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The regenerative receiver, a design that dates back to the early 20th century, remains one of the most elegant and 

educational projects for amateur radio enthusiasts and student engineers alike. While modern software-defined 

radios (SDRs) and superheterodyne receivers dominate the commercial landscape, the regenerative circuit offers 

an unparalleled look into the fundamental principles of RF amplification, feedback, and detection. One of the most 

famous modern iterations of this classic circuit is the 'Simple Regen Radio for Beginners' designed by Charles 

Kitchin (N1TEV), originally published in the September 2000 issue of QST magazine. This design has become a

staple for its reliability, low cost, and ability to pull in international shortwave broadcasts using nothing more than a

short whip antenna.

The Historical and Technical Context of Regeneration

Invented by Edwin Armstrong in 1912, the regenerative circuit revolutionized radio communication by significantly 

increasing the sensitivity and selectivity of receivers using a single vacuum tube or transistor. The core mechanism 

involves positive feedback (regeneration). By feeding a portion of the amplified signal back into the input circuit in 

phase with the incoming signal, the losses (resistance) in the tuned circuit are partially canceled out. This 

effectively increases the 'Q' factorof the circuit, narrowing the bandwidth and boosting the gain to extraordinary

levels.

In the context of the Kitchin design, the goal was to simplify this complex interaction for beginners. The September

2000 QST article addressed a common problem with older regen designs: stability. Traditional regens were often

'fussy' or prone to sudden oscillations that made tuning difficult. Kitchin’s circuit utilizes a modern approach with

transistors to stabilize the feedback loop, making it accessible even to those with minimal electronic construction

experience.

Theoretical Framework: How the Kitchin Regen Functions

To understand why this specific design is so effective, we must analyze the three primary functions it performs: RF 

amplification, detection, and audio amplification.

1. The Positive Feedback Mechanism

At the heart of the receiver is a tuned LC (inductor-capacitor) circuit. In the Kitchin design, regeneration is 

controlled by varying the gain of the detector stage or the amount of signal fed back through a secondary winding 

(the tickler coil) or a capacitive divider. As the user increases the regeneration control, the circuit approaches the 

Barkhausen stability criterion, where the loop gain equals unity and the phase shift is zero. Just before the circuit

breaks into self-oscillation, the sensitivity is at its peak, allowing the receiver to detect signals only a few microvolts

strong.

2. The Detection Process

The detector stage must extract the audio modulation from the high-frequency carrier. The N1TEV design typically 



employs a bipolar junction transistor (BJT) or a junction field-effect transistor (JFET)operating in a non-linear

region (often referred to as 'leaky grid' detection in vacuum tube terms). This non-linearity allows the transistor to

act as a rectifier, converting the RF envelope into an audible signal.

3. The Audio Power Chain

Because the signal leaving the detector is extremely weak, a high-gain audio amplifier section is required. Many

versions of the Kitchin radio use a two-transistor or integrated circuit (IC) based audio stage to drive high-

impedance headphones or a small speaker. This ensures that the 'dozens of international shortwave broadcast

stations' mentioned in the original QST article are clearly audible even when using a simple 39-inch whip antenna.

Technical Analysis of Receiver Topologies

When evaluating the N1TEV design, it is helpful to compare it against other common receiver architectures found in

the hobbyist world. The following table provides a structured evaluation of these technologies.



Receiver Type Sensitivity Selectivity Complexity Best Use Case

Crystal Radio Very Low Poor Minimal Extreme Beginners / 
Science Projects

Regenerative 
(Kitchin)

High Good (Adjustable) Moderate Shortwave 
Listening / 
Educational DIY

Direct Conversion High Excellent High CW/SSB Amateur 
Radio Reception

Superheterodyne Excellent Superior Very High Commercial/
Professional 
Transceivers

Detailed Component Analysis and Selection

The beauty of the September 2000 QST projectlies in its non-critical nature, yet selecting high-quality

components can significantly enhance performance, especially frequency stability.

•  The Inductor (L1): The coil is the most critical part of the build. Kitchin suggests a hand-wound coil on a 

plastic form (such as a 35mm film canister or a piece of PVC pipe). Using Litz wire can improve the Q-factor, but 

standard enameled copper wire (22-26 AWG) is sufficient. The spacing of the turns affects the frequency range.

•  The Variable Capacitor (C1): An air-variable capacitor is preferred for its stability. If using a plastic dielectric 

'poly-varicon' (common in pocket radios), mechanical stability becomes a challenge. A reduction drive (e.g., 6:1 or 

10:1) is highly recommended to make fine-tuning the narrow shortwave bands easier.

•  The Transistors: Modern equivalents like the 2N2222 or 2N3904 are often substituted. However, Kitchin’s 

original circuit was optimized for specific gain characteristics. For the RF stage, a low-noise transistor ensures that 

the noise floor doesn't mask weak DX stations.

Construction Methodology: Manhattan Style vs. PCB

The N1TEV project is frequently built using 'Manhattan-style' construction. This method involves gluing small

pads of copper-clad board onto a larger ground plane. This approach is superior for RF projects for several reasons:

1.  Ground Plane Integrity: Having a solid copper base minimizes parasitic inductance and provides a low-

impedance path for return currents.

2.  Ease of Modification: Since components are soldered to pads on top of the board, it is easy to swap out 

resistors or capacitors to 'tweak' the frequency range or regeneration threshold.

3.  Mechanical Rigidity: Unlike 'dead bug' wiring where components hang in the air, Manhattan style provides a 

sturdy mechanical structure, which is vital for preventing microphonics (where physical vibrations cause frequency 

shifts).

Step-by-Step Assembly Workflow

1.  Prepare the Base: Cut a piece of double-sided copper-clad board to roughly 4x6 inches. Clean it with steel 

wool to ensure good solderability.

2.  Winding the Coil: Follow the turns-count specified in the 2000 QST article. Ensure the windings are tight and 

secure them with clear nail polish or high-quality electrical tape.

3.  Mount the Controls: Potentiometers for volume and regeneration, along with the variable capacitor, should be 



mounted to a sturdy front panel (aluminum or copper-clad) to prevent 'hand capacitance' from detuning the radio 

when you touch the knobs.

4.  Populate the RF Stage: Keep lead lengths as short as possible. High-frequency signals are easily radiated or 

attenuated by long wires.

5.  Test the Audio: Before completing the RF section, apply power and touch the input of the audio stage. You 

should hear a hum or buzz in the headphones, indicating the amplifier is working.

Operational Challenges and Troubleshooting

Even a 'simple' regen can present challenges during the initial power-up. Below is a diagnostic matrix for common

failure modes based on field reports of the N1TEV design.



Symptom Probable Cause Technical Solution

No 'Hiss' or Regeneration Tickler coil polarity reversed Swap the connections to the feedback 
(tickler) winding.

Motorboating (Low freq oscillation) Poor power supply decoupling Add a 100uF electrolytic capacitor 
across the battery rails.

Frequency Drifting Thermal instability or mechanical flex Ensure the coil is glued down; use 
NPO-type ceramic capacitors in the 
tank.

Fringe Howl Regeneration control is too 'snappy' Increase the value of the grid/base 
leak resistor or adjust the supply 
voltage.

The Phenomenon of 'Zero-Beating'

For beginners, the most difficult aspect of operating a regen is understanding the transition from sub-critical to 

super-criticalregeneration. To listen to standard AM broadcasts (News/Music), the regeneration control must be

set just *below* the point of oscillation. If the radio is oscillating, it will produce a 'whistle' or 'beat note' against the

carrier of the station. For CW (Morse code) or SSB (Single Sideband) amateur radio signals, the user must

intentionally keep the circuit in a state of weak oscillation and 'zero-beat' the signal to make it intelligible.

The Educational Impact: Scouts and STEM

As noted in the 2015 and 2016 revisions of the Kitchin documentation, this project is a premier choice for the Scout 

Radio Merit Badge. It bridges the gap between theoretical physics (electromagnetism) and practical application.

By building this receiver, a student learns about:

•  Resonance: How the LC circuit selects a specific frequency from the vast spectrum of electromagnetic waves.

•  Energy Conversion: How RF energy is converted into mechanical vibration in headphones.

•  Component Functions: The specific roles of resistors (bias), capacitors (filtering/tuning), and transistors 

(amplification).

The ability to receive international stations from hundreds or thousands of miles away using a device built by one's

own hands provides a profound sense of accomplishment that 'black box' technology cannot replicate.

Summary of Engineering Implications

The Charles Kitchin 'Simple Regen Radio for Beginners' is more than just a nostalgic hobbyist project; it is a

masterclass in efficient circuit design. By maximizing the utility of a small number of components, Kitchin

demonstrates that sophisticated performance does not always require high-part-count complexity. The design’s

reliance on the fundamental principle of regeneration allows it to punch far above its weight class, offering

sensitivity that rivals much more expensive equipment.

For the modern engineer or hobbyist, the project serves as a reminder of the importance of the 'analog' foundations

of radio. In an era of digital signal processing, understanding the raw behavior of an oscillating LC circuit and the

nuances of feedback remains a vital skill. Whether used for a Scout project, a weekend build, or as a tool for

learning RF theory, the September 2000 QST design remains a definitive benchmark in the world of homebrew

radio engineering. Its enduring popularity over two decades is a testament to its robust design and the timeless



appeal of the shortwave bands.

Tags: #Regenerative Receiver  #Shortwave Radio  #Charles Kitchin  #N1TEV  #QST Magazine  #Electronics DIY  #Amateur 
Radio



Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6


