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2 Claims. (C. 329-150) 

This invention relates to oscillator-limiter-detector ap 
paratus and a method of operating the same. More par 
ticularly, it relates to what may be briefly termed a high 
level oscillator especially adapted for use in studies of 
nuclear resonance. 
Although the marginal oscillator-detector has been 

Widely used because of its good sensitivity and relative 
simplicity, it suffers from several limitations which pre 
vent its use for some problems in nuclear resonance. In 
particular, it is well known that the cathode-coupled cir 
cuit, as it was originally described in the article by R. V. 
Pound and W. D. Knight, "Review of Scientific Instru 
ments,' volume 21, page 219 (1950), permits of sensi 
tive operation with good signal-to-noise ratio only in the 
range of RF levels between 0.01 and 1 volt. Schemes 
have been contrived which extend the range to micro 
volt levels, using the technique of increasing the gain 
of the RF amplifier. It has been shown that reliable 
operation can be achieved at low levels by incorporating 
a limiter in the feedback network. This, along with suit 
ably high RF amplification, facilitates stable operation 
at low voltage levels. 
An object of the present invention is to provide a modi 

fication of the cathode-coupled circuit which possesses 
some of the advantages of both the marginal and the 
limited modes of operation, and to provide a method for 
operating such a circuit. 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated as the same be 
comes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawing wherein the single figure is a 
circuit diagram illustrating a preferred embodiment of 
the circuit of this invention. 
The illustrated preferred embodiment of the circuit of 

this invention comprises a pair of multielectrode electron 
tube sections. These can be separate vacuum tubes but 
preferably form sections of a multi-unit tube, shown as 
a twin triode but conceivably a triode-pentode or other 
combination. 
6BQ7A and the values of the circuit parameters are 
appropriate for this tube. The first half 2 of the tube 
is a cathode follower to which is connected the tank cir 
cuit including coil L and condenser C. The second half 
4 of the tube operates both as a cathode-driven detector 
(which provides a small degree of automatic level con 
trol), and as a plate-limited RF amplifier. Regeneration 
is provided by the capacitor 6. 
The amplifier plate circuit is returned to a variable 

direct voltage source, illustrated as a potentiometer 8. 
This plate supply voltage source is constructed so as to 
supply a plate voltage to the amplifier, between plate and 
cathode, which never exceeds about one half of the nor 
mal operating plate voltage for which the particular 
tube is designed. The desired limiting action of the ap 
paratus is achieved by imposing this low plate voltage. 
The signal developed across the cathode resistor 10 of 
the first section of the triode is cathode-coupled to the 
section 4 of the triode through capacitor 12. The signal 
appearing at the cathode 14 is amplified and limited at 
the plate 16 and fed back to the input grid 18 via capaci 
tor, 6. 

By way of example the figure shows a 
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The plate load 20 for tube section 4 is shown as an RF 

choke, typically 1 millihenry, which is preferable, al 
though a resistance could be substituted for it of say, 1 
to 10 kilo-ohms. It is across this load 20 that there is 
developed the regenerative voltage fed back through im 
pedance 6 to grid 18. Impedance 6 should be at least 
as high and preferably higher than the LC impedance. 
The cathode load 22 for tube section 4 is shown as 

an RF choke, typically 1 millihenry, but could be a re 
sistance although this would not work as well. 
At junction 24 appears, for example, --50 volts D.C., 

while at junction 26 appears ground which is 0 volts D.C. 
Hence 6 must be a D.C. blocking device such as a con 
denser, as shown of small capacitance or a resistor plus 
a blocking condenser. . . . . 

The network including resistor 28 and capacitor 30 
is the detector filter. 
and capacitor 34 forms an RF filter to keep RF voltage . 
out of the output appearing at 36, which typically may be 
an audio voltage superimposed on the rectified RF voitage. 
The 33-ohm resistors shown in the plate circuit and 

grid circuit of tube section 2 are parasitic suppressors. 
Operation 

The operation of the apparatus in its especially useful 
function in nuclear magnetic resonance studies is as fol 
lows. The coil L of the tank circuit surrounds a sample 
of material whose nuclear magnetic resonance is to be 
studied. The oscillation of the device starts by perhaps 
random noise. A. D.C. voltmeter or like instrument is 
placed to measure the output, namely the voltage be-, . 
tween output 36 and ground. The potentiometer 8 is 
adjusted until the desired RF voltage, for example 5 to 
10 volts, appears across L as shown by a vacuum tube 
voltmeter across L. The vacuum tube voltmeter is used 
to calibrate the instrument connected between 36 and 
ground to serve as a D.C. voltmeter and thereafter the 
vacuum tube voltmeter is removed from the circuit. 
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Usually, the sample of material to be examined is im 
mersed in a magnetic field, which field is varied at an 
audio rate. As the magnetic field is varied and a point 
is reached at which the sample exhibits nuclear magnetic 
resonance, the Q of L diminishes because of absorption. 
of energy by the sample. As the Q goes down, the 
voltage across L. goes down and hence the output at 36 
decreases in proportion. It may be noted that when 
the magnetic field surrounding the sample is varied con 
tinuously at an audio rate, there appears at the output 
terminal 36 an audio output superimposed on the direct 
voltage at 36. This output is what is measured in con 
ducting the nuclear magnetic resonance studies and can 
be amplified with a tuned amplifier to reduce noise if 
desired. 

This circuit is particularly suitable for application to 
problems in nuclear resonance which require RF levels 
between 1 and 20 volts R.M.S. Near one volt the opera 
tion is marginal; at higher levels the limiting action is 

The arrangement shown in the drawing 
has been used between 1 and 10 mc. and at levels between 
1 and 10 volts R.M.S., with sensitivity equal to the best 
attainable with the usual marginal circuit. 

Since there are no time constants in the audio-frequency 
range, very low modulation frequencies can be used, 
and motorboating does not occur. Additionally, it may 
be noted that this circuit easily works to frequencies of 
50 mc, or above, since a separate RF amplifier is not 
required, and since the feedback network is simple. 
The method of the invention comprises operating the 

circuit of the invention by supplying a plate supply volt 
age to the amplifier tube section of such a magnitude that . 
the plate voltage, that is, the electrode voltage constituting 

The network including resistor 32. . 
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the potential difference between the plate and the cathode, 
is always maintained at less than one half of the normal 
operating plate voltage for the particular tube being used. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
What is claimed is: 
1. An oscillator-limiter-detector comprising a first elec 

tron tube section serving as a cathode follower; a tank 
-circuit connected between ground and the grid of said 
-cathode follower to provide the input to said cathode fol 
lower; a second electron tube section operating as a 
cathode-driven detector, in which detection takes place be 
tween its grid and its cathode, and as a plate-limited RF 
amplifier; means cathode-coupling the signal from the 
output of the cathode follower to the cathode of said 
second tube section; means supplying a variable direct 
plate supply voltage to the plate circuit of said amplifier 
of such a magnitude that the plate voltage of said am 
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4. 
plifier remains always at less than one half the normal 
operating voltage for said amplifier tube section; means 
connected between said input tank circuit and the plate 
of said amplifier tube section to feedback RF signal from 
said plate to said input tank circuit; and means connected 
between ground and grid in said amplifier tube section 
to provide a filtered, detected output essentially free of 
RF content, 

2. The apparatus of claim 1 wherein said two tube 
sections constitute sections of a multi-unit tube. 
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