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O R I G I N A L  C O N T R I B U T I O N S  

Nuclear resonance absorption circuit 
By F. N. H. ROBINSON,* M.A., D.Phil., Clarendon Laboratory, Oxford 

[Paper first received 13 April, and in,finalform 14 May, 19591 

The new circuit described in Part 1 has the sensitivity and flexibility of conventional circuits using 
a separate oscillator, combined with the convenience and freedom from microphonics of marginal 
oscillator circuits. In particular, it permits the use of very low levels of oscillation. 

Because the factors governing the sensitivity of conventional circuits are not widely known, 
this first paper is largely devoted to their delineation. Only the principles and theory of the 
new circuit are given in Part 1. Practical design details are relegated to the second paper. 

Part 1 .  Sensitivity considerations 
Nuclear resonance absorption in a specimen surrounded by 
a coil forming part of a tuned circuit changes the quality 
factor Q by 

where 77 is a filling factor and x” is the imaginary part of the 
nuclear susceptibility. The excellence of any circuit for 
detecting nuclear resonance (n.r.) absorption can therefore 
be specified by giving that change 6(l/Q) which yields a 
signal equal to noise. 

The simplest n.r. circuit (Rollin(’)) is shown in Fig. 1, in 
which a constant current generator I drives the resonant 
circuit (L, C with loss G) at  its natural frequency. N.R. 
absorption changes the shunt impedance of the circuit and 
thus the voltage across it. This change is detected by a 
receiver of bandwidth B and noise figure F. 

6(l/Q) = 4 ~ 7 7 ~ ”  (1) 

ffl 

Fig. 1. Simple nuclear resonance circuit using a separate 
oscillator 

A change 6(l/Q) results in a fractional change Q6(l/Q) in 
the shunt impedance and so, if the r.m.s, voltage in the 
absence of signal is VI, it is changed by: 

SVi = - V:Q6(l/Q) (2) 
The effective r m s .  noise voltage across the coil is 

V,, = (4kTFB/G)’12 = (4kTFBQjwc)lI‘ (3) 
Thus unity signal-to-noise ratio is achieved when 

(4) 

Identical results are obtained for bridge circuits. the only 
purpose of which is to give the experimenter freedom to 
minimize the receiver noise figure by working with the 
optimum input. 

The voltage Vi cannot be indefinitely increased because of 
nuclear saturation. If the maximum permissible r.f. magnetic 
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field is Hl then energy considerations yield the following 
relation 

where U is the specimen volume. 
Y : C g  H ? U / 4 q  ( 5 )  

At the optimum level a value of x” satisfying 

gives a signal equal to noise. Both H1 and x’’ are beyond 
the experimenter’s control. To optimize the signal-to-noise 
ratio one can only increase Q, U, 7 and decrease F and B. 
Of these only Q, F, B pertain to the circuit. Factor Q is 
limited partly by the experimental arrangement and partly 
by the physical properties of materials. Bandwidth B is  
limited by the stability of the equipment and by the tinir 
available for measurement. Thus, all that the circuit designer 
can do is to attempt to ensure that F does not appreciably 
exceed unity. 

It is interesting to note that C does not enter into equation 
(6) directly. The L/C  ratio of the circuit is immaterial, 
except in so far as it affects Q and determines V, through 
equation (3). 

This simple arrangement is, in principle, capable of the 
highest possible sensitivity; however, it suffers from certain 
well-known disadvantages. In particular, it is inconvenient 
in that it requires the accurate tracking of the oscillator I 
and the n.r. circuit; and it is prone to microphonic noise, 
due to small charges in the capacity of the coil and its leads. 

A small change hC in capacity produces a spurious signal 
equivalent to a change h ( l / Q )  given by 

A(l/Q) = Q(AC/C)’ ( 7 4  
if the circuit is perfectly tuned; and a spurious signal 

if it is mistuned by an amount AC,. In practice, it is difficult 
to t m e  a circuit to an accuracy greater than a/Q where CL 
is of the order of 0 .2  (this implies maximizing the response 
of the circuit to within 4%), so that 

A(l/Q) N 0.2(lC/C) ( 7 4  

In bridge circuits microphonics are even more serious. 
An alternative arrangement without these disadvantages is 

the marginal oscillator circuit described by Pound and 
Knight.@) It is illustrated in Fig. 2. Oscillations are main- 
tained by a non-linear negative conductance - G provided 
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by a valve feedback circuit. The sources of noise have been 
depicted as a current generator I,, in which is included the 
Johnson noise of the circuit, so that I, has the r.m.s. value 

I, = (4kTFoGB)'12 (8) 

where Fo is the noise figure of the feedback circuit. 

Fig. 2. Basic marginal oscillator circuit 

Let :he dependence of G on level be of the form 

G ' = G o - G l V i  - G 2 V f . . .  (9) 

then the level of oscillation Vl is determined by equating the 
average power delivered by G' to the power dissipated in G. 

2T ~ O C G ~ V ;  sin2 x - G, v: sin3 x - G,V~ sin4 x)dx = 
2;: 

2:: Io G V! sin2 xdx  
2n  

Therefore 

Since G = wc/Q, one has for the signal voltage 

Provided that the bandwidth B is small compared with w/Q, 
which is usually the case, it can be shown(3) that, except for 
a vanishingly small locking region near W, the circuit behaves 
towards noise as an admittance ]Go - GI, so that the noise 
voltage is 

and unity signal-to-noise ratio requires a change 
V, = IAGo  - G) (12) 

s(l/Q) = - 2 - I, = -(- 2 4kTF0B)ll2 (13) V ~ W C  Vi QWC 

This is just twice the detectable change for the circuit of 
Fig. 1 if F = Fo. The factor 2 obvicusly occurs because in 
this case the voltage depends on the root of the circuit 
impedance. 

A P P LI C A T  I O N  T 0 C 0 li V E N T I O  N A L C I  P. C U I T S 

Now consider the noise figure of two types of marginal 
oscillator circuit, true negative resistance oscillators and 
feedback circuits. A typical negative resistance oscillator is 
the transitron circuit of Knoebel and (Fig. 3). The 
sources of noise in this case are Johnson noise in G and shot 
noise in 12. Since this is a small fraction of the total 

Fig. 3. Skeleton transitron oscillator 

cathode current, partition ensures that it displays full shot 
noise. 

I: = 4kTGB + 2 d 2 B  

Inserting numerical values for e and k and putting T = 293" K 
one obtains 

I ;  = 4kTGB(l -+ 2012/G) 
or 

Fo = 1 - 2012lG (14) 

Since in a typical case I2 = 2 x A and G = 2 x 10-4 
mho, one has a value of Fo = 201 and this circuit is very 
insensitive. 

In  Fig. 4, the structure of a feedback oscillator using a 
valve of mutual conductance g, and noise resistance R, is 
shown. The oscillation condition is 

aig8r?i = G 
and the noise current generator, in addition to Johnson noise, 
contains shot noise from the anode current given by 

I? = P24kTR,Bgi 

This leads to a noise figure 

Fo = 1 4- R,GJa2 (1 5) 
where o! is the fraction of the circuit voltage actually applied 
to the grid. Only in the inductively-coupled tuned grid 
oscillator is this unity. For the Colpitts and Hartley circuits 
the value of cc is from 4 to 4, in the Pound, Knight, Watkias 
circuit(5) o! N +, while in the Clapp circuit cc - 0 .2 .  

B 
Fig. 4. Basic feedback oscillator 

Equation ( 1 3 )  shows that even if Fo is unity, marginal 
oscillators are only half as sensitive as separate oscillator 
systems using the samemethod of detection. In fact, Fo is 
unlikely to be unity except in the most favourable cases. At 
high values of Vi  either one must use a long grid base valve 
with a low gm and high R,, or reduce a, or the valve is run 
into grid current, thus introducing additional noise. At low 
levels of V l  the valve must be used near cut-off, thus decreas- 
ing g,,, and increasing R,. Only when Vl lies between I00 
and 500 mV is it possible to make Fo N 1. 

L O W  L E V E L  O P E R A T I O N S  

Suppose that the feedback, or equivalently G, can be 
adjusted to a fractional accuracy E so that 

Go = G(I + E )  

Then the level is given by 

V: = ( ~ E / ~ ) ( G O / G , )  

The negative conductance is proportional to the valve mutual 
conductance and so: 

E = -(3/8g,H) V:(d2g,/dV2) 
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while the limiter has the characteristic shown in Fig. 6. 
Given these characteristics, oscillations will occur provided 
that 

AVoIVi > GRy (1 8 4  
with an amplitude 

Vi = Vo/GR/ (1 8b) 
Since Vl depends.linearly on 1/G and thus on Q, the signal 
voltage is 

and since no noise is passed by the limiter, the noise voltage 
at the input as seen by the detector is 

V, = (4kTFB/G)’12 

8Vi = ViQa(l/Q) (2) 

Thus unity signal-to-noise ratio occurs when 

If the triode is interpreted in terms of the usual equivalent 
diode, the anode voltage of which is ( Vg T V,i,u) one has 

I ,  = K(Vg t V0/p)3/2 

d’g,/dV2 = - 3/8K(V, + Vu/,u)-3/2 
g, = 3/2K( 5 + VU/p)’l2 

and so 
E = (&XV1gnziza12 (16) 

For tubes such as the types 6AK5 and EF91, gJI, - 4 at 
the normal working point increasing to about 1 at a tenth 
the normal current, while foi high gain tubes such as the 
type E180F the corresponding figures are 1 . 2  and 2.4. If 
one takes the latter figure, a level of 1OmV requires an 
accuracy E of better than twenty-four parts per million. In 
most practical cases it is the difficulty of maintaining the 
stability of the circuit components to this accuracy which 
sets a lower limit to the level, although it should be noted 
that a more fundamental limit at still lower levels is set by 
the locking phenomenon mentioned earlier. The region over 
which the oscillator locks to noise increases as a high negative 
power of V I .  These considerations apply only to circuits 
without automatic level control (a.1.c.). Using a.1.c. it is 
possible to compensate the effect of component instability. 
Blume(6) has achieved levels of 40 ,uV using high gn, triodes 
in a modified Pound-Watkins circuit with a refined a.1.c. 
system. 

In typical circuits the tube providing regeneration is run 
at a current approaching one-tenth of its normal rating. As 
a result gm is reduced and R, increased five-fold. If one takes 
as an example a circuit with G = li5000 mho using a triode- 
connected type 6AK5 tube, R, = 5 X 500 fi and, with 
x = 4, one has Fo = 1 + 2. Assuming a perfect detector 
the circuit is 2 d 3  N 3 . 5  times less sensitive than ideal. 

C O M P A R I S O N  O F  C I R C U I T S  

Marginal oscillators are, nevertheless, widely used because 
of the convenience of having only one frequency to control 
and their freedom from microphonics. Since the frequency 
adjusts itself to changes in C, a change aC produces a 
spurious signal given by 

WiQ) = (l/Q)@ClC) (17) 
Comparing this with equation (7c) it can be seen that marginal 
oscillators are Q/5 times (i.e. about ten times) less sensitive 
to microphonics. 

The disadvantages of marginal oscillators are threefold. 
Firstly, they are less sensitive; secondly, they are difficult to 
adjust at levels below about 20 mV; and finally they cannot 
be used with circuits of a low L/C ratio. If the shunt 
impedance of the tuned circuit is low, not only is the noise 
figure impaired but also the circuit may fail to oscillate at all. 

T H E  N E W  C I R C U I T  

All the advantages stem from the use of the same circuit 
as the n.r. circuit and as the tank circuit of the oscillator. 
All the disadvantages stem from the use of one tube to 
provide both regeneration and amplitude limiting. In the 
circuit illustrated in Fig. 5 ,  these functions are separated. 
The result is an oscillator with the convenience and freedom 
from microphonics of a marginal oscillator, yet possessing 
the sensitivity, range of level and freedom of choice of 
impedance of separate oscillator circuits. 

Ideally the amplifier is linear, broad-band, low noise and 
with a high value of gain A with a constant phase shift, 

&lie)  = $(4z)1’2 
exactly as in Rollin’s simple circuit (Fig. 1). 

B 

R I  

Fig. 5. Limited self-oscillator 

Vi 
Input 

Fig. 6. Ideal limiter characteristic 

Practical limiters are not ideal. They also generate noise. 
Let the limiter output be V3 for an input V2, then the 
oscillation condition becomes 

AVg’GRV2 = 1 (204 
A noise voltage V, at the amplifier input is fed back as a noise 
voltage 

Vi = VXA/GR)@ V3/3 V2) (2Ob) 
Thus 

ViIV, = (WV3)@V3/3V2) ( 2 W  
With even very imperfect limiters, this quantity is small, less 
than +. In practice, it can be made very much less than this 
with little difficulty. 

The most useful practical limiter is the saturated pentode. 
In Part 2 of this paper it is shown that the output at the input 
frequency is approximately equal to the mean anode current. 
Let this be I ,  passing through a load resistance RL and 
displaying full shot noise. The noise fed into the input 
:ircuit is 

I: = 2eIoBR~iR2 
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The available r.f. voltage output is 

and the input level 

Combining these equations and comparing the noise current 
with Johnson noise in G, one obtains an oscillator noise figure 

VL = IoRL 

Vi = VLfGR 

Fo - I = 20( V;G/Io) 

Fo - 1 2: 4000 V:G 

(21) 

( 2 2 )  

Unless one wishes to combine high level operation with a 
low circuit impedance, this is negligible. With G = l/SOOO 
and VI  = 0.5, Fo - 1 = 0 2. At lower levels it will certainly 
be negligibole. 

Thus, apart from a combination of extreme circumstances, 
the imperfections of practical limiters have little efiect on the 
sensitivity. A direct experimental comparison of a circuit of 
this type with a separate oscillator circuit using the same coil, 
specimen, etc., and a level of 10 mV revealed no difference 
in signal-to-noise ratio, apart from the complete absence of 
microphonics with the limited oscillator. 

Because limiting is done at high level there is, in principle, 
no lower limit to the level at the n.r. coil. I n  practice, stable 
oscillations with only 100 pV across the coil can be achieved 
without using automatic level control and without critical 
adjustments. Whereas in a conventional marginal oscillator 
circuit the level is set by a delicate balance between circuit 

With lo = 5 x 10P3 A 

Robinson 

loss and regeneration, here the level depends on these 
quantities in a linear way, so that small changes in the 
regeneration do not have a disproportionate effect on the 
level. Since low levels are easily achieved and since ample 
regeneration is available, circuits having a very low LjC can 
be used without either saturating the resonance or completely 
killing the oscillations. Thus, for example, the 'Li resonance 
at 3.5 Mc/s has been observed in a specimen of lithium 
fluoride having a relaxation time of 30 s at 4.2" K, using a 
coil tuned with 5000 p F  having a shunt impedance of approxi- 
mately 400 0. This latitude in the L/C  ratio of the circuit 
is a great convenience in all bur the simplest experimental 
situations. 

The above theoretical considerations indicate that this type 
of circuit is capable of the highest sensitivity. The practical 
results obtained with the circuits described in the succeeding 
paper show that this sensitivity is easily achieved and not 
vitiated by microphonics or component instability. 
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Part 2. Practical design 
T H E  L I M I T E R  Numerical results of basic pentodc circiiir 

The design hinges on the performance of the limiter. Con- 2 8 (deg.) 60 90 120 150 160 

or saturated pentodes. Both types of limiter are adequate 
for the present purpose, but pentode limiters economize in 

ventional limiters used in f.m. circuits use either biased diodes RJR, 0.016 0.07 0.22 0.8 1 
voi v 0.866 0,707 0.5 0.26 0.17 

components. Therefore discussion of diode limiters has been 
omitted. 

A radio- 
In Fig. 8 the behaviour of the grid voltage and anode current 
during a complete cycle is illustrated. In this diagram v, ne basic pentode circuit is shown in ~ i ~ ,  7 .  

I 
10 

frequency voltage V (peak) from a source of impedance R, 

Fig. 7 .  Pentode limiter circuit 

is rectified at the signal grid. The steady negative voltage Vo 
deveioped across Rs may be shown to be 

where 
tan 8 - 8 = nR,/Rg (2) 

and 2 0 is the phase angle during which grid current flows. 
The table gives numerical results. 

Fig. 8. Anode current and grid voltage of a pentode 
limiter during a complete r.f. cycle 

denotes the cut-off grid voltage at  which anode current ceases. 
For a fixed value of RJRS the form of the diagram depends 
only on the ratio V /  V,. If 0 is near to n/2 and Vf V, p 1, 
the anode current consists of square pulses each lasting 
approximately half a cycle and having a peak vzlue Io equal 

vo = vcose 
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to  the anode current at zero bias. The mean current I and 
the fundamental component ZI are then given by 

Under these conditions, i.e. 0 2 r /2 ,  RJR, > 1, Vo < V 
and V > Vc, the output at the input frequency is independent 
of the input V. If 8 is reduced by increasing Rg limiting 
occurs at lower values of V, e.g. when V N  V,, but at higher 
values of V the limiting action is over-effective and the output 
decreases with increasing input. In practice, measurements 
show that satisfactory limiting over a range of inputs from 

I ,  = (4/r)f = (2/r)10 (3) 

R f  

Fig. 9. Self-oscillator with pentode limiter 

+Vc < V < 4Vc is obtained with R,/$ 1: 0.2 and Vo/V N 

0.5,2 8 r 120 deg. A detailed analysis of the circuit is possible 
but tedious, and for this purpose unnecessary since only a 
very moderate limiting action is required. 

The cut-off voltage of short grid base pentodes, such as 
the type 6AK5, is of the order of 4 V with the normal screen 
voltage (150 V). By reducing this to 25 V or less, V, can 
be reduced to about 0.5  V. 

G E N E R A L  D E S I G N  

Suppose, then, that one wishes to build an oscillator to 
operate at a level V volts. Satisfactory limiting requires an 
input of the order of V, volts at the limiter. The gain A 
of the preceding amplifier must therefore be: 

Now consider the circuit shown in Fig. 9. 
A = VJV (4) 

Let A be 
chosen so that at the lowest desired level of oscillation V', 
AV' = V,' where V i  is the cut-off voltage at a supply voltage 

VL, and let Rf be adjusted to maintain oscillations at this 
level. Then if V, is increased to VL' = aVL, V, is increased 
in the same ratio. The peak anode current and the output 
of the limiter are also increased. If this, too, increases in the 
same ratio a the whole circuit will oscillate at a level a V'. 
Conditions at the limiter will remain unchanged. In practice, 
the limiter output increases at a greater rate than a and so 
the level rises more than a times and the voltage at the 
limiter grid exceeds VL'. Fortunately, adequate limiting 
occurs over an eight-to-one ratio of $put to cut-off voltage 
and the circuit will accommodate this change. 

If Rr is chosen so that, at the lowest desired level and the 
lowest possible supply voltage V,, the level at the limiter is 
of the order of +V,', then approximately a 20 : 1 change in 
level can be effected simply by increasing V,. The adjustment 
of Rr is most easily carried out by making Rf equal to one- 
third of the value which just sustains oscillations. An error 
of 2 : 1 in Rf makes little difference to the performance. 

Since Vc' is of the order of 0.5  V, the gain of the amplifier 
must be approximately 25 if levels between 20 and 400 mV 
are required, and I000 if levels down to 3 mV are required. 
The oscillator must contain an even number of valves 
(including the limiter) to preserve the correct phase of the 
fed-back voltage. With modern pentodes a gain bandwidth 
product of approximately 200 Mc/s is possible. Thus a 
three-stage amplifier will give a gain of 1000 over a band of 
20 Mc/s, while a single-stage will give a gain of 25 over a 
band of 8 Mc/s. If it is feasible to provide some sort of 
coarse tuning of the interstage circuits these bandwidth 
figures can, of course, be increased. 

T W O  P R A C T I C A L  C I R C U I T S  

The precise form of the circuit depends on the particular 
application. The two circuits described here were designed: 
(1) to give levels between 10 and 2GGmV at frequencies 
between 20 and 60 Mc/s with some coarse tuning of the inter- 
stage circuit; and (2) to give levels between 1 and 250mV 
at frequencies from 200 kc/s to 20 Mc/s with no tuning 
adjustments. 

The first stage VI  
uses a type E180F pentode having a mutual conductance 
16.5 mA/V with input and output capacities of 11.5 and 
3.5 pF. The limiter V, uses a type 6AK5 (chosen primarily 

The first circuit is shown in Fig. 10. 

VOL. 3 6, 

R I  

Fig. 10. Tunable medium level limited oscillator 
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for its low input capacity of 4pF).  The anode load of VI 
is tuned by L, (which is permeability tuned) and C, 
(3.- 30pF). With C, at its minimum setting, a gain of 
50 over a 4 Mc/s band is achieved without retuning; L, is 
wound to resonate with C2 = 3 pF, together with the valve 
capacities (8 pF) at 63 Mc/s at its minimum setting. With 
C, and L, at maximum, the resonant frequency is 17 Mcis. 
A coverage of 15 to 65 Mc/s is thus achieved. 

The capacitor C1 (50 pF) and the r.f. choke L, (4 mH) 
remove direct field modulation pick-up. The choke is wound 
astatically, i.e. it consists of two well separated pies (at the 
opposite ends of a + W resistor) connected in opposition. 
This minimizes direct pick-up in the choke itself. 

The grid leak time constant C3 (33 pF), R3 (15 kQ) is 
chosen low enough to prevent squegging (discontinuous 
bursts of oscillation) at the highest frequency. If this is f 
and the coil has a quality factor Q then, roughly speiking, 

fCR < Q (5) 
Since the signal is rectified at the limiter grid it seems 

only sensible to use the rectified signal thus produced both 
as the output and to monitor the level. The network shown 
filters out the r.f. without increasing the grid leak time 
constant. A level of 20mV provides a rectified voltage of 
50 x 0.02 x + = 3 V and thus gives a meter current of 
2.5 PA. The final stage V3 is a conventional low-frequency 
amplifier included on the same chassis to minimize pick-up 
in the leads. 

The limiter grid current flows through R3. If one assumes 
that this displays full shot noise, the resulting noise voltage 
across R, is 

V? = 2elT,RzB = 2eVQR,B 

In terms of Johnson noise this is 

V i  = 20Vo .4kTR3B 
The ratio of this noise voltage to amplified Johnson noise 

from the tuned circuit is (allowing for 50% detection 
efficiency) 

where A is the amplifier gain and Z the impedance of the 
tuned circuit. With Vo = 3, Rg = 15 x lo3, A = 50, 
Z = 5 x lo3, this is unity. This value of Vo corresponds to 

F’ = ~OVQR, /A~Z (6) 

Robinson 

a level of 120 mV, so that noise from this source is important 
at the higher levels. At 200 mV the overall noise figure is 3, 
while at 10mV it approaches unity. This deterioration in 
sensitivity at high levels could, of course be avoided by using 
a separate diode detectof 

The anode load of the limiter R4, L4 calls for some com- 
ment. It is unnecessary for the limiter to provide gain. The 
load R, is therefore made low (220 Q) to give a wide frequency 
range. The inductance L4, which tunes with the valve 
capacity at 110 Mc/s, is included solely to provide phase 
compensation at the higher frequencies. Direct current is 
used for the heater supply. 

The second circuit (Fig. 11) uses a three-stage amplifier. 
The audio-stage is omitted from the diagram. The first 
three stages again use type E180F valves chosen for their 
high gain bandwidth product. The limiter V4 is a type 
6AK5. The choke L,  is 10mH, again astatically wound, 
and the limiter grid leak time constant is chosen to avoid 
squegging at 20 Mc/s. 

The arrangements for monitoring the level and taking off 
the detected signal remain as before, but now, because of the 
increased gain, grid current noise is unimportant. The loads 
of the first three stages are tuned with the valve capacities to 
resonate at 28 Mc/s with a Q of 1/42.  This requires 
R, = R3 = 560 Q, L, = L3 = 2 pLH since the circuit capacity 
is 15pF. The input capacity of the limiter is less (4) than 
that of the amplifier tubes (1 1 ‘5) and so L4 = 4 p H  and 
R4 = 1 kQ (C, = 8 pF). 

A circuit resonant at f0 with Q = 1 / 4 2  has the property 
that its impedance is sensibly constant up to f 0 / 4 2 .  The 
gain of the amplifier is therefore constant at 1400 up to 
20 Mc/s. Measurements show a variation of 5 20%. The 
phase of the r.f. voltage, however, is shifted as the frequency 
increases. This is 
partially compensated by tuning the limiter load at 28 MUS 
with a Q of 3. The remaining phase shift is further reduced 
by the use of the RfCf feedback network, chosen so that 
RfCf c: 1 at 20 Mc/s. With Rf = 1 MQ this requires 
C, =. 0.01 pF, which is obtained by placing two wires in 
proximity to each other. 

The lower frequency limit is determined by the interstage 
coupling capacities; 200 kc/s was chosen rather arbitrarily as 
the lowest frequency likely to be of interest. 

The shift reaches -1 10 deg. at 20 Mc/s. 

I 0 + 2 4 0 V  

A.F. 

C*5,000 p F  C-O.04pF 

Fig. 11. Broad band low level limited oscillator 
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An oscillation level of I n j V  produces I V rectified at  the 
hi i tcr  grill and 5 /LA meter currcnt. This ciin he checked 
by connecting a low-inipcdnncc signd generator in place of 
thc resonance coil. Mcasurcnicnts of’ the limiter output 
show that with varying sllpply voltages, satisfactory limiting 
is achievcd when the nictcr current lies bctwccn 2 . 5  arid 
50 [LA. At a fixed supply voltage the rangc of toleruble 
limiting cncompasses 21 rangc of 5 : I in input  level. The 
proceilurc for adjusting Rf is therefore to choose ;I v:ilue 
giving 2 . 5  FA iit thP l n w w  limiter supnlv voltaec: c;,. is 
then trimmed i f  thc frequency is gbovc 15 Mc/s to cnsurc 
that oscillation can he maintained at 20 Mc/s. Too small a 
value of C, is indicated if thc oscillations heconic excessively 
noisy, or if chongcs in the lcvcl setting pull thc frequency 
cxccssively. 

The noisc resistancc of ii pentodc-connecicd type El XOF 
tube is 50Ob1. Thc noise figure therefore incrcascs if the 
circuit iriipcdancc is bclow 1000 bl. However, this problcni 
is coninion to :ill n.r. circuits. Ry reducing Rf ,  circuits having 
impcdances of only I00 !J can he niadc to oscillate, and i t  is 
possible to cover 18 -- 3 Mc/s using the same coil, merely by 
adding tuning capxity. 

Thc circuit as it stands covers levels from less than 1 to 
15 mV. At the Iiittcr Ievcl the third aniplifier tube overloads. 
The range can bc extended upwards by five times by removing 
the cathode byp:iss cap:lcitors 011 F3. The gain is reduced 
by 2.3. A further incrensc in level can he made by per- 
forming the samc officc for V. a n d  then VI. Wirh all bypass 
capacitors removed the overall gnin is npproximatcly 100 
and tlic iii;ixinlLII11 level approximately 300 niV. Of course. 
adjustment of R,-lii~lst be niadc ;II the salilc tinic. 

K E S U L T S  

No attcnipt has becn made to measure thc sensitivity of 
circuit I ,  but a dircct comparison of circuit 2 has been made 
with a scparntc oscillator circuit. The tcst was made at 
5 Mc/s using the ’1-i signal from lithium fluoride at 4 . 2  K. 
The level was set at 10 p A  (2 mV) and the signol-to-noise 
ratio estimated on a n  oscilloscopc using a 5 0  cis, 30 Ci swcep. 
The fecdback rcsistor R,. was then removed and a standard 
signal generator connected through a high resistance to thc 
input. The output was adjusted to give the same metcr 
rcading and the signal-to-noise ratio again nicasured. The 
signal and noise wcrc the sanic (ratio approximately 5 : I )  
within thc accuracy of the measurement (5073, although 
even with the most careful tuning of the generator, the second 
observation was rendcred extremely difficult because of 
microphonics. These were complctely absent using the self- 
oscillator. This nicasurenient shows that the oscillator 
circuit in itself does not introduce noisc. In both cases any 
noisc in excess of Johnson noise was solcly due to the 
amplifier noisc figure. 

The circuit appeiirs to bc remarkably free from micro- 
phonics. In  one experiment the wholc apparatus was visibly 
shaking due to vibration from a pump, but the signal remained 
pcrfcctly steady. 

A photograph of the complete circuit is shown in Fig. 12 
with thc outer case and base plate removed. All the com- 
ponents are mounted on a single circular chassis and grouped 
around the tuning capacitor which is enclosed in the central 
screening can. Standard miniature i f .  transformer formers 
are used for the inductances L2, Lj, L,. Ls and the r.f. leads 
are kept short by taking all d.c. leads, such as heater and 
screen supplies, directly through the chassis and out of the 
way at the valvc bases. Insulated + W resistors make excellent 
insulated lead-throughs. Apart from careful location and 
orientation of the valve sockets, no attempt is made at 
screening or heater filtering; nevertheless, the circuit is stable 
with Rf removed. The tuning dial and sockets are located 
on the top plate (also circular) and the  whole assembly fits 
inside a cylindrical can and is completed by screwing on a 
base plate. This carries a clamp for securing the lead to the 
n.r. coil. 
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Fig. 12. The broad band, low level circuit of Fig. 11. 
Thc first r.f. stage is on the left below the non-inductive 
r.f. choke. The limiter is on the right below the length 

of stripped coaxial line forming C’ 

It is perhaps worth remarking that the circuit contains no 
more components than are necessary to build a receiver to 
detect n.r. signals a t  the same level. None of the component 
values are critical, with the possible exception of the phase- 
correcting circuits Ls and Cf at frequcncies above 15 Mc/s. 
If it oscillates and if the limiter voltage controls the level, the 
sensitivity is little improved by adjusting I?/. 

N O T E S  O N  T H E  C O M P O N E N T S  

The tuning capacitor is Jackson Bros 200 4- 176 pF con- 
nected in parallel. The astatic chokes are made by removing 
two pies from standard Bulgin short wave chokes and 
mounting them on 1 MQ, -j W resistors. All bypass 
capacitors, with the exception of the 32 pF electrolytics and 
the 0.04 pF metallized paper cathode bypasses, are ceramic. 
All resistors are .i W insulated carbon, except those in the 
network leading from the limiter grid, the anode loads and 
Rf, which are 4 W uninsulated. All the valves. except the 
self-screened audio-stage, have screening cans, The i f ,  coil 
formers are 0.3 in. diameter, I in. long in 4 in. square cans, 
and have permeability tuning slugs. A standard Belling-Lee 
television coaxial plug and socket are used for the connexion 
to the n.r. coil. 
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