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1. Analog vs. Digital 

(a) Name 2 naturally occurring physical quantities not covered in class that are 
continuous in nature. 

(b) Name 2 naturally occurring physical quantities that are discrete in nature. 
 
 

2. Top-down vs. Bottom-up 
(a) For each of the following items, determine if it is a characteristic of a top-down 

system engineering approach or a bottom-up approach. 

Item Top-down Bottom-up 

Driven by system requirement   
Driven by component integration   
Construct system by composing smaller parts   
Construct system by decomposing   
Generate new ideas from system requirements   
Synthesize new ideas from existing components   
Must work with unknown system components as black-boxes   

 
(b) Use the process of making a Rube Goldberg Machine as an example; explain the 

steps that would be involved using (i) a top-down approach, and (ii) a bottom-up 
approach. 

 
 

3. Circuit Analysis 1 – Measuring Resistance by Balanced Circuit 

 
Fig. 1  Measuring resistance. 



(a) Express Rx as a function of R1, R2 and R3, given that there is no current flowing 
between nodes B and D. 

(b) If R2 is a variable resistor, explain how this configuration can be used to measure 
the resistance of Rx. 

(c) If the ratio of R3/R1 is unity, while R2 can be varied from 0 to 100 Ω, what is the 
range of resistance that be measured? 

(d) Given R2 can still be varied only from 0 to 100 Ω, suggest what can be modified 
in order to measure the resistance range of 0 to 1 MΩ  for Rx ? 

 
 

4. Circuit Analysis 2 – Temperature Sensor by Current Divider 
Referring to Fig. 2, the resistances of an iron wire and a brass wire at 20°C are 
8.5Ω and 10Ω,  respectively. The two wires are connected in parallel to a 9V source. 
When the two wires are being heated up to a certain temperature, at that temperature 
the resistances of the two wires are equal. (Given: The temperature coefficients of 
iron and brass at 20°C are αi = 0.0055°C-1 and αb = 0.0020°C-1, respectively, where 
the temperature coefficient of the material (α) is the rate at which the resistance of a 
material changes with temperature (T), i.e. Ri  = R20[1 + α20 (T − 20)]) 

 
Fig. 2  Measuring temperature. 

 
(a) What is the temperature of the two wires such that Ii = Ib? 
(b) Calculate the resistance of the wires at that temperature in (a). 
(c) Calculate the current flowing through each of the two wires at that temperature in 

(a). Is the power generated from the voltage source equal to the sum of power 
dissipated at each wire? 

(d) What are the temperatures if Ii = 0.5A and Ib = 0.4A? 
(e) Please suggest how it can be modified to the configuration with voltage divider. 

 
 

5. QTI Optical Sensor 
In your project, one of the input sensors given is a QTI optical sensor. It contains an 
infrared (IR) reflective sensor to determine the reflectivity of the surface upon it. 
When the QTI sensor is over a dark surface, the reflectivity is very low; when the QTI 
is over a light surface, the reflectivity is very high and will cause a different reading 
from the sensor. Ignoring the complex process of sensing and reading, a QTI behaves 
like an IR controlled resistor in effect (Fig. 3). 



 
Fig. 3:  QTI sensor and its equivalent circuit (as an IR controlled resistor). 

 
In this question, we assume that R0 is 500 Ω and that the maximum Rir is an unknown 
value denoted by Rmax (Note that it is not necessarily the same as the one you are 
using in your project). When placing a paper cover on top of the QTI sensor, Rir 
changes along with the cover’s distance from it. Note that Vcc is 12V. 
 
(a) The goal is to turn on a lamp when the ambient light is getting dim. A student 

suggests connecting the terminal red directly to the lamp, and terminal black is 
grounded. Please comment on this configuration. 

(b) Then another student suggests wiring up the QTI sensor through a solid state (SS) 
relay, whereas terminal white is linked to Vcc, terminal red is linked to the input 
end of SS relay, with the turn-on (turn-off) voltage for the SS relay is 6V (Not 
necessarily the same as the one you are using in your project). When the cover is 
far enough from the QTI, the sensor turns on the lamp. He first wires up the 
circuit such that the lamp is on. He then holds the paper cover from far enough to 
approach the QTI. When the cover is 1cm apart from the QTI, the light is still on. 
Using a digital multimeter (DMM), he finds that the voltage at the terminal red is 
7V. Assuming that, at this moment, Rir = 1/2Rmax, calculate the value of Rmax. 

(c) Assume that when the cover is held near enough to the QTI, Rir changes linearly 
with the distance between the cover and the QTI, which means Rir is positively 
proportional to the distance. Find out how near the cover should be from the QTI 
such that the light could be turned off. 

 
 

6. Digital-Analog Conversion 
In class, we mentioned briefly how a DAC can be built using multiple comparators. In 
this question, we will build a 3-bit DAC by using a very basic electronic component 
called operational amplifier (op-amp) as shown in Fig. 4, which shows a common 
configuration called inverting amplifier. 

 

Fig. 4:  Inverting amplifier by using an operational amplifier. 



(a) Given that it is an ideal op-amp, i.e. i1 = i2, and v1 = v2, by applying Kirchhoff 
Current Law (KCL) at node 1, show that the voltage gain is given as follows: 

 
 
 
 
(b) It can be generalized to multiple inputs as shown in Fig. 5. 

 

Fig. 5:  Inverting amplifier by using an operational amplifier. 
Show that the output voltage is given as follows:  

 

 
(c) In order to achieve a 3-bit DAC, the following conversion table is required: 

v3 v2 v1 |vo| 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 

 
Determine the values of R1, R2 and R3 in term of Rf required to achieve such kind 
of conversion. Can you generalize it to an N-bit DAC? 

 
 

7. Renewable Energy and Smart Grid 
(a) What is renewable energy? Give four examples of renewable energy. Briefly 

describe the operating principles of two of them. 
(b) What is a smart grid? List out three benefits and three limitations. 
(c) What are the desirable features of smart grid? 

 
 

8. Feedback questions: 
(a) How much time did you spend on this HW?  

(b) Any questions about the lectures/labs/tutorials? 

(c) Comment on the class? 
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