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Radar Oscillators 

 

Jeff Craven 

 

Radar oscillators, also known as heterodyne receivers, are used in radar or communication signals to 
generate a more manageable intermediate frequency (IF) than the original frequency. There are several 
reasons for this, the three primary reasons being: the tuning of receivers to different frequencies, filtering, 
and better signal processing at higher frequencies. The application of these oscillators is especially helpful 
in the use of radar in which many return signals may be received, but at very close frequencies. To make 
the signal more manageable, a signal is ‘injected’ into the signal that is received. This multiplies the 
added signal with the received signal, resulting in the following: for each frequency signal that is received 
within the primary signal, two new signals will emerge, one the difference in the received and injected 
signals, the other the sum of the two. If the injected signal is close to the same frequency as that of the 
received signal, a much lower frequency will be achieved that can then be processed more easily without 
high signal loss. Additionally, image frequencies can occur within the receiver with some signals. These 
are undesired frequencies that may occur within the receiver causing two channels to be picked up 
simultaneously, thus resulting in interference between the image frequency and the desired other channel. 
To combat this, receivers are tuned to reduce these frequencies specifically. For the presentation, 
rudimentary examples of multiple signals being processed with an added signal are simulated in 
MATLAB. Also, a greater explanation of the applications of radar oscillators is provided, primarily on the 
topic of intermediate frequencies, but also further explanation is provided for image frequencies. 
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A Compact and Low Power Realization of a High Frequency Chaotic 
Oscillator 

R. Chase Harrison 

The desirable properties exhibited in some nonlinear dynamical systems have many potential uses. 
These properties include sensitivity to initial conditions, wide bandwidth, and long-term 
aperiodicity, which lend themselves to applications such as random number generation, 
communication and audio ranging systems. Chaotic systems can be realized in electronics by using 
inexpensive and readily available parts. Many of these systems have been verified in electronics 
using nonpermanent prototyping at very low frequencies; however, this restricts the range of 
potential applications. In particular, random number generation (RNG) benefits from an increase 
in operation frequency, since it is proportional to the amount of bits that can be produced per 
second. This work looks specifically at the nonlinear element in the chaotic system and evaluates 
its frequency limitations in electronics. In practice, many of nonlinearities are difficult to 
implement in high speed electronics. In addition to this restriction, the use of complex feedback 
paths and large inductors prevents the miniaturization that is desirable for implementing chaotic 
circuits in other electronic systems. By carefully analyzing the fundamental dynamics that govern 
the chaotic system, these problems can be addressed. Presented in this work is the design and 
realization of a high frequency chaotic oscillator that exhibits complex and rich dynamics while 
using a compact footprint and low power consumption.   
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Rebuilding the Past: A Colpitts Triode Oscillator 
 

Markus Kreitzer 

My final project for this class involves building a triode‐based oscillator. Nostalgic for the past, I found 

the original patent filed by E. H. Colpitts on Feb 1, 1918 for the first ever oscillator. It has taken some 

time to understand what all the components in his circuit diagrams were and the description of 

operation meant. The easiest to recognize was the transformer. Resistors and batteries have remained 

the same, but capacitors had a strange symbol. 

 

Ideally, I would like to build this circuit physically. I researched various triode vacuum tubes with the 

following criteria: Must still be produced today, have a wide user base, a datasheet, and possibly also a 

SPICE model. After considering several models, I found the General Electric GE‐5654 sharp‐cutoff 

Pentode that met the criteria above. I also found a SPICE schematic for it, but have been unable to use 

it, due to a lack of LT Spice know‐how. 

 

The GE‐5654 vacuum tube operates at 180 V. My first error was to simulate the circuit with +5 V 

powering the tube. I have since increased the tube voltage, but my system still seems to be 

overdamped. I am doing further analysis on increasing the gain of the system. Normally attempts of 

adjusting the gain has been a struggle with the circuit not behaving as expected. 

 

Currently I have been able to get the circuit to stably oscillate at 51 kHz with a +‐ 320 mV wave. Adding 

gain control and better understanding the vacuum tube dynamics is what I’m currently researching. 
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Wien-bridge oscillator with AGC 

 

LIU CE 

 

The sinusoidal oscillators have many applications in instrumentation, measurement, 
communication system, etc. Two difficulties associated with the design of oscillators are to achieve 
amplitude and frequency stability. Unlike Phase-shift oscillators, cascaded RC sections act as 
distortion filters. Also, the gain of buffered phase-shift oscillators is controlled and distributed 
among the buffers. Wien-bridge oscillator is in great request of an auxiliary circuit to adjust the 
gain. One method of attaining amplitude stability and adjust the gain is to add an Automatic Gain 
Control (AGC) loop. This type of loop can be easily incorporated with the basic Wein-bridge 
oscillator. In 1940s, William Hewlett and David Packard produced a Wien-bridge oscillator 
adopting lamp as a component of AGC circuit. With the development of power electronics, 
structures like Zener diode, MOSFET, DAC (Digital-to-Analogue Conversion) module were 
utilized to realize AGC function. One kind of the Wien-bridge oscillator with AGC loop was 
modeled in MATLAB Simulink and PSPICE.The analysis shows the waveform has a significant 
promotion with this kind of AGC. 
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Voltage controlled oscillators 

 

                                                          Gabriel Motunde 

 

This abstract highlight on what I want to write on Voltage-Controlled Oscillators, the types, their 
applications and the working principles. 

A Voltage controlled oscillator is an oscillator with an output signal whose output can be varied 
over a range, which is controlled by the input DC voltage. It is an oscillator whose output 
frequency is directly related to the voltage at its input. 

VCO circuits can be designed or modeled by means of any voltage control electronic 
components such as varactor diodes, transistors, Op-amps, JFET and e.t.c. These types of 
Voltage Controlled Oscillators can be categorized based on their output waveforms as Harmonic 
Oscillators or Relaxation Oscillators. 

Applications of Voltage Controlled Oscillator Voltage controlled oscillators (VCO) have been 
implemented with a wide variety of discrete and RF electronic devices in circuit technology. The 
voltage controlled oscillator (VCO) is a critical sub-block in all Electronic semiconductor 
applications.  

Working Principle of Voltage Controlled Oscillator (VCO).  Oscillators are autonomous circuits 
that produce a stable periodically time varying waveforms. They have at least two states and they 
cycle through those states at a constant pace. The oscillation frequency varies from few hertz to 
hundreds of GHz. By varying the input DC voltage, the output frequency of the signal produced 
is adjustable. 
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Chaotic Oscillator with a Trigonometric Nonlinearity 
 

Andrew W. Muscha 
 

 
A chaotic oscillator can be modeled using third-order differential equations with nonlinearities 
present. These oscillators, called jerk oscillators due to the third-order term, can be created in 
electronic circuits using op-amp primarily analog devices. Sprott, in Elegant Chaos (2010), details 
several equations as candidates for electronic circuits, including 6 tan 0.6 	
0. Most of the terms in this equation are easily synthesized in electronics; integrators, summers, 
and gains are all trivial to design using op-amps. The trigonometric nonlinearity presents a 
technical challenge, as the arctan function is not easily implemented using analog circuitry. 
However, in the past several years many microcontrollers have been introduced with the speed 
capabilities to be used in a low-speed oscillator circuit, opening equations such as this for further 
inspection.  

The oscillator equation was modeled in Simulink to verify and inspect chaotic behavior, 
then a circuit was designed in LTSpice to implement it. The operating frequency was selected to 
be ~20kHz, fast enough to have potential applications and slow enough for a microcontroller to 
respond and react (assuming a clock speed of ~180 MHz, such as the STM32F446). The 
microcontroller input was modeled as a behavioral voltage source at this stage. This design phase 
took longer than expected due to the initial circuit not reaching an oscillatory state, so a hardware 
circuit was never created. By extension, the microcontroller emulating the arctan function was 
never tested as a part of the circuit. However, the initial simulations suggest it should be possible. 
Ultimately, a simulation of the third-order equation modeled in electronic circuitry was successful. 
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Chaotic Oscillator Implementation Based on an  
Exactly Solvable Piece-wise Linear Chaotic System 

 
Benjamin Keaton Rhea 

 
Presented is an electronic implementation of a chaotic oscillator design motivated by a manifold 
piecewise linear system.  This particular system is topologically conjugate to the iterated shift map.  
This system has a mathematical structure that lends itself to electronic implementation and the 
system's exact analytical solution has led to the development of a matched filter.  The previous 
work on the matched filter design makes the system an ideal candidate for communication or radar 
system applications.  The electronic oscillator design is based on a single transistor in a common-
base amplifier configuration combined with an LC resonance circuit and a mixed-signal feedback 
network. Simulation and hardware results demonstrate that the chaotic oscillator shares similar 
characteristics with the manifold piecewise linear system.  Theoretical simulation and 
experimental hardware agree that the system exhibits chaotic characteristics such as topological 
mixing and sensitivity to initial conditions.  These results indicate that the simulation and hardware 
design shares similar dynamics to the iterated shift map. 
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Voltage-controlled oscillators 

 

Weichao Wang 

 

 

Voltage-controlled oscillators are specialized oscillators in which the oscillation frequency varies with a 
control voltage. VCOs are used in many communication applications such as frequency modulation, in 
the phase locked loop (PLL) for signal tracking and FM demodulation. There are many ways to design an 
electronic circuit for a VCO. One method uses a special diode called Varactor. This diode has capacitance 
that varies with the applied voltage. As the capacitance varies the applied voltage so does the time 
constant of the oscillator resulting in an output signal with varying frequency. VCO can also be designed 
by making the time constant of the capacitor dependent upon a control voltage.  

Linear or harmonic oscillators generate a sinusoidal waveform. Harmonic oscillators in electronics 
usually consist of a resonator with an amplifier that replaces the resonator losses (to prevent the amplitude 
from decaying) and isolates the resonator from the output (so the load does not affect the resonator). 
Relaxation oscillators can generate a sawtooth or triangular waveform. They are commonly used in 
monolithic integrated circuits (ICs). They can provide a wide range of operational frequencies with a 
minimal number of external components. 

  



10 
 

Vacuum Tube Oscillator with AGC 
 

Aaron Whitney 
 

Vacuum tubes have largely fallen out of use due to their size requirements, reliability, and 
inefficiency when compared to transistor-based designs. However, vacuum tube-based circuitry is 
still desirable in certain fields, particularly those related to audio and music production. Due to 
their characteristic curves, one may achieve signal distortion not only by pushing the tubes to 
saturation, but by altering the point of operation on the load line as well. This type of distortion 
contains primarily even-order harmonics, the most prevalent being the second harmonic. Even-
order distortion is considered to be “warmer” (more pleasing to the ear) than the odd-order due to 
the fact that low-numbered even-order harmonics are tonally consonant intervals to the 
fundamental. Additionally, achieving distortion by saturation takes advantage of the soft clipping 
inherent to the function of a tube; this eliminates high-order frequencies that are unwanted even in 
today’s hi-fi systems. This work will present a tube-based Colpitts VCO, commonly found in 
synthesizers, with a gain control that can be either automatic or manually manipulated. The circuit 
utilizes a pentode vacuum tube due to its high gain compared to a triode tube. Additionally, it is 
possible to force a pentode tube to behave as a triode by shorting two of the three grids to the plate. 
This greatly decreases the tube’s gain, and, if controlled properly, can allow for greater 
“headroom” (maximum volume without significant distortion) in the output signal, as well as a 
good amount of distortion without the need for excessive volume. By allowing the user to choose 
the operation mode, one can access voltage-consistent “clean” and “dirty” tones relatively easily. 
By leaving the gain control off, the oscillator will operate normally, distorting as the tube’s 
characteristics dictate. By allowing the gain control to run automatically, the tube will constantly 
change its mode of operation and elude saturation. The control circuit may also be engaged full-
time and will allow the tube to behave as a triode, per the user’s tonal desires. Schematics and 
simulation results are presented. 
  



11 
 

Use three-point capacitance oscillator to create a sine wave 
KUAI YU 

Abstract 
Self-excited generator oscillator is the oscillator that is under the condition of no additional 

incentive signal, and it can convert the direct current (dc) into a certain waveform, a certain 
frequency and an amplitude of alternating power circuit. The role of the sinusoidal oscillator is to 
create a stable and constant amplitude frequency sine wave output. Based on the frequency 
stability, feedback coefficient, the output waveform and the factors such as vibration, so I choose 
three-point capacitance oscillator to create a sine wave and I will use multisim to simulate. 

Three-point capacitance oscillator, which is also named Collpitts Oscillator, it is one of the 
self-excited generator oscillators. The advantage of the circuit is that it has good output 
waveform. Three-point capacitance oscillator is composed of series of capacitance, inductance 
circuit and positive feedback amplifier. Because the connection between three endpoints of two 
series capacitance of the oscillating circuit and oscillation tube pin respectively, so we called it 
three-point capacitance oscillator. 

According to the static working point to calculate the loop of the capacitance 
and  inductance value, RMS output frequency and the output amplitude in order to achieve the 
requirements. 

  
Key words: Three-point capacitance oscillator, Oscillator, Multisim 
 


