
Optional problem - GLOBEX 

Exercise 1: Differential equation  

In this problem, we study a modified version of 
the pendulum problem. The pendulum is now 
attached to a spring, rather than a rigid bar. The 
equations of motions are now involving two var-
iables, respectively the angle q(t) and the length 
of the spring L(t). The equations are: 

 

 

 
   

  , with initial conditions :  

 

I. Write a code to solve these differential equations for times between t=0s and t=15s, a 
mass of m=0.3 Kg, a spring constant of k=15 N/m, a rest length L0=1.8 m, and 
g=9.81m/s2. Use N=50’000 time steps for the time discretization. The angles are all 
given in radians. 

II. Write the time dependence of the obtained angle and spring length in two separate 
files, fort.101 and fort.102, and plot them together on the same display with xmgrace 
(the command is : xmgrace fort.101 fort.102). Produce a JPG output (menu “print set-
up”, change “device” to “JPG”, exit this menu, menu “print”, exit xmgrace, you will 
have a new JPG file corresponding to the plot). In your code, ask the user to enter the 
initial angle a to the keyboard. Produce plots for a=0 , 0.10 , 2.50 , 3.1428 and gener-
ate for each of those angles a corresponding plots. Give an explicit name to each 
graphic (plot_alpha_0.10.jpg). 

III. For a=1.5, repeat the calculations (similar as in II) for two different spring constants 
k=5 and k=4, generate the two JPG plots with the same method as described in (II).  

IV. For the parameters used in (I), and a=1.5. In your code, find a way to find the time at 
which the pendulum is crossing the vertical position for the first time, with a logical test 
(“if condition”). Write this number on your problem sheet, here :  _________________. 

V. Same calculations as in (I), but use k=5 and a=1.5, but now change N to N=100’000. 
Superpose on the same graphic the results obtained for N=100’000 and N=50’000 for 
the same value of k and a. Print this graphic. By looking at the figure, up to which time 
(a visual estimation) would you say that the Taylor’s method is precise?     

Write this estimation here : ________________ 
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VI. Same as (II), but use k=15 and a=1.5, and add a dissipative friction term proportional 

to the tangent direction (proportional to the first derivative of q and with opposite sign) 
with linear coefficient d = 0.3. 

 


