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ABSTRACT

A super-regenerative receiver has been designed for linear
mode operation in a band from 455 Mc./sec. to 510 Mc./sec. For
linear mode operation it was necessary to use automatic gain stabilization,
which also kept the oscillator output pulses at a steady amplitude.
The receiver was constructed, having a band-width of 630 Kc./sec
and a noise figure of 20 db. The experimental results were in
good agreement with the theoretical estimates, and numerical values
for comparison are provided wherever possible.
The receiver can detect a minimum signal of 1.5 s volts, and
it therefore more than meets the sensitivity requirements for use

as a detector in a y.h.f. "bridge®.
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1. INTRODUCTION

1.1 History of Super-regenerative receivers
The principle of the super-regenerative oscillator was first introduced

by E.H. Armstrong in 1922, Its high gain was realized, but its other rehark-
able features were overlooksd and it was only thirteen years later that
further investigation was pursued into the subject. H, Ataka, 1935; M.G.
Scroggie, 1936 and F.W. Frink, 1938 published papers explaining the pheno-
menon of super-regeneration, At about the same time several unique circuilts,
making use of super-regeneration, appeared in print.

W.B. lewis and C.J,A, Milner (1936) designed a duplex operation trans-
ceiver (simultaneous two way communication) by making use of the reradiating
properties inherent in the super-regenerative oscillator, It acted alterna-
tively as a receiver and transmitter during each quench period., Each trans=
ceiver would be sensitive to in-coming pulses at that specific time when the
signal pulse just arrived from the other transceiver,

S. Becker and L.M. Leeds (1936) described a two way police radio system.
This radio installation consisted of duplex operation from headquarters to
each car and simplex operation between the cars, The receiver had a com-
bination of both the super-regenerative and superheterodyne principles and
the resultant gensitivity was more than sufficient to fulfilithe rigorous
requirements.

The super-regenerative circuit then found its way into numerous radio
amateur receivers, as well as the "walkie talkle™ developed by the U,S. Army
Signal Corps and later modified for use during the Second World War., It .
had the desired features of being sensitive, light, simple and economical. ‘

Other contributors who promoted the understanding of super-regenerative

theory were W.E. Bradley (1948); A. Hazeltims; D, Riclman and B,D. Lovghlin



(1948); Macfarlane and Whitehead (1946, 1948); H.A. Glucksman (1949) and
L. Riebmann (1949).

The super-regenerative receiver became well known for its part in the
wartime I.F.F. (identification friend or foe) Mark 11l responder, developed
at T.R.E, in Great Britain., The purpose of the I.F.F., responder was to
indicate to an observer at a radar station whether some distant aircraft
was friendly. The responder on the allied aircraft would amplify the re=-
ceived radar pulses and reradiate them., These were picked up by the radar
station and observed as long traces on the P,P.I. screen, compared to the
small dots which represented the rerlected pulses from an enemy aircraft,
The use of a.g.s, (automatic gain stabilization) was made in these respon-
ders and this gave them the added feature of good stability over a wide
frequency range (157-187Mc./sec.). More than 200,000 of these fully auto-
matic responders were produced to be fitted into all the allied ships and
planes as a jolnt effort by the United States and Great Britain,

"Super-Regenerative Receivers® by J.,R, Whitehead (1950) describes the
circuit of the Mark 111 responder, as well as many other circuits making use
of the super=-regenmerative principle, The book also contains a comprehen-
sive treatment of super-regenerative theory as well as physical interpre-
tation of the results,

Another major piece of work published after that time on super-regen-
erative theory was by H.A. Wheeler in the form of two monographs on the

analysis of super-regenerative selectivity.and design formulas,.

1,2 Purpoge of ths receiver
The ohject of the work undertaken was to study the feasibility of a

super-regenerative receiver operating in the linear mode at 500Mc,/sec.,

with specific properties which could make it useable as a "bridge™ detector,



It would be used as a mull indicator for a General Radio admittance meter.
The specifications are that it would be able to detect 10uw of signal or
better and that it would have a sufficient amount of stability. The par-
ticular receiver discussed here can detect l.5uv. of signal and achieves
its very reliable operation through the use of the automatic gain stabili-
zation, The purpose of the a.g.s. is to keep the receiver in the linear
mode of operation, thus adding to the complexity of the receiver, On the
whole, however, it is much simpler than a superheterodyne operating at the

same frequency,.
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2.,  ERINCIPLE OF SUFRR-REGENERATION

2.1 Super-regenerative action
A parallel tuned circuit can maintain oscillations if enough energy

is supplied to it to overcome the resistive losses., If, at any time, more
energy is supplied than dissipated, the oscillations will grow,

A positive feedback amplifier, which may consist of one tube, can be
made to supply the mecessary energy. The condition that oscillations be
maintained is that the trénsconductance of the tube equal a certaln value
which depends on the losses in the circuit. The transconductance is a
function of both the plate voltage and grid bias voltage, By periodically
varying either of these, one can get thd tube into a state where the oscil-
lations grow, or where they decay. The general practice is to modulate
the grid bias voltage with the output of a quench oscillator whose waveform,
for simplicity, is sinmusoidal, Over part of the quench cycle the grid bias
is very negative and no oscillations exist. The grid then becomes less nega-
tive until it reaches the grid blas voltage, which is just necessary for os-
cillations to exist. The oscillations begin to grow as the bias becomes
still less negative, until they reach a peak in amplitude which comes at a
time when the grid bias returns to its critical valuse. Beyond that instant
the oscillations decgy and, under proper operating conditions, are well
below noise at the time when the next cycle of bulld-up begins. The output
of the super-regenerative oscillator is in the form of pulses at intervals

equal to the period of the quench frequency.

2.2 The conductance cycle

There ig an alternative method of stating the criterion for oscilla=-

tions in a tuned circuit., In effect, the tuned circuit can be represented
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by an inducﬁiég\capacitance and conductance all in parallel. The conductance
part of the circuit damps eny oscillations that mey be induced in it. The
positive feedback emplifier, to which the tuned circuit is connected, acts

like a negative conductance and, when the net resultant of the conductance
across the tuned circuit is zero, the tube is in a state of steady oscillations,
That is equivalent to saylng that enough energy is being supplied to owvercome
the resistive losses., Besides acting as a negative conductance, the oscil-
lator tube also hgs some small reactive effect, which causes a variation in

the frequency of oscillation during the build-up cycle.

When the oscillations are growing, it indicates that the net conductance
across the resonant circuit is negative., The net conductance varies directly
as the transconductance of the tube which, in turn, varies as the grid bias
voltage. The conductance cycle, as a function of time, can be obtained gra-
phically by knowing the variations of the grid blas voltege with time.

A complete theory of the super-regenerative principle has been formulated
in which use is made of the conductance cycle curve, A numerical example,
showing how the experimental results compare with the theoretical formula, is

illustrated in a later section.

2.3 ILinesr mode and a,Z.s8.
It was stated earlier that the super-regenerative (uhf) oscillator was

to operate in the linear mode. Under that type of operation, amplitude modu=
lation on the input signal is linearly reproduced by the output pulses. The
requirements on the uhf oscillator are that the growing oscillations never
reach saturation, if it is to operate in the linear mode.

The oscillations always start from noise and the signal induced in the
oscillator at the input. If the oscillator had its mean D.C., bias so adjusted

as to give adequate gain for low signsal amplitudes, it would not require much
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of an increase in signal amplitude to have the oscillations reaching saturati;n.
Automatic gain stabilization is, therefore, necessary.
The detected output pulses are amplified and rectified by the a.g.s. sys-
tem to give a negative D.C, voltage which controls the mean bias of the u.h.f.
oscillator tube, Now, if a large signal is applied to the u.,h.f, oscillator,
the a.g.s8. system makes the grid bias more nsgative, thus keeping the output

pulses of the oscillator approiimately constant,

2e4e General description of the receiver
X block diagram of the receiver is shown in figure 2.,1. The output of

the quench oscillator is at a frequency near 50 Ke./sec. and has a peak émpli-
tude of about five volts under normal operating conditions,

The a.g.s. system consists of the amplifier, phase inverter and rectifier,
The a.g.s. amplifier is tuned to quench frequency snd so it responds only to
the geﬁerai,freqnency component of the detected pulses. Its output is, therem
fore, a quench frequency sine wave, The phase inverter, followed by a double
diode detector, gives out the D.C. control voltage, This voltage provides
the bias for the u.bh.f, oscillator, thus completing the feedback loop.

The other rectifier, connected to the output of the phase inverter, gives
out a positive output which is compared to an adjustable D.C. voltage by the
microammeter., For this case, the meter is at the "Signal Strength Indicator®
position, since changes in the output of the a.g.s. are caused by changes in

the input signal amplitudes,
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3. Ihe Suver-Begeneratlve Opclllater

3.1 Gonstruction of the osqillater
| The cevity combination had been previously used in an u,h,f, amplifier

and was oconverted into use £0r an oscillator by insulating the grid conneetion

from the ground and fitting in a feedbask loop., The csscillator, as shown in

figure 3.1, oonsists of a tuned inmt cavity at the cathode and a tuned cute

_ put cavity at the plate of the 5876 pencil triocde.

The grid is grounded toy.h.f, cecillations throngh ©3 amd %6, ©6 gome
sists of upuitmoﬁotnnn the two sides of the flamge holder and groumd,
polystyrens being the dielectrie. °3 has a valne of 100 pf, and 6 was detere
. lin-dfrcn't.hl parajlsl plate fosmmla to have a wvalue of 300 pf, The two

ospacitances add up to give 400 pf,, which hu an impedanse of 0,75 ohms ad
‘500ﬁ o./sea. |

In actual practice, the two oaviﬂu are lsss than 1l om, apart, the flange
of the 5876 being the only part of the tuhohohnnthnu'd.tiu; Both the
eaf.hodo and plate of the tube fit into mounting bloeks, whish m eapuit.o.no@—
ecupled to the quarter wave lines, Ry insreasing ths capasitanse in the trime
wors Oy and e2, the effective elesstrical length of the line ie inoreased, thus
dscroasing the resonant frequensy. The eapacitance between the §nthod. and
grid of the triode W is given as 2.5 pf. This does not affect the electrical
length of the line very much, since the cathods 1s oocupled to it at the low
impedance end, Ths plate, on the other hand, is coupled to the high impedance-
ond of the line and so the plate to grid capesitance of 1,4 pf. contributes
mach to the shortening of the 1ine in the plate cavity, aa is showm in fig, 3.1.

The ossillation frequency cen be varied by mesns of & and 92 frem 455 to

510 ¥o,/se0,
The input and output loopa are situated at the low impedanse, ar high
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UHF OSCILLATOR
List of Components

Cathode cavity

Plate cavity

V1 5876 uh.f. High-Mu Triode
01‘02 yh.f. trimmers

Input loop

Output loop

Feedback coupling

03 100 pf. ceramic condenser

Cy coupling capacitance of 130 pf. to cathode cavity

65 coupling capacitance of 130 pf. to plate cavity
C7 0.05 1.

Rl 1X .o

Rp 2. K o

R.JF.C. 1 choke to quench oscillator

R.F.C, 2 choke to a.ge.s.

2.F.C. 3, RJF.C. 4 chokes to heaters

RF.C. 5 choke to cathode

R.F.C, 5 choke to plate

73 consists of capacitance, amounting to 300 pf. between the grid

and the cavity through 0.25 cm of polystyrene insulation.
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current ends of their respective cavities, The loops are coupled to the strong
magnetic fields which exist at those ends, The feedback loop, on the other
hand, is coupled to the magnetic field in the plate cavity and electric field
in the cathode cavity. The electric field coupling is in the form of a capa-
citive probe,

Preliminary test showed that, at its besgt, the receiver could just detect
five microvolts of input signael, This indicated that the input termination
was weak and so the input loop was increased in size. The same type of loop
was inserted at the output. After these modifications, it was evident from
an obgervation of the low D.C. control voltage supplied by the a.g.s., that the
new loops increased the leading on the cavities. To overcome this extra load-
ing, the feedback loop was improved by lenghening the capacitive probe, Fol-
lowing tﬁis change, the D.C. control voltage went to its normal value. It
was then found that the minimum detectable signal decreased to one and a half
microvolts,

The super-regenerative gein innepers is given as a/2C where a represents
the integral with respect to time of the negative part of a conductance cycle
and C is the equivalent capacitance of the plate cavity. Ome would then ex-
pect to have the gain of the receiver to increase with frequeney , since C
decreases and the corresponding D,C, control voltage from the a.g.s. to de-
crease the gain by an equal amount, by simply becoming more negative and thus
decreasing & This was the case from 455Mc./sec. to about 490Mc./sec.,
after which the D.C. control voltage started becoming less negative as the. fre-
quency was increased to 510Mc./sec. Since the 5876 can oscillate at a fre-
quency as high as 1700 Mc./sec., it is quite justifiable to assume that the
transit time of the 5876 would not cause such a large effect. The conclusion

is that the efficiency of the feedback loop drops with increase in frequency
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%n the receiver band,

3.2 The 5876 pencil triode
The 5876 is a new tube developed only recently for u.h.f, frequencies

and can be used as an osqillator up to 1700Mc./sec, It has the features of
minimum transit time, low cathode to plate capacitance, low lead inductance
and good thermal staebility. As much as 6 watts of energy can be dissipated
at the plate if the plate cylinder should have s large surface of contact
with its support.

The tube, when oscillating at 490Mc,/sec., dissipates at the plate 2.7
watts for no signal input, 1.5 watts for a large continuous waﬁZyjﬂin%%;??uff
0.5 volts and 6,0 watts if the grid should accidentally become grounded, If
the oscillator should be detuned so that no oscillations exist, the plate dis-
sipation would be 3.7 watts, The tube should not be allowed to dissipate
more than 3,5 watts at the plate for any long length of time, since the poly-
styrene insulation for the plate support would weaken with the high rise in

temperature,
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303 Eguivalent cireuit of the plate cavity
In order to give a numerical example of the oscillation build-up and de=-

cay, it is first necessary to find an equivalent lumped resonant circuit for
the plate cavity. An analagous lumped circult of the oseillator is illustrated
in fig. 3.2, No attempt is made to find the equivalent resonant circuit for
the cathode cavity, since it does not enter the theory directly, but has some
second order effects.

The line of the plate cavity can be represented by an inductance, a capa-
citance and a = conductance, all in parallel, whils the trimmwer can be assumed
to be an extra variable capacitance across the tuned circuit, 'Of the threse un-
knowns, the capacitance and inductance arms will be first determined.

The trimmer acts like a parallel plate condenser with adjustaeble plate
geparation and air as a dielectric., The effective area of the plates was found
to be 2,2 cm2 and their separation was 0,10 cm, when the oscillator was tuned
to 455 Mc./sec, (fl). For an oscillator frequency of 480 Mc./sec. (£5), the
average separation was 0,18 cm, The capacitance of the parallel plate conden~
ser is given by the expression 1.1l KA/4nd pf.,
where K is the dielectric constant and equals unity for air

A is the area of each plate in em®

d is the separation between the plates in cm, The formui'a gives a value
of 1,95 pf. for 455 Mc,/sec. and 1,08 pf. for 480 Mc./sec., the change in
capacitance C thus being 0,87 pf. The value of the inductance L is found

from the fundamental relation
. 4 LA -
L= 27 ( w2 7 w,2>

where Wy =-?77f2 w, = 2T

Substituting in the walues
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i -/ 2 / 2
0.87X/0-/"[ (:?# X450 )(/06) * (mw‘>]
= 0. o/?b'/xv. A.

For £ ® 488 Mc./sec., the equivalent capacitance 1/ (2111‘)2 is 7.7 pf. and for
£ = 500 Me,/sec., it is 7.4 pf. The next problem was to determine the equiva=-
lent conductance,

It is known that the bandwidth of a quiescent circuit is given by
b -2(% at = 3 db,, where G, is the equivalent parallel conductance of the qui-
escent circuit, To find G, it is only necessary to measure b since C has already
been_calcula‘bed. The procedure was as followss=

The power in the receiver was turned off while the output of the signal
generator connected to the output loop of the receiver was increased to above
0.5 volts at 480 Mc./sec, The cathode cavity was detuned and the plate cavity
tuned to 480 Mc./sec. For a fixed output of the signal generator, the detected
portion, which was fed into a D.C. amplifier on an oscilloscope, gave an indi=
cation of the amount of off-resonance of the plate cavity from the signal gene=
rator frequency, At resonance the cavity absorbed little power and thus a larger
output was observed on the C.R.T. When not in resonesnce, the impedance of the
cavity, observed at the loop, decreased and so did the output voltage., The de-
tector had been previously calibrated so that the frequency could be setteothe
values. giving an output of 3 db, below resonance, The advantage of this method
- was that there were always large detected signals to be observed, eveﬁ at -1
neper from resonance. The quiescent band-width obtained for the plate cavity
was b w 2,6 Mc.,/sec, (at =3 db.)

The equation for the conductance in parallel with the resonant circuit is
then Go=w 2mC Db (3.4.1.)
= 12?/4.. mhos,

The equivalent circuit for the plate ca¥ity is now approgimately known.
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The graphical determination of a~

A graphic method for finding the value of a” under a particular set of con-

ditions is described fully in Chapter 5 of "Super-Regenerative Receivers® by

J.R,

Whitehead., It is the most accurate method since it makes glmost no use of

approximations for the oscillator tube characteristic curves. As had been men-

h‘,(/v a. Lﬂ‘ !_z(J/

tioned previously, a~ is the integral with respect to time ?f the negative part

of the resonant circuit conductence G. The expression for G is

G = GO -k gm (3.4020)
where Gy, = quiescent conductance of the tuned circuit
k = constant for given circuit conditions

zZero

En = transconductance of the oscillator tube

From this equation it is apparent that when oscillations just start, G is

and gy has its critical value gmo. The expression for k ia, therefore,
k=  Gofgmo (3.443.)

The cheracteristic values of the quiescent circuit were

Band-width - b = 2.6 Mc./sec. (at=3db)

Caﬁacitance Cs 7,9 pf.

Resonant frequency fo = 480 Mc./sec.

Shunt conductance Go = 129 4 mhos,

Other date consisted of

Quehch frequency 54 Kc./sec,

S°
u

Quench amplitude ‘ A =50V
5876 plate voltage Vg = 250 ¥
Output pulse peak V1= 0257V
Input signal V w 12,5 ¥V

Bias for oscillations to begin Vgo x= 3,4 T

Mean grid bias voltage Vg-s -7 V
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The transconductance g, grid bias voltage curve for the 5876 triode is not
'~
available in the published tube data and so it was necessary to obtein it ex-
perimentally, First, the plate current X, was recorded for different grid bias

voltage values V, , the plate being kept at 250 V. The results were plotted

g
and shown in fig, 3.3. The slope of the curve AL‘/AEQ which is defined as gy

was then found for differenct Vé values and similarly plotted in fig., 3.4. The
required part of the transconductance (gp) cycle can be seen in fig, 3.5. It
is simply obtained by projecting the grid bilas voltage as a funciion of time on
the tube transconductance @pe 2rid bias voltage, and getting the transconductance
as a function of time, In the third quadrant is a 5 volt quench cycle super-
imposed on a =7.4 volt mean grid blas., In the first is the result, with the
oscillatory region being above gp, = 3.5 m. mhos. corresponding to a grid bias
of = 3.4 volts. The value k is now found from equation (3.4.2.) to be

0.037 x 104,

Knowing this, the conductance cycle in fig, 3,6 is constructed from the
trensconductance cycle by using equation (3.4.3.). On the same figure is a
grid bias voltage cycle showing from the conductance curve how the oscillator
behaves during various parts of the quench period., The regenerative period,
during which the input oscillations are amplified, is followed by the super-
regenerative period, during which the oscillations grow rapidly. Then comes the
damping period and the existing oscillations decay. The detected output pulse
is also sketched from the trace on the oscilloscope,with its peak at the end of
the super-regenerative period., The area a~ was measured and found to be 1055/0
mhos./Avsec.

3.5 Theoretical formula for the output
Provided that several conditions are met, the expression for the oscille-

tion amplitude across the plate cavity is given at any time t by
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Y,(¢) = Vséo[caﬁ“)] w.)’%[ G't,)
x p | :,fz.ie(x) aéf.] i o ? ) 2] (3.5.1)

where V(t) = oscillation amplitude at time t

u<1
'

= absolute signal amplitude

Wo = 21tfo = radial frequency of the oscillator

T
"

27 £ = radial frequency of the signal
C = capacitance of the plate cavity

G'(t1) = derivative of the conductance with respect to time at t = t,
The ratio of V, over Vg cah be ohtained from above and then greatly

simplified when the input signal is tuned to the receiver, It is given by
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where the $inusoidsl variation with time is also left out.
For t = %5 the oscillation amplitude V, is simply the peak of the output
pulse and -—fa(;‘(x) dx becomes a” as was defined previously. The last equation

Z,

then reduces to

wﬂ: = 6. [e@ﬁﬂﬂ.&ﬁ&[;e]

(3.5.3.)

which can be rewrititen so as to get an expression for a”, namely

o = 2C An [[CG'&‘)]"’ V,ﬁ“:] (B’S'I’f)

Y s« Mn/a- Aec
which compares favourably with 105/. mhos,  fe88Ce from the graphical method.

Judging from the reading accuracy in conducting the varbus measurements, it

is estimated that the value of C is known to within * 20% and that of b is

known to withim * 10%. The possible error for a™ is about 20%, since most of

its contribution comes from the C outside the logarithm in equation (3.5.4.).
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The discrepancy in the two values of a~ is well within this error.
An expression for the total receiver gain Nt can be obtained from equation

(3.5.3.) by taking the natural logarithms of both sides. This gives

Me = Ao [ V____'z'!)

L[ Go[?‘%&?ﬂé] * e

Vo +Ns mufprre (3.5.5.)
o [o]corz)?] mifere (3.5.6.)
and Vs = & oupeas (3.5.7.)

Ny is called the slope gain. It is the contribution to the total gain that

so that Mo

n

occurs during the regenerativg period, when the net conductance across the reso-
nant circuit is positive but is dropping to zero. Ng has already been mentioned
before and is called the super-regenerative gain, since it acts during the super-
regenerative period. N, works out to be 2,62 nepers or 22,8 db and Ng, as ob-
tained graphically, is 6,65 nepers or 57.0 db, Under normal operating conditiops
the mean grid bias voltage may be much smaller,in which case the super-regene-
rative period would be longer and the regenerative period shorter, That would
be accompanied by a larger Nj and smeller N,

There were several conditions which had to be met in order that equation
(3.5.1.) be valid., Firstly, it is a formula for the slope-controled state and

the requirement.-for slope control is that

/t, "jg > E—c-

Go | (3.5.8.)

where t, is defined in fig, 3.6, It is found that
A, -Fo T 3.5 e (3.5.9.)
ord 2L = 073 e, (3.5.10)

which satisfy the condition stated in equation (3.5.8.).

The oscillation amplitude is actually obtained as the sum of two parts, of
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which V; is the more important term if the condition for slope control is satis-
fied and that
-t >t - % (3.5.11)
The first condition has been met and the second is also satisfied from
knowing that
ty = to = 3.7 usec, (3f5°12)
and from equation (3.5.9).

3.6 Super-regenerative band-width

Equation @.5.1) shows how the super-regenerative oscillatéor reacts to free
quencies other than that of the receiver., The frequency response S(f) can be

described by
: 2
. E e (w-wWwoe)
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which behaves like a Gaussian error-curve for f not{far too{different from £ ;
= t

The band-width bg = 2(f-f,) is obtained approximately when

G'(£w

W[ —yric Mf‘ﬁ)zJ . M[—/] (3.6.2)
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Fig. 3.7 gives the relative regponse of the receiver in db., The band=-

width by is measured at -8.7 db. to be 0.63 Mc./sec. The expected band-width

from equation (3.6.3.) is

L

[39: 2
Ars 7.9 x/0 ’2]

= 0.66 Ma. fate,
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which compares very well with the experimental value.

The ensrgy band-width for noise calculations is defined as

+ 00

/‘j"AL = 5%/192_J( { Sﬁyblz.‘*%{L
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where the experimsntal results of !S(f)!z are given in fig, 3.8, Since
S(fo) = 1, the area under the curve,which is just the integral, gives the
band-width, This is illustrated by means of a rectangle having a haight
equal to unity and a width equal to the band-width, which turned out to be

0.38 Mc./sec.

3.7 Noise figure

The performance of the receiver must be compared with an ideal receiver
with respect to noise. For normal purposes it is only possible to receive
signals in a band whose width equals the quench frequency f”so that the ideal
comparison receiver must have a band-width f9,= 54 Ke./sec. also,

The noise generated in a 54 Kec./sec. band-width is

-

I/

where K = Bottzman's constant 1,37 x 10~ <2 joules//oK

T = Temperature of the resistaence in degrees Kelvin
R = Internal resistence of the source in ohms.

Receiver noise band-width in cycles/sec,

It was necessary to determine the amount of noise present in the receiver,
K 100% amplitude modulated signal was fed to the receiver and the signal am~

plitude was decreased until the peak noise level in the valleys of the
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modulation rose to the mean carrier level, The r.m.s. carrier voltage was
B.Cpuv. which indicated that the %1% level® had a value of 4.24/4v. If we
assume what happens to be the peak value of noise as the level which is ex-
ceeded for 1% of the time, +this level is 2.33 x r.m.s. value, thus giving
1.82 pv, for the r.m.s, noise.
Now /+ = =/0
and the approximate noise figure = 20 x 1,7,° 0 =20 AL
It has been shown by H,A. Wheeler that the noise figure of a super-regene=
rative receiver is larger than that of a straight amplifier, having the same
band-width, by a factor which equals
be/fy
whers bs = the super-regenerative band-width
and fg,- the quench frequency
The reason for this is that the super-regenerative receiver is sensitive
to noise in a band equal to bg, but it beats with the component frequencies of
the general spectrum and appears in a band whose width equals the quench fre-
gquency ﬂ?’
The ratio can be worked out and is
,23 é So X72:3

Z;, sy xr63
= (2.0 or /AL

Subtracting from the noise figure the value of this ratio, you ohtain 9 db,

which is a reasonable noise figure for the 5876 triode alone in a first-class

conventional circuit.,

3.8 Oscillograms of oscillator pulses
The 500 Mc./sec., oscillations leave the oscillator in the form of pulses at

quench frequency. These pulses are detected and observed on an oscilloscope.
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Eig. 3.9a shows the random noise output when no signal is present, while in
fig. 3.9b one can see the superimposed output pulses for only noise at the
receiver input. The pulses have a Gaussian waveform and a wide distribution
in amplitude corresponding to the wide amplitude variation of the noise at the
input, PFig. 3.10a shows the detected output for a large, continuous wave sig-
nal at the input, with fig, 3,10b giving the constituént superimposed pulses.
These are all of the same amplitude and hence the trace appears as & solid
line, One can observe how the pulse resembles a Gaussian waveform, as had been
predicted by theory, |

Fig. 3.11 illustrates how the pulses foym an emplitude modulated sine
wave., In fig, 3.lla is shown a linearly amplified output of a signal whose
amplitude was modulated with 1 Ke./sec. In the next picture, one can see the
individual pulses, of which it takes 54 to reproduce one wavelength, The third
picture shows the relative separation of the pulses and fig. 3.118 gives the
pulses all superimposed, There are sharp limits at the top and bottom which
correspond to the pulses describing the top and bottom peaks of the amplitude

modulated signal,
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File 3.9(«) OUTPUT NOISE FOR NO  INPUT SIGNAL

FlG. 3.9 (@) DETECTED PULSES WHICH FORM THE NOo(SE
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Fle- 2.10 (o) QUTPUT FOR LARGE [INPUT SieNAL

Fie 2.10 (b) SUPERIMPOSED OSUTPUT PULSES OF EQUAL AMPLITUDE
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Fle 3.1l (¢) RELATIVE SEPARATION OF THE PULSES

FIG 2.J1 (L) SUPERIMPOSED PULSES FOR THE WAVEFORM oF Fic 3.1 {a)
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4o OTHER SECTIONS WHICH CONSTITUTE THE RECEIVER

4.1 The guench oscillator
As had been mentioned before, the quench oscillator voltage modulates the

u.h.f. oscillator bias voltage, The frequency can be varied from 44 Ke./sec.
to 58 Ke./sec. and normally operates near 50 Kc./sec. The oscillator is of the
bridge type, being a modification of the Wien type. The frequency determining
network is shown in fig, 4.1. e; = (ep = er) and ey are the input and output

voltage to the amplifies, The ratio of ef to e, is given by

AL
# = !

—LO 1+ c? c ﬁ N J_’ olal
/é? .FE?—;—-K;P.F?WCKRS .Fa'qufP (4 )
) r y
/+ € ‘e Bs 73
'}fq * Eq Rp
s L
«f Cg=Cq | Rs=KRp | ®3 7% 2gR
a,gq,a' '%—L = _££_ - /
<o ﬂ(‘f'/f?_, K
= L4 - 2
1= ACE D
= A(3 %

It is, therefore, necessary to make K greater than 3 and to have no phasé shift

(no imaginary part in A) at resonant frequency. A diagram of the circuite;hown

in fig. 4.2. The 3 watt tungsten lamp R is a non-linear arm of the bridge and

accounts for the stable oscillations. Its temperature is high enough to prevent
instability.

RP acts as a grid leak and RL as & cathode bias resistor. CA'and R4 de=
couple the quench oscillator from the rest of the circuit., It was also impor-
tant to shield the oscillator from the a.g.s., which is tuned to the detected
quench frequency pulses from the super-regenerative oscillator. The band-width

of the tuned amplifier stage in the a.g.s. is 2 Ke./sec., a meximum drift of
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QUENCH OSCILLATOR

List of Components

6SN7 double triode
30K
25K n 2 watt polentiometer

22K o 1% tolerance
22K 1% tolerance
10K potentiometer )
10K o potentiometer )

505K S

3 watt lamp (non-linear resistance)

30K s

800 s

22K o

110 pf. 1% tolerance
110 pf. 1% tolerance
0.1 auf,

1.

0.5 4 f.

0,007 u £

0.5 st

test jack

) ganged together
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1 Ke./sec. or 2% can be tolerated in the quench frequency, which is given by
1/2WRCg « Rg consists of a fixed 22 K. resistor in series with a fraction of
an Ohmite 10 K o potentiometer, The major variation in R; will be due to tem=-
perature changes, whereas C9 has a zero temperature coefficient. Rg will not
change by more than =0,02% per °C rise, For a 20°C change from the normal opera-
ting temperature only 0.4% change would be observed in the frequency, which is
well within the a.g.s. band-width,

A maximum amplitude of 25 volts peak can be fed into a 7Kf. load with very
little distortion in the waveform., Almost no distortion exists for an output

of less than 5 volts.

4Le2 The u,h,f, detector and s,g,s, system

A schematic diagram of the circuit is shown in fig. 4.3.

The output pulses from the u.h.f, oscillator are detected by a IN 54 A ger-
menium diode and fed into a tuned amplifier, The tuned amplifier has a tc}’{rj id
and a capacltor C,, for the tuned circuit and R4 as a damping resistance to ob=
tain a band-width of 2 Ke./sec., R; (47Kqn) reduces the Q of the plate load
from 45 to 27, thus decreasing the equivalent damping resistance from 30.5 K.

to 18.5 K.n.» The amplification at resonance is given by

6 Wq, L,Q
M )+ Ul)j:L,g -+ Wt L:Q
Rp Rzo

z Gy, (A)?,L,@ M

= 30

The measured amplification was found to be 28 which is in close agreement
with theory, It was necessary to decouple the tuned amplifier from the other
stages in order to reduce the feedback through the B* supply, which had origi-
nally reduced the gain of the tuned amplifier to 23 and sometimes even maintained

oscillations.
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The tuned amplifier was followed by two stages of voltage amplification,
each having a gein of about 50 at a frequency of 54 Ko./sec. The gain of the
first voltage amplifier was made variable by having a potentiomster for the
plate load, The output of the second voltage amplifier fed into the plase ine-
verter whose output impadance, at the plate, equalled R33 or 5.6 K. , and at
the cathode equalled the reciprocal of the transconductance or 2.30.n , 7The
values of the componente for these seatlornswere chosen from observing the tube
oharscteristics for the EF 374 and the 68K7, A double diode Vy rectified the
54 Ko,/se0, voltage at the plate and oathode of V¢ togive out a negative D.C,
sontrol voltage for the' grid ¢f the u.h.f. oscillator.

In ordsr to satlsfy the Rygrlst orlterion for stability in the feedback
loop, it was necessary to introdﬁee & time lag which would be greater than
twice the loop gain, multiplied by the sum of the phase lags and delays of the
whols loop, This was the reasson for the large time constant (0.05 ses.) of
Rag and C29 , and the slow response of the system, By making a rapid inorease
in signal amplitude at the input of the receiver, ii wag possibls to sec a
large pulse for a fraction of a seecond at the cryetel IN 544 before the control
of the a,g.s8. was reatored, |

For the u.h.f. oscillator to always operate in the linear mode, the re=-
quirement on the a.g.s. ia simply to have enough gain se that for the largest
input signal the oscillations do not reach saturation., It is obvious that, if
the input signal 1s decrsased, the output pulses can not inorease and so the

oascillator can never find itself in the logaerithmic mods.

4e3 lbp meter circult
A circuit showing the meter connections is piven in fig. 4.4. Vg is a

double rectifier; being aimilar in operation to V7, but giving out a positive

voltage lnatead, For position 3 of the two=pole sixeposition gwitch, ome
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terminal of the meter is connected to the output of Vg and the other is becked
off a variable D.C, voltage with BY as its source, as shown in fig, 4.4. The
50 K o potentiameter is used as the zero centering of the meter., An extermal
meter can he connected to the Jack below the meter, if the panel meter is not
gufficiently accurate.
Al) the other positions of the switch are quite simple, For positions 1,
5 and 6 the meter has a large resistence in series with it and acts like a volt=
meter, For positiong,it has a 1.8 n. shunt, tiums acting like a milllammeter.
The erxternal meter oan be used with position 1, 4 or 6 if it has a 55 smp.
movement and postion 2 if 1t has a resistence of 1.8 K, and atill have:the=

same full scale deflection as the panel meter,



¢

5. CONSTRUCTION OF THE RECEIVER

5.1 The layout and operation of the receiver
Three views of the receiver are shown in fig, 5.1, 5.2 and 5.3. All the

controls are on the front panel with only two test jacks at the rear of the
chassis, as ¢3en in fig, 5.2. The waveform of the detected pulses can be ob=-
served on the oscilloscope by connecting to the jack labeled "Detected Output
Pulses®™, The output from the other jack gives the quench voltage, which is fed
to the grid of the 5876, It enables one to observe the waveform of the quench
frequency, measure its amplitude and frequency, as well as to use it as an ex-
ternal trigger for an oscilloscope if one should try to observe the oscillator
output pulses.

The two controls on the front panel,for the frequency and amplitude of the
quench voltage, are shielded to minimize frequency drift of the quench oscilla-
tor., The a.g.s. gain control is not provided with a knok since, after it is set
and locked, it does not need resetting very frequently.

The cathode and plate cavities are tuned by means of the two knobs on the
front panel and can also be locked if desired, since the tuning shafts are pro-

vided with locking nuts., The other controls have already been mentioned in

PET8. Lol

5.2, TIhe super=-regenerative receiver as a "Bridge! detsctor

A view of the equipment necessary for making measurements with the admit-
tance meter (u.h.f. "Bridge™) is shown in fig. 5.4. The signal generator on
the right provides the u.h.f. power for the "Bridge", while the receiver at the
centre, with its power supply on the left, acts as a detector. The advantage of
this type of detector is the fact that,at such high frequencies, the super-rege-

nerative principle is more efficient tham the superheterodyme principle,
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The suggested method of detection is to mix the unbalanced signal from the
.admittance meter with the output of a local oscillator and detect the interme=~
diate frequency with an amplifier, The difficulty lies in finding the desired
frequency from the beats of the harmonics. This arrangement has a sensitivity
of approximately 5 volts.

It does not compare very well with a sensitivity of 1.5 4 volts, which is
possible with the super-regenerative receiver, The reradiating oscillations
of the super-regenerative receiver is of no disadvantage, since their presence
1s equally felt in all the arms of the admittance meter and does not effect

the balance.
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SUMMARY AND
CONCLUSIONS

A super-regenerative receivef was designed, and found to be feasible, for
operation in a frequency band from 455 Mc./sec. to 510 Mc./sec., The value of
a” was obtained, graphically, to be 105w mhos./u,sec., while from the formula
it turned out to be 1147a,mhos./ﬁssec.

The super-regenerstive band-width was measured to be 630 Kc./sec. under nor=-
mal operating conditions at a general frequency of 54 Kc./sec. and a quench am-
plitude of 5 volts peak. This result of the band-width was in excellent agree=
ment with the theoretical value of 660 Kec./seec,

The noise figure was determined to be 20 db., of which 11 db. was calculated
to be due to the super-regenerative principle, thus leaving 9 db. for the 5876
triode, which is what one would expect from a first class conventional circuit.

The recelver was able to detect 1.5 4. volts of input signal and hence eas=
ily fulfilling the sensitivity requirements for its use as a "bridge™ detector.

The receiver is also sufficiently sensitive and stable to be used as a
field strength meter, At the "Signal Strength Indicator®™ position of the switoh
on the panel, the meter has an approximately logarithmic response. It would

be possible to get signal strength directly in db., when the meter is calibrated,
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APPENDIX 1
The Power Supply for the Leceiver

The pawer supply should have an intermal resistance of less than
50 svat D.C and at 54 Kc./sec. In the power supply that was used,
there were two filament transformers, One of these with its centre
top grounded was used for all the tubes whose cathodes were near ground
potential., The other was used for the filament of the 6SN7 phase
inverter whose cathode was at a mean potential of 60 volts and a
possible peak potential of 120 volts.

The power supply is connected to the receiver through a six
conductor cable with an octal socket, The places on the power supply
to which the wire are connected can be known by observing the colours
of the wires., The connections to the octal socket are numbered below

together with the colour of the wire going to each connector,

1. ground blue
2. general filaments black
3. B* 300V white
Le not used -
5. Vg filament brown
6. Vg filament green
7. general filaments red

8. not used -
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