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Instructions 

1) The exam consists of 10 questions, and the candidate must choose 5 questions to solve. In case the candidate 

solves a greater number of questions, only the first 5 will be considered; 

2) All questions have the same value (2.0 points for each question); 

3) It is not allowed to consult any type of material; 

4) The use of simple (non-programmable) electronic calculators is permitted; 

5) All answers must be justified; 

6) The duration of the exam is 3 hours. 
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QUESTION 1: (Linear Algebra) 
 
Given that the determinant of the square matrix below is: 

 

|
2 𝑎 𝑏 
 𝑐 𝑑 5 
 𝑒 −4 𝑓 

| = 50 

Calculate: 

 

a) |
𝑐 𝑑 5 
 2 𝑎 𝑏 
 𝑒 −4 𝑓 

|    

 

b) |
2 𝑎 𝑏 

 −6 −3𝑎 −3𝑏 
 𝑒 −4 𝑓 

| 

 

  

Justify your answer. 
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QUESTION 2: (Differential and Integral Calculus) 
 
a) The vibration amplitude of a spring-mass-damper system subjected to a harmonic excitation Fsin(t)   

is given by: 

A =
𝐹/𝑘

√(1 − 𝑟2)2 + (2𝜁𝑟)2
 

 

Find the value of r that maximizes the vibration amplitude A. 

 

b) Solve the integral:  

∫ 𝑒𝑥𝑐𝑜𝑠(𝑥)𝑑𝑥
𝜋

0

 

Justify your answer. 
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QUESTION 3: (Computation) 
 
Consider the Python code below: 
 
a) What is printed on the screen when the function main is executed? 
 
b) What would be printed to the screen if it were incorporated the function query(raiz, 14) and 
query(raiz, 28) on lines 105 and 106, respectively? 
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Answer: QUESTION 3: (Computation - continuation) 
 

 
 
 
Justify your answer. 
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QUESTION 4: (Electronics) 
 
According to the presented circuit, one must amplify the signal of a K-type thermocouple sensor and adjust 

the Vout voltage, for the input of an A/D converter, between -5 V and 0 V. The temperature range of interest 

is between 10 degrees Celsius and 50 degrees Celsius, where the thermocouple voltage variation range is 

from 0.41 mV to 2.05 mV. Determine the value of R2 in the first amplification stage and the value of the 

voltage level Vsub to be subtracted in the second stage.  

 

Justify your answer. 
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QUESTION 5: (Control Systems) 
 
A closed-loop system has the following block diagram:  

 

 

 

where 𝑌(𝑠)  is the system output, 𝑅(𝑠)  is the reference, D(𝑠) is the disturbance, and 𝐺1(𝑠), 𝐺2(𝑠)  and 𝐻(𝑠) 
are transfer functions.  
 
Describe the output 𝑌(𝑠) in terms of the inputs 𝑅(𝑠)  and 𝐷(𝑠).   
 
Justify your answer. 
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QUESTION 6: (Materials)  
 
a) Draw, schematically, the relative stress-strain diagram for the following materials:  

1. cast iron,  

2. low-carbon steel, and  

3. aluminum.  

On each graph, indicate the ultimate stress, ultimate strength, yield strength, and percent elongation. 

 

b) Among the materials 1, 2 and 3 in item a), which is easier to cold-form? Which one has the worst 

formability? Explain. 

 

Justify your answer. 
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QUESTION 7: (General Mechanics) 
 

Knowing the final conditions after the impact between two spheres of mass mA = 1 kg and mB = 0,5 kg given 

by the following figure, find the initial condition just before the impact (speeds, 𝑉𝐴 and 𝑉𝐵, and angles, 𝛼 

and 𝛽), considering an coefficient of restitution e = 0,9. 

 

  

 
 

 
Justify your answer. 
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QUESTION 8: (Solid Mechanics) 
 
A constant-section dowel is made from two segments of different metals and is supported between two 

rigid walls as shown by the figure: 

 

Calculate the force one segment exerts on the other when the temperature is increased by T  °C. 

 

Where: 𝛼 is the linear thermal expansion; E is the modulus of elasticity and l is the length. 
 
 
Justify your answer. 
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QUESTION 9: (Thermodynamics) 
 
Air enters a compressor of a gas turbine installation at ambient conditions of 100 kPa and 25ºC with a low 

velocity and leaves the compressor at a pressure of 1MPa and a temperature of 347ºC, with a velocity of 

90 m/s. The compressor is cooled at a rate of 1500 kJ/min, providing a mass flow rate of compressed air 

equal to 0.75 kg/s and operating at steady state. Determine: 

 

(a) The power supplied to the compressor in kW. 

 

(b) Assuming that water is used to cool the compressor, determine the required mass flow rate of water to 

supply the given cooling rate, so that the water temperature variation (between inlet and outlet) is 10°C. 

In this case, the water flows through the external side of the compressor shell. Assume the cp of water 

constant and equal to 4179 J/(kg*K). 

 

Assume that air behaves like an ideal gas with the following average properties: 

 (R = 287.0 J/(kg*K) and cp = 1.020 kJ/(kg*K)). 

 
Formulae: 
Mass conservation: 

d𝑚vc

dt
= ∑ 𝑚̇𝑒 − ∑ 𝑚̇𝑠

𝑠𝑒

 

Energy conservation: 

𝑄̇vc =
dEvc

dt
+ ∑ 𝑚̇𝑠 (ℎ𝑠 +

𝑉𝑠
2

2
+ gz𝑠)

𝑠

− ∑ 𝑚̇𝑒 (ℎ𝑒 +
𝑉𝑒

2

2
+ gz𝑒)

𝑒

+ 𝑊̇vc 

 
Equation of state for an ideal gas: 𝑃𝜐 = RT 
 

Where: 𝑊̇ – Power [W]; E – Total energy [J]; 𝑄̇ – Heat Transfer Rate [W]; - Mass flow rate [kg/s]; m – mass 

[kg]; T – temperature [K]; t – time [s]; g – gravitational acceleration [m/s2]; z – height [m]; V – fluid velocity 

[m/s]; h - specific enthalpy [J/kg]; v – specific volume [m3/kg]; P – Thermodynamic pressure [Pa]; R – Gas 

constant (air) [J/(kg*K)]; cp – Specific heat at constant pressure [J/(kg*K)]. 

Subscripts: vc – control volume, s – output, e – input. 

 

Justify your answer. 
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QUESTION 10: (Fluid Mechanics) 
 

Consider a large tank. How high above the centerline of a convergent-divergent nozzle, through which a 

jet of water exits to the atmosphere, can the water level be raised so that the pressure at the throat of the 

nozzle equals the vapor pressure of the water (3,447.38 Pa-abs)? Assume atmospheric pressure of 

101,353.00 Pa and neglect shear. What would happen if the surface of the water were raised above this 

level? 

 

Data:  ρ = 1000 kg/m3,  g = 9,81 m/s2. 

 

Formulae: 
 

Mass conservation:  𝑉1𝐴1 = 𝑉2𝐴2 

 

Bernoulli’s Equation:   

    

𝑝1

𝜌𝑔
+

𝑉1
2

2𝑔
+ ℎ1 =

𝑝2

𝜌𝑔
+

𝑉2
2

2𝑔
+ ℎ2 

 

where:  V – velocity [m/s]; A – area [m2]; p – pressure [Pa]; ρ – density [kg/m3]; g – gravity acceleration 

[m/s²]; h – height [m].  

 

 

Justify your answer. 


