plot : 4]

of x-y data in the form of an array [1, 0.5, 2, 3.8, 3, 7.9, 4, 16.5, 5, 27.5] where the
parate lists for x and y and plot y against x with
[Program : 3, Plot : 2]

Given a set
alternate elements are x and y. Prepare two s¢

x-label as ‘Time’ and y-label as “Temperature.




X(3rd Stm.)-Physics-H/Pr/CC-5P/CBCS/Inst,
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fram NumPy linalg module. Suppose the suitable
= b and after applying the Gauss elimination, the
ls.-.ﬂxe-uppu triangular matrix. Print the matrix U.

sing matplotlib plot the following three function in
a) x2 +x3, (b) x3¢* and (¢) e Take the range of
axis as ‘x’ and ‘test functions’ respectively.



X(3rd St )-Physicy-H/Pr./CC-5P/CBCS/ Tnsi.
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2. () Given the data

(b)

(a)

{b)

L& ] 3 5 719

lro |1 | 21 ] 65 | 133 225“
write a Python code to find the value of f(x) for x = 6 using Lagrange or Newton Forward
Interpotation formula using all the points. Using matplotlib plot the data points as f(x) vs. x and
label them as *original data’, Also show the value of /(6) as filled circle inside the same plot with
a label *test point’. Find out the polynomial for those data points using a Lagrange interpolating
polynomial function from SciPy. Also plot that polynomial in the same graph (you can use numpy
polyval () function for this) and label it as *scipy interpolation’.

[Code : 8, Output: 3, Plot: 5]

Using NumPy create a matrix

3 =g |
A={1 0 -3
42 3

Print (a) an array containing the sum of the elements of each column and (b) an array containing
the minimum of the elements from each row. [Don't do these by hand, you need to use appropriate
commands. ]

[Code: 2+2]

Using trapezoidal rule, write a Python code to calculate -

(1) ]‘j(l -:-.1:2 +r")“4¢it
0

w4
(i) I NJan xdx
]

taking the number of intervals  as runtime input. For each case, verify your results using
corresponding function from SciPy library. Also plot the integrand functions as f{x) vs. x in the
range of the given integration limits using matplotlib in separate figures.

[Code: 8, Output: 3, Verification: 2, Plot: 4]

Solve the system of lincar equations: x + 2y - 7 =0 and 2x - 5y + 13 = 0 using a suitable function
from NumPy’s linear algebra module. Verify your result using numpy. dot function.

[Code: 2, Verification: 1]



X(3rd Sm.)-Physics-H/Pr/CC-SP/CBCS/Inst.
(Syllabus : 2019-2020)/Set-1

4hird rule, write a Python code to verify

' : #
- for 0<a<l
_ r.,:?. ‘l"*aﬂ mx‘f‘ﬂa 1“‘ﬂa
nt. M ofa: ,{ .1, ;? 0.9}, For each case, compare your result with the exact

- function from SciPy library. Also plot the integrand
ﬁf the given integration limits using matplotlib for a = 0.5.

3 ﬁm 3, Plot: 2|

y 9‘
L] 7.
Al 3. il
.vl r |-_ ? . " Jﬂ n 2 0
Mt a0 1
' unding eingenvectors (v;) using NumPy linalg module. For any
J{ﬁlat Av' rv
&nﬁ%@mﬂ method, write a Python code to solve the first-order
L, Af ‘..‘. y :
B gy

x |0|1|2]3]4]5]|6
M .-'3;’?’13? 3]2[s]|7[8]8
‘a linear function y = ax + b against those data points using suitable
ule Print the best-fit values of the parameters a and b. Plot
ﬁneﬁon using matplotlib.




(Syltabus : 2019-2020)/Set-1

ﬁmwﬁmﬁmmc.mmmﬁ]

Choose the parameters as k = @) =9, F=1. Plot

different Va]ues of ® =3.5,3.3, 3.1 and 3 to see the beats
in separate figures with proper labels and legends.

—70%° + 151)

F(). (i) Write title *f(x) vs. x'. (jiii) Use
ree different functions. (iv) Write legend for each

| program : 6, Output : 1+1+1+]]

1.0, 1.5, 2.0, 2.5, 3.0, 3.5] and the corresponding sin®
4, —0.35], use any kind of interpolation method to find
 and label the axes. i

|program : 7+2, Output : 1|

‘-




X(3rd Sm.)-Physics-H/Pr/CC-5P/CBCS/nst.
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als as runtime input. Compute the integral using
ugpareyom result. Plot the integrand.

[Code : 7+2, Output : 1, Plot : 2|
' te’-‘a_mej_-dimen‘siunal array of 9 numbers from 1 to 2
y. Now treat this as a ‘matrix’. Using linear

[ Program : 3+3+2
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2. (a)

(b)

3. (a)

(b)

X(3rd Sm.)-pjy ysics-H/Pr/CC-5P/(, BCSAnst,
(Syllabus : 2 019-2020)/8et-2

Using Lagrange or Newton Forward Inter ! i
Polation formula, write a p I i :
value of €0s(50°) from the following table : . e T the

[0 [30° [ as° 60° | 75° [gpe
cos | 0.866 | 0.707 | 0.5 [0.250

Cumpan_: your result using any one-dimensional inlcrpolating function from NumPy or SciPy. Using
matplotlib, plot the data as i:usﬂ vs. 0 as filled red circles. Also show the interpolating function in
the same plot. Use appropriate labels and legends, Mention one limitation where we cannot
Newton Forward Interpolation method.

[Code: 8, Output: 3, Plot: 4]

Using NumPy, create an one-dimensional array A of size 10 with values ranging from 0 to 1. both
excluded. Find out the arithmetic mean (average), standard deviation and variance of those array
elements. Also write a command to print the array A in reverse order.

[Code: 1+141+1+1)

use

Using frapezoidal rule, write a Python code to calculate the value of A from

@ 3
(x-1)
A J er Ty dx=1 :

For @ limits, you can take large numbers such as —10 to 10. Verify your result using a function
from SciPy library which implements Gaussian quadrature method for integration. Also compare
your result with the exact value of that integration. Plot the integrand functions as f(x) vs. x in
the range of the given integration limits using matplotlib.

[Code: 6, Output: 2, Verification: 2, Plot: 2]
Matrix diagonalization: Given a matrix

L3
A=|10 -2 0
SN0 =1

print its eigenvalues (1) and corresponding eigenvectors (v,) using NumPy linalg module. Construct
a matrix § that has the eigenvectors v; as its columns, such as

S: ',;'I Vz Vj I

. . -1
uncti d then transpose it. Find the §
5 , You can use numpy.vstack ((v,, v,, v3)) function an n tran: h ’
ll:::i‘:rli;hcl :I:ltneg lii:alg module Fin‘flly calculate S~! AS and check whether it is diagonal or not. Pai}l: :’I;-.
I #* * * y g - 1 - c
matrix multiplication you can use @ operator (valid for Python version 3.5 or higher) or any s
function from NumPy.

[Code: 1+1+1+2, Output: 3]



4. (a)

(b)

S. (a)

(b)

X(3rd Sm.)-Physics-H/Pr/CC-5P/CBCS/Inst.
{Syllabus : 2019-202 0)/5et-2

Using Simpson’s one-third rule, write a Python code to calculate
n 5 :
(a) J' x*sin@x)dx, (b) Ie“-" "2
0 -5

taking the number of interval as runtime input. For each case, veri fy your results using corresponding

function from SciPy library. Also plot integrand functions as J(x) vs. x in the range of the given
integration limits using matplotlib in separate figures.

[Code: 8, Output: 3, Ve:r-ilicatiun: 2, Plot: 4]

Write a code using NumPy to create a diggonal matrix whose diagonal elements are 1, 3, 5, 7.
Find the trace of that matrix.

[Code: 2+1]

Following is a table of data of how a typical virus spreads from one person to many over few days
since the first infection detected :

No. of days since Ist detection | 0 | 20 | 40 | 60 | 80 | 100 [ 120 [ 140 [ 160 [ 180 | 200

Totalno.of infectedpeople | 1| 2 | 4|8 [20]40 |60 |70 |75 | 76 | 77

Our job here is to find a fitting model to gain knowledge on the nature of evolution of this infection
and predict the future scenarios. For that, take a model named Logistic model which has been
widely used to describe the growth of a population:

C -
13 e—{x—b].’a

Itis very likely that the infection should end someday in the future after most of the people develop
proper immunity and that’s why this model seems to be more realistic as it follows a rapid growth
at early stages and then saturates. Write a Python code to fit this function F(x, a, b, ¢) as total
number of infected people with x being the number of days since first detection against those data
points using scipy. optimize module. Print the best-fit values of the parameters a, b and c. Plot
the data points and your best-fit function using matplotlib.

[Code: 7, Output: 1, Plot: 3]

Numerically solve the first-order linear differential equation using fourth order Runge-Kutta
(RK4) method

F(x,a,b,c)=

dy
—+4+2y=0
o y

with the initial condition »(0) = 3. Plot your result and compare that with its analytical solution
W(x) = 3¢ ** in the same graph using matplotlib.

[Code: 7, Plot: 2]




[X{BdSn)-th%JCC—IPﬂCMnu
(Syllabus : 2019-2020)/Set-2

nd-order differential equation for the damped harmonic oscillator

M) V. 1 (0.<1<20) for those parameter sets using
i ﬁltﬁm'

Wi Rt

raam! x; following Gaussian elimination method.

atrix inversion. Use appropriate linear algebra module

- |Gaussian Elimination: 8, Numpy Code: 4]

of numbers between [0 - 14] in integer steps. Reshape this
3 matrix. Transpose the matrix and take product between
duct matrix. Use appropriate linear algebra module from

[Program: 2+2+2+2)




X(3rd Sm.)-Physics-H/Pr..CC-5P/CBCS/Inst,
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8. (a) The speed of a train, running between two station is measured at different distances from the

ib)

starting station. If x is the distance in &m from the starting station, then w(x), the speed
(in km/hr:) of the train at the distance x is given by the following table :

x | 050100 150 | 200 | 250
“x) [0]60| 80 (110 90 | 0
Find the approximate speed of the train at the mid point between the two stations by using

Newton's forward interpolating polynomial. Plot the “position-velocity” data (including the interpolated

point) with matplotlib with data-points as discrete symbols and lines. Label the axes and write
‘Position-Velocity graph® as legend inside the graph.

[Main Code: 9+ 142+ 1+1+1

1 4 5 4 : . ST
It is given that P =|: i ]:| and 4 :1:1 J . Do a similarity transformation [Similarity transform:

B=P14P] on 4 by P and find the new matrix B. Use Numpy linear algebra module.

[Main Code: 4, Output: II
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PHYSICS — HONOURS — PRACTICAL
[Syllabus : 2019-2020] (UR-47/19)
Paper : CC-5P ]

(Mathematical Physics - IT)
Full Marks : 30

The figures in the margin indicate full marks.

[Program:zﬂ,CNB:S,Viva:SI

Answer any one question.

vthon code to solve the following system of linear equations using Gauss elimination method :

i

10'11 — X +2).‘3 =6
—x; +11xy —x3+3x4 =25
2x;— X +10x;3 — x4 =—11
3xy —x3 +8x4 =15
corresponding function from NumPy linalg module. Mention one scenario :
' method cannot be used.
: 3
umPy array within [0.01, 3]. Using matplotlib plot the function. .

: ; 2 3 " *'“.f-_l l
W 1 (Inx—p) I Ve dhe
W = p| ———— :

=0.25, 0.5, 1. Superpose these 3 curves in a single figure with different

pp;gpriate.\legends and axis labels. Next, plot the same 3 curves but

. Can you identify these curves?

-



X(3rd Sm.)-Physics-H/PrACC-5P/CRCS/Inst.
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2. (a) Consider a function f(x) = e*2, Generate 6 data points i.c. / (x;) from this function at x,= {0, 2,
4, 6, 8, 10}. Write a Python code to find the value of f(5) using Lagrange or Newton Forward
Interpolation formula using all those data points. Compare your result using any one-dimensional
interpolating function from NumPy or SciPy. Using matplotlib, plot the data points as well as that
interpolating function in a same graph with proper labels and legends. Also show the value of f(5)

in that graph.
|Code: 8, Output: 3, Plot: 3]

(b) Create an one-dimensional array of size 12 with the integers ranging from 1 to 12 (both included).
Reshape the array to form a 3 x 4 matrix 4. Print the matrices 4 and A7, Print their shapes, sizes
and data-types. Then find the matrix C = AAT (you can use numpy.matmul() function). Finally
flatten the matrix C into an one-dimensional array and print it.

[Code:  1+1+1+1+1+1]

3. (a) Using trapezoidal rule, write a Python code to calculate
4 10

(a) J e cosxde, (b) J'de
2 i 1+x

taking the number of interval as runtime input. For each case, verify your results using corresponding
function from SciPy library. Also plot the integrand functions as f(x) vs. x in the range of the given
integration limits using matplotlib in separate figures.

|Code: 8, Output: 3, Verification: 2, Plot: 4]
{b} ‘Using matplotlib, plot the function
1-|¢], if|r|]

)=
S {0, otherwise
in the range —2 <r<2. Label the axes accordingly.

[Plot: 2+1]




[xaﬂsmmymmxmpmmnnj
(Syllabus : 2019-2020)/Set-3

rd rule, write a Python code to verify

0 if m+nis even

2m
mzhnz ym*ﬂfso‘fd

mx)cos(nx)d =

(take m, n to be positive integers). For each case, verify your results
from SciPy library. Also plot the integrand functions as f(x) vs. x in
ion limits using Matplotlib for all three cases in separate figures.
3, Verification: 2, Plot: 3|

o]a.ndﬂ=[: _24] write a Python code to verify that (4B)7 = BTAT

o solve the first order differential equation using fourth order Runge-Kutta

D i=2x)=
2 y1-29)=0

IROSS1E3 " )
-2 30 4
0 06 1

0 01 6




Er{m Sin.)-Physics-H/Pr/CC-5P/CBCS/Inst.
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X | 5| 4|-3|2|-<1]0 1 o] [ 3 I 43
J) 1313198109 | 4.64 [1.09 | 0.00] 0.890 | 3.04 | 5.49 | 7.04 [ 6.25

Use Lagrange interpolation method to find out £(2.5). Plot the data along with the interpolated
points using matplotlib and label the axes. Set appropriate legend at suitable location.

o | Program: 9+1+1+1+1]

- (b Ifyour (x, y) data is given in the form : [(1,2), (2,3), (3,8), (4,12), (5,20)], using numpy extract the
i data in the form of x-list and y-list and plot through matplotlib. Set x-limit on the x-axis between

~ 0 and 6 and y-limit on the y-axis between 0 and 25.

-3 } y Program : 5+2

1
] =i

3rd rule taking number of intervals as input. Compute the integral using quad
+ package and compare your result. Plot the integrand and shade the region

e . Code: 7+2, Output: 1, Plot: 2|
the array of numbers [2.0, ~1.2, 3.4, 9.1, 0.1, -5.8, —4.2, 3.9, 10.4, 1.9, -3.8, -9.6], take
 in 0. 4 to 8 (end elements included) by slicing. Check if the sum of this slice
numbers is more or less than the sum of all the numbers in the original array.

| Code: 7, Output: 1)

W




X(3rd Sm.)-Physics-H/Pr./CC-SP/CBCS/Inst.
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7

9

10

Sigtl)
1225 [129.2

9137

179.3 | 190.2

) (o the givm data set using curve fit function from
a and b. Plot the fitted curve along with data
d at suitable location for fitted curve and data

[program: 5+1+1+1+1+1|

) to 3 in steps of 0.1. Choose the trapezoidal
able number of slices. Compute the integral

- result. Make a graph of E(x) as a

te legend at suitable location.

[program: 5+1+1+1+1+1|
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PHYSICS — HONOURS — PRACTICAL
Paper : CC-5-P
Full Marks : 30

Date : 26/11/2019
[Program = 20, CNB = 5, Viva = 5]

Answer any one question.

1. (i) Create a one-dimensional array of 50 random numbers in the interval : [0, 2] with the help of an
appropriate function from random module in numpy. Compute the standard deviation (o) of those

numbers. Use the formula o= <x2>~(x)2

2 2
(i) Let an ellipse be given by %= +2_ =1, where we assume that a < b. Compute the parameter (L) of
P Y 75 52
a

T[r
the ellipse where, L =4bI V1-k?sin? 6 d6, where k’ -1——— The values of @ and b may be
0

supplied or chosen by you. Use composite Simpson’s 1/3™ rule to evaluate.
(i) Program : 4, Output : 1
(i) Algorithm : 3, Program : 10, Output : 2

2. (i) Plot the following three functions in the same graph using matplotlib : y = x2, y = ¢¥2, = 5x Take
x €[0, 10].

Label the axes as ‘X’ and ‘Y’ and write title ‘My Graph’.
(i) Write a Python script to determine one root of the equation :
x* —1.99x3 — 1.76x2 + 5.22x — 2.23 = 0 which is close to x=1.5. Use bisection method.
(1) Program : 6, Output : 2
(i) Algorithm : 3, Program : 7, Output : 2



3

@

(i)

(@)

(ii)

@

(i)

(2) [P(j‘rd Sm.)-Physics-H/Pr./CC-5PICBCS/(Set-1 )]

Create a one-dimensional numpy array with 20 random numbers between [ 1, 1]. Reshape this into
a (4, 5) 2D array. Treat this as a 4 x 5 matrix. Transpose the matrix and take product between the
two. Print the product matrix.

Solve : %+y=x,y({}) =] by Euler method to find y(10).

Plot y vs. x in the range [0, 10] using matplotlib. Label the axes as ‘X-axis’ and Y-axis’.
(i) Program : 5, Output : 1
(i) Algorithm : 2, Program : 8, Output : 1, Plot : 3

Given the array of numbers [2.0, — 1.2, 3.4,9.1, 0.1, - 5.8, - 4.2, 3.9, 10.4, 1.9, - 3.8, - 9.6], take
numbers with index no. 4 to 8 (end elements included) by slicing. Check if the sum of this slice
array of numbers is more or less than the sum of all the numbers in the original array.

Solve the following 1st order differential equation by Euler method :

u = [1—%1}.;, u(0)=1,

Plot the solution by matplotlib along with the exact result : u(f) = exp (1 —2/5 ).
(i) Program : 4, Qutput : 2
(i) Program : 8, Plot : 3+3

Given a numpy array [[1, 2,3,4,5],[0,1,2,3, 4]] treat the first element as x-data and the second

element as y-data. Plot y2 vs. x through matplotlib. Label the axes as ‘X-Data” and ‘¥-Data’ and
set title as ‘Experimental plot’.

A ball at 1200 K is allowed to cool down in air at an ambient temperature of 300 K. Assuming heat
is lost only due to radiation, the differential equation for the temperature of the ball is given by

40 _ _358x10712 (e“ —81x 108), 0(0) = 1200K
dt

where 0 is in K and ¢ in seconds. Find the temperature at r = 480 seconds using Euler method.
Assume a step size & = 10 seconds.

(i) Program : 4, Plot : 2

(i) Algorithm : 2, Program : 10, Output : 2



6.

@

(i)

(@)

(i1)

(3) (PGra Sm.)-Physics-HIPr/CC-SPICBCS/(Set-1)

Use the function, simps() or quad() to find out the following integral :
4.5
= .[Jz_s(x)dx
0

The integrand is a Bessel function which you can obtain from importing the scipy.special module.
Check the result and compare with the following true value,

I= E(% 2cos(4.5)— % \/Esin(4.5) + /27 Si (i]], where

Y
X

= . n .2
Sl(x)ZJ-S‘n(Ef )d‘ is the Fresnel Sine Integral, using the functions in special module.
0

[Hint : Use jn(n, x), n = 2.5..]

Compute the value of 7 from the formula :

1
E_J‘ dx
4 |+ x2
0

Use Simpson’s 1/3™ rule to evaluate with an accuracy of 104,

(i) Program : 8, Output : 2
(i) Algorithm : 2, Program : 7, Output : 1

For a random variate x, generate an array of 50 random values between 0 and 1 using numpy array.

Find the relative fluctuation , }<x2> - <x)2 /(x)

Generate (x, y) data where x-values are from 0 up to 2.0 in the equal interval of Ax = 0.2 and
y-values follow y = sin(x2). Now you have to find out sin(0.92) from the data set through Lagrange
interpolation.

(i) Program : 4, Output : 2
(i) Algorithm : 2, Program : 10, Output : 2



8.

(4) [P(srd Sm.)-Physics-H/Pr./CC-5P/CBCS/(Set-1 )]

(i) Consider a vector, » = (2, 1, 3) in the XYZ coordinate system. The vector is rotated by 0 = 35° with

cosf® —sinB® 0
the following rotational operator : R=| sin® cos® 0 |. Find the new vector.
0 0 1

(i) Using Newton-Raphson method, find the root of the equation x3 + (x + 1)2 + 4x = 20 that lies in the
range 1.0 < x < 2.5, correct up to 4 decimal places. Comment on the other roots by plotting the
function using matplotlib.

(i) Program : 4, Output : 2
(i) Algorithm : 2, Program : 8, Output : 2, Comment : 2



[P(3rd sm)-Physfas-mPnfcc-spfcscsx(Se:.z)]

2019

PHYSICS — HONOURS — PRACTICAL
Paper : CC-5-P
Full Marks : 30

Date : 27/11/2019
[Program = 20, CNB = 5, Viva = 5]
Answer any one question.

1. (i) Using an appropriate numpy function, create a one dimensional array of 9 numbers from 1 to 2 and
then reshape the array to make it a 3 x 3 array. Now treat this as a ‘matrix’. Obtain a symmetric
matrix of the same order using this matrix. Using linear algebra module in numpy, obtain the
eigenvalues and eigenvectors. Check, if the eigenvectors are orthogonal to each other or not.

(i) The equation for radioactive decay : %:-M{, with & = 2, M (0) = 100. Solve this by Euler

method. Store the output in lists and plot the solution through matplotlib. Label the axes as ‘Time’
and ‘Mass’.

(i) Program : 6, Output : 2
(i) Algorithm : 2, Program : 6, Output : 1, Plot : 3

. . . 1 2 5 6 .
2. (i) Given two matrices, A=[3 4] and B =[? 8)’ write steps to confirm that (4B)T = BT4T.

o

(i) Compute the following integral to verify the expression : j 2':1005(10362)61'35:0-0003156.
-
0

Use composite Simpson’s 1/3™ rule. Comment on how your solution can be improved.
(i) Program : 6, Output : 2
(i) Algorithm : 2, Program : 7, Output + Comment : 2+1



3.

D

@

(2) (P(3rdsm. )-Physics-HlP;:lCC-SP!CBCSX(Set-Z)}

Compute C = AB — BA, where
1 23 9 8 7
A=|4 5 6|,B=|6 5 4
78 9 321

(i) Use the Newton-Raphson method to find the smallest and the second smallest positive roots of the

(i)

@

(ii)

equation tan = 46, correct up to 4 decimal places.
(i) Program : 5, Output : 1
(i) Algorithm : 2, Program : 8, Output : 2+2

Create a numpy array of 100 random numbers between [0, 1] and arrange the numbers in ascending
order. Isolate the first 50 numbers to a separate array and the last 50 numbers to another array.
Now compute the difference of the averages of the two arrays.

3

2
Approximate I e dx using Simpson’s 1/3™ rule for n = 8, where
1

Xo x X2 X3 X4 X5 Xg X7 Xg
x=|1[125|15(1.75| 2 |225(25|275(3

(i) Program : 5, output : 2
(ii) Algorithm : 2, Program : 8, Output : 3

Numerically show that the following identity holds :
(n+1)B,1(x)=2n+1)xP,(x)—nPF,_1(x)

Here P,(x) is n-th order Legendre polynomial. Use appropriate modules and functions in Python to
show this for n = 4 and 5.

X
2
Evaluate error function €7/ (x)= ﬁj ¢ dl for a set of x-values between [~ 4, 4] and plot. Use
0

Simpson’s 1/3™ rule explicitly to evaluate the integral.
(i) Program : 4, Output : 2
(i) Algorithm : 2, Program : 10, Output : 2



6. (1)

(i)

(3) (Prd sm. )-Physics-HIPr/CC-SPICBCS/(Set-2))

Consider a vector, » = (2, 1, 3) in the X¥Z coordinate system. The vector is rotated by 8 = 45° with

cos® —sin® 0
the following rotational operator : R=|sin® cos® 0 |.Find the normalized new vector.
0 0 1

Solve : )" +2y=2—-¢e%,  30)=1 by Euler method.

Exact Solution y(¢) =1 + % gy %e_zr_

Plot the numerical solution and the exact solution on the same graph by matplotlib. Label the axes
as ‘Time’ and ‘Displacement’.

(i) Program : 5, Output : 1

(i) Algorithm : 2, Program : 8, Plot : 4

Let 4= (i ‘:52] » Where the characteristic (eigenvalue) equation is x2 — 6x + 13 = 0. It is said (by

Caley-Hamilton theorem) that the matrix 4 satisfies this characteristic equation. Establish this
numerically.

(i) Find v10 by bisection method.

(i) Program : 5, Output : 1
(i) Formulation : 2, Algorithm : 2, Program : 8, Output : 2



(4) (P(Grd Sm.)-Physics-HIP. [CC-5PICBCS/(Set-2) |

(i) Establish the following identity numerically :

1=[@F+2)  [H@]
k=1

where J;’s are Bessel functions of first kind. Use scipy.special module.
(i) Estimate the integral with accuracy level of 0.0001 by Simpson’s 1/3" method :
1

[l

0

(i) Program : 4, Qutput : 2
(i) Algorithm : 3, Program : 9, Output : 2



LP(&’rd Sm, )-Physic-s-Han!CC—SPICBCS‘/(Set—.?)J

2019

PHYSICS — HONOURS — PRACTICAL
Paper : CC-5-P
Full Marks : 30

Date : 28/11/2019
[Program = 20, CNB = 35, Viva = 5]

Answer any one question.

1. (i) A generating function of Legendre polynomial 7, (x) is given by

N2 &
gt x)=(1-2w+2) =3 B yr”
n=0

Numerically and approximately verify this by taking one chosen set of values of x and . Use the
scipy.special module to obtain Legendre polynomials.

(ii) Estimate f(15) from the following table of values :

x 10 112 {1416 |18 [ 20 | 22
y=f(x) |46 |66 |81 93|77 |53 |36

Use Lagrange interpolation formula.
(i) Program : 6, Output : 2
(ii) Algorithm : 2, Program : 8, Output : 2

2. (1) Create a one-dimensional numpy array with 15 random numbers between [- 2, 2]. Reshape this into
a (5, 3) 2D array. Treat this as a 5 x 3 matrix. Transpose the matrix and take product between the
two and print the trace of the product matrix.

(ii) The temperature 6 of a well stirred liquid by the isothermal heating coil is given by the equation :
% =K(100-6), where K is a constant of the system. Write a computer program to solve the equation
by Euler method to find 6 at # = 1.0 sec for K = 2.5. Initial condition : © =25° C at 7= 0 sec.

(i) Program : 7, Output : 1

(i) Algorithm : 2, Program : 8, Output : 2



3,

@

(i)

®

(i)

)

(i)

(2) [Pfsrd Sm.)-Physics-HIPr. fCC-5PfCBCS/(Set—3))

Create two 1D random arrays to length 10 each, through numpy. Print the two arrays. Compare the
two arrays and check if they are same. Find the mean values of the two arrays of numbers.

Evaluate the following differential equation by Euler method :

& L 4 x2)? =2sin(3x), y(0)=5
Print the output (x, ) in separate lists, taking the range of x in [0, 5] with step 0.2.
(i) Program : 4, Output : 2

(i) Algorithm : 2, Program : 10, Output : 2

Generate 100 random integers between 1 to 100 from an appropriate function in random module in
numpy. Now treat the first 10 values as x-data and the last 10 values as y-data. Plot x-y through
matplotlib as scattered points with symbols. Set the symbol size as 14 point.

Calculate the value of the elliptic integral of the first kind :

m/2

K(0.25)= I it
) J1-0.25sin% x

Divide the interval [0, /2] into 1000 equal parts and use composite Simpson’s 1/3™ rule to evaluate
the integral.

(i) Program : 4, Plot : 2
(i) Algorithm : 2, Program : 10, Output : 2

Establish the following identity numerically,
1

J' By () By ()t = 5228 s
1

where P,’s are the Legendre polynomials. Utilize the Legendre polynomials and integration function
from the suitable modules.
The period of a pendulum of length L oscillating at a large angle o is given by
/2
r=2h J‘ do
T ] [l—sinzuf‘?sinztp

)1;’2'

Now, write a script to solve with Simpson’s 1/3 rd rule.Calculate the ratio 7'/ T, for a. = 45°.
(i) Program : 6, Output : 2
(ii) Algorithm : 2, Program : 8, Output : 2



6.

@

(i)

(i)

(3) [P(j'rdSm.)-Physics—HfP::!CC—SP!CBCS/(SetJ)]

Generate 12 random numbers between 0 to 1 using numpy, reshape it into a 3 x 4 array, call it 4.
Now reshape the same set of numbers into a 4 x 3 array, call it B. Now treat 4 and B as matrices.
Compute C = 4B.

Given the system of equations :
4x+y+2z=4
3x+5y+z=7
x+y+3z=3
Write a Python seript to solve for x, y, z following Gauss-Seidel method.
(i) Program : 4, Output : 2
(ii) Algorithm : 2, Program : 10, Output : 2

Given a set of data (in appropriate units) from a measurement,

Temperature | 0 20 40 60 80 100
Pressure 0.0002 | 0.0012 | 0.0060 | 0.0300 | 0.0900 | 0.2700

Plot the Temperature-Pressure data with matplotlib with data-points as discrete symbols and lines.
Label the axes and write ‘Temperature-Pressure graph’ as legend inside the graph.

Create 10 x-data values in the interval [0, 1] by numpy, with equal interval. Now, consider y-values
are given by y = 4x3. Using forward difference formulas,

¥'=(f(x+Ax) - f(x—Ax))/(2Ax) and

y"=( Sx+A)=2f(x)+ f(x—Ax)) /sz , obtain the arrays for 1st and 2nd order differentials and
plot them in separate graphs by matplotlib.

(i) Program : 4, Plot : 2

(i) Program: 8, Plot: 6



(4) [P(SrdSm. )-Physfcs.mpnfcc-sprBCS/(Sex-j')]

. . 1 5 4 o g o ;
8. (1) Itis giventhat P :( i ﬂ and A= (1 2)‘ Do a similarity transformation on 4 by P and find the
=~

new matrix B. [Similarity Transform : B = P~! 4P]
5

1
5 dx.

(ii) Calculate the following integral by composite Trapezoidal rule : J.
l1+x

0
Verify that the answer is arctan (5).

(i) Program : 4, Output : 2
(ii) Algorithm : 2, Program : 8, Output : 4



1.

(M

(ii)

()

(i)

[P(3rdSm.)-Pkysics-HfPr:fCC-SPICBCS/(Ser-xI)J

2019

PHYSICS — HONOURS — PRACTICAL
Paper : CC-5-P
Full Marks : 30

Date : 29/11/2019

[Program = 20, CNB = 5, Viva = 5]
Answer any one question.
If your (x, y) data is given in the form : [(1, 2), (2, 3), (3, 8), (4, 12), (5, 20)], using numpy extract

the data in the form of x-list and y-list and plot through matplotlib. Set x-limit on the x-axis between
0 and 6 and y-limit on the y-axis between 0 and 25.

A population growth model is given by % =ou(l-u/R), where o > 0 and R is the maximum

possible value of u. Set the values of a and R yourself and solve the equation by Euler method to
print u — £ in a file.

(i) Program : 8, Plot : 2

(i) Algorithm : 2, Program : 6, Data File : 2

The set 0:{31532,1‘3} =|(ﬁ,0, I/ﬁ),(o, L, 0), (%,0,—1/\/5)} is an orthonormal basis set for

3D Euclidean space. Check this numerically. Use Numpy.

Use the following discrete differentiation with forward differences :

S (x+ Ax)— f(x—Ax)
2Ax
Sx+Ax)-2f(x) + f(x—Ax)
Ae?
Calculate f”(x) and f”(x) at all possible points where
x=1[0,0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9] and
y=10, 0.004, 0.032, 0.108, 0.256, 0.5, 0.864, 1.372, 2.048, 2.916].

Plot (x,f’(_x)) and (x,f”(x)) in two different graphs with matplotlib.

1) =

£1=

(i) Program : 4, Output : 2
(i) Program : 8, Plot : 3+3



(2) [P(3rd Sm. )-Physics—H;’Pr:fCC-SPJ’CBCS'/(SeI-/.‘)]

3. (i) Plot y = x?sinx, where x ranges from 0 to 6m with spacing 0.15. Use plotting function from
matplotlib package. Label the axes and give a suitable title for the plot.

(i) Given a list of 8-values (in radian) in [0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5] and the corresponding sin(6)
values in [0, 0.48, 0.84, 1.0, 0.91, 0.60, 0.14, — 0.35], use any kind of interpolation method to find out
sin(1.8).

(i) Program : 4, Plot : 2
(i) Algorithm : 3, Program : 10, Output : 1

4. (i) Given a matrix Ax(g ;],

Find out the eigenvalues and eigenvectors and print them. Form the Diagonal matrix, D with the
eigenvalues. Consider the matrix V whose columns are the eigenvectors. Now show that
V.D.VI=A

(i) Write a program using the Newton-Raphson method to determine one of the roots of the equation :
JO=x3-x2-2x + 1.

(i) Program : 6, Output : 5
(i) Algorithm : 2, Program : 6, Output : 1

5. (i) Consider the logistic equation for a population N: ‘% =rN(1- N/K), where r is the rate of growth

and K is the carrying capacity. Take initial population of 80 with carrying capacity of 50 and growth
rate 4. Solve this equation by Euler method at t = 10 and 100.

(i) Given a set of x-y data in the form of an array [ 1, 0.5, 2, 3.8, 3, 7.9, 4, 16.5, 5, 27.5] where the
alternate elements are x and y. Prepare two separate lists for x and y and plot y against x with
x-label as ‘“Time’ and y-label as ‘Temperature’,

(i) Program : 4, Output : 2
(i) Algorithm : 2, Program : 8, Output : 4



(3) [P(3rd Sm.)-Physics-H/Pr./CC-5P/CBCS/(Set-4)

6. (i) Consider the following numpy arrays :

x=1[2,4,5,6,8 10l and y=[5,9, 11, 10, 12, 19].
Now calculate the correlation coefficient :

nXxy—-XxXy
\/anz —(Zx)2 .\/nZyz —(Ey)2

Scatter plot (x, y) with matplotlib. Give title : “x—y Plot” with the axes labelled as *X” and ‘Y.

r=

(i) In an electrical circuit, comprising of DC voltage sources and resistor elements, the mesh equations
are written (by Kirchhoff’s voltage law) as follows.

501; —307; =80
401, —201; =80
~301; — 207, +1007; =0

Solve this to find the currents by matrix inversion. [Hint : Use the module for linear algebra from
numpy package.]

(i) Program : 7, Output : 2, Plot : 3,
(i) Program : 6, Output : 2

7. (i) Plot Jy(x), Jy(x), J5(x), and J5(x), in four different graphs as subplots (four different graphs in the
same plot) through matplotlib. In this J,(x)’s are the Bessel functions of 15t kind which can be
obtained from scipy.special module. Take x-scale from 0 to 10. [Hints : Consider jn(n, x) function]

(i) Generate (x, y) data where x-values are from 0 up to 2.0 in the equal interval of Ax = 0.2 and
y-values follow y = sin(x?). Now you have to find out y at x = 0.3 from the data set by Lagrange
interpolation formula. Write a Python script for that.

(i) Program : 6, Plot : 2
(ii) Algorithm : 2, Program : 8, Output : 2



(4) [P(3rd Sm.)-Physics-HIPr./CC-5P/CBCS/(Set-4)

8. (i) Generate 100 random integers between 10 and 50 from an appropriate random module in numpy.
Now treat the first 20 values as X-data and the last 20 values as Y-data. Plot X-Y through matplotlib
as scattered points with big symbols.

(i) Use bisection method to find the root of the equation.
cos’x —5.6x2+x+20=0
that lies in the range 1 <x < 2.5.
(i) Program : 6, Output : 2
(i) Algorithm : 3, Program : 7, Output : 2



2016
PHYSICS — HONOURS — PRACTICAL
Eighth Paper
(Group-B)
Full Marks - 50

The figures in the margin indicate full marks

Programming Language : C or Fortran

Print the output of your programs at the terminals

Group A

1. Given an integer M (say. 3). find the smellest integer n for which the series

(£

d=

(41}

1 + }- e -l—c-a + -!:»
2 3 n
is larger than M.
{Flow chart/Algorithm - 2, Program - 8, Result - 2)

. Read 10 numbers and write a program to arrange them in ascending order. Test

your program for the following numbers :

12.-29,21,.69.-98,87,5.1, 1.8 -3.5, 4.7
{(Flow chart /Algorithm - 2, Program - 8, Result - 2)

previous three terms. If the first three terms are 0 and 1 and 2, find the ratio
Gnzy /@y correct to three decimal places for n — oo.

(Flow chart /Algorithm - 2, Program - 8, Result - 2)

- Each term of a sequence {a),a3,03,---} is generated by taking the sum of the \‘a/

- The senies expansicn for log,(z) in the range z > 1 is

s | L 2 - 3
=T () e L \ART
z z .
T - /
Evaluate log () for x = x up to three decimal places by using this expansion. v/
(Flow chart/Algorithm - 2, Program - 8, Result - 2)

f-‘ ind the prime numbers less than or equal to 59.
{Flow chart/Algorither, - 3, Program - §, Resalt - 2)
ITum Over]l .
Scanned by CamScanner



2

’- e -

v Four positive integeis 7. j. k. [, each < 8, satisfy the condition * + j* + K = I,
Write down all possible such sets with a program. ‘ 7T T ) ?)
(Flow chart/Algorithm - 2, Program - 8, Result - 2) ¢ 7 2

2—! ]'r 2’ J
L%, 0,3
q_
7. Write a program to compute the matrix Z / 61 3, f’
1 1
A+ A4 A 5,2, ¢,
3, hy B, F
her d d .
where
rm ( 1 2 ) C/ ?'/ 5/ ?-
421
, T ('/ 544' 2’/ :Lr'
Flow chart /Algorithm - 2, Program - 8, t-
{Flow chart /Algorithm rogr .2_/ Y . L'I ,é
L{, 2, '—I/ L @
8. Calenlate the commutator |A, B}, where L' r W / z, G

0:“‘2_ o Q.BGQ“F\: —sina cosa 0 0 i 0

0 g 1 sinf 0 cosf
041242 ~0343F ©
with @ = 40° and 8 = 35°
(Flow chart/Algorithm - 2, Program - 8, Result - 2) B

O 0L 01342 ( cosa sina 0) (cosﬁ 0 —sinﬁ)
., B=

F

—_—
Group B

1. Use the Gauss-Serdel method (without rearrangement or refinement) to solve the
simultaneous equations

I +Ta+Z34+3y = B ;Cl’ ?
I +8r+ 341y = ¥ 12.};‘
I+ T2+ Try 414 = 43 A lf
o+ Io+ILa+b6ry = M 5’

(Flow chart/Algorithm - 4, Program - 10, Result - 4)

~

3

Given the data

—To7T T02 [03 [04 65 0%
727 05% | 0.331 [ 0.275 | 0.958 | 0240 | 0.235 0-2723

find the value of f(x) for r = 0.25 using Lagrange’s interpelation formula using ell
the points.
{Flow chart /Algorithm - 4, Program - 10, Result - 4)

Scanned by CamScanner



-0.3 'S
Given the data 67? ?
T 101 J02 103 [04 J03 06 107 08 09 [1.0 | CSeliuiigy

J(z) {-126 {110 [ 001 [-0.67 T 054 0. [-0.10 [0.08] 033} 0.51
find the valye of fz) for z =
the points.

(Flow chart/Algorithm - 4, Progrem - 10, Result - 4)

0.58 using Lagrange’s tnterpolation formula using all

- Using the following data, calculate the values of m and c for least square fit to a

straight line y = mzr+ ¢,

- ; 01264 ¢
x i1 2 3 14 5 6 7 8 9 [10 Lok -7

Y i 0.9 | -087]-072 | 058 | -049 [ 032 | 037 |-0:08 0,05 [020] C=-1-0866iE
(Filow chart/Algorithm - 4, Program - 10, Result - 4)

- Using the bisection method, find the root of the equation

331 @
z* — 5.81627 4 9.6321 — 7.632 = 0

correct upto the third decimal place. (This equation has only one root, that lies in
lherange0<1:<5.)

{Flow chart/Algorithm - 4, Program - 10, Result - 4)

- Using the bisection method, find the root of the equation

20-25r- 0017 =0 'é' :Fé

correct upto 3 significant digits. (This equation has only one root, that lies in the

range 0 < r < 10.)
(Flow chart/Algorithm - 4, Program - 10, Result - 4)

- Using the Newton-Raphson method, find the root of the equation

2’Inz =572 ‘2 ' z’ ??

correct upto the third decimal place, (This equation has only one root, that lies in

the range 2 < z < 3))
{(Flow chart/Algorithm - 4, Program - 10, Result - 4)

Using Neuton-Raphson method, find a real root, of the equation

.r’-2e:cp(—-.r)=0 O'?O‘

range 0 < r < 1.)
{Flow chart /Algorithm - 4, Program - 10, Result - 4)

Scanned by CamScanner



9. Using trapezoidal rule, calculate

'/:s/iexp:l:dx

correct upto 3 significant digits.
(Flow chart/Algorithm - 4, Program - 10, Result - 4)

10. Using trapezoidal rule, calculate

w/4

V1 —1722 coszdzx
0

correct upto 3 decimal places.
(Flow chart/Algorithm - 4, Program - 10, Result - 4)

11. Using Simpson's one-third rule, calculate

f' e~ ginz dr
0

eorrect upto 3 significant digits.
(Flow chart/Algorithm - 4, Program - 10, Result - 4)

12. Using Simpson’s one-third rule, calculate
1
f e dr
w3

correct upto 2 decimal places.
(Flow chart/Algorithm - 4, Program - 10, Result - 4)

SRR VAT

0+ 838
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KO - Physies - B ProSBAns/Ser-1
2008
PHYSICS . HONOURS . PRACTICAL
Eighth Paper
(Group H)
Full Marks - 50

Set 1
Date of Examination 12.03.2018

Programming Language : C or Fortran
Print the output of your programs at the terminaly

Group A

Al Sonrch frony 50 anwards and find the first five prime numbers. Store them in an
array and endeulnte the sum of thome five numbers
(Flow chiet / Algorithm -2, Program -8, Result -2)

A2 Snnlhelo\kmng%numbenuﬁngnytywdmgdwﬁhnum&n‘
order

I, =45069, -0 1,23,5.9, 163,276,8.1
(Flow chart / Algorithm -2, Program -8, Result -2)

Ascmmxheﬂudh(i)&umubm
L& X T 1P P
"’(1_-;)"z”:!"“"s‘“':‘+

for —1 <l)nplonnncwuydlhmdadndplm
:;I:Jvch:/Mgodﬂm-lem-&Mt-z)

A4 Fiud the factors of the number 4158. Sqnmetbemﬁd‘nhthﬁﬁ
print them.

(Flow churs / Algorithm -2, Program -8, Result -2)

A5 Consmder the series a
! +.l.+—§-..
23734 45

Caleulate the sum of the series up to ¥ terms.
(Flow chart / Algorithm -2, Program -8, Reult -2)

e —— ---i-'-.-l:-ll-—: L';"-.; , il



A8 Taks the two lists a(1) = 2,0(2) = 23,0(3) = 3,a(4) = 3.4,a(5) = ¢ ang 1) =
7,8(2) = 7.2,5(3) = 7.3,8(4) = 74,H(5) = 7.5. Afer taking the inpu; from the
mudmﬁumlhaauunmuu(nyc)hdlomuh-n‘”
from the lists o and b alternatively. ie,,

1) = a(1),o(2) = (1), (3) = a(2), {d) = ¥2)... ....,e(9) = a($), {10) = Ns)
Print the three lists
(Flow chart / Algorithm -2, Program -8, Result -2)

A7llu;wmlhuA=(:: g)mdB-(_zi ‘:) Find the products AB aog
BA
(Flow chart / Algorithe -2, Program -8, Result -2)

Aoua.('f ;)‘m'p*k

(""'M/an-z.l’m.a.w.z)




B4 Using the following data, caleulate the value of m for least square fit 1o a strasght
Line y = mr

Ix1 52 T ST [ I35 [ 21 [T R 46 74
[y[-270421m 1821109 [874[239 | 4s
(Flow chart / Algorithig -4, Prograrm 10, Result )

B5 Using the bisection method, find the root of the equation
2(z -5 -10r =1}
that lusmlhonu;e|0<x<2.5.mmnupm|hthuddcu‘mdphn
(Flow chart / Algorithm -4, Program <10, Result 4)
B€ Using the Newton-Raphsom method, find the root of the oquaLion
P41z =2
that lies in the range 10 < z < 2.5, correct up to three decimal places, by chocming

the initinl point suitably.
(Flow chart / Algonithm -4, Program -10, Result 4)

B7 Using traperodal rule, calculate

/..e"'z’dx
correct up w 2 decimal places.
(ﬁow;:t/whn4.hw~W.M4)

B8 Using Simpson's one-third rule, caleulate

/.:fe"dx
correct up to 2 decimal places.
(Flov;:t/&lswith-‘.?m"o'm")




K (IIT) - Physics — H — Pr./8B/Ins./Set-2

2018
PHYSICS - HONOURS - PRACTICAL
Eighth Paper
(Group B)
Full Marks - 50

Set 2
Date of Examination: 13.03.2018

Programming Language : C or Fortran
Print the output of your programs at the terminals

Group A
A1 Start from 3993 and find six consecutive prime numbers

manmyandﬁndthcsumoﬂhmmnumhem
(Flow chart / Algorithm -2, , Result -

A2 Sort the following ten numbers using any t)
ol :
2-3.56 -84,10,5 -2.5 '
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AB A list of numbers is given below
3.1,-64,5.21,7.2,-9.11, —11.1,3.45, —4.52, —-2.53, —8.87
Accept the numbers from the screen and store in an array. Then form two separate
lists such that one contains the negative numbers and other contains the positive

numbers. (No need to arrange them.)

Print the three lists.
(Flow chart / Algorithm -2, Program -8, Result -2)

A7 A matrix is defined as A = coal ainé . where 6 = 30°. Construct B = AT
~sinf cost

and find the product BA.
(Flow chart / Algorithm -2, Program -8. Result -2)

122
ABIfA=| 2 1 2 |, calculate A —4A.
22 1
(Flow chart / Algorithm -2, Program -8, Result -2)

Group B

B1 Use the Gauss-Seidel method (without re:
simultaneous equations

nent or refinement) to solve the

127, +3z2 523 = 1
3y + 75+ 135 = 76
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B4 Using the following data, calculate the value of m for least square fit to a straight
line y =mx:

(Flow chart / Algorithm -4, Program -10, Result -4)

B5 Using the bisection method, find the root of the equation

(z+5)7+10z—-11=0

that lies in the range —1.5 < z < 0, correct up to the third decimal place.
(Flow chart / Algorithm -4, Program -10, Result -4)

B6 Using the Newton-Raphson method, find the root of the equation
€ +202° -252+2=0

that lies in the range —0.5 < z < 0.5, correct up to th
choosing the initial point suitably. ke
(Flow chart / Algorithm -4 >rogram -10, Result -4)

B Using trapezoidal rule, calculste
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K (III) - Physics — H — Pr./8B/Ins./Set-4

2018
PHYSICS - HONQURS - PRACTICAL
Eighth Paper
(Group B)
Full Marks -

Set 4
Date of Examination: 15.03.2018

Programming Language : C or Fortran
Print the output of your programs at the terminals

Group A
A1l Find the first three prime numbers n greater than 4 and check whether
prime.
(Flow chart / Algorithm -2, Program -8, Result -2)

A2 Sort the fo
m'der
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Lumbers from the screen and store them i .
A6 Accept any EWEVETER B4 () im the following way. in an array [a(i) say),

o ... b(6)=0(1) and
=a ,b2—n(5),...
:8; }?:)2) 5(2.’) a(11), ..+ c(6)=a(n

the three lists.
(Flow chart / Algorithm -2, Program -8, Result -2

1 34 L 3.
A7 A=(2 2 5),B= -3 1 -1 | . Calculate the sum of all the clements of
15 2 =2 154

AB.
(Flow chart / Algorithm -2, Program -8, Result -2)

A8 A.--(\,l- {) B=} (_‘/- fi).calcummmdm

(Flow chart / Algorithm -2, Program -8, Result -2)

Group B

B1 Use the Gauss-Seidel method (without rearrangement or refinement) to solve the
simultaneous equations

122+ h’ —_— 23, = 8
2 —-9%2+22; = 7
2 +522+ 723 = -5

(Flow chart / Algorithm -4, Program -10, Result -4)

B2 Find the value of f(x) for x = —
all the data.

-

B5 |

—
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B4 Using the following data, calculate the vajye of m for least square fit to a straight
line y = mz '

(Flow chart / Algorithm -4, Program -10, Result 4)

eos’z - 563’ +z4+20=0

that lies in the range 1 < z < 2.5, correct up to the third decimal place.
(Flow chart / Algorithm -4, Program -10, Result -4)

B6 Using the Newton-Raphson mcthod, fiud the root of the equation

sin’z —52+9=0
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K (III) - Physics — H — Pr./8B/Ins./Set-3

2018
PHYSICS - HONOURS - PRACTICAL
(Group B)
Full Marks - 50

Set 3
Date of Examination: 14.03.2018
Print the output of your programs at ¢

pats

"o 4

i | .')I:‘.“I‘ﬂ-l" ';J“:_ .!’_.-

L

.“.'
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A6 Accept any twelve numbers from the screen and store them in an array (a(3) say).
Create two separate lists b(i) and c(i) in the following way: e
b contains the square root of the odd elements i.e., &1) = \/a(l), H2) = \/a(_!i)

- contains the square of the even elements i.e., (1) = 6 (2), d(2) =a*(4), ... ...
Print the three lists.
(Flow chart / Algorithm -2, Program -8, Result -2)

1.9 2 211

3 0 2 1 3 2 !
ATA=13211].B=]4 1 3 |. Calculate the tracc of Af3. '
(Flow chart / Algorithm -2, Program -8, Result -2)

s = N vl f 16 =4 Lifoe :
ABItlsgwenthatP—(__l 1),1-"‘ --.-(1 l.)a.m:lA (_l 2_.E'mluate

P'AP. B'
(Flow chart / Algorithm -2, Program -8, Result -2)
Group B
simultaneous equations
B
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| M(I1D)-Physics-H/Pr./8B/Inst/Q/Set-1 |
e

2019

PHYSICS — HONOURS — PRACTICAL
Eighth Paper
(Group — B)
Full Marks : 50
(under 1+1+1 system)
Date of Examination : 05.03.2019

Programming Language : C or Fortran.

Print the output of your programs at the terminals.

Group - A

Al. Write a program to find the first NV prime numbers (2, 3, 5,...). Write your output for N= 10, 17, 23.
(Flowchart / Algorithm — 2, Program — 8, Result —2)

A2. Sort the following ten numbers using any type of sorting algorithm in ascending order :

1,(4.5)%6.9,-0.1, 2.3, 5, 5, 9, 4/1.63, 2.76, 8.1
(Flowchart / Algorithm — 2, Program — 8, Result —2)

A3. Calculate the value of In(1.5) from the series expansion

2 3
hi+3)=%—— a1
> "3

up to an accuracy of three decimal places.
(Flowchart / Algorithm — 2, Program — 8, Result —2)

Please Turn Over
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A4,

AS.

A6.

AT.

A8.

M(111)-Physics-H/Pr./8 B/, nst/Q/Set-

(2)

Find the largest prime number below 5000.
(Flowchart / Algorithm — 2, Program — 8, Result —2)

Write a program to compute
9.0 910

1.

4 i
34 7.8 112

up to » terms. Find the value of S for n=10.

(Flowchart / Algorithm — 2, Program — 8, Result —2)

Fibonacci numbers F), F,,... are defined by the recursion relation I = e e

with the initial values F; = 1 and F, = 1. Find the ratio lim, . (F,.,/F,) correct up to second decimal

place.
(Flowchart / Algorithm — 2, Program — 8, Result — 2)

Compute and print M7 and Trace (I — M?) where [ is the identity matrix and

e
M=4 1 2
S

(Flowchart / Algorithm — 2, Program — 8, Result — 2)

Calculate the commutator [4, B], where

il 11 12 13
A=|2 3 4| B=|12 13 14
S ) ] 13 14 11

(Flowchaﬁ / Algorithm — 2, Program — 8, Result —2)
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(3) [M(Hl)—Pk)m%ﬁMm/Q/Sa-d

Group-B

B1. Use the Gauss-Seidel method (without rearrangement or refinement) to solve the simultaneous equations

B2.

B3.

le. —2.1'2 - X3 — X4 =3
-2.t'l +103.‘2 —X3— X4 =135
—x; — Xy +10x3 —2x4 =27

=X} —X3 — 2I3 . 10X4 =-9
(Flowchart / Algorithm — 4, Program — 10, Result —4)

Find the value of f(x) for x=3.5 using Lagrange’s interpolation formula using all the data.

X

13

27

3.5

3.9

4.4

S(x)

3.901

60.759

166.763

171.747

231.92

(Flowchart / Algorithm — 4, Program — 10, Result —4)

Using the following data, calculate the values of m and c for least square fit to a straight line

y=mx+ec.
x 1 2 3 4 5 6
f(x) —2.95 ~1.15 0.90 3.15 4.95 7.05

(Flowchart / Algorithm — 4, Program — 10, Result —4)

B4. Using the following data, calculate the values of m and ¢ for least square fit to a straight line y = mx + ¢ :

X

0.1

0.2 0.3

04

0.5

0.6 0.7

0.8

0.9

1.0

-1.26

-1.10

-0.91

—-0.67

-0.54

-0.32

-0.10

0.08

033

0.51

Yy

(Flowchart / Algorithm — 4, Program — 10, Result - 4)
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(4) @m;-m ysia-H/Pust./Qfsef.j}

B3, Using the disecrion method, find the root of the equation

xsinx +(x—2)cosx=0
that lies in the range 2 <x < 3, correct up to the third decimal place.

{Flowchart / Algorithm - 4, Program - 10, Result — 4)

B6. Using the Newron-Raphson method, find the root of the equation
(1—.r2)wnx—x=0
that lies in the range 2 <x <3, correct up to the third decimal place.
(Flowchart ' Algorithm — 4, Program — 10, Result - 4)

B7. Using mape-vidal rule, calculate

[N

0

correct upto 3 decimal places.
(Flowchart / Algorithm — 4, Program - 10, Result - 4)

BS. Using Simpson's one-third rule, calculate

3
e
01+x

correct up to 3 significant digits.
(Flowchart / Algorithm —4, Program — 10, Result —4)
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Al.

A2.

A3.

&(l")-!’hysks—ﬂf?’r./ﬂﬂﬂns!./%'e!—.?]

2019

PHYSICS — HONOURS — PRACTICAL
Eighth Paper
(Group - B)
Full Marks : 50
(Under 1+1+1 system)
Date of Examination : 06.03.2019

Programming Language : C or Fortran.
Print the output of your programs at the terminals.

Group - A

Given an integer M (say, 3), find the smallest integer » for which the series

1 1 1
Yo pe—
2 3 n

is larger than M.
(Flowchart / Algorithm — 2, Program — 8, Result —2)

Read 10 numbers and write a program to arrange them in descending order. Test your program for
the following numbers :

1.2,-2.9, 2.1, 6.9, -9.8, 8.7, 5.1, 1.8, -3.5, 4.7
(Flowchart / Algorithm — 2, Program — 8, Result —2)

Each term of a sequence {a;, a,, a3,...} is generated by taking the sum of the previous three terms.
If the first three terms are 0 and 1 and 2, find the ratio a,., / a, correct to three decimal places for

n—» . _
(Flowchart / Algorithm — 2, Program — 8, Result —2)

Please Turn Over
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A4,

AS.

A6.

AT.

AS8.

" (s v5e)

Find the prime numbers less than or equal to 89 and count them.

(Flowchart / Algorithm — 2, Program — 8, Result —2)

o
1
Zeta function is defined as C(n)=k }c?
=1
Given that {(4) = n%/90 estimate a value of © correct up to 3 significant digits. How many terms are
needed in the series for this?

(Flowchart / Algorithm — 2, Program — 8, Result —2)

Find the prime number lying between 3980 and 3990. (There will be only one such number.)
(Flowchart / Algorithm — 2, Program — 8, Result — 2)

Write a program to calculate Trace(M2) where

3
2
1
4

MNOW s =
W B = M
=N W

(Flowchart / Algorithm — 2, Program — 8, Result — 2)

For
1 2 3 4 1
4 1 2 3 -1
M= d —
% 4 1 g ™ PH
2 3 4 1 -1

1
calculate -2— MV +V,

(Flowchart / Algorithm — 2, Program — 8, Result — 2)
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B1.

B2.

B3.

B4.

BS.

(3) WIH)-P!: ysics—H/PrﬁBﬂnsL/Q/Sef—d

Use th Group - B
se the -Sei . - i
Gauss-Seidel method (without rearrangement or refinement) to solve the simultaneous equations

12x) +3x5 = 5x3 =1
x| +5x7 +3x3 =28
3% +7xy +13x3 =76
(Flowchart / Algorithm — 4, Program - 10, Result — 4)

Given the data

% 0.1 0.2 0.3 0.45 0.5 0.6

fx) 0.545 0.333 0.275 0.258 0.242 0.235
find the value of f(x) for x =0.25 using Lagrange’s interpolation formula using all the points.
(Flowchart / Algorithm — 4, Program — 10, Result —4)

Using the following data, calculate the values of m and ¢ for least square fit to a straight line of
y=mx+te.

x 1 2 3 4 5 6 7 8 9
0.94 0.82 0.72 | 0.58 0.49 0.32 0.21 0.08

10
0.01

y

(Flowchart / Algorithm — 4, Program — 10, Result —4)

Using the bisection method, find the root of the equation
(x-2.1)14—-(4.1-x)18=0

that lies in the range 2 < x <4, correct up to the third decimal place.

(Flowchart / Algorithm — 4, Program — 10, Result - 4)

Using the bisection method, find the root of the equation

tanx =
1—x?

that lies in the range 5 < x <7, correct up to three significant digits.

(Flowchart / Algorithm — 4, Program — 10, Result — 4)
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B6. Using the Newfon-Raphson method, find the root of the equation

B7.

BS.

(4)

¢ +20x% —25x+2=0

g'f( I11)-Physics-H/Pr./8 MnsL/Q/SetJ]

that lies in the range —0.5 < x < 0.5, correct up to three decimal places, by choosing the initial point

suitably.
(Flowchart / Algorithm — 4, Program — 10, Result —4)

Using trapezoidal rule, calculate

I37t sinx
1

correct up to 3 decimal places.

(Flowchart / Algorithm — 4, Program — 10, Result — 4)

Using Simpson’s one-third rule, calculate
! 2
[ x1-xax
0

correct up to 3 decimal places.
(Flowchart / Algorithm — 4, Program — 10, Result —4)
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[M (11)-Ph ysfcs—H/Pr./&Bﬂnst./Q/Set-.ﬂ

2019

PHYSICS — HONOURS — PRACTICAL
Eighth Paper
(Group - B)
Full Marks : 50
(Under 1+1+1 system)
Date of Examination : 07.03.2019

Programming Language @ C or Fortran

Print the output of your programs at the terminals.

SET -3
Group-A

Al. Write a program to find the first 20 prime numbers after 97 and find the average of those prime
numbers.

(Flowchart / Algorithm — 2, Program — 8, Result —2)

A2. Read 11 numbers and write a program to arrange them in descending order. Test your program for
the following numbers :

32,98, -5.4, 1.2, 7.6, -8.7, 4.3, 2.5, 0.3, =5.4, 3.2
(Flowchart / Algorithm — 2, Program — 8, Result —2)

A3. The series expansion for log,(x) in the range x > 1is

2 3
x-1 1{x-1 1{ x~1
loge (x) =-—x—+'§[—x—] + E(T] o

Evaluate log,(x) for x=mup to three decimal places by using this expansion.

(Flowchart / Algorithm — 2, Program — 8, Result —2)

Please Turn Over
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Adl

e
n

A6.

AT.

ASB.

{2)
Calculate log(100?) by using the relation

log(n!) = 2 log())

Also print the value obtained from Stirling’s approximation
logn!=nlog(n)—n

(Flowchart / Algorithm — 2, Program — 8, Result - 2)

(Flowchart / Algorithm — 2, Program — 8, Result—2)

[.mm)-m;sia-wrwmm@

. Write down a program to find all the factors of a given integer N. Check your program for N = 3604.

The matrix elements 4, , of a 3x3 matrix A are given by the formula

n ’(n+ 1)
Apn = J;ﬁm.n—l + ﬁm;ﬂ»l

Generate and print the matrix.
(Flowchart / Algorithm — 2, Program — 8, Result — 2)

Calculate the matrix 47 B, where

1 23 4 11 12
23 4 2
a=|2 341 1213
341 2 13 14
4123 14 11

(Flowchart / Algorithm — 2, Program — 8, Result —2)

13
1.4
1.1
12

14
1:1
1.2
1.3

Compute and print Trace(M)I — M+ MT where [ is the identity matrix and

1 3 5
M=l3 3 9
11 15 11

(Flowchart / Algorithm — 2, Program — 8, Result — 2)
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(3)
Group-B

&f(l!ﬂ-?!:ﬂif&ﬁ?fﬂMmUQ/Sd—J I

B1. Use the Gauss-Sei :
Seidel method (without rearrangement or refinement) to solve the simultaneous equations

B2.

B3.

B4.

BS.

Sx+3y+2z=17
2x+3y-z=5
x-2y-3z=-12

(Flowchart / Algorithm — 4, Program — 10, Result — 4)

Find the value of f(x) for x=3.5 using Lagrange’s interpolation formula using all the data.

X 0.1
J(x) 0.545

(Flowchart / Algorithm — 4, Program — 10, Result —4)

0.2
0.331

0.3
0.275

0.4
0.258

0.5
0.240

0.6
0.235

Using the following data, calculate the values of m and c for least square fit to a straight liney=mx +c:

X 1 2 3 4 5 6 7 8 9 10
y | 094 | -0.82 | -0.72 |-0.58 |-0.49 |-032 -0.21 | -0.08 | 0.06

(Flowchart / Algorithm — 4, Program — 10, Result —4)

Using the bisection method, find the root of the equation

20-2.5x—0.01x3=0
correct up to 3 significant digits. (This equation has only one root, that lies in the range 0 < x < 10.)

(Flowchart / Algorithm — 4, Program — 10, Result — 4)

Using the Newton-Raphson method, find the root of the equation
xz Inx= 5,72

correct up to the third decimal place.

(Flowchart / Algorithm — 4, Program — 10, Result—4)
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B6.

B7.

BS.

(4) (Mrm)-m ysfcs-H/PrﬁMnsr./Q/Sexﬂ

Using the Newton-Raphson method, find the root of the equation
x% —2exp(-x)=0
correct up to 3 significant digits. (This equation has only one root, that lies in the range 0 <x<1.)

(Flowchart / Algorithm — 4, Program — 10, Result — 4)

Using frapezoidal rule, calculate
I:; Jxexpxdx

correct up to 3 significant digits.
(Flowchart / Algorithm — 4, Program — 10, Result —4)

Using Simpson’s one-third rule, calculate
2 .
_[; e ™ sinxdx

correct up to 3 significant digits.
(Flowchart / Algorithm — 4, Program — 10, Result —4)
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