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Chapter One: The Vacuum Tube VFO in Context

What is a VFO?

A Variable Frequency Oscillator (VFO) is the beating heart of a radio transmitter or 
receiver. It generates a stable signal whose frequency can be adjusted across a range, 
rather than fixed at a single point. In transmitters, the VFO determines the carrier 

https://w4npn.org/vfos/


frequency on which the signal is radiated; in receivers, it is often used in the local 
oscillator section to mix with incoming signals and allow selective tuning across the 
band.

Without the ability to generate a controllable frequency, a transmitter would be locked in 
place, and a receiver would hear only one narrow portion of the spectrum. The VFO, 
then, is what makes tuning possible. It allows the amateur operator, shortwave listener, 
or  technician to move easily across a band of frequencies.

The key requirements of a good VFO are:

• Frequency Stability – it should not drift with time, temperature, or voltage 
changes.

• Smooth Tuning – frequency should change continuously and predictably across 
the range.

• Clean Output – the waveform should be free from harmonics or unwanted 
modulation.

Meeting these requirements with early vacuum tube technology was no small feat, and 
many of the classic texts in amateur radio engineering devote entire sections to methods 
of stabilizing tube-based oscillators.

A Brief History of Oscillators

The earliest radio transmitters at the turn of the 20th century did not use oscillators at all 
in the modern sense. Instead, they employed spark gaps, producing bursts of damped 
waves. These signals were broad, unstable, and wasteful of spectrum. Though 
revolutionary at the time, spark transmitters quickly gave way to more refined methods.

By the 1910s and 1920s, the quartz crystal oscillator came into widespread use. A slice 
of quartz, cut at the proper angle, resonates with remarkable stability when excited 
electrically. Crystal control made it possible for amateur and professional stations alike 
to stay “on frequency,” reducing interference and opening the way to organized band 
plans. But crystals came with their own limitations: they oscillated only at one frequency 
(or sometimes a harmonic), and changing frequency meant physically swapping crystals. 
For amateurs hoping to explore multiple bands, this was both costly and inconvenient.

The answer came in the form of the Variable Frequency Oscillator. Using vacuum tubes, 
tuned circuits, and variable capacitors, operators could generate a stable signal anywhere 



within a chosen range. Suddenly, the amateur could roam the 80-meter band at will, or 
adjust his transmitter to a clear spot on 20 meters, without being tied to a box of crystals.

By the 1930s and 1940s, the VFO was well established in amateur radio transmitters, 
often in combination with crystals for specific fixed frequencies. Commercial receivers, 
too, relied heavily on VFOs to provide the tunable local oscillator needed for 
superheterodyne designs.

Advantages and Drawbacks of Vacuum Tube VFOs

Vacuum tube VFOs brought with them a great leap in flexibility and capability. But they 
also introduced new challenges.

Advantages:

• Variable Tuning – A single oscillator could cover an entire amateur band, and 
multiple bands using its harmonics.

• Experimentation – Builders could adjust coil inductance, capacitor ranges, and 
circuit layouts to suit their needs.

• No Need for Crystals – Reduced expense and increased convenience, especially 
during wartime shortages when crystals were scarce.

• Integration – A VFO could be designed to drive both transmitters and receivers, 
simplifying station design.

Drawbacks:

• Frequency Drift – Tubes generate heat, and both the vacuum tube itself and the 
tuned circuit components are sensitive to temperature changes. This could cause 
the oscillator to “walk” across the dial over minutes or hours.

• Mechanical Sensitivity – Vibration, capacitor shaft movement, and even hand 
capacity near the tuning knob could shift the frequency.

• Complexity and Cost – A stable VFO required careful design, high-quality 
components, and often shielding.

• Startup Instability – Early VFOs often drifted significantly in the first 15–30 
minutes after being powered on, requiring patient operators to let equipment 
“warm up,” as component expansion due to warmth caused frequency changes.



Despite these issues, the vacuum tube VFO became the preferred solution for decades, 
and countless designs appeared in amateur handbooks, magazines, and commercial rigs. 
Each new design was a battle against drift, microphonics, and unwanted harmonics—but 
also a celebration of engineering ingenuity.

In the following chapters we will explore how these oscillators were designed, 
stabilized, and refined—from classic Hartley and Colpitts circuits to ingenious 
temperature-compensated coil assemblies. But first, it is essential to understand the basic 
building blocks of a tube-based oscillator.

---------------------------------------------------------

Chapter Two: Fundamentals of Oscillation

What Makes an Oscillator Oscillate?

At its core, an oscillator is an electronic circuit that generates a repetitive, stable signal 
without an external input. Unlike an amplifier, which simply strengthens signals fed into 
it, the oscillator “feeds itself,” sustaining a waveform by continually cycling energy 
between electrical and magnetic fields.

The conditions for oscillation were formalized in the early 20th century by German 
physicist Heinrich Barkhausen. The Barkhausen Criterion states that for oscillation to 
occur:

1. The loop gain (amplifier gain × feedback fraction) must be equal to or greater 
than one.

2. The feedback signal must be in phase with the original input.

In practical terms, this means a vacuum tube amplifier can be made to oscillate if part of 
its output is fed back positively into its input at the right frequency. A tuned circuit—an 
inductor and capacitor in resonance—selects that frequency and keeps the oscillator 
“singing” at one tone rather than breaking into noise or chaos.



The Role of the Vacuum Tube

The vacuum tube, whether triode, tetrode, or pentode, acts as the active element in early 
oscillators. Its ability to amplify small signals allows the resonant circuit to be 
replenished continuously with just enough energy to make up for losses in resistance and 
radiation.

• Triodes were the earliest oscillator tubes, simple and effective but prone to 
pulling by load changes.

• Tetrodes and pentodes added screen and suppressor grids, giving better isolation 
and stability. Many classic VFOs employed tubes such as the 6AG7, 6SJ7, or 6V6 
as their oscillator element.

The tube’s characteristics—transconductance, internal capacitances, and noise—play a 
large role in determining how clean and stable the resulting oscillator will be.  Note that 
the tube types mentioned above run “hot,” temperature-wise, and thus can affect the 
frequency-determining components, causing frequency shift.  Others, such as the 6C4 
triode, are much cooler and improve stability but require a following “buffer” amplifier 
stage to boost the output.  This stage can be moved away from the oscillator itself, 
improving stability by moving the tube heat away from the oscillator.

Heat is one of a VFO’s enemies.  Note that the commonly-used 6AG7 tube’s filament 
uses 4.1 watts of power, much of which is transformed into heat.  Similarly, the 6J5 uses 
1.9 watts and the 6C4 uses only 0.95 watts, a much cooler tube.

Common Oscillator Circuits

Several classic circuit topologies came to dominate vacuum tube VFO design. Each uses 
a different method of feeding energy back into the tube’s input while coupling to the 
tuned LC (inductor-capacitor) network.

1. Hartley Oscillator

• Developed in 1915 by Ralph Hartley.

• Uses a tapped coil (or two inductors in series) for feedback.

• Advantages: Simple, easy to tune, wide frequency coverage.

• Drawback: Inductor construction is critical for stability; coil heating can 
cause drift.



2. Colpitts Oscillator

• Invented by Edwin Colpitts in 1918.

• Uses a capacitive divider for feedback instead of a tapped coil.

• Advantages: Excellent stability, less sensitive to coil variations.

• Widely used in amateur and commercial receivers.

3. Clapp Oscillator

• A refinement of the Colpitts, adding a series capacitor in the tank circuit.

• Offers superior frequency stability by reducing the influence of stray 
capacitances.

• Became a favorite for VFO design in mid-20th century handbooks.

4. Pierce Oscillator

• Common in crystal oscillator applications.

• Simple design, ideal when stability of quartz is required.

• Rarely used for free-running VFOs but is a sound, known type.

Each of these oscillators can be implemented with tubes, though their performance 
differs in terms of stability, ease of construction, and frequency range.  The Clapp is the 
most stable, if designed properly.

Stability Considerations

In building a tube VFO, engineers quickly learned that oscillation alone is not enough. 
The oscillator must be stable, clean, and predictable. Several factors influence stability:

• Component Quality – Air-variable capacitors with low loss and stable dielectric 
materials are critical.  Ball bearing types are preferred as they rotate more 
smoothly.

• Temperature Effects – Coils expand and contract with heat; capacitors can drift 
with even slight temperature changes.

• Voltage Regulation – Fluctuating B+ supply voltages can cause frequency shifts. 
Well-designed VFOs often used regulated power supplies or VR tubes.



• Isolation – Preventing the load (next stage of the transmitter or receiver) from 
pulling the oscillator frequency required buffer stages and shielding.

Designers experimented endlessly with different circuit layouts, shielding cans, and even 
exotic coil forms such as silver-plated wire and low-expansion alloys like Invar.

Chapter Three: The Battle for Stability

One of the defining challenges of vacuum tube VFO design is stability. A VFO may 
start on frequency when first tuned, but left to itself it can wander due to heat, voltage 
variation, or even the presence of the operator’s hand near the dial. For amateur 
operators in the 1930s through 1950s, a transmitter drifting a few kilohertz during a 
QSO was a common frustration. Thus, a large body of engineering effort went into 
minimizing drift and making tube-based oscillators as “rock steady” as possible.

This chapter explores the main strategies used: temperature compensation, buffering, 
power supply regulation, mechanical design, and careful component selection.

1. Temperature Compensation

Why Temperature Matters

Vacuum tubes generate heat, and the oscillator’s tuned circuit is extremely sensitive to 
even small temperature changes. The LC tank circuit sets the oscillator frequency, and 
both L (inductor) and C (capacitor) vary with temperature:

• Inductors expand as wire warms, changing inductance.

• Capacitors shift capacitance depending on dielectric material and mechanical 
expansion due to heat.

The combined effect is frequency drift—often tens or hundreds of cycles per degree 
Celsius.

Solutions:

1. Temperature Coefficient Capacitors (N750, N1500, etc.)

• Engineers introduced capacitors with negative temperature coefficients.

• By mixing these with ordinary capacitors, drift in one direction could be 
canceled by drift in the other.



• Example: mica capacitors (very stable) paired with N750 ceramic caps.  
Note that the “N” in front of the capacitor’s value indicates that it is a 
negative-coefficient capacitor.

2. Temperature-Compensated Coils

• Special materials such as Invar (a nickel–iron alloy with low thermal 
expansion) were used for coil forms.

• Powdered iron cores were chosen over brass or ferrite for reduced 
temperature sensitivity.

3. Thermal Shielding

• Oscillators were sometimes enclosed in metal “oven” housings, not to heat 
but to slow temperature swings and thus frequency drift.

• Commercial rigs occasionally used crystal ovens, but for VFOs, simple 
insulation was usually sufficient.

4. Warm-Up Period

• Many handbooks advised operators to let the VFO “bake” for 30 minutes 
before operating. This allowed warmed components to reach equilibrium.

      5. Buffering the VFO

Even if the oscillator itself were perfectly stable, it could still be “pulled” off frequency 
by the circuits connected to it. This effect, called load pulling, occurred when the next 
stage (e.g., a multiplier or driver) drew energy from the VFO and altered its tuning.

The Buffer Stage

To prevent this, engineers inserted a buffer amplifier between the VFO and the rest of 
the transmitter.

• Function: Provides isolation, ensuring the VFO only “sees” a constant load.

• Typical Tubes: 6AG7, 6V6, or 6J5, operated at low levels.

• Operation: Often run in Class A for linearity and stability.

Some transmitters even used multiple buffer stages—a small price to pay for frequency 
stability.  Note that a buffer stage can be located outside, and away from, the section of 



chassis that houses the oscillator itself.  Doing this prevents the buffer stage(s) from 
adding heat to the oscillator.

     6. Power Supply Regulation

The Problem

VFOs are sensitive to both plate voltage and screen grid voltage (for 
tetrodes/pentodes). A small sag in supply voltage when the transmitter is keyed can 
cause noticeable frequency shift.

Solutions

1. VR Tubes (Voltage Regulators)

• Gas-filled regulator tubes (e.g., VR-105, VR-150) were commonly used to 
hold oscillator voltages steady.

• They provided a “stiff” regulated source at 105 V, 150 V, etc.

2. Separate Supplies

• Some high-performance transmitters used an independent supply for the 
VFO, isolated from the main transmitter load.

3. RC Filtering

• Heavy decoupling networks prevented oscillator stages from interacting 
with other circuits through the B+ line.

     7. Mechanical Stability

Mechanical considerations were just as critical as electrical ones.

• Variable Capacitors: High-quality air variables with wide plate spacing and ball 
bearing shafts reduce drift from humidity and dielectric changes.

• Mounting: Coils were mounted rigidly, often on ceramic or Invar forms, to 
prevent microphonics and vibration-induced shifts.

• Drive Mechanisms: Large-diameter tuning dials or gear drives allowed fine 
tuning while reducing hand capacitance effects.



• Shielding: Entire VFO assemblies were often placed in shielded sub-chassis or 
boxes, reducing interaction with, and heat from, nearby circuits.

     8. Component Selection

The “secret sauce” of a good tube VFO often came down to parts selection, and the 
mechanical considerations cited above.

• Capacitors: Mica was king for stability. Certain ceramics (N750, N1500) were 
carefully matched for temperature compensation. Avoiding paper capacitors was 
essential.

• Inductors: Silver-plated wire was sometimes used to minimize resistance changes 
with heat. Coil forms made of polystyrene or ceramic outperformed cardboard or 
wood.

• Resistors: Carbon composition resistors could drift with age and heat; metal film 
resistors, when available, were preferred.

     9. Operator Practices

Even the best-engineered VFO could drift if abused. Skilled operators followed good 
habits:

• Allowing warm-up time.

• Keeping hand capacitance off the tuning dial (some used insulating knobs).

• Shielding VFO enclosures from drafts.

• Keying the transmitter gently to avoid sudden voltage surges.

Conclusion: Toward the “Drift-Free” Oscillator

No vacuum tube VFO was ever truly drift-free. But through a combination of 
temperature compensation, buffering, regulation, mechanical design, and operator 
discipline, engineers created oscillators stable enough for amateur and commercial use. 
By the late 1940s, a well-designed VFO could hold frequency within a few tens of 
cycles per minute—good enough for CW and AM, and later adapted for SSB.



In the next chapter, we will examine classic amateur VFO designs, seeing how these 
stability techniques were put into practice in handbooks, homebrew rigs, and early 
commercial transmitters.

Chapter Four — A Survey of Classic Amateur VFO Circuits 
(1930s–1950s)

This chapter walks through the actual VFO circuits that dominated amateur radio work 
from the 1930s through the 1950s. It will describe each topology, explain its 
implementation with vacuum tubes, point out the practical pros and cons, and include 
typical component/layout notes and stability work-arounds that homebuilders used. 
Think of this as a field guide: you should be able to read a schematic from an old 
magazine and understand the designer’s choices — and decide whether you’d build the 
circuit as drawn, or modify it for better stability.

1. The Hartley (Meissner) VFO

Topology & Operation

The Hartley oscillator (often called the Meissner in some vintage sources) uses a tapped 
inductance (or two series inductors) for feedback. In tube implementations the tank is 
tuned with a variable capacitor, and the feedback tap for the grid/cathode circuit is taken 
from the coil.

Typical tube: triode or triode-connected pentode (e.g., a small triode such as a 6J5 / 6C4, 
or a triode section of a dual tube). For pentode/etc. versions the screen may be bypassed 
and the tube used as a triode for best phase linearity.

Why builders liked it

• Simple and easy to build.

• Wide tuning range with a single coil if the coil form and spacing are chosen well.

• Sensible for lower HF bands where large variable capacitors were common.



Typical circuit notes (practical)

• Coil: single form with a tap at ~20–40% from one end (the tap position controls 
feedback). Wire: silver-plated or tinned copper on ceramic form. Short, rigid 
leads.

• Tank capacitor: large ball bearing air variable (100–500 pF) or ganged set for 
coverage of multiple bands.

• Feedback control: small series capacitor or adjustable link to avoid overdrive.

• Buffering: a cathode follower or single triode buffer immediately following the 
Hartley to isolate the tank from load.  A second Buffer stage can do double duty 
by being used as a frequency multiplier stage in addition to providing more 
isolation (“buffering”) from the oscillator.

Strengths / Weaknesses

• Strength: excellent signal amplitude and coverage.

• Weakness: tap position and coil temperature sensitivity produce more drift than 
capacitive-divider oscillators; tapping point can change mutual coupling due to 
mechanical movement.

Stability tips

• Use an enclosed metal box and rigid mounting.

• Choose a stable coil form (ceramic or phenolic with short winding length).

• Use a Clapp-style series capacitor (see later) for improved frequency definition if 
needed.

2. The Colpitts VFO

Topology & Operation

The Colpitts oscillator uses a capacitive divider as the feedback network. The tank 
typically consists of a single inductor in parallel with the series combination of two 
capacitors that split the feedback. In tube circuits the grid/cathode (or grid/grid) sees the 
divided tap.

Typical tube choices: medium-mu triodes or triode-connected pentodes (examples: 
6J7/6AG7 sections, or small triodes).



Why builders liked it

• In practice it tends to be more stable than a Hartley because the feedback ratio 
depends on capacitor values (which, if using mica, are stable) rather than on a 
mechanical coil tap.

• Easier to temperature-compensate because capacitors can be selected/matched.

Typical circuit notes

• Capacitor divider: use mica capacitors for the divider (low loss, predictable temp 
coefficient).

• Tank inductor: fewer problems with tapping; inductance changes still matter but 
have less fractional effect on feedback.

• Buffer: cathode follower or grounded-grid driver following the Colpitts is 
standard to prevent pulling.

Strengths / Weaknesses

• Strength: good long-term stability and lower sensitivity to mechanical 
perturbation.

• Weakness: at very low frequencies the distributed capacitance and stray 
capacitances can dominate, requiring care in layout.

Stability tips

• Make the capacitor divider much larger than stray capacitances (i.e., use low-
impedance divider values).

• Use a small adjustable “trimmer” across one capacitor for final calibration and 
temp compensation.

3. The Clapp VFO (Improved Colpitts)

Topology & Operation

The Clapp is a Colpitts variant with an additional series capacitor in the tank loop 
(between the inductor and the split capacitors). This reduces the effect of tube and stray 
capacitances on the oscillation frequency and is widely regarded as one of the most 
stable free-running oscillator topologies for VFO use.



Typical tubes: triodes or triode-connected pentodes; triode tubes are excellent here 
because their internal capacitances are relatively predictable.

Why builders liked it

• Superior frequency stability compared with plain Colpitts or Hartley, because the 
series capacitor dominates the effective capacitance of the tank.

• Less susceptible to capacitive loading from wiring, tube inputs, and buffers.

Typical circuit notes

• Make the series capacitor (Cseries) significantly smaller than the split capacitors 
so it largely determines the effective tank capacitance.

• Use a plated-shaft air variable for the main tuning, and reserve small mica 
trimmers for fine-tuning and calibration.

• A well-designed Clapp VFO plus a cathode follower buffer was the “go-to” for 
seasoned homebrewers chasing low drift.

Strengths / Weaknesses

• Strength: excellent inherent stability; forgiving of stray tube capacitance changes.

• Weakness: more parts and slightly more complex to tune; the small series 
capacitor must be good quality and stable.

Stability tips

• Use mica capacitors for the split caps and a stable NP0/C0G style cap as the series 
cap if available.

• Rigid physical layout; keep the plate/antenna leads as short and shielded as 
possible.

4. The Armstrong (Feedback/Tickler) Oscillator

Topology & Operation

Sometimes labelled an “Armstrong” or tickler oscillator, this topology uses a separate 
feedback winding (the tickler) magnetically coupled to the tank coil. It’s essentially a 
variation of tapped/transformer feedback.



Typical tubes: triode or triode-connected pentodes. It was popular in early designs and in 
some receiver local oscillators.

Why builders liked it

• Very strong regenerative loop — easy to get oscillation and tune.

• Useful when a designer wanted substantial RF energy for a buffer stage.

Typical circuit notes

• Carefully control coupling between tank and tickler: too tight and the oscillator 
can become insensitive or pull; too loose and it may be unstable.

• Physical separation and shielding are important.

Strengths / Weaknesses

• Strength: ease of oscillation and strong output.

• Weakness: strong coupling makes the circuit more microphonic and more 
susceptible to load changes; more pulling.

Stability tips

• Use a well-designed buffer and keep the tickler coil small and rigid.

• Shield the tank from the tickler physically or with a grounded partition if possible.

5. Tuned-Plate / Tuned-Grid Oscillators and Multipliers

Topology & Operation

Some VFOs were intended to generate a stable low-frequency fundamental and then use 
tube multipliers (one or more stages) to produce the final transmitter frequency. In these 
rigs the VFO is carefully stabilized, and the multiplier stages are designed to be immune 
to the VFO’s load.

In transmitter chains the VFO often drives a buffer, then a series of tuned grids/plates or 
grounded-grid amplifiers terminating in a final RF amplifier.

Why builders liked it

• Keeping the VFO at a lower frequency allows the use of commonly available 
tuning element sizes and can improve stability.



• Multipliers reduce the risk of spurious emissions from the VFO being radiated 
directly.

Typical circuit notes

• Buffer stages must be linear and stiff; a cathode follower driving a tuned grid or 
tuned plate stage was common.

• Keying the transmitter could still cause apparent VFO shift unless the buffer and 
multiplier supplies were regulated and decoupled.

Strengths / Weaknesses

• Strength: clean, isolated transmitter front end.

• Weakness: extra complexity and potential for harmonic issues if multipliers are 
not filtered well.

Stability tips

• Make plate and screen supplies for buffer/multiplier stages independent or well 
decoupled.

• As with all oscillators, mechanical stability and isolation is paramount.

6. Calibrated and Ganged VFOs (Covering Multiple Bands)

Typical practice

Many homebuilders wanted one VFO to cover 80, 40, and 20 meters (or other band 
stacks). This was achieved by means of switchable inductors, tap changes, or multi-
section ganged capacitors. Where commercial rigs had high-quality precision ganged 
capacitors, homebrewers often used plug-in coil packs and a single ganged variable 
capacitor.

Practical notes

• Band switching introduces discontinuities and calibration complexities. Builders 
used calibration charts, dial markers, and switch-detent indexing.

• Split stator capacitors or Vernier drives were common to reduce hand capacitance 
effects on tuning.



Stability tips

• Keep band switching physical and secure — sloppy switch contacts or loose coil 
packs create microphonic drift.

• Use a mechanical vernier drive or reduction gear; never tune the main shaft 
directly with fingers on the plates if ultimate stability is desired.

7. Buffer Stage Implementations — Practical Patterns

Even though buffering has been mentioned repeatedly, it’s worth listing the typical 
buffer topologies you’ll see in vintage designs and pros/cons for each:

• Cathode Follower (Triode): Low output impedance, excellent isolation, low 
phase shift. Widely used as the first buffer and run in Class A for best linearity.

• Grounded-Grid Amplifier (Triode): Higher gain, rugged, and can handle higher 
power — sometimes used as a driver stage after the cathode follower.

• Tuned Plate/Tuned Grid Driver: Used when one needs a tuned output for the 
multiplier chain; requires good shielding and decoupling so it won’t pull the VFO.

Best practice: at a minimum use a cathode follower right after the VFO and then chain to 
any tuned drivers. Keep buffer leads short and shielded.  A common topology would be: 
6C4 oscillator →6C4 Class A buffer →6AG7 (or other tubes) multiplier/driver stage.

8. Real-World Component Values & Band Examples (Illustrative)

Below are representative, illustrative component ranges for a HF amateur VFO 
covering a single band. These are not prescriptive — they are starting points you’ll see 
in period schematics:

• Inductor (L) for 7 MHz region: 0.5–2 µH (depending on the capacitor range and 
coil form).

• Main tuning capacitor: 100–500 pF air variable (ganged if multi-band).

• Feedback / divider capacitors (Colpitts): 100–1000 pF (but balanced to 
dominate stray C).

• Series capacitor in Clapp: 10–100 pF (stable mica preferred).



• Cathode resistor for cathode follower buffer: 150–1kΩ (depends on 
tube/biasing).

• Plate voltage for VFO tube: typically 90–200 V for small triodes/pentodes in 
oscillator service; regulated if possible.

• Bypass capacitors: 0.01–0.1 µF mica or film; large electrolytics for B+ 
smoothing after the regulator.

Again: these are typical ranges you’ll see; chosen values depend on desired tuning 
range, the coil form, and the size of the variable capacitor.

9. Common Modifications & Builder “Hacks” from the Era

Experienced builders developed several recurring tricks:

• Padder/Calibration Capacitors: Fixed small capacitors switched in/out to set the 
dial calibration at band edges.

• Ganged Split-Stator: Physically split the variable capacitor stator and use a 
grounded middle partition to reduce stray coupling.

• Insulated Tuning Knob / Backlash Gear: Reduce hand capacitance and allow 
fine control.

• Heat-Sinked Coils / Ovenization: Put the coil and the immediate tank into a 
small insulating box along with a mild heater to force a stable temperature (a low-
power incandescent lamp was sometimes used).

• Dual VFOs (lockable): For serious contesters and DXers, two VFOs with 
mechanical locking or heterodyne checking could be used to ensure the station 
stayed on frequency.

10. Performance Expectations — What “Good” Meant Then

By the late 1940s and early 1950s a well-built VFO using Clapp topology, with a good 
buffer and regulated supply, could achieve stability on the order of tens of cycles per 
hour on the lower HF bands once warmed up and under stable ambient temperature. 
That was “good enough” for CW and for early SSB practice, although crystal control 
would be preferred for precision work and crowded bands.



Designers always balanced cost and time against performance: a simple Hartley with a 
good buffer could be perfectly acceptable for ragchews, while the contester or DX 
operator would invest in the Clapp plus oven and regulation.

Closing Notes and Which Circuits to Choose

• For easiest homebuilding and learning: start with a simple Hartley, add a 
cathode follower buffer, and concentrate on layout and shielding. You’ll learn 
what causes drift by observing it.

• For best single-stage stability: choose a Clapp oscillator with a high-quality 
series capacitor, mica split caps, and a rigid coil assembly.

• For transmitter use where isolation matters: always include at least one buffer 
stage and consider separate, regulated supplies for the VFO and multiplier/drive 
chain.

Chapter Five — Building a Practical Clapp VFO

In the previous chapter we surveyed the Hartley, Colpitts, Clapp, and related oscillator 
circuits as they appeared in amateur literature from the 1930s–1950s. Now we turn from 
theory and survey to practice. In this chapter, you will walk through the complete 
design of a Clapp-type VFO, including:

• Parts selection for stability and reliability

• Coil design and winding methods

• Chassis layout, shielding, and mechanical considerations

• Buffering scheme to isolate the oscillator from load pulling

• Testing procedures to verify stability under heat, keying, and load

This will give you not only a working design but also the tools to judge and improve any 
vacuum tube VFO.



1. Why the Clapp?

As discussed earlier, the Clapp oscillator is essentially a Colpitts oscillator with a small 
series capacitor in the tank circuit. This extra capacitor dominates the total tuning 
capacitance, making the circuit less sensitive to tube and stray capacitances. The result is 
better long-term stability and easier compensation.

This makes it an excellent candidate for a practical homebrew VFO in the tube era — 
and still the best starting point if you want to build one today.

2. Parts Selection

Tubes

• Oscillator tube: A small, stable triode is ideal (e.g., 6C4, 6J5, or one triode 
section of a 12AU7). Triode-connected pentodes such as the 6AG7 also work 
well.

• Buffer tube: A medium triode such as 6SN7, 12AU7, or 6V6 in cathode follower 
service.

Capacitors

• Main tuning capacitor: High-quality air variable, 100–250 pF per section, ball-
bearing type preferred.

• Series capacitor (Clapp element): 20–50 pF fixed mica (dominates frequency 
set).

• Split capacitors for divider: 470–1000 pF mica, stable and low-loss.

• Bypass capacitors: 0.01–0.05 µF mica or film types at RF, electrolytics for B+.

• Temperature compensation caps: N750 ceramics (−750 ppm/°C) used in 
parallel or series with mica to cancel coil drift.

Inductors

• Coil form: Ceramic or polystyrene; avoid cardboard or wood. Invar is best but 
rare.

• Wire: Silver-plated or tinned copper, #20–#26 AWG. Space-wound to reduce self-
capacitance.

• Shielding can (optional): Aluminum or brass box around the coil.



Power Supply

• Regulated B+: Use VR tubes (VR-105, VR-150) or modern regulated DC supply 
at ~150 V.

• Filaments: 6.3 V AC with good twist and routing to avoid hum injection.

3. Coil Winding Example (for 7 MHz range)

Suppose we want a VFO tuning 7.0–7.3 MHz (40 meters).

• Target L: ~2 µH with ~150 pF effective C.

• Coil: 10 turns, #20 AWG, 1-inch diameter, 1-inch length, on ceramic form.

• Spacing: 1 wire diameter between turns.

• Tap: None needed (Clapp uses capacitive feedback, not a coil tap).

For 80 meters (3.5–3.8 MHz), double the inductance (20 turns, ~4 µH). For higher 
bands, fewer turns.

Tip: Wind coils neatly, secure with Q-dope or beeswax, and mount rigidly with ceramic 
stand-offs.

4. Chassis Layout and Shielding

• Chassis: Aluminum plate 6×8 inches or larger for stability.

• Tube sockets: Ceramic sockets, well-spaced. Keep oscillator tube close to tuning 
capacitor and coil.

• Capacitors: Mount main variable securely; use a reduction drive for smooth 
tuning.

• Shielding: Place the coil and tuning capacitor inside a sub-enclosure (“VFO box”) 
made of aluminum or brass sheet. This isolates it from drafts, hand capacitance, 
and nearby fields.

• Grounding: Single-point ground for oscillator section; use short, wide ground 
straps.

5. Buffering Scheme

A good buffer isolates the VFO from load changes and provides a usable RF output.

Recommended buffer:

• A cathode follower using a triode such as a 12AU7 section.



• Plate tied to B+, grid fed from oscillator output (via small coupling cap), cathode 
resistor 470–1kΩ to ground.

• Output taken from cathode through 100 pF coupling capacitor to next stage.

For higher drive levels, follow with a grounded-grid amplifier stage (6AG7 or 6V6).

6. Step-by-Step Build Process

1. Assemble coil and tuning capacitor on a small sub-chassis or shield box.

2. Wire oscillator tube with shortest possible leads. Use Teflon or ceramic stand-
offs for RF components.

3. Install series and divider capacitors carefully; avoid long lead dress that adds 
stray C.

4. Connect VR tube supply to feed the oscillator plate and screen (if applicable).

5. Add buffer stage on the main chassis, with shielding partition if possible.

6. Bypass and decouple all supply leads with mica and electrolytic capacitors.

7. Test oscillator startup before final enclosure; adjust values for reliable oscillation 
and correct frequency range.

8. Enclose oscillator in its metal box; route output via feed-through capacitor to 
buffer.

7. Testing and Validation

Once the VFO is built and running, performance must be validated.

Warm-Up Drift Test

1. Connect VFO output to a frequency counter or receiver.

2. Note initial frequency after power-on.

3. Record frequency every 5 minutes for 30 minutes.

4. A good VFO will settle within 50–100 Hz after warm-up.

Temperature Test

1. With the VFO warmed and stable, direct a gentle heat source (lamp or warm air) 
near the coil box.

2. Observe frequency change per degree.



3. Add compensating capacitors if drift exceeds ~100 Hz/°C.

Load Pulling Test

1. Connect buffer output to a dummy load (resistive).

2. Switch load in and out while monitoring frequency.

3. Frequency should shift less than ~10 Hz. If more, improve buffer isolation or 
shielding.

Keying/Voltage Test

1. Simulate transmitter keying by switching buffer supply load on/off.

2. Observe oscillator frequency shift.

3. If large, improve regulation or increase decoupling.

8. Expected Performance

A well-built Clapp VFO with the practices above will:

• Start reliably across the tuning range.

• Settle within 30 minutes of warm-up.

• Drift less than 100 Hz/hour in a stable room.

• Be immune to hand capacitance and minor load changes.

This was considered “rock-solid” performance in the tube era and is more than adequate 
for CW, AM, and even early SSB.

Now for a practical Design:  
This link presents an ARRL article that provides a schematic and explanation of a 
very stable and easy to build Clapp VFO.  

Closing

You now have a practical Clapp VFO design — with parts selection, coil winding, 
layout, shielding, buffering, and validation tests. In the following chapters we’ll look at 
how these VFOs were integrated into complete transmitters and receivers, and how 
builders adapted them to specific amateur needs such as band-switching, frequency 
multiplication, and portable operation.

https://w4npn.org/wp-content/uploads/2025/09/QST-1948-A-High-Stability-Oscillator-Circuit.pdf
https://w4npn.org/wp-content/uploads/2025/09/QST-1948-A-High-Stability-Oscillator-Circuit.pdf


Chapter Six — Integrating the VFO into a Transmitter Chain

In the last chapter we designed and tested a practical Clapp VFO, complete with 
buffering and stability validation. But a stand-alone oscillator, no matter how stable, 
does not make a usable transmitter. To put your VFO to work, we need to integrate it 
into the full RF chain: buffer, multiplier, driver, and final amplifier.

This chapter will walk you through the signal path from VFO to antenna, explain how 
the VFO’s modest output is shaped and multiplied to reach operating frequencies, and 
discuss the engineering decisions that keep the VFO stable under load.

1. From Oscillator to Chain

A tube VFO typically produces only a few volts of RF at its output. This raw signal must 
pass through several stages before it reaches the transmitter’s final amplifier:

1. VFO oscillator stage — Generates stable RF at a low fundamental frequency 
(e.g., 3–7 MHz).

2. Buffer stage — Isolates the VFO from load pulling and provides modest gain.

3. Multiplier stages — Harmonic amplifiers tuned to 2×, 3×, or 4× the VFO 
frequency for higher bands.

4. Driver stage — Provides sufficient power (1–5 W) to excite the final tube.

5. Final amplifier — Delivers 50–100+ W of RF to the antenna.

The VFO is thus the master clock of the transmitter, but only the beginning of the RF 
chain.

2. The Buffer Stage Revisited

In Chapter Five we described a cathode follower buffer as the best first step. Let’s 
expand on that:

• Why buffer?



• Prevents frequency pulling when the load changes.

• Provides a clean, low-impedance source for the next stage.

• Simplifies coupling into multipliers.

• Typical design:

• A triode or triode-connected pentode (12AU7, 6SN7, 6AG7).

• Cathode resistor ~470–1kΩ, output taken from cathode through 100 pF cap.

• Plate at regulated B+, grid driven from oscillator via 10–50 pF coupling 
capacitor.

A well-designed buffer should deliver a stable 0.5–2 V RMS RF signal to the multiplier 
grid.

3. Frequency Multipliers

The VFO is often built for 80 or 40 meters, but amateurs in the 1940s–50s needed 
signals up to 10 or even 6 meters. Tube transmitters solved this with frequency 
multipliers: amplifiers deliberately biased to favor harmonics.

• Doublers (2×): Operate with the grid driven at fundamental, plate tank tuned to 
2×.

• Triplers (3×): Same, but tuned to the third harmonic.

• Chains: 3.5 MHz VFO → ×2 → 7 MHz → ×2 → 14 MHz, etc.

Example Chain (1940s transmitter):

• 3.5–4.0 MHz Clapp VFO

• Buffer → ×2 doubler → 7 MHz

• ×2 doubler → 14 MHz

• Driver → Final amplifier

Design Notes:

• Use tuned circuits with high-Q coils for selectivity.

• Bias multiplier tubes near cutoff for rich harmonic content.

• Shield multiplier stages from each other and from the VFO.



• A sample Buffer/Multiplier stage, using a 6AG7 tube can be found here.  

4. The Driver Stage

By the time the signal has passed through one or two multipliers, its power is modest — 
usually a few milliwatts. Before it can feed a final amplifier tube like the 807, 1625, 
6146, or 813, the signal must be raised to several watts.

• Common driver tubes: 6AG7, 6V6, 5763.

• Typical output: 1–5 W, enough to drive a final to full output.

• Tuning: The driver stage uses a tank tuned to the desired operating frequency 
(fundamental or multiplied).

The driver is often where VFO “cleanliness” is preserved — distortion here can generate 
spurious outputs that no low-pass filter can cure.

5. The Final Amplifier

The final amplifier is where plate power supplies (500–1500 V in many amateur rigs) 
combine with the RF drive to produce real output. The VFO never directly interacts with 
this stage, but the quality of VFO buffering and driver design determines whether 
the final drifts or chirps.

• Finals in the 1930s–50s: 807s, 1625s, 6146s, and 813s were common.

• Excitation requirements: 2–5 W of clean RF from the driver.

• Load stability: A good buffer chain ensures the final’s tuning changes don’t pull 
the VFO.

6. Keying the Chain

For CW operation, keying could be done in several places:

• Oscillator keying (early practice): Simple, but causes chirp and frequency shift.

• Buffer or driver keying (preferred): Leaves the oscillator running continuously, 
keyed only at later stages. Produces cleaner, stable CW.

• Cathode keying: Easy but can introduce clicks.

https://www.frostburg.edu/personal/latta/ee/wing2e26xctr/schematic/secondbuffer/2e26secondbuffer.html


• Grid-block keying: Cleaner, isolates keying transients.

By the 1950s, most amateurs avoided oscillator keying, recognizing its harmful effect on 
stability.

7. Practical Example: A 1947 807 Transmitter Chain

1. Clapp VFO at 3.5–3.8 MHz

2. Cathode follower buffer (12AU7)

3. Doubler (6AG7) → 7 MHz

4. Driver (6V6) → 2–3 W

5. Final amplifier (807) → 50–60 W to antenna

• For 14 MHz: add second doubler.

• For 21 MHz: use tripler chain.

This architecture became the canonical amateur transmitter of the late 1940s, 
appearing in countless ARRL Handbooks and QST articles.

8. Testing the Integrated Chain

When integrating your VFO into a transmitter, test at each stage:

1. VFO output: Stable, undistorted sine wave.

2. Buffer output: No pulling when load switched in/out.

3. Multiplier output: Only desired harmonic present (check with receiver or 
spectrum analyzer).

4. Driver output: Enough power, clean waveform.

5. Final output: Meets expected power, no chirp, no key clicks.

Closing

By now you can see the VFO as more than a lone oscillator: it is the heartbeat of the 
transmitter chain, setting frequency and tone quality for every watt that follows. A 



rock-stable Clapp VFO, properly buffered and integrated, can feed multipliers, drivers, 
and finals with confidence.

In the next chapter, we’ll step into the receiver side of the shack. You’ll see how tube 
VFOs served as local oscillators in the early superhets, the special stability challenges 
they faced, and the design tricks that made them usable on crowded CW and SSB bands.

Chapter Seven — VFOs Versus Crystals in Amateur Service

By the late 1930s, the amateur operator had two practical options for generating RF: the 
variable-frequency oscillator (VFO) or the crystal oscillator. Each had its advocates, 
and for decades hams argued over which was “better.” The truth is that both approaches 
had strengths and weaknesses, and the choice was often dictated as much by pocketbook 
and operating style as by technical preference.

This chapter will compare the two methods across several dimensions: stability, 
flexibility, spectral purity, and operating convenience. By the end, you’ll understand why 
some operators clung to crystals well into the 1950s, while others swore by their 
carefully-built VFOs.

1. Stability and Drift

• Crystals:

• Quartz crystals, even early cut-and-ground types, provided remarkable 
frequency stability compared to tube oscillators.

• Once warmed up, a crystal oscillator might drift only a few tens of Hz per 
hour — effectively rock-solid for CW work.

• Temperature changes had less effect, though early holders and mounting 
methods could stress the quartz and shift resonance.

• VFOs:

• Even a well-designed tube VFO drifted several hundred Hz during warm-
up, and could wander with room temperature changes.



• Temperature-compensating capacitors, rigid coil forms, and shielding 
improved matters, but perfection was elusive.

• For critical applications — narrow CW filters or SSB operation — drift 
could be a real handicap.

Verdict: Crystals win on stability, especially before solid-state regulators and 
compensating techniques matured.

2. Flexibility and Coverage

• Crystals:

• Fixed frequency: a crystal oscillates where it is cut to oscillate.

• Changing frequency required another crystal, which in the 1930s–40s cost 
as much as a week’s wages for a young operator.

• Portable operators often carried “crystal banks” — boxes of half a dozen 
frequencies, one per band segment.

• VFOs:

• Tunable across an entire band or even multiple bands with multiplier stages.

• Allowed an operator to chase DX, match net frequencies, and adapt to 
changing conditions without changing hardware.

• Gave rise to the “band cruising” style of operating that became the norm 
postwar.

Verdict: VFOs win decisively on flexibility — a single unit could replace a shoebox full 
of expensive crystals.

3. Spectral Purity and Keying Tone

• Crystals:

• Produced a clean, stable sine wave with very low phase noise.

• Early crystal oscillators were often keyed directly, making CW tone sharp 
and pleasant.

• Multiplying stages preserved purity.



• VFOs:

• Tubes added noise and distortion, especially if oscillators were keyed 
directly.

• Load pulling and poor buffering could produce chirp, “yoop,” or frequency 
shift under keying.

• With good design (Clapp oscillator, cathode follower buffer, regulated 
supply), VFOs could approach crystal quality — but rarely matched it.

Verdict: Crystals generally offered cleaner, more “musical” CW signals, though careful 
VFO builders could come close.

4. Cost and Availability

• Crystals:

• Prewar, crystals were expensive, custom-ordered, and often scarce.

• Postwar surplus released thousands of “FT-243” holders into ham hands, 
making crystals much cheaper and easier to obtain.

• Still, covering every band segment required multiple crystals, adding up in 
cost.

• VFOs:

• Required only one set of parts: coil, tuning capacitor, a few tubes.

• Labor-intensive to build well (shielding, temperature compensation, 
regulated supplies).

• Initial build cost higher than a single crystal, but cheaper than a “bank” of 
them.

Verdict: Depends on the era. Prewar: VFO cheaper for coverage. Postwar: surplus 
crystals flooded the market, lowering the barrier.

5. Operating Style and Preference

• Crystal Operators:



• Often “rock-bound,” stuck to a single frequency where they called CQ or 
joined a net.

• Nets and traffic handlers relied on crystals for absolute accuracy.

• Many operators preferred the “set it and forget it” simplicity.

• VFO Operators:

• Free to roam the bands, hunt DX, and answer calls on any frequency.

• More flexibility meant more on-air opportunities.

• Drift required patience and careful warm-up rituals — part of the “art” of 
operating.

Verdict: This is where the culture split. Ragchewers and DXers favored VFOs; traffic 
handlers and purists often stuck with crystals.

6. Transition to the VFO Era

By the mid-1950s, improved design practices — Clapp oscillators, temperature-
compensating capacitors, regulated B+ supplies, and multi-stage buffering — made tube 
VFOs sufficiently stable for most operating. The arrival of SSB, which demanded 
precise frequency control, pushed builders to refine VFO stability even further.

At the same time, commercial transmitters (e.g., Collins, Hallicrafters, Johnson) shipped 
with built-in VFOs that were good enough “out of the box.” By the 1960s, crystals were 
relegated mostly to fixed-frequency beacons, novices limited by license rules, and 
backup service.

Closing

The debate between crystals and VFOs defined amateur practice for two decades. 
Crystals were stable, simple, and clean, but inflexible and costly. VFOs were versatile, 
empowering operators to explore the bands — at the price of complexity and drift.

In retrospect, the rivalry wasn’t about one being “better” than the other. It was about 
trade-offs, resources, and operating style. Both technologies shaped amateur radio, and 
both deserve their place in a builder’s education.



In the next chapter, we’ll return to the technical bench: examining how receiver 
designers applied VFOs as local oscillators, facing an entirely different set of stability 
and purity challenges compared to the transmitter case.

Chapter Eight — Tube VFOs in Receivers: Local Oscillators and 
Beat-Frequency Oscillators
Up to this point, we’ve looked at VFOs mainly in the context of transmitters. But VFOs 
played just as critical a role on the receiving side of the amateur station. In a 
superheterodyne receiver, the local oscillator (LO) sets the frequency to which the set is 
tuned, while the beat-frequency oscillator (BFO) allows CW and SSB signals to be 
copied intelligibly. Both are oscillators — and both bring their own design challenges.

In this chapter we’ll dive into how vacuum tube VFOs were used in receivers, the 
stability issues unique to that application, and the techniques designers used to overcome 
drift and microphonics.

1. The Local Oscillator in the Superhet

In a superheterodyne receiver, the local oscillator generates a signal offset from the 
incoming RF by the intermediate frequency (IF). For example:

• RF signal at 7.050 MHz

• IF = 455 kHz

• LO at 7.505 MHz (high-side injection)

The difference (7.505 – 7.050 = 0.455 MHz) is what the IF strip amplifies.

Why Stability Matters

• Frequency drift in the LO directly translates into drift of the tuned frequency. A 
500 Hz drift in the LO means the station you’re copying “walks” up or down the 
band.

• For AM reception, this was tolerable. For CW with narrow filters, it was 
annoying. For SSB, it could be intolerable.



Typical Tube LO Circuits

• Hartley or Colpitts oscillators: simple, common in commercial receivers of the 
1930s–40s.

• Clapp oscillator: later adopted for improved stability.

• Triode tubes: 6C4, 6J5, and 6SN7 halves often served as LOs. Pentodes (like 
6AG7) were less common due to higher noise.

2. Receiver-Specific Drift Problems

Oscillators in receivers faced harsher demands than in transmitters:

1. Continuous tuning: Unlike a transmitter VFO often confined to 3–7 MHz, a 
receiver LO had to cover an entire band — or multiple bands — continuously. 
This meant broader tuning ranges, harder to stabilize.

2. Temperature sensitivity: Receivers were left on for hours at a time, and even 
modest room temperature changes caused drift. Cabinet heat from IF stages and 
audio tubes added to the problem.

3. Microphonics and hand capacity: Touching the tuning knob or tapping the 
chassis could shift the oscillator frequency if layout was sloppy.

4. Phase noise: Less obvious in the tube era, but LO noise set a floor on weak-signal 
reception, particularly above 14 MHz.

3. Temperature Compensation Techniques

Many of the tricks used in transmitter VFOs carried over here:

• Temperature-compensating capacitors (N750, N1500 ceramics) placed in series 
or parallel with mica caps to cancel coil drift.

• Stable coil forms (ceramic, polystyrene, powdered iron) to reduce expansion and 
dielectric shifts.

• Shield boxes around the LO tank to minimize drafts and stray capacitance.

• Regulated B+ supplies (VR-105, VR-150 tubes) to prevent voltage-driven 
frequency shifts.



Receivers like the Collins 75A series became famous for using such techniques to 
produce “rock-solid” performance.

4. The Beat-Frequency Oscillator (BFO)

The BFO was a second oscillator, usually at or near the IF frequency, that enabled CW 
and SSB reception.

• CW reception: The BFO injected a signal offset by a few hundred Hz from the 
IF, creating an audible beat note when combined with the CW carrier.

• SSB reception: The BFO replaced the missing carrier in the received signal, 
reconstituting intelligible speech.

BFO Circuits

• Simple Hartley or Colpitts oscillators at the IF frequency.

• Tubes like the 6C4 or 6J5 often dedicated to this role.

• Output injected into the last IF transformer or directly into the detector grid.

BFO Stability Needs

• Not as critical as the LO, since the BFO only needed to stay within ~100 Hz.

• However, instability or noise produced “wobbly” CW notes and distorted SSB.

5. Special Stability Challenges

Receivers imposed unique requirements:

• LO warm-up: A receiver should not drift audibly while listening to a net. A good 
receiver LO was expected to settle within 15 minutes and remain steady within 
±100 Hz/hour.

• Mechanical layout: Receivers often had band-switching coils and multi-gang 
tuning capacitors. Mechanical flex or switch contact resistance could introduce 
instability.

• Hand capacitance: With the oscillator tank close to the tuning knob, simply 
touching the dial could shift frequency. Shielded compartments and insulated 
shafts were remedies.



6. Innovations in Receiver VFO Design

Receiver builders adopted several clever solutions:

• Permeability tuning (VFO inductor core movement): Used in National HRO 
and Hammarlund receivers, reducing hand capacitance and mechanical instability.

• Temperature-controlled “ovenized” VFOs: Collins famously used 
thermostatically-heated VFO boxes to keep frequency constant.

• Split-band VFOs: Covering narrower frequency ranges at a time, improving 
stability and linearity.

• Double-conversion superhets: By moving the LO to higher or lower frequencies, 
drift impact could be reduced.

7. Case Study: Collins 75A-1 Local Oscillator

The 75A-1 (1947) became a benchmark for receiver stability. Its LO featured:

• A Clapp oscillator with a 6J5 triode.

• Temperature-compensating capacitors carefully selected to counter coil 
expansion.

• A shielded VFO box with minimal air circulation.

• A regulated 150 V B+ supply via a VR-150 tube.

Result: Drift was typically less than 100 Hz/hour — “rock bound” compared to most 
contemporaries.

8. Summary: LO vs. BFO Roles

• LO: Defines receiver tuning. Needs wide coverage, high stability, and immunity 
to load pulling. Any drift here moves the received station.

• BFO: Injects a steady tone at IF. Needs modest stability (within ~100 Hz), clean 
output, and reliable injection into detector. Drift here affects note quality but not 
tuning accuracy.



Together, these oscillators defined the performance of the superhet receiver. A stable LO 
made operating pleasant; a stable BFO made CW and SSB practical.

Closing

Tube VFOs in receivers had to be more stable, more carefully shielded, and more 
mechanically refined than their transmitter counterparts. Builders fought drift with 
compensation networks, permeability tuning, regulated supplies, and sometimes brute-
force solutions like ovens.

The next chapter looks at the mechanical and environmental side of tube VFO design 
— cabinet design, vibration damping, reduction drives, and how seemingly “non-
electrical” factors made or broke VFO performance.

Chapter Nine — The Mechanical and Environmental Side of 
Tube VFO Design

When hams talk about “drift” in a vacuum tube VFO, it’s easy to think only in terms of 
capacitors heating, resistors aging, or coils expanding with temperature. But in practice, 
many of the greatest obstacles to stability were not strictly electrical at all. They were 
mechanical and environmental: the cabinet that housed the oscillator, the drive system 
the operator used to tune it, the way the unit responded to vibration or drafts of air. 
Veteran builders learned—sometimes the hard way—that a VFO could measure 
perfectly on the bench yet wander or “chirp” badly once enclosed in a metal box and 
operated in the field.

This chapter looks at the mechanical dimension of tube-era VFOs, showing how 
cabinets, reduction drives, damping, and even room temperature shaped the practical 
performance of these delicate circuits.

Cabinets: Shield, Oven, and Resonant Box

A VFO chassis could not live naked. The oscillator needed shielding from hand capacity, 
RF coupling from nearby gear, and air currents that would shift coil temperature. Thus 
builders enclosed them in cabinets—but the cabinet was no neutral choice.



• Material: Heavy aluminum or steel was preferred for stability, with panels thick 
enough to resist flexing. Thin sheet metal, though cheap, could “drumhead” with 
vibration, microphonically modulating the frequency.

• Volume: The box had to be large enough to hold the coil, tube, and associated 
parts without crowding, yet not so large that air circulation caused uneven heating.

• Thermal enclosure: In effect, the cabinet became a crude oven. Some 
commercial units intentionally harnessed this by using heavy cast housings to hold 
in heat, achieving a uniform operating temperature after warmup.

Cabinet design turned into a balancing act: too tight, and heat buildup shortened 
component life; too open, and drafts from a window fan could pull the oscillator 
hundreds of cycles off frequency.

Vibration and Microphonics

A crystal oscillator is rock-solid against vibration, but a free-running LC oscillator can 
be a surprisingly sensitive microphone. Coils and capacitors can flex; tube elements 
themselves may respond to shock. Builders discovered that tapping the cabinet or the 
table could cause an audible “ping” in the receiver or a flutter in transmitted CW tone.

Mitigation strategies included:

• Rigid mounting: Using ceramic standoffs, firm brackets, and minimizing long 
unsupported leads.

• Damping pads: Placing rubber grommets or felt pads between the VFO chassis 
and the main cabinet reduced coupling from table bumps or power transformer 
hum.

• Mass loading: A heavy cabinet was less prone to vibrate sympathetically. Some 
high-grade VFOs deliberately added mass to coil forms or shield cans.

This problem was most notorious in mobile setups. An oscillator that behaved at the 
desk might become unusable in a car or field station unless vibration control was 
carefully engineered.



The Human Factor: Reduction Drives and Knobs

Even the operator’s touch could compromise stability. In a poorly isolated VFO, merely 
grabbing the knob could couple hand capacitance into the tuning circuit, pulling the 
oscillator tens of cycles. Reduction drives were the elegant solution.

• Geared drives: 6:1 or 10:1 planetary gear drives gave smooth, precise tuning 
with less wobble.

• Friction drives: Velvet-vernier mechanisms used friction and ball bearings to 
provide silky control without backlash.

• Isolation: A good drive system physically separated the hand and knob from the 
tuning capacitor’s rotor shaft, reducing capacity effects and mechanical stress.

Seasoned hams would sometimes swap out a stock dial mechanism for a premium drive, 
immediately transforming the “feel” of the set—and often its actual stability.

Heat, Air, and the Room Itself

The oscillator didn’t operate in a vacuum. Ambient environment made a big difference:

• Drafts: A desk fan, an open window, or even someone walking past could cause 
sudden shifts in temperature inside the cabinet.

• Sunlight: A morning sunbeam hitting the VFO box could detune it more than a 
component swap.

• Room temperature swings: A chilly shack at dawn, followed by a toasty 
afternoon, produced slow drift unless the oscillator was housed in a thermal 
enclosure.

Builders learned to locate the VFO away from power transformers, lamps, or other heat 
sources. Some went so far as to mount it in a separate, insulated sub-cabinet with its own 
power feed, essentially treating it as a precision instrument.

The Myth of the “Purely Electrical” Design

The lesson from decades of tube VFO construction is clear: the circuit diagram was only 
half the battle. Mechanical and environmental details could easily make or break 
performance. A beautifully drawn Clapp oscillator, if placed in a flimsy box with no 
thermal mass and tuned by a sloppy shaft coupling, would drift like a leaf in the wind. 



By contrast, a relatively ordinary circuit, carefully shielded, rigidly mounted, vibration-
damped, and housed in a stable cabinet, could hold its frequency close to the best 
crystal-controlled rigs of its day.

Closing Thoughts

Mechanical engineering was as much a part of VFO building as electrical engineering. 
Cabinet design, vibration damping, and reduction drives weren’t cosmetic—they were 
stability itself. The old-timers who built their own oscillators knew that a stable signal 
came not just from resistors and capacitors, but from sheet metal, bearings, grommets, 
and even the shack’s airflow.

In the next chapter, we’ll bring these lessons together as we look at practical “whole-
station” integration—how tube VFOs were mated with transmitters, receivers, and 
power supplies, and how real operators managed their quirks in day-to-day use.

Chapter Ten — Integrating the Tube VFO into the Station

By themselves, tube VFOs were delicate instruments. On paper, they provided a 
smoothly adjustable source of RF energy. In practice, they had to coexist with 
transmitters, receivers, and power supplies that were anything but gentle. A VFO was at 
its best when treated as a precision instrument, yet it often had to live in the harsh world 
of high-voltage finals, glowing rectifiers, and power transformers humming away a few 
inches down the bench.

This chapter explores how builders mated their oscillators with the rest of the station—
and how operators learned to coax reliable service from them in daily use.

Powering the VFO: A Balancing Act

A tube oscillator needed heater voltage and a source of B+. The obvious way was to tap 
the transmitter’s or receiver’s existing supply. But that choice came with tradeoffs:

• Using the transmitter supply: Convenient, but the VFO had to share with big 
finals whose current draw and voltage sag could pull the oscillator off frequency. 



Many operators added series resistors or VR tubes to isolate the delicate oscillator 
plate voltage.

• Using the receiver supply: This kept the VFO running “hot” anytime the receiver 
was on, aiding stability through continuous heating. The drawback was the risk of 
hum or modulation leakage if filtering wasn’t generous.

• Dedicated supplies: The gold standard was a small, separate power supply—
sometimes tucked into the same cabinet, sometimes a separate box altogether. 
This approach minimized coupling and gave the oscillator the most predictable 
environment.

Old-timers would argue endlessly over whether tying the VFO to the transmitter’s high-
voltage supply was a mark of thrift or folly.

Coupling to the Transmitter

Once powered, the oscillator had to deliver its RF smoothly into the driver stage. This 
coupling was another point where design met art.

• Loose coupling: A short length of coax or shielded cable carried just enough 
signal to the driver grid. Too much coupling risked loading the oscillator, 
introducing drift or key clicks.

• Buffer stages: Many VFOs fed a dedicated buffer amplifier (a 6AG7 or 6V6, for 
instance) before the signal reached the driver. This not only isolated the oscillator 
from load changes but gave operators a point to adjust drive level without 
disturbing the VFO itself.

• Shielding and grounding: Coaxial leads, solid grounds, and careful routing were 
necessary. A VFO that whistled happily on the bench could turn into a feedback 
monster when placed atop a high-powered transmitter chassis without proper 
shielding.

Using the VFO with Receivers

While the main job was to drive a transmitter, VFOs often had a secondary life as signal 
generators or external local oscillators. In the shack, this meant:



• Spotting signals: Some operators used the VFO to “spot” their transmit frequency 
in the receiver, ensuring they called stations precisely on frequency.

• As a BFO substitute: In an emergency, a stable VFO could serve as a makeshift 
beat-frequency oscillator, though this was a bit of a hack.

• Receiver tracking: The challenge was that receiver tuning and VFO tuning rarely 
lined up perfectly. Skilled hams learned the art of “zero beating” their signal 
against the other station, bridging the gap between theory and practice.

Day-to-Day Operator Tricks

Every ham who owned a tube VFO quickly developed rituals for taming it. A few 
common ones:

• Warm-up time: A 20–30 minute warmup before serious operating was almost 
mandatory. Some left the VFO heaters on continuously during an operating 
season, treating them like the pilot light on a furnace.

• “Ride gain” on the key: Since VFOs could chirp if keyed directly, most operators 
keyed the buffer or later stage instead. The VFO itself ran continuously.

• Careful placement: The VFO box was often placed at arm’s reach but away from 
the hottest parts of the transmitter. Some builders even used extension shafts to 
move the tuning knob off the main VFO cabinet.

• Frequency checks: Operators frequently compared their signals to known 
standards—WWV, broadcast stations, or other hams—making small dial 
corrections as drift accumulated.

Living with the Quirks

Despite every trick, tube VFOs were never entirely “set and forget.” Drift, hand-capacity 
effects, or key clicks might still creep in. Yet this was part of the culture of amateur radio 
in the mid-century years: signals had personality. A slight chirp or slow drift wasn’t just 
tolerated, it was recognized as part of a station’s “signature.”

The fact that thousands of operators learned to work DX, handle traffic nets, and 
ragchew for hours with such temperamental gear is a testament to the skill and patience 
that defined ham radio in the tube era.



Closing Thoughts

Mating a tube VFO with transmitters, receivers, and supplies was more than a technical 
problem. It was a daily exercise in craftsmanship and operator savvy. A VFO wasn’t just 
plugged in; it was nurtured, buffered, warmed, and adjusted. In return, it rewarded the 
operator with the magic of a signal that could roam the bands freely, unshackled from 
the rigid step of crystals.

With this chapter, we close the loop on the VFO as a station component—no longer just 
a circuit, but a living part of the operator’s world.
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