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1

- This invention relates generally to panoramic
systems for detecting and displaying a frequency
spectrum, by a process of progressive analysis of
the frequency content of said spectrum.
. Tt is well known in the prior art to analyze a
band-of frequencies by applying the latter to a
wide band mixer, to which is applied in hetero-
dyning relation, the output of a frequency modu-
lated local oscillator, the mixer operating into a
narrow band I. F. amplifier, which acts as a nar-
row frequency gate.. As the frequency of the local
oscillator varies successively different portions of
the spectrum are translated into the I. F. ampli-
fler, and the output of the latter is detected and
applied to the vertical deflection electrodes of a
cathode ray tube indicator, the horizontal deflec-
tion electrodes having applied thereto a voltage
proportional to the frequency excursions, or scan,
of the frequency modulated oscillator, whereby to
provide a frequency axis on the face of the in-
dicator. ) o

It will be realized that for extremely low rates
of scanning the resolution possible with systems
of the above character depends upon the band
width of the intermediate frequency amplifier, or
frequency gate. If the gate is sufficiently wide,
signals at two adjacent frequencies will enter
simultaneously and will provide a joint or un-
differentiable response. Hence, to obtain good
resolution between adjacent frequencies a rela-
tively narrow I. F'. band width is required. How-
ever, it may be desirable to sweep at a relatively
rapid rate, and it is found, as the rate of sweep
increases, that the I. F. amplifier fails to respond
to the full amplitude of signals as they are hetero-
dyned into the amplifier, and that the I. P. am-
plifier continues to respond for an appreciable
time after the signals have been removed. The
transient response of the amplifier is then not
sufficiently rapid to follow the rapid build up and
decay of the impressed signal, and the response
in the indicator broadens so that resolution is lost.

If resolution S of a panoramic system be de-
fined as the displayed width in terms of frequency
of a single frequency signal at points 3 db. down
on the display, it is found that

where
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second, and that to obtain optimum S In a given-
system, for a given rate of sweep

dF
dt
the I. . band width must equal

1 dF

=vV2a
If then the desired resolution is determined for
any value of I. F. band width a definite value of

ar

di
is established, and the better resolutions appar-
ently attainable by utilizing narrow band I. F.
amplifiers may actually be obtained only at the
cost of decreased sweep rates.

It is, accordingly, usual in designing panoramic
systems to select an I. F. band width and a sweep
rate, which together are adapted to provide a
desired resolution. Where the spectrum to be
analyzed is great and considerable resolution is
required, the design limitations above discussed
lead to a very slow repetition rate for repetitive
scanning, in order to keep the scanning rate,

dF

dt
low. This is, for many purposes undesirable, and
particularly in applications where it is desired to
monitor a band of frequencies within which sig-
nal may be expected to occur infrequently, since
in such case the signals may occur at one fre-
quency while scanning is taking place at another,
and interception of signals thereby become un-
likely.

Ubon considering the problem of signal inter-
ception by means of panoramic systems it will be
evident that the rate of scanning is immaterial
except in the presence of signals, and need only
be sufficiently slow to enable optimum resolution
while g signal is being received, the rate of sweep
at other times being immaterial. This consider-
ation is the basis of the present invention, where-
in scanning is conducted at a rate above optimum
until a signal is found. At this instant the scan-
ning rate

dF
X

is decreased to a rate adequate to enable optimum
response of the system. Upon passing the signal
the fast rate of sweep is resumed. The system
also finds uses in analyzing discontinuous Fourier
type spectra, the sweep rate being decreased at
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each discrete frequency component and increased
therebetween,

It is, accordingly, an object of the invention to
provide a panoramic system of spectrum analysis
wherein the frequency scanning rate is adjusted
to an optimum value only in response to the pres-
ence of signals.

It is, more broadly stated, an object of the
present invention to provide a panoramic system
of spectrum analysis having no limitations in re-
spect to average rate of frequency scanning.

It is, otherwise stated, an object of the present.
invention to provide a frequency scanning pano-
ramic system of spectrum analysis, wherein the
nominal rate of sweep may be unrelated to the
bandwidth of the frequency gate utilized, without
sacrifice of resolution.

It is a further and more specific object of the
invention to provide a system of frequency scan-
ning panoramic spectrum analysis wherein the
instantaneous rate of frequency scanning is de-
termined by the presence or absence of signal at
each instant.

The above and still further objects and advan-
tages of the present system will hecome appar-
ent upon counsideration of the following detailed
description of a specific embodiment thereof,
especially when taken in conjunction with the
accompanying drawings, wherein:

Figure 1 is a circuit. diagram, partially in block
form, of an embodiment of the invention;

Figure 2 is a wave form diagram, useful in ex-
plaining the operation of the system of Pigure 1;
and

PFigure -3 is a further wave form diagram use-
ful in explaining the operation of the system of
Figure 1.

Referring now more 'speclﬁcally to the draw-

ings, the reference numeral | denotes a receiv-
ing antenna which may be coupled to a wide band
R. F. amplifier 2, which applies a spectrum. te. be
analyzed to the input of a mixer 3. The mixer
feeds into a narrow band: I. F. amplifier 4, the
output. of which may ve detected in a detector §
and amplified in a video. gmplifier 6, the output
of the amplifier 6 being applied over a lead 7T to a
vertical deflecting electrode 8 of a cathode ray
tube indicator 9.
" ‘The mixer 3 may be supplied with heterodyn-
ing signal by an-oseillator 10, which may be fre-
quency modulated. by a reactance tube modu-
lator tf, and the latter may be supplied with
frequeney control signal by s saw-tooth gener-
ator, generally identified by the numeral 2. The
output of the generator 12 may likewise be ap-
plied to one of the horizontal deflection elec-
trodes {3, of the indicator tube ¢, to-provide a
frequeney axis across the face thereof. The other
horizontal deflection electrode 14 may be sup-
plied with bias voltage from a variable voltage
source 18, to enable any desired lateral shift of
the beam of the oscllloscope, or of an entire trace
produced thereby.

The system as so far deseribad in detail is con-
ventional. My imprevement rzlates to the meth-
od of eonfrolling the instantaneocus rate of sweep
of the oscillator {2 in response to received sig-
nals. Control signal is derived from an auxiliary
video amplifier 18, the output of which is applied

to ground over the primary {7 of a transformer

18, having: two' secondaries; 19 and 28, which are
effectively wound in what may be called push-
push’ relation with respect to the primary {T.
More specifically, while signal is increasing in
primary {7, for example while the system is fol-
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lowing a typical panoramic response curve 21
(Figure 2) over its ascending slope 22, the volt-
age induced in coil {9 may be such that the lead
23 receives negative potential, the voltage in-
duced in secondary 20 being of opposite polarity.
On decrease of signal, as at 24, the lead 23 may
be made more positive than ground, secondary 20
again having induced therein potential of oppo-
site polarity. Accordingly, in response to a sighal
21, the lead 22 goes negative while the signal is
increasing, and thereafter the lead 25 goes nega-
tive: while the signal is decreasing. The inten-
sity of the negative potential is proportional to
the instantaneous rate of increase or of decrease
of the signal 21, no signal being provided at the
maximum 286 of the signal 21. In the complete
absence of signal the leads 23 and 25 remain at
ground potential.

The saw-tooth generator 12 comprises a gase-
ous tube 28, which contains two electrodes, and
which passes current when and only when the po-
tentials applied to the electrodes: exceeds a. pre-
determined value. When the applied potential
is less than this value the tube is non-conductive.

In paralle]l with the tube 38 is conrected a con-
denser-3{, and in parallel with the condenser 31 is
connected, in series, a potential source 32, a var-
iable control resistance 33 and a .control triode
34, the latter having a cathode 35, a control grid
33 and an anode 37.

The source 32 is properly poled to charge the
condenser 3t, the charging current fowing
through the control resistor 33 and the control
triode 34, which thus may together serve to de-
termine the charging rate of the condenser 3.
The grid 36 of the triode 34 may he normally
biased by means of a voltage source 38 to a rela-
tively high positive value, so that the triode 34
presents a small internal resistance to the source
32. 'The charging time of the condenser 3¢ is
then determined largely by the value of variable
resistance 23.

In normal operation then, i. e. in the absence
of signals at the output of video amplifier 16, the

5 condenser 31 charges at a rate determined by the

value of the adjustable resistance 33, and by its

own capacitance, until it attains a voltage suffi-
cient to fire the tube 30. Thereupon, an instan-
taneous discharge of the condenser 31 takes place,
the: potential across tube 38 drops to zero, the
tube deionizes and the recharging eycle re-com-
mences. The output of the generator 12 is ac-
cordingly substantially of saw-tooth form and
the repetition rate or frequency of the generator
12 is substantially constant.

Now assume interception of a signal by the
system, with the consequent production of a
pulse, as 21, in the primary {7 of transformer 18.

On the rise 22 of the pulse lead 23 becomes
negative and lead 25 positive. When lead 23
becomes negative current fows from source 40,
over variable resistance 41, condenser 42, diode
43, and secondary winding !‘., the diode 43 being
properly poled for this purpose. At the same
time, diode 44 prevents current flow in response
to the positive potential on the cathode thereof,
deriving from secondary 20. 'The flow of current
in resistance 41 causzs a decrease in the positive
bias on grid 38, and a conseguent inecresse in the
internal resistance of triode 234. 'This in turn
decreases the charging rate of condenser 21, and
hence the slope of the saw-tooth output of the
generator 12, or the sweep rate

dF
&
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The decrease in swéep-rate increases the response
of the I. F. amplifier, which increases the slope
of the output, and which in turn reacts on the
potential of the grid 36 to further block triode
34, and further decrease the sweep rate. The ac-
tion is accordingly cumulative, and the sweep rate
is rapidly decreased, until further decrease no
longer serves to increase response.. This is ap-
proximately the optimum rate for the eguipment.

As the signal passes over the peak 26 control
voltage output from transformer 18 momentarily
ceases, and then as the signal drops in amplitude,
picks up again, but now with the lead 25 negative
and the lead 23 positive. .Accordingly, current
flows up through resistance 41, but now via diode
44, rather than via diode 43, the latter now block-
ing due to the increased positive potential on its
cathode. Again the sweep rate decreases, per-
mitting the signal to drop at substantially an
optimum rate. The changes in resistance which
take place in triode 34, in response to a signal 21,
may be represented then, by curves 45 and 46,
plotted against a time axis.

Adjustment of resistance 4{ serves to determine
the changes in potential at grid 36, in response
to given signals and adjustment may be accom-
plished by trial until optimum results are accom-
plished.

Referring now to Figure 3 of the drawings, there
is represented the character of the saw-tooth out-
put of the generator {2, three separale signals
being encountered by the receiver during a com-
plete voltage cycle of the generator 12, which
corresponds with one complete scan of the fre-
quency spectrum subject to analysis.

- This saw-tooth voltage commences at a first
rate

aF

dt
determined primarily by the bias provided by
source 38, and by the value of the variable resist~
ance 33, as illustrated in Figure 3. At 51 a signal
is found, and the sweep rate decreases radically
in response to a control voltage, ss 45 (Figure 2).
As the frequency continues to sweep, now slowly,
the peak of the I. F. response curve 25 is passed
through, and signal responsive bias control volt-
age is lost. For an instant the sweep resumes
its original rate, as at 52, but almost immedjately,
the signal passes down the ascending side of the
response curve, 24, and control signal reappears,
as at 46. Again the sweep rate

dF

dt

 decreases sharply, as at 53, until fhe signal is
lost. Immediately the original sweep rate re-
asserts itself, and continues until a further signal
is found, when the process represented by the
plots identified by reference numerals 5, 52 and
53 repeats, at points 54 and 55 in the scanning
curve.

What I claim and desire to sscure by Letters
Patent of the United States is:

1. A panoramic system comprising a source of
signals occurring within a first predetermined
frequency spectrum, a heterodyne mixer having
an input circuit adapted to accept said first pre-
determined frequency spectrum, means for cou-
pling said source of signals to the input circuit
of said mixer, a heterodyne oscillator coupled to
said mixer for converting the frequencies of sig-
nals applied to the input circuit of said mixer to
‘further frequencies, a relatively narrow band am-
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plifier coupled to the output circuit of said mixer,
said amplifier being tuned to receive at least one
of said further frequencies, means for varying
the frequency of said heterodyne oscillator over
a predetermined range of frequencies for hetero-
dyning freguencies within said first predeter-
mined frequency spectrum in succession to a fre-
quency equal to the tuned frequency of said am-
plifier, said means for varying comprising a fre-
guency modulator responsive to modulating volt-
age for varying the frequency of said heterodyne
oscillator, a source of said modulating voltage
having a predetermined rate of voltage variation
with time, and means responsive to the presence
of each signal in said amplifier for only tran-
siently modifying said rate of variation with time.

2. A panoramic system in accordance with
claim 1 wherein said last named means corre-
sponds with means for decreasing the said rate
of voltage variation with time.

3. The combination in accordance with claim
2 wherein said decrease in said rate of voltage
variation with time is of such magnitude as sub-
stantially to optimize the response of said am-
plifier to said signals.

4. The combination in accordance with claim
1 wherein said source of modulating voltage in-
cludes an oscillator comprising a condenser, &
source of charging potential for said condenser,
and a variable impedance for determining the
rate of charge of said condenser, and means re-
sponsive to received signals for controlling said
variable impedance.

5. The combination in accordance with claim
4 wherein said source of modulating voltage in-
cludes a relaxation oscillator comprising a con-
denser, a source of charging potential for said
condenser and a variable impedance for deter-
mining the rate of charge of said condenser, and
means responsive to a time derivative of the en-
velope of signals in said amplifier for controlling
said variable impedance.

6. The combination in accordance with claim
1 wherein said source of modulating voltage in-
cludes a saw-tooth oscillator, and means for con-
trolling the instantaneous value of the rate of
voltage variation with time of the saw-tooth out-
put of said saw-tooth oscillator.

7. In a frequency scanning panoramic system
having a display device for displaying the fre-
quency values of signals existing in a predeter-
mined frequency spectrum, means for periodically
effecting frequency scans across said entire spec-
trum at a first predetermined rate of scan, and
means for only transiently decreasing said rate
of scan in response to each signal encountered
duirng each of said scans periodically effected
across said entire spectrum.

8. A panoramic system comprising a source of
signals occurring at random throughout a pre-
determined spectrum, a scanning frequency gate
for scanning successive portions of said prede-
termined spectrum in successive periods of time,
and an indicator for indicating the constitution
of said spectrum, said frequency gate having a
predetermined pass band and said scanning oc-
curring at a rate greater than the scanning rate
required for the attainment of optimum resolu-
tion of frequencies in said predetermined spec-
trum, having regard for the width of said pass
band, and means responsive to the presence of
signals within said pass band for transiently in-
creasing the resolution of said panoramic sys-
tem during said presence.

9. A system in accordance with claim 8 where-
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7
in said last named means comprising means for
decreasing the scanning rate of said scanning
gate. .

10. The combination in accordance with claim
8 wherein said last. named means is responsive
only to the presence of said signals and for the
duration of said signals for increasing the reso-
lution of said panoramic system.

11. In a frequency scanning panoramic sys-
tem having a visual display device for displaying
the frequency values of signals existing in a pre-
determined frequency spectrum, means for es-
tablishing a first. frequency scan across said
spectrum at a rate of scan in excess of that re-
quired to provide opiimum- displays of said sig-
nals on said display device, and means respon-
sive to each signal encountered during each scan

8

established by .said first means, and operative
substantially only during said each signal, for
reducing said rate of scan.

HYMAN HURVITZ.
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