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Exam 2 

ME584 – Fall 2010 

 

Instructions:  The exam time is from 7:00PM to 8:15PM.  This is a closed-book exam, and you 

will be allowed to use ONLY pencils/pens, erasers, and blank sheets to write your answers.  NO 

calculator is allowed.   Make sure you put page number on each answer sheet.  All information 

needed to solve each problem is already included in that problem. 

 

Relax! 

 

Useful formula: 
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Problem 1 (25 points)  

(a) Develop a model for the heights h1 and h2 in the liquid system shown in Figure below.  The input 

volume flow rate qv is given.  Assume that laminar flow exists in the pipes.  The laminar 

resistances are R1 and R2, and the bottom areas of the tanks are A1 and A2. 

(b) Suppose the resistances are equal: R=R1 =R2, and the areas are equal: A=A1 = A2.  Obtain the 

transfer function between h2 and qv, and answer the following questions: 

a. Suppose the inflow rate qv is a unit-step function, find the steady state response for h2, 

and estimate how long it will take to reach steady state.  

b. Is it possible to find a set of initial liquid heights so that the heights will oscillate up and 

down in the free response? 
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(5 points) 
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(5 points) 

(5 points) 
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Problem 2 (25 points):  

Below is an electronic circuit with an op-amp buffer.  Derive 

a. The differential equation for e0 as a function of the input ei  

b. The expression for the natural frequency and damping ratio   

c. A state space representation of the differential equation 

(5 points) 

(5 points) 
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(10 points) 
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Problem 3 (10 points) 

 

Calculate the amount of heat loss through a window in a home.  The temperature difference between 

the air inside and outside of the house is ΔTio, with convection coefficient hout and hin on each side of the 

glass.  The area of the glass is A, and the thickness is t. 

 

 

(5 points) 

(5 points) 

(5 points) 
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Problem 4 (10 points) 

You are asked to develop a model for the temperature in the house that has five rooms.  Without 

writing any equations, describe a model that can be used to calculate the temperature and the type of 

differential equations used for the modeling.  Discuss the advantages/disadvantage of this model and all 

of your assumptions.    

 

We can use the lumped parameter model approach to model the temperature in the house.  This 

approach is based on the assumption that all the properties of thermal resistance and capacitance are 

lumped at selected points in space and produces a set of ordinary differential equation (ODE) in time.  In 

this approach, we can model each room as a lump with the assumption that the temperature inside 

each room is uniform.  This allows us to develop an ODE for each room, leading to several equations.  

The main advantage of this approach is that ODEs are much easier to analyze and solve analytically than 

partial differential equations, which are the actual modeling equations for these process.  The 

disadvantage is that the solution that we obtain is an approximation.  

 

 

(9 points) 

(1 point) 
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