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|Day - I| 

Time (in minutes) 

Program= 15, CNB = 5, Viva = 5 

Answer any one question. 

1. (a) A simple pendulum consists of a bob of mass m attached to a string of length L. Ignoring air 
resistance and assuming the motion is confined to a plane, the equation of motion for the pendulum 
is given by : 

+ sin = 0 
di? L 

de 

dt 

displacement vs time with appropriate labels. 

[Dah Sm,-Physlcs-W/PDSCC-IP/CCIDay-) 

Write a Python code using scipy to numerically solve this equation for the following conditions : 
length of pendulum L = Im, acceleration due to gravity g=9.81 m/s², initial angle 0(0) = /4, initial 

PRACTICAL 

angular velocity (0) =0. Simulate the motion for te [0, 10] seconds. Plot the angular 

5 

(b) You are given a set of experimental data points representing the temperature recorded at different 
times as follows : 

10 

35 50 

15 20 

Temperature (in °C) 30 

Using suitable interpolation function from scipy library, estimate the temperature at 12 minutes, 
18 minutes and 22 minutes. Plot the original data points and the interpolated values on the same 
graph. Label the axes and include a legend. [Code: 3, Output: 2, Plot: 2] 

65 

[Code : 6, Plot : 2] 

80 

25 

85 
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2. (a) Compute the value of n from the formula : 

(2) 

Use Quad function and Simpson function from scipy library. Print the absolute difference of the 
value ofn using the Quad function and the Simpson function. Plot the integrand in the region 
xe [0, 1]. |Code : 5, Output :1, Plot : 1] 

dx 

1+x 

(b) Numerically verify the recursion relation of the given Legendre's polynomial. 

(1-)P,() = (n+I)xP,()-(n+1)Pr() 
xe-1, 1) Take n =2, 4. Plot the right hand side and left hand side of the given relation in the 
same graph. [Code : 6, Plot : 2] 

3. (a) The Dirac delta function, denoted by 8(r), has the following sifting property : 

1 

(b) Consider the following dataset : 

|f()(*-a)dx = f(a) 

Since d(r) cannot be represented directly in numerical computation, we can use a nomalized 
Gaussian function to approximate it as : 

D(4th Sm.)-Physics-W/Pr/DSCC-7P/CCF(Day-) 

l(*-a) =e 
1 

Fit an exponential model of the form 

Write a Python program using appropriate function from scipy to numerically verify the above 
sifting property using this approximation. Takef(x) = sin(x), a= 1.0 and e=0.01. Print the integral 

value as well as the exact value f(a). 

(*-a) 
2¬2 

2 3 4 

y 2.0 2.7 3.8|5.4| 7.3| 10.0 13.5 18.2| 24.4 32.6 43.2 
6 7 

[Code : 4, Verification : 3] 

8 10 

to the given data using the curve_fit funciton from the scipy.optimize module. Determine the 
best-fit parameters a and b. Then, plot the fitted curve along with the original data points using 
matplotlib. Ensure the plot includes : appropriately labelled axes, a title, a legend indicating the data 
and the fitted curve. |Code : 5, Output : 1, Plot : 2] 

(3262) 



D(4th Sm,)-Physics-HPr/DSCCPCCF(Day-) 

4. (a) A periodic square wave function is defined over the interval (-1, a] with a period of 2, as : 

(3) 

n=l 

0<t< 

|-1 -T<t<0 

The Fourier series of the function is given by: 

f)-Xb, sin(nr) where b, = 

OU(.) 

Use suitable functions from scipy to compute the coefficients b, and then reconstruct the function 
using first 20 terms. Plot the original function as well as the Fourier series approximation in a same 
graph. Use appropriate labels and legend. [Code : 6, Plot : 2] 

5. Write a program to solve the ID Diffusion equation 

(b) Solve:y'+ 2y =2- e y(0) = 1, by using odeint function from scipy package. Compare with exact 
results : y()=1+0.5e-0.5e2r, Plot the numerical solution and the exact solution for 0<I<5 
on the same graph by matplotlib. Label the x and y axes as Time' and 'Displacement' respectively. 

[Code : 5, Plot : 2] 

T J 

D= 1.0 

sOsin(nt)dt 

Space domain : xe [0, ], Time Domain :te [0, 2.0] 

U(x,0) = sin x, 0<x<n Initial Condition 

U(0,) =U(7,t) = 0, Vt Boundary Condition 

Plot U(x, ) with respect to x for three different time instants. [Code : 12, Plot : 3] 

(3262) 
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1. (a) You are given the following data for a function: 

|Day - II 

Program= 15, CNB = 5, Viva = 5 

Answer any one question. 

2 

-o 

3 

(b) The Dirac delta function can be approximated as : 

S(r-a) = 

a Python script to numerically verify : 

PRACTICAL 

|D(Ah Sm,)-Physics-HPr/DSCC-7PICCF(Day-I) 

|)0 0.8415 0.9093 0.1411 -0.7568 -0.9589 
Using cubic interpolation from scipy module, estimate the function values at x = 2.5 and 4.5. Plot 
the original data points and the interpolated values in a same graph with appropriate labels and 
legend. [Code : 3, Output: 2, Plot: 2] 

n (r-a)' +2 

4 

|fr)�(*-a)dk = f(a) 

5 

This function has area 1 under the curve and becomes sharply peaked as ¬’0, mimicking the 

behaviour of the Dirac delta. Define a function f(r)=e and take a= 0.5 and ¬ =0.01. Write 

|Code : 5, Verification : 3] 

(3262) 



2. (a) ) Plot the first four Hermite polynomials using appropriate package from scipy. 
(ii) Verify the orthogonality property of the Hermite polynomial 

-0 

|e*H,()H,, ()dx = 2"Nr nt ,gun 

where H, is the mth order Hermite polynomial. Choose two different pairs of integers (m, n), 
one with n=m and another with n # m. 

(b) Evaluate the Integral for n =-1/2, 1/2, 1, 3/2, S/2. 

(2) 

Use any appropriate scipy package. Print the outputs. 

3. (a) Solve using odeint function from scipy package. 

t (in second) 
Count (N) 

d'y 

0 

I)=feàt 

2 dy 

1 

dx 

D(4th Sm.)-Physics-H/Pr/DSCC-PICCF (Day-I) 

e 

Exact analytical solution : y() =e1 +etx-ex t ex Inx). 
Plot the numerical solution and exact solution in the same graph. 

+y=; y(l1) = 0, y') =1 

(b) You are given a set of experimental data that represents the decay of a radioactive substance over 
time as: 

The decay approximately follows the exponential law : 

[Plot : 2, Code : 6] 

N) = Nge 

[Code : 5, Output : 2] 

2 3 4 5 6 7 8 9 10 

1000 818 670 548 447 367 301 246 200 162 131 

[Code : 6, Plot : 2] 

N() is the quantity of substance at time t, No is the initial quantity at ( -0 and 2. is the decay 
constant. Use suitable function from scipy to fit the model to the data. Print the best-fit values of 
No and 2. (you should get the value of NÍ close to the initial data as given). Plot both the original 
data and the fitted curve on the same graph using appropriate labels and legend. 

[Code : 4, Output : 1, Plot : 2] 

(3262) 



4. (a) A force F(*) = Sr Nacts on a particle along the x-axis from x =0 tox=3 meters. Write a Python 
program using integrating function from scipy to calculate the work done by this force over the 
given displacement. Print the result. (Code : 4, Output : 1| 

where 

(6) The Fourier expansion of a given function F(*) periodic over interval (H.] can be writen as 

F()=4, cos, sin 
n=l 

Left B. C.: U0,y)= -

Analyse the Fourier series of a Sawtooth wave taking / = 1. Evaluate the Fourier coefficients and 
print first l0 coefficients. Plot the constructed series with the given periodic function. 

5. Write a program to solve Laplace's equation on square grid 

Dirichlet Boundary conditions are : 

Right B. C. : U(1,) = 

|F)cosá, n = 0,1.23,.o 

Top B. C. : Ur,) = 

(3) 

-for 0 < y <l 
4+y' 

Bottom B. C. : U(x,0) = 0.0 for 0<x<1 

(1+x)' +1 

The exact analytical solution is 

|D(4th Sm.)-Physics-H/Pr/DSCC-1PICCF(Day-l) 

u u 

for 0 <x<l 

(l+x)' +y2 
with respect to x keeping y fixed at 0.4. 

[Code : 7, Plot : 3] 

Plot the numerical solution and exact analytical solution 

|Code : 12, Plot : 3| 

(3262) 
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1. (a) In a physics lab experiment, the intensity of light I passing through a polarizer and analyzer is 
measured as a function of the angle between their axes. According to Malus' Law, the intensity 
of light transmitted through the analyzer is given by : 

1 

Programn = 15, CNB = 5, Viva = 5 

Answer any one question. 

where I(0) is the measured intensity at angle e (in degrees), Io the maximum intensity and , 
is the angle at which maximum intensity occurs. You are provided with the following data from 
the experiment: 

Day - III 

-1 

I(0) � ,cos?(0 � 0,) 

15 30 

PRACTICAL 

D(Ah Sm)-Physies-MPr/DSCC-7P/CCF(Day-I) 

0.76 0.94 

Use suitable function from scipy to fit the Malus' Law to the given data. Print the best-fit 
parameters I, and 0 Plot the original data and the fitted curve on the same graph using appropriate 
labels and legend. [Code : 4, Output : 1, Plot : 2] 

|P,()P, ()dk = 
2 

45 

0.52 

2n+1 

60 

(b) Using special function from scipy, write a Python script to generate and plot the first five Legendre 
polynomials Po(x) to Pax) over the interval xe (-1, 1]. Use appropriate labels and legend. Verify 
the orthogonality relation : 

75 

0.29 

90 

0.12 0.01 

numerically using suitable function from scipy library. Take the cases (i) m =n=2and (ii) m = 3, 
|Code : 4, Plot : 2, Verification : 2) 

(3262) 



2. (a) Verify the relation : 

|S(*-a)f()dx = f(a) 

Limiting representation of Dirac-Delta function : S,, (x-a) =lim,, o E 

Take, f(*) =* and a =2. Plot S,(r- a) vs x for three values of n. Set appropriate axes labeling 
and put legend in the graph. |Code : 5, Plot : 2] 

(2) 

(b) In an LCR circuit with no external voltage source (free oscillation), the charge q() on the capacitor 
satisfies the second-order differential equation : 

g(0) = 1C and initial current I(0) = 

Height (x) [ft] 

di2 dt 

Given : Inductance L=1 H, resistance R=0.5 Q, capacitance C=0.01 F with initial charge 

Distance (y) 
[nautical miles] 

100 

10.63 

DAn Sm,)-Piysics-H/Pr/DSCC-7PICCF(Day-I) 

dq 
d 

ODE into a system of first-order ODEs and solve it numerically using suitable function from scipy. 
Plot the charge g(t) and current I() vs. t. [Code : 6, Plot : 2] 

3. (a) The following table provides the distance to the visible horizon (in nautical miles) as a function of 
the observer's height above the Earth's surface (in feet) : 

"-n(x-a)' 

-(0) =1A. Write Python code to convert the second-order 

150 

13.03 

200 

15.04 

250 

16.81 

300 

18.42 

(b) Write a Python program using function from scipy to numerically verify: 

350 

19.90 

Use suitable function from scipy to estimate the distance to the horizon when the height is x = 180 
feet using Lagrange interpolation. Plot the given data points and the interpolated polynomial using 
matplotlib. Highlight the interpolated point. Label the axes appropriately and include a title 
Distance-Height Graph. [Code : 4, Output : 1, Plot : 2] 

Plot the integrand as function of x for any one combination of a, b. 

400 

21.27 

Show your results for two different combinations of a and b : a = 1, b = 0.5 and g = 1, b= 2. 

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

(3262) 



4. (a) Evaluate the Integral and print the output : 

Plot the integrand for 0 sxs 10. 

where 

F(r) = 

an 

2 

(b) The Fourier expansion of a given function F(r) periodic over interval -H, ] can be written as 

n=l 

a, cos 

(3) 

(sin(r) 
(0 

with the initial and boundary conditions : 

n=0,1,2,3,..c0 

n=1,2,3,...0. 

Write a program to compute the first 5 Fourier's coefficients (a,, b,) of a square wave. Plot the 
constructed series and the square wave signal in the same graph using matplotlib. Set appropriate 
axis labeling and legend at suitable location in the graph. [Code : 5, Output : 2, Plot : 2] 

D(Ath Sm,)-Physics-HIPr/DSCC-7PCCF(Day-I11) 

5. Write a Python code to numerically solve the following equation using the finite difference method : 
au au 

0<x<1, t>0 

u(x, 0) =sin(), ðu(x,0) 

[Code : 4, Plot : 2] 

u(0,t) = 0, u(1,t) = 0 

=0 

Take the spatial step-size Ax = 0.01, time step A= 0.005 and final time max =1. Plot the wave profile 
u(x, 1) at different time steps :=0, 0.25, 0.5, 0.75, 1.0. [Code : 12, Plot: 3] 

(3262) 
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