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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department of Electrical Engineering and Computer Science 

6.002 
Circuits and Electronics 

 
MIDTERM EXAM 

Tuesday, November 14, 2017 
7:30 PM – 9:30 PM 

 
This examination contains 4 problems on pages 2-15.   
 

Whenever a numerical value is requested, indicate the units clearly. 
 
This examination is closed book/closed notes. You may have one two-sided sheet of notes. 
 
Calculators are allowed.  Cell phones, laptops, music players, and other communication/entertainment devices 
are prohibited. 
 

Do not remove any pages from the exam. 
 
Please put your name where indicated, on the top of each page. Also enter your full name and Kerberos below: 
 

 
 

Name:_______________________________________ 
 
 

Kerberos:_____________________________________ 
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Problem 1 (24 pts). 

The following circuits are driven by a sinusoidal source in the steady state.  On the next pages in Figs. 1 and 2, 

there are six sketches (A-F) of magnitudes (on log-log graphs) and six sketches (G-L) of phase (on linear-log 

graphs) for possible transfer functions H(jω) = Vo(jω)/Vi(jω).  For each circuit, circle the letters of the magnitude 

and phase plots which could represent the behavior of that circuit.  
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Transfer Function Magnitudes.  The horizontal axes in these sketches indicate zero on a log scale.  You are looking 

for the correct approximate shape of the plot; do not worry about the frequency scale along the horizontal axes.  

The vertical scales may differ among sketches. 

 
Transfer Function Phases. The horizontal axes in these sketches indicate zero phase angles.  You are looking for 

the correct approximate shape of the plot; do not worry about the frequency scale along the horizontal axes.  The 

vertical scales may differ among sketches.  Also, recall that one may shift phase angles by multiples of 360° without 

changing the result. 
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Problem 2 (24 pts). 

The figure below shows an operational amplifier circuit incorporating a nonlinear resistor “B”.   

 

For the operating range of interest, we will model the i-v characteristic of the nonlinear resistor as: 

𝑖𝐵 = 𝑘 ∙ (𝑣𝐵)
3. 

A. Find the relationship between the output voltage vO and the input voltage vI for this circuit, assuming that the 

op amp is ideal and that the nonlinear resistor acts as described above. 

 

 

 

 

 

 

 

 

 

𝑣𝑜 =  
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B. Consider the operation of the circuit with the position of the linear resistor and nonlinear resistor 

interchanged, as shown in the circuit below.  What is the relationship between the output voltage vO and the 

input voltage vI for this case? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑣𝑜 =  

 

R
+

vI
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C. The figure below shows an operational amplifier circuit incorporating both resistors and capacitors.  Find the 

transfer function 
𝑣𝑜(𝑗𝜔)

𝑣𝑖(𝑗𝜔)
 of this circuit as a function of angular frequency ω. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑣𝑜(𝑗𝜔)

𝑣𝑖(𝑗𝜔)
=  
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D. The same circuit (reproduced below) is designed with R1 = 10 k, R2 = 20 k, and C = 100 nF.  A steady-state 

input voltage vi(t) = 1 + 0.5sin(50000t) [V] drives the circuit.  Find an approximate expression for the steady-state 

output voltage vo(t). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑣𝑜(𝑡) =  
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Problem 3 (26 pts). 

In preparation for Festivus, George decided to string up some lights around (but not on) the aluminum Festivus 

pole. Unfortunately, he realized all he had available to power the lights was a Teensy board. Undaunted, George 

finds a capacitor and inductor in his apartment and creates the following circuit: 

 

where vs represents the Teensy output voltage and R represents the resistance of the lights. While the inductor is 

marked with L = 50 mH, the capacitor markings are too small to discern.  Elaine comes in, removes the lights from 

the circuit (i.e., removes R), applies 𝑣𝑠 = 𝑉0𝑢(𝑡) to the circuit, and measures the following response: 

 
Note the scale of the time axis. 

She tells George that he can figure out the capacitance from the response. 

A. Determine the undamped resonant angular frequency 𝜔0 for this circuit. 

 

 

 

 

 

 

 𝜔0 =  
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B. Determine the capacitance C. 

 

 

 

 𝐶 =  

 

George finds a capacitor on the floor with C = 5 pF. He replaces the unknown capacitor with this new capacitor, 

and reattaches the lights to the circuit (i.e., reattaches R), creating the following circuit: 

 

He applies a 3.3 Vpp sinusoid at a frequency of 1/ MHz, and measures the following response: 

 
Note the scale of the time axis. 

Elaine takes a look and says, “nice Q”. 
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C. Determine the transfer function of this circuit analytically, i.e., determine 𝐻(𝑗𝜔) = 𝑣𝑅(𝑗𝜔)/𝑣𝑠(𝑗𝜔) in terms of 

R, L, and C (do not substitute in values). 

 

 

 

 

 

 

 

 

 

 

 𝐻(𝑗𝜔) =  

 

D. Determine analytically 𝐻(𝑗𝜔0). 

 

 

 

 

 

 

 

 

 

 

 𝐻(𝑗𝜔0) =  
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E. Determine numerically the quality factor Q. 

 

 

 

 

 

 

 

 

 𝑄 =  

 

F. Determine numerically the light resistance R. 

 

 

 

 

 

 

 

 

 

 

 𝑅 =  
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G. George wants the lights to be brighter and so the voltage to be higher. He asks if replacing his current inductor 

with a new inductor of L = 20 mH will increase or decrease the light brightness, assuming there are no limitations 

on the current sourced by the Teensy and that the drive frequency can be altered to the new resonant frequency. 

 

 

 

 

 

 

 

Circle one: Changing to L = 20 mH will decrease light brightness 

 

Changing to L = 20 mH will increase light brightness 

 

 1-2 sentence explanation: 

 

 

 

 

  



6.002 –Fall 2017 Midterm 2  Name: ________________________________ 
  
 

13 
 

Problem 4 (26 pts). 

Consider the following parallel RLC circuit, with current input 𝐼(𝑡). 

 

A. Determine the transfer function 𝑣𝑜𝑢𝑡(𝑗𝜔)/𝐼(𝑗𝜔).  

 

 

 

 

 

 

 

 

 

𝑣𝑜𝑢𝑡(𝑗𝜔)/𝐼(𝑗𝜔) =  

 

 

B. Does this circuit behave as a low-pass, high-pass, band-pass, or band-stop (notch) filter? 

 

 

 

 

 

Circle one: Low-pass High-pass Band-pass Band-stop 

 

R L C𝐼 𝑣𝑜𝑢𝑡
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For the remainder of this problem, assume L = 8 mH, C =500 pF, and R = 20 k𝛀. 

C. Sketch the magnitude and phase of 𝑣𝑜𝑢𝑡(𝑗𝜔)/𝐼(𝑗𝜔) on the axes below. Label important frequencies, values, 

and slopes. The magnitude should be plotted on log-log axes, while the phase should be log-linear. 

 

 

 

 

 

 

 

 

log(𝜔)

log
𝑣𝑜  𝑗𝜔

 𝑗𝜔

log(𝜔)

 
𝑣𝑜𝑢𝑡 𝑗𝜔

𝐼 𝑗𝜔
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D. Assume now that the input is 𝐼(𝑡) = 𝐼0𝑢(𝑡) where 𝐼0 =   mA. Sketch 𝑣𝑜𝑢𝑡(𝑡) on the axes below. Label 

important times and values, including 𝒗𝒐𝒖𝒕(𝟎),
𝒅𝒗𝒐𝒖𝒕

𝒅𝒕
|
𝒕=𝟎

, and 𝒗𝒐𝒖𝒕(∞). 
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