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Topic 2. What is a phase detector?  Define Kf.  What are the dimensions of 
Kf, and what does it mean when we multiply Kf with Kvco?  A phase detector 
has 0 volts output at 0 radians phase shift and 20 mV output with 20 degrees 
phase shift.  What is Kf for this phase detector?  A VCO tunes from 25 MHz to 
50 MHz with a tuning voltage from 1 to 11 Volts.  What is Kvco for this VCO?  
What is the product of this Kf and Kvco?

Study Guide for Mid-term Exam: A Portfolio of Useful Electronic Circuits

Format: 4 Questions, Closed Book.  Questions will be a subset of these topics.
Use this guide to prepare for the 2 hour in-class closed-book exam on May 16.

Topic 1.  Ideal Transformers.  Use the two design rules for ideal transformers 
discussed in the web notes to solve the following problem:

Topic 3. Frequency Mixers, modulators, upconverters, downconverters.  Sketch 
the basic block diagrams of a diode ring mixer with low-pass filter on the IF port 
and another with a bandpass filter on the RF port.  Using the basic math of a 
mixer and sketched plots of outputs before and after the filters in the frequency 
domain, explain the function of the low-pass filter on the IF port and the band-
pass filter on the RF port of these two circuits.
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i3v1 = 2v cos(2p400t)

v2 = 3v cos(2p600t)

R = 100 ohms

find i1, i2, and i3



Topic 6.  VCOs and Phase Locked Loops.  Sketch a first-order phase locked loop 
using a POS-100 VCO, SBL-1 diode ring phase detector, and op-amp gain to set 
Kf. Describe lock range and capture range. The product of Kf and Kvco
provides a single low-pass pole in the phase locked loop transient response.  Be 
prepared to write a few words about the effect of additional frequency selective 
components such as LC lowpass filters in the loop that provide additional poles, 
and will often make the loop unstable.  Pages 671 to 677 in the text have a
discussion of stability for first, second, and higher order systems.

Topic 5.  Bandwidth and AC response of Op-Amp circuits.  Low-frequency 3 
dB corner, High-frequency 3 dB corner, mid-band gain.  The meaning of 3 dB.  
Sketch an op-amp non-inverting amplifier with a mid-band gain of 11, a low-
frequency (high-pass) 3 dB corner of 100 Hz, and a high-frequency (low-pass)
3 dB corner of 10 kHz.

Topic 4.  Oscillators: Hartley, Colpitts, and Pierce.  Sketch an example of each.  
JFET Hartley Oscillator.  Sketch a schematic with practical component values 
for a 3 MHz Hartley Oscillator using a J310.  Sketch a toroid inductor of ap-
proximately 2 uH total inductance with tap at approximately one quarter of the 
total number of turns.  Sketch a way to convert the basic oscillator into a Voltage 
Controlled Oscillator by adding a varactor diode.  Calculate the tuning range of 
the VCO and a Kvco for the JFET Hartley Oscillator with MV2105 varactor.

Topic 7. Getting a sine wave into and out of a logic gate.  Sketch a circuit to con-
vert a 100 mV peak 10 MHz sine wave into a 10 MHz square wave using 2N3904 
transistor and CMOS logic.  Sketch a circuit to extract a 50 MHz sine wave from 
a 10 MHz square wave output of a CMOS logic gate.  What is the expected peak 
amplitude of the 50 MHz sine wave?


