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1
PORTABLE RADAR SYSTEM

FIELD OF THE INVENTION

This invention relates to radar systems and in particu-
lar to portable direct readout FM-CW radar.

BACKGROUND OF THE INVENTION

FM-CW radar systems are well known in the prior art
and operate, generally, by varying the frequency of a
transmitted microwave radar signal in a linear fashion
and detecting the instantaneous frequency difference
between the transmitted and received echo signals; the
frequency difference providing an indication of transit
time for the transmitted signal from radar antenna to
target and back to radar antenna. From this transit time
relative target distance may be calculated.

Typical FM-CW radar systems of the prior art are
shown in U.S. Pat. Nos. 2,881,422; and 2,451,822. One
of the main problems with FM-CW radar systems of
this type is their sensitivity to Doppler effects induced
by relative target velocity causing the resulting beat fre-
quency to show an error component in addition to the
frequency component proportional to distance. While
the above U.S. Pat. No. 2,451,822 has overcome this
defect by providing for offsetting positive and negative
Doppler shift effects, this has been achieved only
through the use of expensive, bulky, and difficult to
tune delay networks with a plurality of separate radar
transmitting and receivers.

In U.S. Pat. No. 2,881,422, the rate of change of fre-
quency of the transmitted radar signal is made suffi-
ciently high so that the resulting beat frequency be-
tween the transmitted and received signals is large and
the resulting Doppler frequency error insignificantly
small. One problem with such a system, however, is
that the high rate of change of the transmitted radar
signal frequency aggravates other system errors attrib-
utable to switching and nonlinearities in the modulating
signal. In addition, accurate use of such a system is lim-
ited to relatively short distances, such as in aircraft low
level altimetry, and is unsatisfactory for use with dis-
tances encountered in applications such as small craft
navigation.

To overcome or minimize these problems and to pro-
vide small craft users with satisfactory radar navigation
tools has required expensive and elaborate radar signal
generation circuitry that provides control over critical
frequency sweep characteristics. This, in conjunction
with signal sources constraints imposed by FCC stabil-
ity requirements, has increased cost beyond the point
of practicality for small craft users.

SUMMARY OF THE INVENTION

A portable, accurate radar system is provided with is
especially suitable for small craft use in determining
relative distance and bearing of reflective targets up to
a few miles distant. The radar system can be hand held
and sufficiently requires but few components, with a
result that the cost and size of the system is compatible
with the needs of small craft enthusiasts who otherwise
find navigational radar out of financial reach. A CW
radar signal is transmitted by a hand held or other an-
tenna and is frequency modulated by an efficiently gen-
erated triangle wave having a relatively long period of
approximately one tenth second. The radar echo is het-
erodyned with the instantaneously transmitted radar
beam to produce a beat frequency.
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Over the course of a cycle of the modulating triangle
wave the beat frequency will vary considerably due to
both Doppler effects and radar signal sweep rate non-
linearities. Two systems are provided to compensate
for the effects of Doppler shift and variations in a radar
signal frequency sweep rate.

According to one scheme, accurate average detec-
tion is possible by manually adjusting the frequency of
a separate audio oscillator such that average pitch of
the beat frequency and audio oscillator appear the
same to the listener. This subjective measurement
achieves its accuracy in part through the cooperation
of the modulating triangle wave shape and its fre-
quency. The low triangle wave frequency, furthermore,
reduces the switching transients in the beat frequency
due to modulating signal slope reversals.

According to a further system a direct readout of dis-
tance is provided by having the beat frequency con-
verted to a constant amplitude unipolar pulse train hav-
ing a period, which is the same as, or twice the period
of, the beat frequency. The average period of the uni-
polar pulses is detected by application of the pulse train
to a meter that possesses sufficient inertia to provide
suitable averaging over the one tenth second period of
variation to yield an accurate meter reading propor-
tional to target distance.

By averaging the pulses over one or more selected
half cycles of the modulating triangle wave and com-
paring this average to the average taken over one or
more full cycles used to indicate distance, an indication
of relative target motion (closing or opening) is pro-
vided.

Radar signal frequency stability requirements of FCC
regulations are strict and cannot usually be maintained
by portable power sources, such as batteries, as they
degenerate with age. To provide required stability inex-
pensively, a novel, accurate, and simple voltage regula-
tion system is provided to insure sufficiently constant
voltage supply levels throughout the radar system cir-
cuitry and to eliminate any error in the beat frequency
attributable to supply voltage variation and battery ag-
ing.

DESCRIPTION OF THE DRAWINGS

A more complete understanding of the features and
operation of the present invention will be obtained by
reference to the following detailed description of a pre-
ferred embodiment presented for purposes of illustra-
tion and to the accompanying drawings of which:

FIG. 1 is a partial block and partial schematic dia-
gram of a basic portable radar system;

FIG. 2 is a block diagram of direct distance and rela-
tive target velocity indicators according to the inven-
tion;

FIG. 3 is a partial block and partial schematic dia-
gram of circuitry for providing the modulating triangle
wave used in the invention; and

FIG. 4 is a partial block and partial schematic dia-
gram of a power supply regulator according to the in-
vention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1 there is shown in block diagram
and partial schematic form a portable FM-CW radar
system housed within a container 18 and comprising a
source 12 of a 10 Hz triangle wave used as an FM mod-
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ulation for and conducted to an FM-CW transmitter 14
normally operating in the radar frequency spectrum.
Transmitter 14 has its frequency varied in accordance
with the amplitude of the triangle wave from the source
12. The resulting FM-CW output from the transmitter
14 is applied to a wave separator 16 which directs the
excitation from transmitter 14 to a portable directional
antenna 18, mounted within container 10 and aimed to
direct and receive radar signals through a transmissive
portion 20 of container 10. Echo reflections received
by the directional antenna 18 from objects struck by
the emitted radar signal are returned to the wave sepa-
rator 16 where they are directed to a mixer 24. There,
the received echo radar signals are multiplied by the
instantaneous frequency of the transmitted FM-CW
radar signal. The resulting beat frequencies are passed
through a low-pass filtering amplifier 26 which selects
the lower of the beat frequencies from the mixer 24 for
amplification and application to a pair of user head-
phones 28 through a summer 30.

A further input of the summer 30 is provided from a
variable frequency audio oscillator 32 having a manu-
ally adjusted frequency control 34. The triangle wave
output of the triangle wave source 12 may be similarly
fed through a rheostat 38 as a frequency control input
into the variable frequency audio oscillator 32.

As is understood, basic FM-CW radar operation de-
pends upon the production of a constant tone beat note
from the mixing of the transmitted and received radar
signals. To obtain constancy in this note, the frequency
of the transmitted radar signal must vary linearly with
time and normally this is achieved with a linear modu-
lation by a sweep signal. With completely linear FM
modulation, the received radar echo will differ in fre-
quency from the transmitted radar signal by a constant
frequency during each edge of the modulating sweep
signal so that mixing of the received and transmitted
signals results in a constant beat frequency tone, the
frequency of which is directly proportional to the dis-
tance between the transmitting radar antenna and the
reflecting target.

In theory this principle works well and in sophisti-
cated, expensive radar systems where sweep and modu-
lation linearity can be accurately maintained through
expensive generating circuits the theoretical function-
ing is achieved.

With less complex and less sophisticated radar trans-
mission and modulation systems, substantial variation
in the beat frequency is produced even from small lin-
earity variations in the radar signal frequency sweep
rate. A listener, through the earphones 28, hears a pro-
nounced wobble in the audio frequency. It has been
discovered, however, that despite the effect of this
wobble or periodic variation in the frequency of the
audio note produced by the beating of the transmitted
and received radar signal it is possible for the listener
to compare it with the audio frequency note from the
variable oscillator 32, if the period of the wobble is
properly chosen. The radar user can accurately adjust
the frequency of the variable oscillator 32 so that its
frequency appears equal to the average wobbling beat
note. The resulting setting of the control 34 can be cali-
brated in terms of target distance to provide an accu-
rate indication of that distance.

An alternative system providing an improvement can
be achieved by effectively varying the frequency of the
audio oscillator 32 in relation to the amplitude of the
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triangle wave from source 12. Since the frequency of
the beat note from the mixer circuit 24, for a given tar-
get distance, depends upon the slope of the modulating
triangle wave from source 12 and since that slope nor-
mally varies with the magnitude of the triangle wave it
is possible to slightly vary the frequency output of the
audio oscillator 32 in accordance with the amplitude of
the triangle wave to provide a wobble in the output of
oscillator 32 that matches the beat note wobble. By ad-
justing, through the resistor 38, the amplitude of the tri-
angle wave applied to vary the frequency of the audio
oscillator 32 its output can be made to wobble to sub-
stantially the same degree as the beat note. With the
frequency variations in the beat note and the output of
the audio oscillator 32 more closely matched it is easier
to vary the center frequency of the oscillator 32 to
match the center frequency of the beat note from cir-
cuit 24,

As is known, when the target moves relative to the
transmitting antenna 18 a Doppler shift is induced in
the frequency of the echo radar signal causing it to
change from the frequency of the transmitted signal be-
fore reflection by the target. The result is a change in
the beat frequency from the mixer 24 which is propor-
tional to the relative target velocity. With the use of the
triangle wave from source 12 having equal positive and
negative slopes for modulating the radar signal, the
Doppler shift change in the beat frequency will be
equal and opposite during opposite slopes of the trian-
gle wave with the net variation in frequency averaging
to zero over a full cycle of the triangle wave. It is ac-
cordingly still possible for the listener, using the head-
phones 28, to adjust the frequency from the variable
audio oscillator 32 so that its frequency appears to be
an average of the frequency of the beat note from the
circuit 24.

The 10 Hz frequency of the triangle wave from
source 12 is both high and low enough so that the re-
sulting two beat tones produced during Doppler effects
can be independently perceived by the listener and the
frequency of the audio oscillator 32 accurately ad-
justed at an average of the two beat tone frequencies.
The modulating frequency is also sufficiently low so
that the beat note disturbances produced by slope re-
versals in the modulating triangle wave are acceptably
minimal.

With the target relative velocity such that it is ap-
proaching the radar antenna 22 the beat frequency will,
depending upon the slope of the triangle wave, be ei-
ther higher or lower, and with the target receding the
opposite change in beat frequency is experienced. A
modification may be added to FIG. 1 in order to detect
the direction of the relative target velocity. A gate 40
is provided to receive on one input the output of the
summer 30 and on another input a gating signal from
the triangle wave source 12. The output of the gate 40
is fed to the earphones 28. The gate 40 selectively func-
tions to pass the output of the summer 30 to the head-
phones 28 only during a predetermined slope of the tri-
angle wave from source 12.

Gate 49 is first continuously enabled for the listener
to adjust the frequency from the audio oscillator 32 to
the apparent average of the higher and lower portions
of the beat note at headphones 28. The listener is then
able, by causing the gate 40 to provide listening only
during one slope of the triangle wave, to determine
whether the target is approaching him or receding from
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him. This is done by detecting whether the average beat
note during that slope of the triangle wave is higher or
lower than the frequency from osciliator 32.

The block diagram and partial schematic of FIG. 2
shows a portable radar system operating in a manner
similar to FIG. 1 but, by the inclusion of further pro-
cessing electronics, being adapted to give a direct
meter indication of distance. A source 44 of a triangle
wave modulating signal outputs a triangle wave to FM
modulate a radar transmitter 46 operating with a center
frequency in the microwave radar range and having its
output frequency varied in accordance with the ampli-
tude of the triangle wave. The output of the transmitter
46 is fed to a signal separator 48 and thence to a porta-
ble hand held radar antenna 50 for transmission in a
substantially narrow beam in a direction determined by
the operator. A received radar echo signal is picked up
by the antenna 50 and fed through the signal separator
48 to a mixer 52 where the received echo, and the
transmitted radar signal are heterodyned to produce a
beat note, the beat note is amplified by an amplifier 54
and may be applied to a set of earphones 56. The oper-
ation of the circuitry of FIG. 2 up to this point is sub-
stantially similar to the operation of the radar system
explained in FIG. 1.

The output of the amplifier 54 is also fed to a high
gain limiting amplifier 58 where, by appropriate ampli-
fication, it is converted to a square wave signal having
relatively steep rising and falling characteristics. The
output of the limiting amplifier 58 is fed to a high-pass
filter 60 which outputs a series of positive and negative
constant amplitude pulses corresponding to the rising
and falling slopes of the square wave from limiting am-
plifier 58. A full or half wave rectifier 62 receives the
train of pulses and outputs a unipolar pulse train
wherein the pulses of the opposite polarity are either
clipped or inverted. The output of the rectifier 62, the
unipolar pulse train, is fed to a DC current meter 64
wherein the inertia of the needle movement operates
effectively to continuously average the number of
pulses. The frequency of the modulating triangle wave
is low enough so that the meter 64 can accurately aver-
age the higher and lower frequency components in the
unipolar signal from rectifier 62 without significant ef-
fects from triangle wave slope reversal disturbances.
The triangle wave frequency is high enough so that
meter wobble can be sufficiently eliminated.

Alternatively an averaging circuit 66 is provided to
receive the output of the rectifier 62 and to pass pulses
therefrom to a counter 68 during one or more complete
cycles of the triangle wave. Counter 68 displays a digi-
tal total proportional or equal to distance depending on
the adjustment of circuit parameters.

The effect of averaging over one or more full cycles
of the triangle wave from source 44 is to balance and
cancel effective variations in the beat note from mixer
52 produced by both nonlinearities in the radar fre-
quency sweep rate and Doppler shift effects. With a
constant FM radar frequency deviation and triangle
wave period, the Doppler shift will be equal and oppo-
site during opposite slopes of the triangle wave from
source 44 so that averaging over at least a full period
will cancel the changes in pulse spacing from rectifier
62 attributable to the Doppler effect. The changes in
the pulse spacing from rectifier 62 attributable to non-
linearities in the sweep are also averaged.
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In order to determine whether a target is approaching
or receding from the user a further processing system
is employed comprising a rectifier 76 receiving the out-
put of the high-pass filter 60 and feeding a gate 72 con-
trolled by an input from the source 44. The output of
the gate 72 is fed to one input of a differential meter 76
with the other input of the differential meter 76 fed
from the output of the rectifier 62.

The output of the gate 72 is the pulses from the recti-
fier 70 during a predetermined slope of the triangle
wave while the output of the rectifier 62 is the pulses
from rectifier 62 over at least a full cycle of the triangle
wave. In this manner the difference between the out-
puts from the rectifier 62 and and gate 72 represents
the Doppler shift on the received radar echo signal and
the reading of the differential meter 76 therefore repre-
sents this Doppler shift. By making the rectifier 62 half
wave and rectifier 72 full wave, gain compensation is
established so that the direction in which the meter 76
points can be used as an indication of whether the tar-
get is approaching or receding from the user with the
amplitude indicating relative velocity.

Several modifications are possible to the FIG. 2 cir-
cuitry to achieve the indicated operation and these
modifications include the use of differential meter 76
as both the range and relative velocity indicator by op-
erating the gate 72 to inhibit all pulses from the recti-
fier 70 during the range measurement. It is also possible
to feed the output of rectifier 62 directly to the gate 72
without a second rectifier 70 by providing compensat-
ing gain elsewhere in the circuit. Finally, the meter 64
may be used alone for both range and relative velocity,
with gain compensation, by switching the meter 64 be-
tween outputs of rectifier 62 and gate 72 and detecting
whether the meter reads higher or lower when receiv-
ing the output of gate 72.

The circuitry of FIG. 2 provides a function similar to
that of FIG. 1 but with direct readout of distance and
relative velocity information. Both circuits are useful
over a range of distances up to a few nautical miles
from as close as several yards.

An inexpensive circuit for producing a sufficiently
accurate triangle wave for use in modulating the radar
transmitters 14 and 46 is shown in partial block and
partial schematic diagram in FIG. 3. A multivibrator 78
provides a saturated 10 Hz square wave which is fed
through a coupling capacitor 80 into the base of a
grounded emitter NPN transistor 82 through a resistor
84. The collector of the transistor 82 is connected to a
regulated source of positive potential 86 through a re-
sistor 88 and is further connected to the base of transis-
tor 82 through a parallel combination of a biasing resis-
tor 99 and integrating capacitor 92. With the high gains
presently obtainable in state of the art single transis-
tors, the signal at the collector of transistor 82 is a tri-
angle wave of sufficient linearity for use in the radar
systems of FIGS. 1 and 2 when nonlinearities in that
signal are compensated as indicated.

With a radar system adapted for portable use, it is
necessary that a battery or similar device be provided
to operate the circuitry. Inherent in all batteries is a
gradual decrease in voltage as the battery charge di-
minishes. Such a potential reduction will cause a
change in the FM radar signal frequency and frequency
deviation rate which decalibrate the radar system. This
problem is uniquely overcome by a novel voltage regu-
lator circuit shown in FIG. 4 having economy of com-
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ponents and adapted for use with a portable radar sys-
tem indicated in FIGS. 1-3. The positive output of a
battery 94 is supplied to the collector of an NPN tran-
sistor 96 and is supplied serially through a diode 98 in

the forward direction and a resistor 100 to the base of 5

the transistor 96. A regulating zener diode 102 is con-
nected from the base of transistor 96 to the negative,
common terminal of the battery 94 and is oriented to
provide reverse, breakdown conduction from the base
of transistor 96 to the common point.

The emitter of transistor 96 is connected and supplies
current to a terminal of regulated voltage 104 for oper-
ating the radar system circuitry of FIGS. 1-3. This volt-
age will remain constant only as long as the zener cur-
rent remains constant. However, since the zener cur-
rent is supplied from the battery through diode 98 and
resistor 102, the amount of current through the zener
will drop as the battery voltage drops. To eliminate this
effect the voltage at 104 is also used to feed a trans-
former coupled saturating type of DC to AC converter
106 and 108 which outputs an AC signal proportional
to the voltage on the emitter of transistor 96. This AC
signal is boosted in voltage level by a transformer 108
which has an output to a rectification circuit composed
of a diode 110 and smoothing capacitor 112. The DC
output on the capacitor 112 is adjusted by the amplifi-
cation of transformer 108 so that it exceeds the maxi-
mum voltage expected out of the battery 94. This volt-
age across the capacitor 112 is returned to the junction
between the diode 98 and resistor 100 where it oper-
ates to supply regulated current to regulating diode
102.

Since the voltage supplied from diode 110 and capac-
itor 112 is always greater than the battery supply volt-
age, diode 98 becomes reverse biased and cuts off all
current from the battery. Thus, a constant current is
supplied to zener 102 and it does not vary in voltage as
the battery voltage drops with age and the emitter out-
put of transistor 96 will remain essentially constant
until the battery voltage drops to the voltage of this
emitter.

Diode 98 is required only when the regulation circuit
is initially turned on. The diode 98 provides forward
conduction from the battery 94 to the regulating zener
diode 102 so that upon turn on an initial output is es-
tablished at the emitter of transistor 96 to start the op-
eration of the DC to AC converter 106. Since the DC
output from capacitor 112 is always greater than the
output from the emitter of transistor 96, the regulator
bootstraps itself up in voltage until the zener 102 turns
on. Diode 98 is then turned off and the regulator’s out-
put voltage remains constant, independent of battery
age.

It will be appreciated by those skilled in the art that
while specific circuit elements and functional blocks
have been indicated to exemplify a system according to
the invention, others may be substituted that provide
similar operation. It is also clear, that while specific val-
ues have been indicated, particularly with reference to
frequencies of operation, other frequencies and values
can be applied without departing from the functional
advantages indicated above. It is accordingly intended
to limit the scope of the invention only as specified in
the following claims.

What is claimed is:

1. A radar system to provide an operator with an indi-
cation of the distance of remote objects comprising;

8

means for generating a triangle wave;

means for transmitting a radar signal and for receiv-
ing reflections of said transmitted signal from a re-
mote object;

means for FM-CW modulating said radar signal with

said triangle wave;
means responsive to said transmitted and received
radar signals for deriving signals at frequencies rep-
resentative of the difference between the fre-
quency of the transmitted and received signals;

means for providing as the period of said triangle
wave a period which is long in relation to the dura-
tion of switching transients in said derived signal
produced by slope reversals in said triangle wave;

means for developing a signal variable over a range
of frequencies substantially coextensive with the
range of said derived signals;

means for allowing said operator to acoustically mon-

itor said derived signals and said developed signals;
and

control means for adjusting the frequency of said de-

veloped signal whereby said operator can adjust
the frequency of said developed signal as moni-
tored to appear as the average frequency of said
derived signal and whereby the setting of said con-
trol means provides an indication of the distance of
said remote object.

2. The system of claim 1 wherein the period of said
triangle wave is long relative to the period of audible
30 sound.

3. The radar system of claim 1 wherein said means
for generating a triangle wave further includes:

means for generating a square wave; and

a single stage of electronic amplification receiving

20

25

35 said square wave at a control input thereof and
having negative resistive and capacitive feedback
to said control terminal from a terminal of ampli-
fied response to the signal on said control terminal;

40 said triangle wave being produced at said terminal of

amplified response.

4. The radar system of claim 1 lurther including a
source of regulated power for operating said radar sys-
tem, said source comprising:

a portable power source providing operating poten-

tial which diminishes with source use;

an active element providing controlled conduction
between first and second terminals thereof in re-
sponse to a signal on a third terminal thereof and
having said first terminal connected to a terminal
of said portable source;

a DC to AC converter receiving as an input the signal
at said second terminal of said active element and
providing as an output an AC signal having a peak
magnitude substantially higher than the signal level
from said portable source;

means for developing a DC signal substantially equal
to the peak output of said DC to AC converter;

means for regulating said developed DC signal at a
regulated, lower signal level and for applying said
regulated signal level to the control terminal of said
active element; and

means for conducting a signal from said portable
source to said means for regulating said developed
DC signal whenever said developed DC signal is at
a level less than the level of said portable source;

the second terminal of said active element providing
regulated power for the operation of said radar sys-
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tem independent of the past use of said portable
SouUrce.

5. The radar system of claim 1 further including
means for selectively enabling said monitor means dur-
ing one slope of the triangle wave output of said gener-
ating means.

6. A radar system for providing an indication of the
distance of remote objects comprising:

means for generating a triangle wave having positive

and negative slopes;

means for transmitting radar signals and for receiving

reflections of said radar signals from said remote
objects;
said transmitted radar signals having the frequency
thereof varied with the level of said triangle wave;

means for developing a signal having a frequency
representative of the instantaneous frequency dif-
ference between said transmitted and received
radar signals;

means for providing as the period of said triangle

wave a period which is of substantial duration rela-
tive to the duration of switching transients in said
developed signal resulting from slope reversals in
said triangle wave;

means for amplitude limiting said signal developed at

said difference frequency;

means for high-pass filtering said amplitude limited

signal;

means for rectifying said high-pass filtered signal to

produce a first train of pulses at a rate representa-
tive of said instantaneous frequency difference;
and

means for indicating the average number of said

pulses in said first train of pulses during one or
more whole cycles of said triangle wave to provide
an indication of the relative distance of said remote
objects.

7. The radar system of claim 6 wherein said means
for generating a triangle wave comprises:

means for producing a signal which has high and low

saturation levels and which periodically switches
from one saturation level to the other with an inter-
val between switching of one half the period of said
triangle wave;

an active element having first and second terminals

of controlled conduction therebetween and a con-
trol terminal operative in response to said signal
with high and low saturation levels to control con-
duction between said terminals of controlled con-
duction; and

a path of negative resistive and capacitive feedback

from one of said first and second terminals to said
control terminal;

said triangle wave being produced at one of said first

and second terminals.

8. The radar system of claim 7 further including a
source of regulated power for operating said radar sys-
tem, said source comprising:

a portable power source providing operating poten-

tial which diminishes with source use;

an active element providing controlled conduction

between first and second terminals thereof in re-
sponse to a signal on a third terminal thereof and
having said first terminal connected to a terminal
of said portable source;

a DC to AC converter receiving as an input the signal

at said second terminal of said active element and
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providing as an output an AC signal having a peak
magnitude substantially higher than the sxgnal level
from said portable source;

means for developing a DC signal substantially equal
to the peak output of said DC to AC converter;

means for regulating said developed DC signal at a
regulated, lower signal level and for applying said
regulated signal level to the control terminal of said
active element; and

means for conducting a signal from said portable
source to said means for regulating said developed
DC signal whenever said developed DC signal is at
a level less than the level of said portable source;

the second terminal of said active element providing
regulated power for operation of said radar system.

9. The radar system of claim 6 further including a
source of regulated power for operating said radar sys-
tem, said source comprising:

a portable power source providing operatmg poten-

tial which diminishes with source use;

an active element providing controlled conduction
between first and second terminals thereof in re-
sponse to a signal on a third terminal thereof and
having said first terminal connected to a terminal
of said portable source;

a DC to AC converter receiving as an input the signal
at said second terminal of said active element and
providing as an output an AC signal having a peak
magnitude substantially higher than the signal level
from said portable source;

means for developing a DC signal substantially equal
to the peak output of said DC to AC converter;

means for regulating said developed DC signal at a
regulated, lower signal level and for applying said
regulated signal level to the control terminal of said
active element; and

means for conducting a signal from said portable
source to said means for regulating said developed
DC signal whenever said developed DC signal is at
a level less than the level of said portable source;

the second terminal of said active element providing
regulated power for the operation of said radar sys-
tem.

10. The radar system of claim 6 further comprising:

means for developing a second train of pulses repre-
sentative of said instantaneous frequency differ-
ence during one of said slopes of said triangle wave;
and

means for comparing the average number of said
pulses in said first train with the average number of
said pulses in said second train to provide an indi-
cation of the relative velocity of said remote ob-
jects.

11. The radar system of claim 6 further including
means for providing acoustical monitoring of said de-
veloped signal.

12. A radar system for providing an operator with an
indication of the distance of remote objects compris-
ing:

means for producing a fixed repetition rate slightly
nonlinear sweep signal;

means for transmitting radar signals and for receiving
reflections of said radar signals from said remote
objects;

the frequency of said transmitted radar signals being
controlled in response to the level of said sweep
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signal to provide a transmitted signal frequency
varying nonlinearly with time;

means for developing signals at frequencies represen-
tative of the instantaneous difference in frequency
between said transmitted and received radar sig-
nals;

means for generating signals at frequencies within a
range of selectable frequencies substantially coex-
tensive with the expected range of said difference
frequencies;

means for manually adjusting the frequency of said
generating means within said range of selectable
frequencies, said adjusting means providing an in-
dication of its setting;

10

adjustable means operative with said generating 15

means for automatically varying the frequency of
said generated signals in response to the level of
said sweep signal; and

means for permitting said operator to compare the
frequency of said developed signals with the fre-
quency of said generated signals whereby the fre-
quency of the signal from said generating means
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may be adjusted for minimum apparent variation
from the frequency of said developed signals and
whereby the indicated adjustment of the frequency
of said generating means provides an indication of
the distance of said remote objects;

said adjustable means for automatically varying the

frequency of said generated signals further includ-
ing means operative to provide a variation in the
frequency of said generated signals which may be
adjusted to substantially match the variation of said
developed signals attributable to the nonlinearities
in the variation of the frequency of said transmitted
radar signals with time.

13. The radar system of claim 12 further comprising
means for permitting said operator to compare the fre-
quency of said developed signals with the frequency of
said generated signals during selected portions of a sin-
gle slope of said sweep signal whereby said operator ob-
tains an indication of the relative velocity of said re-

mote object.
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