
SI100B – Electrical Engineering, 2022 Spring 

Homework #2 

Problem 1. Circuit simulation (50 points) 
In this problem, we will help you get familiar with how to do circuit simulation with MATLAB 
Simulink. 
Part 1. Circuit 7construction (14 points) 
1) Select the following components and construct the circuit shown in Fig. 1-1. The values of the 
components are 𝑅𝑅 = 10𝑘𝑘𝛺𝛺 , 𝐶𝐶 = 0.01𝜇𝜇𝜇𝜇 . You should screenshot your circuit in Simulink and 
paste in your solution. (5 points) 

 
Fig. 1-1 

 

 

2) Set 𝑉𝑉𝑖𝑖(𝑡𝑡) = 𝑠𝑠𝑠𝑠𝑠𝑠(2𝜋𝜋𝜋𝜋𝑡𝑡)  and the initial voltage of the capacitor is 𝑉𝑉𝑐𝑐(0) = 0𝑉𝑉 . Plot the 
simulation voltage output waveform when 𝜋𝜋 = 100𝐻𝐻𝐻𝐻 , 𝜋𝜋 = 500𝐻𝐻𝐻𝐻 , and 𝜋𝜋 = 5000𝐻𝐻𝐻𝐻 
respectively. You should paste the output figures in your solution. (9 points) 
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Part 2. Frequency sweep (21 points) 
1) Sweep the frequency of the input from 1𝐻𝐻𝐻𝐻 to 10𝑘𝑘𝐻𝐻𝐻𝐻. You can plot the relationship between 

output signal amplitude and frequency. Show your result and figure out what is the function of 
this circuit. (15 points) 

First, a controlled voltage source is need, the circuit is built as shown in the figure above. 

 
Then set the open-loop input (right click to the line). 

 
Do the same for open-loop output. 

 
Simulink has the function “LINEARIZATION”. 

 
Frequency Response Estimator can do the work of frequency sweep. 



 
Then we should set the Input Signal, select Sinestream. 

 
Set the Frequency units to Hz, and then add new frequencies. 

 

Set the frequency of the input from 1Hz to 10kHz. 

 

Use the function Bode, then you can get sweep results. 

 

 



Result is shown in the figure above.  
The function of this circuit is low pass filter. 
 
2) Fig 1-2 shows the circuit you have analyzed in Homework #1. The values of the components are 
𝑅𝑅 = 5𝑘𝑘𝛺𝛺 , 𝐶𝐶 = 0.01𝜇𝜇𝜇𝜇 . Please do the simulation of this circuit using the same method in 
abovementioned steps. Plot the relationship amplitude vs frequency of this circuit to verify the 
conclusion you made in your previous homework. (6 points) 

 
Fig. 1-2 

 

Part 3. Filter design (15 points) 
1) Figure out the cutoff frequency of the circuit shown in Fig. 1-1 and Fig. 1-2 respectively from 
the relationship between amplitude and frequency you have output. (6 points) 
(Hint: The cutoff frequency 𝜋𝜋0 is the frequency at which the output signal's amplitude is degraded 

by exactly 3𝑑𝑑𝑑𝑑. Here, 1𝑑𝑑𝑑𝑑 = 20 log �𝐴𝐴𝑜𝑜
𝐴𝐴𝑖𝑖
�, where 𝐴𝐴 represents the amplitude of the signal. The 

conclusion of a 1st order RC network’s cut off frequency is actually 𝜋𝜋0 = 1
2𝜋𝜋𝜋𝜋𝜋𝜋

.) 

𝜋𝜋0 =
1

2𝜋𝜋𝑅𝑅𝐶𝐶
 

𝜋𝜋1 = 1592𝐻𝐻𝐻𝐻   𝜋𝜋2 = 3183𝐻𝐻𝐻𝐻 
The conclusion should be get by the Figure. 
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2) Now you need to design a band pass filter with a pass band between 15924Hz and 31847Hz 
(about 16kHz to 32kHz). Draw the circuit you design and validate it in Simulink. (9 points) 
(Hint: A band pass filter has two cutoff frequencies 𝜋𝜋𝐿𝐿 and 𝜋𝜋𝐻𝐻. The input signal's amplitude does 
not change when the frequency falls between 𝜋𝜋𝐿𝐿  and 𝜋𝜋𝐻𝐻 . The signal's amplitude significantly 
declines when the input frequency falls outside of the area.) 

 
The band pass filter is consisting of high pass filter and low pass filter, and the parameter should be 
set as 1/10 of old value (R*C). 
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Problem 2. Combinational logic circuits (50 points) 
Because of our school's closed-off management against the Covid-19 epidemic, you decide to assist 
in the designing of an automatic meal delivery robot. The robot will stop by at each room, knock on 
the door, and wait a little time before students pick up their food. 
The logic of the robot contains three inputs (A, B, and C), and an output (Y). 
(A) represents the signal of timer. 𝐴𝐴 = 1 when the robot has stopped at the door for 30s. 
(B) represents the signal of weight sensor. 𝑑𝑑 = 1 when the weight of food decreases. 
(C) represents a confirmation signal. 𝐶𝐶 = 1 when the student presses the confirmation button. 
(Y) represents the control signal to drive the robot to the next room. 
When the students fetch their food and press the confirmation button, the robot will move to the 
next room. The robot will automatically move to the next room if it stops for 30s anyway, either 
when the student forget confirmation or the student is busy and not answering the door. 
Part 1. Truth table (7 points) 
1) You notice that the main functional structure of your robot consists of analog circuits (such as 

power supply, sensors, and motors). However, the control structure you are designing is 
obviously composed of digital circuits. Please briefly describe the difference between analog 
and digital circuit on your understanding. (3 points) 

The current and voltage of analog circuit are constant, while the current and voltage of digital circuit 
are pulse. 
2) Write down the truth table of the robot controller. You should list all the combination of inputs 

and decide the outputs. (4 points) 
A B C Y 
0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 1 
1 0 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 1 

 
Part 2. Combinational logic design (18 points) 
1) From the truth table you list, write down the combinational logic using sum of products (SOP) 

form and products of sum (POS) form. Then please proof the two formats are equal. (9 points) 
SOP form: 

Y = �̅�𝐴𝑑𝑑𝐶𝐶 + 𝐴𝐴𝑑𝑑�̅�𝐶 + 𝐴𝐴𝑑𝑑𝐶𝐶 + 𝐴𝐴𝑑𝑑��̅�𝐶 + 𝐴𝐴𝑑𝑑�𝐶𝐶 
POS form: 

𝑌𝑌 = (𝐴𝐴 + B + C)(A + B + �̅�𝐶)(𝐴𝐴 + 𝑑𝑑� + 𝐶𝐶) 
From POS form, expand each item in parentheses, and notice that  

�̅�𝐴𝐴𝐴 = 0,𝐴𝐴𝐴𝐴 = 𝐴𝐴, (�̅�𝐴 + 𝐴𝐴) = 1 
𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆 = �̅�𝐴𝑑𝑑𝐶𝐶 + 𝐴𝐴𝑑𝑑�̅�𝐶 + 𝐴𝐴𝑑𝑑𝐶𝐶 + 𝐴𝐴𝑑𝑑��̅�𝐶 + 𝐴𝐴𝑑𝑑�𝐶𝐶 = 𝐴𝐴𝑑𝑑(𝐶𝐶 + �̅�𝐶) + 𝐴𝐴𝑑𝑑�(𝐶𝐶 + �̅�𝐶) + 𝑑𝑑𝐶𝐶(�̅�𝐴 + 𝐴𝐴) 

𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐴𝐴𝑑𝑑 + 𝐴𝐴𝑑𝑑� + 𝑑𝑑𝐶𝐶 = 𝐴𝐴 + 𝑑𝑑𝐶𝐶 
𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆 = (𝐴𝐴 + B + C)(A + B + �̅�𝐶)(𝐴𝐴+ 𝑑𝑑� + 𝐶𝐶) 

𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆 = (𝐴𝐴𝐴𝐴 + 𝐴𝐴𝑑𝑑 + 𝐴𝐴𝐶𝐶 + 𝐴𝐴𝑑𝑑 + 𝑑𝑑𝑑𝑑 + 𝑑𝑑𝐶𝐶 + 𝐴𝐴�̅�𝐶 + 𝑑𝑑�̅�𝐶 + 𝐶𝐶�̅�𝐶)(𝐴𝐴+ 𝑑𝑑� + 𝐶𝐶) = 𝐴𝐴 + 𝑑𝑑𝐶𝐶 



2) Draw the structure of the logic circuit corresponding to the SOP or POS form (you can choose 
either) using AND, OR and NOT gates. And then figure out how many pairs of CMOSs you 
need to build up the circuit. (9 points) 

 
First, we should know that there are 1 pairs of MOSFETs in NOT gate, 3 pairs of MOSFETs in AND 
gate and 3 pairs of MOSFETs in OR gate. 
 
If you use three input AND/OR gate, there are 4 pairs of MOSFETs; for five input AND/OR gate, 
there are 6 pairs of MOSFETs. 
 
For SOP form: 
 

 
There are total 1*5 (NOT) + 3*4 (OR) +3*10 (AND) = 47 MOSFETs. 
There can be many other structures, because some structures can be reused. 
 
For POS form: 



 
There are total 1*3 (NOT) + 3*6 (OR) +3*2 (AND) = 27 MOSFETs. 
Part 3. Simplification (25 points) 
1) Simplify the SOP form you write in Part 2 using Boolean laws (or Karnaugh diagram if you 

like). You should provide the derivation process to your final result. (5 points) 

 
After Simplification, the result is: 

Y = 𝐴𝐴 + 𝑑𝑑𝐶𝐶 
 
2) Draw the structure of the simplified logic circuit using assembled AND, OR and NOT blocks. 

Draw the CMOS level structure inside of each logic gate. Count how many pairs of CMOSs 
you use this time. (5 points) 

 

 
There are total 3*1 (OR) +3*1 (AND) = 6 pairs of MOSFETs. 
 
3) Reorganize the CMOS-level structure using NAND, NOR and NOT gates, then count how many 
pairs of CMOSs you are using this time. Compare the advantages and disadvantages of constructing 
the circuit using assembled basic logic gates versus using CMOS pairs directly. (15 points) 



 

Only 4 pairs of MOSFETs are used. 
Additional questions (10 points) 
If you answer the following problems reasonably, you will receive bonus points for this homework 
(but no more than the total score 100). You can search the Internet for more related knowledge if 
you are interested in these questions. 
1) In problem 1, we gave you the conclusion that the cutoff frequency of a 1st order RC network 

can be determined as 𝜋𝜋0 = 1
2𝜋𝜋𝜋𝜋𝜋𝜋

. Can you please prove this result? (3 points) 

Analyze the circuit from the perspective of frequency domain, the total impedance of series circuit 
is: 

𝑍𝑍 = 𝑅𝑅 +
1
𝑗𝑗𝑗𝑗𝐶𝐶

 

So the output voltage is: 

𝑉𝑉𝑜𝑜 = 𝑉𝑉𝑖𝑖𝑖𝑖

1
𝑗𝑗𝑗𝑗𝐶𝐶

𝑅𝑅 + 1
𝑗𝑗𝑗𝑗𝐶𝐶

= 𝑉𝑉𝑖𝑖𝑖𝑖
1

𝑗𝑗𝑗𝑗𝑅𝑅𝐶𝐶 + 1
 

𝑉𝑉𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

=
1

𝑗𝑗𝑗𝑗𝑅𝑅𝐶𝐶 + 1
= 𝐻𝐻(𝑗𝑗𝑗𝑗) 

Calculate the modulus of the complex number: 



|𝐻𝐻(𝑗𝑗𝑗𝑗)| = �
1

1 + (𝑗𝑗𝑅𝑅𝐶𝐶)2
 

The complex mode represents the voltage gain, and when the output power is reduced to half of 

the input power, which means the voltage gain is dropped to �1
2
, the frequency at this time is the 

cut-off frequency fc: 

|𝐻𝐻(𝑗𝑗𝑗𝑗)| = �
1

1 + (𝑗𝑗𝑅𝑅𝐶𝐶)2
= �1

2
 

Simplify it, we can get 
𝑗𝑗𝑅𝑅𝐶𝐶 = 2𝜋𝜋𝜋𝜋𝑐𝑐𝑅𝑅𝐶𝐶 = 1 

𝜋𝜋𝑐𝑐 =
1

2𝜋𝜋𝑅𝑅𝐶𝐶
 

 
 
 
 
 
 
 
 
 
 
 
 
2) To make a CMOS work properly, how the determine the voltage range for low-level input and 

high-level input? (3 points) 
This problem should take the I-V curve of MOSFET into consideration. 



 

Only when VGS reaches a certain voltage can the drain source of MOS have current change. And 
the voltage range should take what behind CMOS (output) into consideration. 
 
3) We learned the Duality (对偶律) in Boolean algebra. The dual can be derived by replacing ‘0’ 

with ‘1’, ‘1’ with ‘0’, ‘+’ with ‘∙’, and ‘∙’ with ‘+’ in a specific logic formula. For example, 𝐴𝐴 ∙
(𝑑𝑑 + 1) ∙ 𝐶𝐶 = 𝐴𝐴𝐶𝐶, and its dual is 𝐴𝐴 + (𝑑𝑑 ∙ 0) + 𝐶𝐶 = 𝐴𝐴 + 𝐶𝐶. We can find out that the dual still 
holds. Can you please briefly explain the reason? (4 points) 

 
The generalized De Morgan formula (1) is proved by mathematical induction, and the other three 
formulas can be proved similarly (2) - (4). 

𝐴𝐴1 + 𝐴𝐴2 + 𝐴𝐴3 + ⋯+𝐴𝐴𝑖𝑖����������������������������� = 𝐴𝐴1��� ∙ 𝐴𝐴2��� ∙ 𝐴𝐴3��� ∙ … ∙ 𝐴𝐴𝑖𝑖���� 
𝐴𝐴1 ∙ 𝐴𝐴2 ∙ 𝐴𝐴3 ∙ … ∙ 𝐴𝐴𝑖𝑖������������������������ = 𝐴𝐴1��� + 𝐴𝐴2���+ 𝐴𝐴3��� + ⋯+ 𝐴𝐴𝑖𝑖���� 

𝐴𝐴1 ⊕ 𝐴𝐴2 ⊕𝐴𝐴3 ⊕…⊕𝐴𝐴𝑖𝑖��������������������������������� = 𝐴𝐴1���⨀𝐴𝐴2���⨀𝐴𝐴3���⨀…⨀𝐴𝐴𝑖𝑖���� 
𝐴𝐴1⨀𝐴𝐴2⨀𝐴𝐴3⨀…⨀𝐴𝐴𝑖𝑖��������������������������� = 𝐴𝐴1���⊕ 𝐴𝐴2��� ⊕ 𝐴𝐴3��� ⊕…⊕𝐴𝐴𝑖𝑖���� 

By adding two symbols ⨀ and ⊕ to Shannon formula, we can get the duality law of Boolean 
algebra. 
Generalized De Morgan theorem is a special case of Shannon theorem, which is a special case of 
duality principle. 


