
VT-158 - UHF Zahl Oscillator

The VT-158 was designed by Major Harold Zahl of the Army Signal Corps as power 
oscillator for a radar set capable of operation around 600 MHz. Four triodes and the 
associated grid and plate resonating lines forming the complete oscillator were put 
into a single glass bulb, triodes being connected in a parallel push-pull configuration.

In the two photos above we can see the finned anode block, which also acts as a 
resonating line, and the smaller grid resonating libe just below. The lines were factory 
tuned at 600 MHz but, when needed, the frequency could be moved from about 590 
to 610 MHz by means of a shorting bar on the filament decoupling line.
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The output rods were connected to the points of maximum amplitude between the 
anodes of the two adjacent triodes on each of the two segmrnts of the plate line. on 
the contrary, the grids were self-biased through a resistor connected to one of the pins 
coming out from the nodes of the grid line, the other one being left open. Emitters 
were made of quite heavy thoriated tungsten wire, spirally wound around thick rods.
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ULTRA -HIGH -FREQUENCY PULSED OSCILLATOR VT -158 data.

• Four filaments, each requiring 10 V (9.8 to 10.2 V) at 10 A nominal. 10.5 V at 10.5 A abs. max 
ratings. *** Note: The four filaments are series connected outside, to operate from 40.0 V at 
10.0 A supply

• Plate input power: 1500 kW abs. max rating
• Plate power dissipation: 400 W max, requiring 60 cubic feet per minute air flow.
• Plate max voltage: 30 kV
• Current emission: 70 A min
• 600 MHz factory preset resonating frequency
• Self-biased through 80 ohm, 5 W grid resistor
• Typical life in excess of 500 hours

Typical operation in the AN/TPS-3 radar transmitter

• 24 kV anode pulses, 1.5 µs wide, 200 pulses per second repetition rate 
• 200 kW RF output pulses
• Output frequency tunable from 590 to 610 MHz

The design of the VT-158 was carried out between 1942 and 1943, in parallel with 
that of the AN/TPS-3 radar. The goal was to design a compact, transportable radar 
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operating around 600 MHz with a pulse power of 200 kW. Due to the difficulty of 
producing single, high-power triode that could operate at those frequencies, it was 
preferred to use four smaller triodes, operating in a parallel/push-pull configuration. 
To prevent the parasitic parameters arising from the interconnections of four triodes, 
it  was decided to integrate their  geometries  directly into the anode resonant  line, 
which was therefore located inside the evacuated bulb. The finned plate resonating 
line is made of tantalum for its getter action when heated to dull red during operation. 
Below the plate resonator we see the grid resonating line. The grids deserve special 
mention, being constructed according to an innovative Eimac process defined as an 
'X-grid cage'. Their appearance resembles a 'parrot cage', with vertical ribs forming a 
rigid skeleton around which the thin spiral wire is wound, quite similar to that of 
English micropups.  The entire grid assembly is  made of  thorium-coated tantalum 
wires: the presence of thorium, just as it could kill filament emission in the presence 
of contamination, also prevented secondary emission from the grids when hot, due to 
heavy  conduction  during  driving  positive  pulses.  The  four  carbonized  thoriated 
tungsten filaments  appear  very robust,  their  design preventing sagging over time. 
They absorb a total of 400 W, granting 80 A total emission and useful life in excess of 
500 hours.

In conclusion, the VT-158 contains in a compact glass bulb all the pre-assembled 
critical parts of a reliable and efficient 200 kW 600 MHz pulsed transmitter.

Attached below are two papers on this almost unique embedded oscillator.

A vacuum-contained push-pull triode transmitter by Zahl, Gorham and Rouse
Grid emission in vacuum tubes, Electronics, July 1945
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