
Problem 1 

he system shown in the figure on the right consists of n linear springs that support n 

masses. The spring stiffnesses are denoted by ki, the weights of the masses are Wi, 

and xi are the displacements of the masses (measured from the position where the 

springs are undeformed). The displacement formulation is obtained by writing 

the equilibrium equation of each mass and substituting Fi = ki (xi+1 – xi) for the 

spring forces. The result is the symmetric, tridiagonal set of equations: 
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Write a Matlab script that solves these equations, using the Gauss-Seidel method, 

for any given values of n, k and W (see the questions below). Your script should ask 

the user to input the value of the % tolerance for the Gauss-Seidel iterative method 

from the keyboard. You need to stop the iterative process once the approximate 

relative errors (in %) are below the tolerance value (in %). 

Using the results from your code, answer the questions below concerning the 

displacements of the masses in the figure. 

1.1) Run the script with n = 5, tolerance = 0.01 % and 

k1 = k2 = k3 = 10 – a  [in N/mm]  k4 = k5 = 5 N/mm 

W1 = W3 = W5 = 100 + a + b [in N/mm] W2 = W4 = 50 – a + 2 × b [in N] 

What are the displacements (in mm) of the 5 masses in the above system? (Answer to 2 decimal 

places) 

(Some of the values given above depend on your URN number: double-check them!) 

1.2) Using the same values as in Q1.1, how many iterations do you need to perform before the 

errors are below the tolerance set above? 

1.3)  Run the script with n = 8, tolerance = 0.005 % and 

k1 = k2 = k3 = 10 + b [in N/mm] k4 = k5 = 5 N/mm k6 = k7 = k8 = 15 N/mm 

W1 = W3 = W7 = 100 N W4 = W6 = 50 – 2 × a [in N] W2 = W5 = W8 = 75 – b [in N] 



What are the displacements (in mm) of the 8 masses in the above system? (Answer to 2 decimal 

places) 

(Some of the values given above depend on your URN number: double-check them!) 

1.4) Using the same values as in Q1.3, use a while-loop to increase the value of the tolerance by 

0.005% at each iteration until the number of iterations performed by the Gauss-Seidel method is 

below 10 + a + b (where a and b are the digits from your URN number). What is the value of the 

tolerance when this happens? 

1.5) Use the following input values: n = 5, tolerance 0.01%, and 

k1 = k2 = k3 = 10 N/mm  k4 = k5 = 5 + a [in N/mm] 

W1 = W3 = 100 – b [in N]  W2 = W4 = 50 N 

Calculate the displacements (x1, x2, …, x5) for a range of values of the weight W5 from 70 N to 130 N 

in intervals of 15 N.  

(Some of the values given above depend on your URN number: double-check them!) 

1.6) Plot a clearly (and correctly) labelled graph showing the displacement x5 vs the weight W5 of 

the fifth mass, for the calculations made in Q1.5 

1.7) Using again the calculations in Q1.5, plot in the same graph all the five displacements x1, x2, ..., 

x5 against the weight W5, adding a clear legend and differentiating the five curves using different 

colours.  

Other marks in this problem are given for: 

• Basic Matlab programming

• Presentation of results

• Advanced Matlab programming



Problem 2  

The equations of motion for a rocket in purely vertical flight are given by: 
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• h is the altitude of the rocket

• ms = 50 + a × 10 (in kg) is the weight of the rocket shell

• g = 9.81 m/s
2

• ρ = 1.091 kg/m
3
 is the average air density (assumed constant throughout flight)

• A = π r
2
 is the maximum cross sectional area of the rocket, where r = 0.5 + a/10 + b/20 (in m)

• ve = 325 + a × 10 – b × 5 (in m/s) is the exhaust speed

• CD = 0.15 is the drag coefficient

• mp0 = 100 + a × 5 + b × 2 (in kg) at time t = 0 is the initial weight of the rocket propellant

The mass of the remaining propellant is given by: 
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where � � is the time-varying burn rate given by the following figure:

Note: the values of ms, r, ve and mp0 depend on your URN digits. Double-check that you are using 

the correct values. 

Using Euler's method with a time step of Δt = 0.1 s, create a Matlab script to calculate the altitude 

and velocity of the rocket from launch until crash down. 

Using the results from your code, answer the questions below concerning the flight of the rocket. 



2.1) At time t = 3.2 s, what is the mass (in kg) of rocket propellant remaining in the rocket? 

2.2) What is the maximum speed of the rocket in m/s? (Answer to 2 decimal places) 

2.3) At what time does the maximum speed at Q2.2 occur (in seconds)? (Answer to 2 decimal 

places) 

 

2.4) What is the altitude at the time calculated in Q2.3 (in meters)?  (Answer to 2 decimal places) 

 

2.5) What is the rocket’s maximum altitude during flight (in meters)? (Answer to 2 decimal places) 

2.6) At what time (in seconds) does the altitude calculated in Q2.5 occur? (Answer to 2 decimal 

places) 

 

2.7) At what time (in seconds) does the rocket impact the ground? (Answer to 2 decimal places) 

 

2.8) What is the velocity of the rocket (in m/s) at time of impact? (Answer to 2 decimal places) 

2.9) Plot a clearly (and correctly) labelled graph showing the rocket height vs. time. Plot only the 

height values before impact. 




