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United States Patent Office 3,109,172 
Patented Oct. 29, 1963 

3,109,172 
LOW ALTTUDE F.M. ATMETER 

Kermit E. Hardinger, Overland Park, Kans, and Philip 
W. Boesch, Springfield, Md., assignors to the United 
States of America as represented by the Secretary of the 
Army 

Fied Aug. 10, 1960, Ser. No. 48,786 
3 Claims. (C. 343-14) 

(Granted under Title 35, U.S. Code (1952), sec. 266) 

The invention described herein may be manufactured 
and used by or for the Government for governmental 
purposes without the payment to us of any royalty there 
O. 

This invention relates to continuous wave radar distance 
measuring systems and more particularly to frequency 
modulated radar altimeters. 
A primary requirement for safe instrument navigation 

in aircraft, as well as for safe instrument landings, is an 
altimeter which can produce very accurate altitude in 
formation within a short response time and over a wide 
range of altitudes. Instrument flying becomes increasing 
ly important as aircraft speeds are raised, as the airways 
become more densely populated, and as flying is extended 
to low visibility weather conditions. Even under visual 
flight regulations, the altimeter is necessary to facilitate 
traffic control and to place all aircraft in an immediate 
vicinity on a common basis. 

For low altitude flight, such as takeoff and landing, a 
highly accurate and dependable terrain-clearance altimeter 
is indispensable, whether or not ground-control equip 
ment is employed. The error of a flareout altimeter 
for blind landings must be less than five percent, even at 
low altitudes. Such an altimeter, in conjunction with a 
high-resolution surveillance radar, could furnish the pilot, 
or a computer in an automatic landing system, sufficient 
information to make a safe zero-visibility landing. 
An object of the present invention is to provide a radar 

altimeter of greatly improved accuracy. 
Another object of the invention is to furnish a radar 

altimeter in which both the range ambiguities and the 
"critical-distance' errors of known frequency modulated 
altimeters are eliminated. 
A further object is to provide a frequency modulated 

radar altimeter which measures altitude to within five 
percent at all altitudes in a range from five feet to several 
thousand feet. 

Another object of the present invention is to furnish 
a radar altimeter having improved sensitivity and signal 
to-noise ratio. 
A further object is to extend the range of a frequency 

modulated altimeter over which altitudes may be measured 
with a high degree of accuracy by maintaining a constant 
transmitter frequency deviation and varying the modulat 
ing frequency under control of a constant difference fre 
quency servo system. 
A feature of the invention involves the application of 

a random-noise signal to the frequency modulator of an 
altimeter transmitter to obtain a jittered triangular modula 
tion signal. This type of modulation substantially elimi 
nates the "critical-distance' errors and range ambiguities 
which would otherwise exist in the receiver, as explained 
in detail below. 

Another feature relates to the production of a constant 
difference frequency signal in the altimeter by a servo 
mechanism control which functions so that maximum 
frequency deviation of the transmitter oscillator is main 
tained at all times, over several operating ranges of the 
altimeter. 
A typical embodiment of the F.M. altimeter system in 

accordance with the present invention comprises a trans 
mitter having a thyratron circuit operating as a diode 
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random-noise generator, a free running phantastron trig 
gered by the random-noise generator to produce a jittered 
triangular modulating voltage, a reflex klystron frequency 
modulated by the phantastron modulator, and a transmit 
ting antenna. The altimeter further comprises a receiver 
including a receiving antenna, a balanced microwave 
mixer delivering an output signal which is the difference 
frequency between a portion of the transmitted signal 
and the received reflected signal, and a wide band video 
amplifier. The receiver further contains a balanced 
modulator which mixes the difference signal from the 
video amplifier with a heterodyning signal generated by 
a variable frequency local oscillator to produce a prede 
termined constant difference frequency signal, a narrow 
bandwidth. I.-F. amplifier tuned to the aforesaid constant 
difference frequency, a balanced F.M. discriminator which 
generates a D.C. output voltage proportional to the fre 
quency variation of the heterodyned output signal of the 
balanced modulator from the predetermined constant dif 
ference frequency, and a phantastron acting as a combined 
Sawtooth voltage generator and D.C. amplifier connected 
between the discriminator and the local oscillator, com 
pleting a servo loop which searches for the difference 
frequency signal from the microwave mixer containing 
the altitude information and "locks on' to it when the 
local Oscillator is set to heterodyne the said difference 
frequency to the constant difference frequency of the I.-F. 
amplifier. An altitude calibrated voltmeter connected to 
the sawtooth generator-D.C. amplifier output provides 
altitude readout for the altimeter, after the servo locks 
on to the incoming signal. Further, a range selector 
(responsive to the number of oscillations of the sawtooth 
generator alters circuit parameters in the modulator phan 
tastron to change the modulating frequency without alter 
ing the frequency deviation of the transmitter klystron, 
if the reflected signal is not found in a given altitude range 
within a predetermined time. 
The specific nature of the invention, as well as other 

objects, uses, and advantages thereof, will clearly appear 
from the following description and from the accompanying 
drawing, in which: 

FIG.S. 1A, 1B and 1C are, respectively, graphs of the 
frequency variations of the transmitted and received 
signals, the frequency variation of the beat or difference 
frequency signal produced by mixing the transmitted and 
creceived signals, and the frequency spectrum of the dif 
ference frequency signal of a sinusoidally modulated 
F.M. altimeter of known type. 
FIGS. 2A, 2B and 2C are similar graphs for a tri 

angularly modulated F.M. altimeter of the prior art. 
FIGS. 3A, 3B and 3C show similar graphs for the 

jittered triangular modulation employed in the altimeter of 
the present invention. 

FIG. 4 is a schematic block diagram of a system illus 
trating one form of this invention. 

FIG. 5 is a specific wiring diagram of the random-noise 
generator and transmitter modulator of FIG. 4. 
FIGS. 6A, 6B and 6C are graphs of certain waveforms 

employed in the modulator of FIG. 5 and the system of 
FG, 4. 
FIG. 7 is a schematic diagram of the video amplifier 

and the balanced modulator of FIG. 4. 
FIG. 8 is a wiring diagram of the I.-F. amplifier and the 

balanced discriminator of FIG. 4. 
FIG. 9 is a schematic wiring diagram of the sweep 

generator-D.C. amplifier and the local or search oscillator 
of the system of FIG. 4. 
FIG. 10 illustrates the voltage response curves for the 

I.-F. amplifier and the balanced discriminator of FIG. 8. 
70 One conventional form of radar altimeter consists 

basically of a frequency modulated radio transmitter, a 
receiver containing a mixer-detector, amplifying circuits, 



and a frequency counter. In such systems, the F.M. 
transmitter is sinusoidally modulated with a high modu 
lation index, as shown in FIG. 1A, and is employed both 
as the signal transmitter and as the local oscillator. The 
transmitted signal, having a frequency variation curve 
fT as in FIG. 1A, is reflected from the ground and re 
turned to the altimeter system. The received signal, 
whose frequency variation f appears in FIG. 1A, is 
the transmitted signal delayed by a time 

t = (1) 
where h is the altitude and c is the velocity of light. The 
received signal is mixed with the local-oscillator signal, 
producing an instantaneous difference frequency signal 
fo which is sinusoidal, as illustrated in FIG. 1B. The 
average magnitude of the difference frequency depends 
upon the time delay it which is, in turn, proportional to 
altitude. The difference frequency spectrum of FIG. 
1C is composed of lines spaced equally by an amount 
equal to the modulation frequency, starting at zero fre 
quency. The frequency counter is arranged to count each 
zero crossover of the difference frequency signal voltage 
and average these counts over a time period long com 
pared with the frequency of crossing, so that the average 
number of counts per unit time is proportional to the 
altitude being measured. 
The frequency counter used in these altimeters reg 

isters only discrete steps, i.e., the zero crossings, and 
cannot count fractional zero crossings. This inability of 
a frequency counter, or any standard frequency dis 
criminator, to measure the difference frequency con 
tinuously, rather than in discrete steps, gives rise to a 
"critical-distance' error or a "fixed' error in such altim 
eters. This error appears as changes in measured alti 
tude in increments equal to the "critical-distance.' 

Further, since the transmitted signal is modulated by 
a periodic function such as fir of FIG. 1A, it exactly 
repeats itself every period of the modulating signal fr. 
The receiver frequency counter cannot distinguish be 
tween a signal reflected from the ground at one delay 
time t corresponding to a first altitude and a delay time 
equal to T plus any given number of modulation periods 
T, which corresponds to some other altitude. This 
periodicity of the modulating signal thus gives rise to 
range ambiguities. 
Another type of modulation employed in F.M. radar 

altimeters known to the art is the linear sweep in the 
form of triangular or sawtooth waveforms, such as shown 
in FIG. 2A, the sawtooth merely being a special case 
of the more general triangular waveform illustrated. The 
instantaneous frequency difference f between transmitted 
and received signals, shown in FIG. 2B, is essentially 
constant with the exception of the regions near the turn 
around points. The constant frequency difference of 
of curve f of FIG. 2B contains the altitude information 
which can be expressed as follows. In FIG. 2A, it is 
seen that triangle abc is similar to triangle ade. There 
fore, we have 

&f- r 
FT, 

4. 

where F is the frequency deviation of the transmitted 
signal and Tm is the period of the modulation signal fr. 
As stated above, 

Also, 
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4. 

Therefore, 
2h 

of c -8 frn 
F1 e 

4fn. 
and 

8hfF of-8 (2) 
From the Equation 2 it is clear that for a given modulat 
ing signal the constant frequency difference 6f, present 
at times other than those corresponding to turnaround 
points of fit and fr, is directly proportional to altitude h. 
It is to be noted that Equation 2 applies equally well in 
the case of the novel modulation techniques employed 
in the present invention and illustrated in FIGS. 3A 
and 6A. - 
With triangular F.M. modulation, the energy of the dif 

ference frequency signal fp of FIG. 2B is concentrated in 
a narrow band of frequencies. The center frequency of 
the band or the average difference frequency is propor 
tional to the distance to the ground. The spectrum of 
the difference frequency signal is depicted in FIG. 2C. 
This spectrum is easier to detect than that of the sinus 
oidally modulated types of FIG. 1C and does not require 
as much receiver bandwidth, resulting in better sensitivity. 
However, altimeters utilizing the periodic triangular mod 
ulation as discussed above still contain range ambiguities 
and "critical-distance' errors which are inherent in peri 
odic systems which determine the difference frequency 
by measuring Zero crossovers. 

In the altimeter system in accordance with the present 
invention, a random-noise signal is applied to a triangu 
lar modulation signal to eliminate these sources of error. 
The modulating waveform becomes a triangular wave 
having a random period and amplitude, as seen in FIG. 
3A, but having constant slopes for any given range of 
altitudes. To measure altitudes in several ranges, the 
altimeter of the invention incrementally changes the 
aforementioned slopes in successive time intervals by 
changing the modulating signal's period while maintain 
ing the frequency deviation constant, as explained more 
fully below. The resulting instantaneous difference fre 
quency fo of FIG. 3B is still constant, except in the turn 
around regions. The spectrum, shown in FIG. 3C, is 
concentrated at a frequency proportional to the distance 
from the ground, with randomly spaced lines as shown 
in FIG. 3C instead of the discrete lines of FIG. 2C. 
The periodicity of the modulation signal which is ob 
tained by the application of random noise to the F.M. 
modulator eliminates all range ambiguities, as the latter 
are based on periodic repetition of the modulating wave 
form. Also, since the period of the modulation signal 
f of FIG. 3A is random, the number of whole cycles 
of the difference frequency f of FIG. 3B in each modu 
lation cycle is also random. Therefore, the average 
number of whole cycles of f does not change in discrete 
steps as the altitude being detected varies. Consequently, 
there are no "critical-distance' errors in the altimeter 
of this invention. 

Referring to FIG. 4 which shows the altimeter system 
of this invention, block 10 represents a random-noise 
generator whose output voltage is coupled to an input of 
a frequency modulator 11. The modulator 11 generates 
an output voltage whose waveform corresponds to the 
curve f of FIG. 6A. The signal f from modulator 11 
is then applied to the repeller of a conventional reflex 
klystron oscillator 12, having a linear frequency-voltage 
characteristic, which generates a frequency modulated 
transmitting signal. This signal is radiated by transmit 
ting antenna 13 connected to the output of klystron 12. 

Noise generator 10 and modulator 11 are shown in 
greater detail in FIG. 5. Therein it is seen that a thyra 
tron 30 is arranged to function as a diode random-noise 
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generator. The modulator 1 consists of a screen-cou 
pled phantastron oscillator 32 which is free running. 
The voltage at plate 43 of phantastron 32 falls quite 
linearly after a triggering voltage is applied to its sup 
pressor grid 42 and then rises exponentially as soon as 
the plate voltage at 43 “bottoms,” as is well known in the 
art. The output from thyratron 30 on lead 41 is R-C 
coupled to Suppressor grid 42 to supply the required 
triggering voltage. By using only the initial part of the 
exponential rise of the plate voltage at 43 in phantastron 
32, the magnitudes of the slopes of the rise and fall may 
be made equal. The noise voltage on lead 4 randomly 
varies the amplitude at which phantastron 32 reverses 
the direction of its sweep, thus generating the desired 
modulating waveform at 43, as illustrated in FIG. 6A by 
curve fr. Since the slopes remain constant and the am 
plitude at the turnaround is random, the period is ran 
dom. The waveform fr of FIG. 6A generated by modu 
ulator 11 is similar to that of FIG. 3A except that the 
randomness of the amplitude is substantially reduced due 
to the characteristics of the phantastron 32. The nega 
tive peaks are practically constant due to the “bottoming” 
of the plate 43 while the positive peaks vary slightly as 
deterinined by the output of noise generator 30. How 
ever, these variations are chosen to be relatively small and 
result in an average frequency deviation F in FIG. 6A 
which is constant, as previously stated. The positive peak 
variations are still sufficient to give the jittered modula 
tion effect which eliminates "critical-distance' errors as 
has been fully explained. 
The output of phantastron oscillator 32 from plate 43 

is R-C coupled to the control grid of a cathode follower 
amplifier 34 whose output is connected through switch 
46 to the input of a triode amplifier stage 36. Amplifier 
36 has a wide band response due to the plate circuit in 
ductor which improves its high frequency response. A 
final dual triode cathode follower 38 provides a low out 
put impedance for modulator 11 and its output is coupled 
to the repeller of klystron 12. Further, a switch 45 in 
the feedback loop of phantastron 32, which is ganged 
with Switch 46, selects one of three separate sets of re 
sistor-condenser components to control the time constant 
of the feedback loop. This allows controlled variation 
of the nominal time period Tim of modulation signal fr 
of FIG. 6A and thus selection of three different constant 
slopes of the modulation function corresponding to three 
altitude ranges in which the altimeter can operate. The 
Setting of Switches 45 and 46 is controlled by a range se 
lector 23 which is described in more detail subsequently. 

Referring again to FIG, 4, the received signal reflected 
from the ground is detected by a receiving antenna 5 
and applied as one input to a conventional balanced 
microwave mixer 16. A directional coupler attenuator 
14 is connected to the output of klystron 2 and feeds a 
part of the transmitted signal directly to mixer 16 as an 
R-F. local oscillator signal. The mixer 16 produces an 
output signal whose frequency is the mean magnitude of 
the instantaneous difference frequency between the trans 
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mitted and received signals, as illustrated in FIG. 6B. - 
The balanced mixer should have an amplitude modula 
tion rejection of approximately 20 db. The difference 
frequency signal from mixer 16, is amplified by a wide 
band video amplifier 17 which has a voltage gain of 600 
and a bandwidth between half-power points extending 
from 500 kc. to 12 mc. The amplifier 17 is of known 
construction, the details of which are fully illustrated in 
FIG. 7. 
The receiver section of the altimeter shown in FIG. 4 

further contains a servomechanism consisting of a modul 
lator 18, an amplifier 20, a frequency discriminator 21, 
combined sawtooth voltage generator and D.C. amplifier 
22 and a variable frequency search oscillator 9 con 
nected in a closed loop as shown. 
The difference frequency signal fip containing the alti 

tude information from video amplifier 17 is applied as 
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6 
one input to the balanced modulator 8. The modulator 
8 is preferably of the carrier suppressed type with push 

pull output, which is well known to the art. It is shown 
in detail in the FIG. 7 schematic. The other input to 
balanced modulator 18 is supplied by a search oscillator 
19 which acts as a local heterodyne oscillator to apply a 
heterodyning signal to modulator 8. The local oscil 
lator or search oscillator 9 is of the variable frequency 
type, and its operating frequency is controlled by circuit 
22 in a manner to be explained below. The output sig 
nal from balanced modulator 8 is coupled to an I.-F. 
amplifier 20 of very narrow bandwidth. The frequency 
response of amplifier 26 is centered at 30 m.c. and has a 
bandwidth of 800 kc. between its half-power points, as 
shown in curve ea of FIG. 10. The I.-F. amplifier 20 is 
of conventional design, preferably incorporating auto 
matic volume control in order to maintain linear opera 
tion over a wide range of signal amplitudes. One partic 
ular example of a suitable I.-F. amplifier is illustrated in 
FIG. 8. 
The frequency of local oscillator 9 is varied or swept 

from 42 m.c. to 30.5 m.c. under control of a 30 c.p.s. saw 
tooth voltage from circuit 22. The difference frequency 
signal from amplifier 57 is thus mixed or heterodyned 
with the swept output of Search oscillator 19 and trans 
lated to a higher frequency region. The local oscillator 
19 is connected to the "carrier' input of the balanced 
modulator 18, as seen in FIG. 7, and the video amplifier 
signal is applied to the modulating voltage input of 18 so 
that the search oscillator signal is suppressed after mix 
ing. Assuming that the altimeter picks up a signal re 
flected from the ground at a distance proportional to a 
particular difference frequency 8f, then the output of bal 
anced modulator 8 is a signal whose frequency spectrum, 
such as shown in FIG. 6G, sweeps from (42 m.c. -8f) 
down to 30 mc., the center frequency of the I.-F. ampli 
fier. It will be seen subsequently that when this modul 
lator output signal on its downward sweep is amplified 
at the upper end of the I.-F. amplifier response, the servo 
loop functions to "lock” the frequency of the local oscil 
lator 19 at the frequency required to heterodyne the 8f 
signal to 30 m.c., the I.-F. frequency. Thus the need for 
very wideband response in the receiver of the altimeter 
to accommodate wide variations of 6f corresponding to 
a wide altitude range is eliminated. This is an important 
advantage, since the attainment of wide range for the 
altimeter while employing narrow bandwidth amplifier 
circuits results in improved receiver sensitivity. The re 
ceiver's sensitivity is inversely related to its bandwidth. 
Also, the conversion to a high frequency region by the 
Superheterodyne circuits 8, 19 and 20 largely removes 
microphonic interferences and Doppler type error signals 
which Occur in a low frequency range and will not be 
passed by I.-F. amplifier 20. 
The constant difference frequency output of I.-F. am 

plifier 20, which exists when local oscillator 19 is set to 
a frequency fso Such that fso=30 m.c.--öf, is applied as 
an input to a balanced frequency discriminator 21. The 
particular circuit configuration of discriminator 21 is 
shown in FIG. 8. The discriminator 21 is arranged to 
weight the spectral energy of the signal from I.-F. am 
plifier 20 on each side of the 30 m.c. center frequency, 
and produces an output signal with an amplitude and 
polarity which is proportional to the imbalance of the 
energies on the two sides of the center frequency. The 
curve e21 of FIG. 10 illustrates the required discrimina 
tor characteristic. The discriminator 21 functions to 
generate an "error' voltage which is proportional to the 
frequency displacement of the signal output of I.-F. am 
plifier 20 from the predetermined constant difference 
signal which is the I.-F. center frequency. This "error” 
voltage output from discriminator 21 is connected to the 
control grid 65 of a circuit 22 which operates as a com 
bined sawtooth voltage generator and D.C. amplifier as 
will now be explained with reference to FIG, 9. 
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The circuit 22 of FIG. 4 is arranged to function as a 
sawtooth voltage generator during the time intervals when 
the voltage at control grid 65 of phantastron 50 of FIG. 
9 is greater or more positive than a predetermined nega 
tive magnitude and further to function as a D.C. ampli 
fier at other times when control grid 65 is more negative 
than the said predetermined magnitude. The voltage at 
grid 65 at any given time is determined by the output 
of balanced discriminator 21, since it is connected to the 
input of circuit 22. The circuit 22 as shown in FIG. 9 
comprises a phantastron circuit 50 coupled to a cathode 
follower output stage 52. When the voltage at 65 is posi 
tive or of a small negative magnitude, stage 50 is effec 
tively a screen-coupled phantastron relaxation oscillator 
generating a 30 cycle Sawtooth voltage at plate 63 which 
is coupled by potentiometer 67 to control grid 68 of cath 
ode follower 52. The cathode follower output appears 
at terminal 70. The sawtooth oscillations of phantastron 
50 at terminal 70 are applied to capacitor 72 in the circuit 
of triode oscillator 54 of FIG. 9, the "search' oscillator 
or local oscillator 19 of FIG. 4. Triode 54 and its asso 
ciated circuit components form a conventional Hartley 
oscillator. Capacitor 72 is a voltage sensitive capacitor 
or "Varicap,' whose capacitance is determined by the 
voltage applied to it. When a varying voltage is applied 
to capacitor 72 to vary its capacitance, the frequency of 
oscillation of oscillator 54 will be controllably varied, as 
will be apparent to those skilled in the art. Thus the 
sawtooth voltage at terminal 70 of circuit 22 varies the 
bias voltage across capacitor 72 applied by bias source 69 
to drive the 'search' oscillator 19 over its 40 m.c.-30.5 
mc. sweep. This completes the "search and lock” servo 
loop. 
The sweeping local oscillator 19 performs a "search' 

function in the altimeter, such that at some point during 
its sweep the difference between its frequency and the 
signal from amplifier i7 mixed with it in modulator 18 is 
equal to the tuned frequency of I.-F. amplifier 29. Then, 
fso-6f=P, the operating frequency of the I.-F. amplifier, 
here 30 m.c. As local oscillator 19, decreasing in fre 
quency during its sweep, approaches fso, the output sig 
nal of modulator 18 also decreases in frequency towards 
frequency P. The spectrum of this output signal is am 
plified by the upper end of I.-F. amplifier 20, and a nega 
tive swing of the output voltage of discriminator 21 occurs 
upon detecting the amplified signal. The discriminator 
output voltage becomes sufficiently negative to cause 
"search' oscillator 19 to cease sweeping and remain at 
frequency fso. 

This "locking' action occurs because when the dis 
criminator voltage applied to control grid 65 of phantas 
tron 50 becomes sufficiently negative as just mentioned, 
the gain of the phantastron tube is reduced to a level be 
low that required to sustain the relaxation oscillations 
producing the sawtooth voltage. The loop gain of the 
stage becomes so low that feedback through capacitor 6 
has no effect. At this point, however, the signal at grid 
(65 is not at cutoff so stage 50 acts as a D.C. amplifier. 
Its constant output voltage at 70 maintains the frequency 
of local oscillator 19 constant at fso. The servo loop 
is "locked onto the signal 6f from video amplifier 17 
and subsequently tracks it. 
The frequency of "search' osciliator 19 is controlled 

by the voltage of the sawtooth generator 22. When a 
reflected signal has been picked up by the receiver and the 
servo loop has "locked onto' this signal, the voltage at 
terminal 70 of circuit 22 is a measure of the altitude. 
This D.C. voltage is applied to an altitude readout volt 
meter 24 connected to terminal 70 and calibrated to indi 
cate altitude. However, when no signal has been ac 
quired by the altimeter and consequently the voltage at 
70 is a 30 cp.s. Sawtooth, a neon light also connected 
to terminal 70 (not shown) is energized to indicate that 
the System is not "locked” on a target, but is in a searching 
mode. These after functions could also be employed in 
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3 
suitable form in conjunction with any type of computer 
or rate-of-descent meter desired in a particular applica 
tion. 

Also connected to terminal 70 of sawtooth generator 
22 is a range selector device 23 whose output is coupled 
back to modulator 11 of the transmitter circuits. The 
range selector can be of any suitable form adapted to 
count a predetermined number of cycles of the sawtooth 
voltage generated by phantastron 50 during the "search 
ing' mode of the altimeter and then produce an output 
signal suitable to rotate the movable members of switches 
45 and 46 in modulator 14 to a new position. For ex 
ample, range selector 23 could take the form of a pre 
determined counter actuated by individual "pulses,” or 
cycles, of the sawtooth voltage at terminal 70 and a step 
ping relay connected to the above-mentioned counter's 
output to rotate the movable arms of switches 45 and 46 
to their next successive positions. As described above 
with regard to modulator 11, such actuation of switches 
45 and 46 will select a different resistor-condenser com 
bination in the feedback loop of phantastron oscillator 
32 to alter the nominal or average time period T of 
the modulation signal f of FIG. 6A while still main 
taining the frequency deviation F of the klystron 12 sub 
stantially constant. The above arrangement permits 
selection of three distinct modulation waveform frequen 
cies corresponding to three separate altitude ranges. This 
can be seen from Equation 2, 

i.e., the difference frequency from mixer 16 varies in 
direct proportion to altitude h for a given modulation 
waveform which has a constant F and a constant f. 
The range selector 23 causes successive incremental 
changes in the f of the modulation waveform of FIG. 
6A without altering F which means that in the above 
Equation 2, any signal of of a given frequency now cor 
responds to a new value of h, i.e., the altitude range be 
ing measured is changed. 
When the altimeter is first turned on, modulator 11 

generates a triangular wave of random period but never 
theless having an average frequency 

In T. 
(see FIG. 6A), and f corresponds to one particular 
range of altitudes, for examples, 5 to 100 feet. The servo 
loop under control of the sawtooth generator 22 searches 
for a received signal indicating the altitude is within this 
range. Should the altitude be much higher than 100 feet, 
so that no return signal is obtained within the proper fre 
quency range to pass I.-F. amplifier 20 after the Super 
heterodyne action of components 18 and 19, the saw 
tooth voltage at terminal 70 actuates the predetermined 
counter of the range selector 23. Modulator 11 is there 
by switched to a different average modulating frequency 
f, that is, a lower average modulating frequency. The 
sawtooth generator 22 again causes Search oscillator 19 
to make the predetermined number of searches for a sig 
nal return within the new altitude range before actuating 
switches 45 and 46 of modulator 11. This process of 
sweeping within the three altitude ranges repeats in 
sequence until a target is acquired, whereupon the saw 
tooth voltage is no longer generated because of the "lock 
ing' action of the servo loop and no further switching 
of the modulator altitude range occurs. The servo 
mechanism tracks the received target signal and the cor 
rect altitude is indicated by the altitude readout 24. 

It will be apparent that the embodiment shown is only 
exemplary and that various modifications can be made 
in construction and arrangement within the scope of the 
invention as defined in the appended claims. 
We claim as our invention: 
1. An improved radar altimeter comprising in com 
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bination: a transmitting signal source, means for gener 
ating a randomly jittered triangular modulating signal, 
said generating means including control means for main 
taining the maximum and minimum values of said mod 
ulating signal within predetermined mutually exclusive 
ranges, means for frequency modulating said transimitting 
source with said triangular modulating signal to produce 
an F.M. transmitted signal, receiver means for mixing 
said transmitted signal with a received signal reflected 
from the ground, and a servomechanism connected to 
said receiver mixer means, said servomechanism includ 
ing a balanced modulator, a variable frequency local 
oscillator, an I.-F. amplifier, an F.M. discriminator, and 
a combined sawtooth generator-D.C. amplifier connected 
together in a closed loop, altitude readout means con 
nected to an input of said local oscillator, and range 
selecting means connected to said sawtooth generator for 
varying in discrete steps the average frequency of said 
triangular modulating signal. 

2. An improved altimeter having no range ambiguities 
or critical-distance errors comprising an oscillator, a mod 
ulator for generating a triangular frequency modulating 
signal, a random noise generator connected to said mod 
ulator to randomly vary a predetermined parameter of 
said modulating signal, means connecting said modulator 
to said oscillator to frequency modulate said oscillator 
in accordance with said modulating signal, a transmitting 
antenna connected to the output of Said oscillator, and 
receiving means comprising a mixer for producing a dif 
ference frequency from the output of said frequency 
modulated oscillator and a received signal which has been 
radiated by said transmitting antenna and reflected from 
the ground, frequency responsive means responsive to the 
output of said mixer for producing a voltage proportional 
to said difference frequency, and altitude indicating means. 
responsive to said voltage. 

3. In a frequency modulated radar altimeter, a random 
noise source, a klystron oscillator, means for frequency 
modulating said klystron oscillator, means connecting 
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said random noise source to said modulating means for 40 

randomly varying the period of the frequency modulation, 
a transmitting antenna connected to said klystron oscil 
lator, a receiving antenna, a balanced microwave mixer 
connected to said receiving antenna, attenuation means 
coupled between said klystron oscillator and said mixer 
to apply a portion of the transmitted signal directly to 
said mixer, so that said mixer produces a difference fre 
quency between said transmitted signal and a received 
signal reflected from the ground which is proportional to 
altitude, wide-band amplifying means connected to said 
Inixer, a balanced modulator having two inputs, said am 
plifying means connected to one of said modulator in 
puts, a variable frequency local oscillator connected to 
the other of said modulator inputs, a narrow bandwidth 
I.-F. amplifier coupled to the output of said modulator, a 
balanced F.M. discriminator connected to said I.-F. am 
pifier, means for generating a sawtooth voltage when the 
output signal of said discriminator is zero and for am 
plifying the output signal of said discriminator when it 
exceeds a predetermined negative magnitude, means con 
nected to Said last-mentioned means for varying the fre 
quency of said local oscillator in response to said saw 
tooth voltage and for locking the frequency of said local 
oscillator when the output signal of said discriminator ex 
ceeds Said predetermined negative magnitude, altitude in 
dicating means connected to said discriminator output 
signal amplifying means, and range Selecting means con 
nected between said sawtooth voltage generating means 
and said frequency modulating means for incrementally 
changing the average modulating frequency of said mod 
ulating means to measure altitudes in a plurality of dis 
Crete ranges. 
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