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2,856,852 _ 

PROXIMITY FUZE 

‘Wilbur S. Hinman, Jr., Falls Church, Va., and Harry 
Diamond, Washington, D. C., assignors to the United 
States of America as represented by the Secretary of 
the Navy 

Application May 30, 1944, Serial No. 537,983 

r _ 11 Claims. ((11. 102-702) 

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

‘This invention relates generally to electrical radiation 
responsive devices and particularly to proximity fuzes for 
use with projectiles. 

In ?ring an explosive projectile at a target, it is dif 
?cult to time the explosion so that it will occur at the 
most advantageous position with respect to the target. 
This is especially true when the target is moving at high 
speed, as in the case of an airplane. 

It is an object, therefore, to provide a fuze that will 
cause the explosion of a projectile when it approaches 
Within effective range of an airplane or other target. In 
carrying out this purpose, we incorporate an ultra-short 
wave radio transmitter in the fuze. A portion of the trans 
mitted radiation, re?ected from the airplane when the 
projectile carrying the fuze approaches su?iciently near 
to it, reacts upon a novel electrical circuit in the fuze to 
cause the projectile to explode near the aircraft to destroy ‘ 
it. , 

In our device, use is made of the well-known 
phenomenon by which radio waves are re?ected from an 
object in their path. The fuze includes the combination 
of a radio transmitter, a special radio receiver, an ampli 
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of aircraft and for other purposes. The principle of opera 
tion of these devices could possibly be extended to radio 
fnzes but experimental evidence shows that the results 
Will not be comparable to those obtained by us. Some of 
these devices have depended upon standing electro 
magnetic wave patterns produced by interference between 
the radiated and re?ected waves, the determinations being 
made by measurements or indications of intensity as the 
receiving device is moved through regions of high and 
low ?eld intensity resulting from the standing waves. 
Such devices are not comparable in e?ectiveness with our 
invention, due in part to the fact that they require ex~ 
tremely accurate control of frequency and also to the fact 
that our device is based upon broadly di?erent prin 
ciples. , 

Other devices of this nature, broadly considered, depend 
upon two general methods of operation: 

(1) A reaction oscillator is closely coupled to an 
antenna system so that part of the electromagnetic energy 
radiated is received by the antenna system after being re 
?ected from a target and reacts upon the oscillator to 
change its frequency or amplitude. This change is then 
used to operate the device when the intensity of the 
re?ected radiation reaches a su?ici'ent value. 

(2) Changes in electrical circuits caused by proximity 
of an object without regard to rapid motion. 

Devices ( 1) and (2) outlined above do not depend 
upon relative movement between the antenna system and 
the target or object. It is in part a requirement that a 
radio fuze as de?ned in this description, be operated, not 
by proximity alone, but shall require rapid relative motion. 

. This requirement avoids any ?ne tolerance limits on per 
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?er of particular characteristics and a detonator which is , 
operated by means of an electronic relay which, in turn, ' 
is controlled by the ampli?er. 
The operation of the fuze depends upon the rate of 

phase change of the_re?ected wave with respect to the 
transmitted wave as well as the amplitude of the re- . 
?ected wave. The variation in phase and amplitude of 
the re?ected wave is detected, in our device, appearing ' 
as electrical pulses varying in phase and amplitude in 
de?nite relation to the variation in relative phases and 
amplitudes of the transmitted and re?ected waves. 
pulses may be nearly periodic in special cases, but in the 
general case the instantaneous phases and amplitudes of 
the pulse pattern are complicated functions of the relative 
motion of the projectile and target, of their shapes and 
of their relative orientations. In our device, the ampli?er 
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circuit is 'specially designed so that periodicity of the‘; _ 
pulses is not necessary to the correct timing of the elec 
tronic relay. ' ' 

The operation of our device is not dependent upon 
close control of a predetermined carrier frequency or of 
the regularity and intensity of a predetermined standing 
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Wave pattern, but upon the amplitude and the dynamic I 
change of the amplitude and average periodicity of the 
pulse pattern or of a portion of the pulse pattern. 

Further, the ampli?er for these pulses is so arranged 
that it will admit pulses of predetermined slope or rate 
of phase change but will reject pulses of substantially dif 
ferent slope, either higher or lower; 
Our electrical circuit makes use of changes in am 

plitude and phase of electrical ?uctuations in the antenna 
circuit, produced by interaction of the transmitted and 
re?ected radiation, to operate the detonator through the 
agency of a relay. 

Various inventors have disclosed devices employing 
radiated and re?ected radiation for determining altitude 
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formance and permits the use of broadly stable circuits 
which are inoperative except when there is relative move- , 
ment between the fuze and target, within certain pre 
determined limits of distance and speed. 
As contrasted to a purely frequency phenomenon, the 7 

operation of our fuze is based upon the manner of the 
change of phase and amplitude of the signals with time. 
A certain predetermined behavior of phase and amplitude 
of signal results in ?ring of the fuze. This is especially ' 
true for projectiles ?red toward aircraft. An adequate 
signal intensity alone however will not cause the fuze to 
detonate. There must be a concomitant special behavior 
of phase and it is in this relationship that one outstanding 
feature of novelty of our invention resides. Other devices 
have relied upon staticinterference intensity patterns, 
whereas in our invention ‘there must be relative movement 
between the radio fuze and the target in order to produce 
proper dynamic phase and amplitude variations. 

In carrying out our invention along the above prin 
ciples, an important feature is the creation of a controlled 
directional sensitivity of the fuze so asv 'to produce'the 
proper concomitant bevhavior of phase and amplitude as 
the projectile approaches the target. Thus, the projectile 
will be detonated in proper aspect to the target with the 
result that the fragments will strike the target. The fuze 
is least sensitive in the direction along the axis of the 
projectile so that if it is traveling directly toward a 
target it will not be detonated prematurely. 

If the projectile path lies to one side of the target 
then the relative velocity of approach of the fuze with 
respect to the target will constantly decrease until it is 
zero as it passes the target. As a result of this change 
of relative velocity of approach the phase of the resultant 
signal will also continually change, the rate of change 
becoming continually less as the projectile approaches 
the target but the amplitude of the signal will of course 
constantly increase as the distances between the projectile 
and target is lessened. By means of a wave shaper or 
?lter network in the receiving circuit of the fuze the asso 
ciated ampli?er can be peaked for maximum response to 
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a de?nite behavior of change of phase or within upper 
and lower limits of such change. A predetermined be 
havior of phase change matching the shaping of the 
ampli?er, for a fuze of given velocity and directional sen-; 
sitivity, will determine the relative position‘or aspect with‘ 
respect to the target at which the fuze will be, detonated, 
assuming that the target is su?iciently close to produce. 
the proper amplitude of signal. It is clear that the‘ampli 
?er can be designed to cause explosion of the projectile. 
at a predetermined aspect and distance with respect to 
the target. ‘ ‘ 

We have dealt in the foregoing with proximity fuzesfor 
use particularly against aircraft. An equally important 
use is the application for bombs to cause function at a 
predetermined height above ground. Against certain 

a bomb is tremendously increased if such function is ob 
tained. 
The fuze for this application is very similar to the 

fuze for use against a point target, such as an airplane, 
but design details are somewhat different because of the 
difference in the type of a signal, the difference in the 
attitude of the projectile with respect to the target, and 
the diiference in absolute sensitivity because of the par 
ticular range of operating heights needed for most effec 
tive operation. . 
The type of signal is different because the projectile 

can not pass the target as in the case of the airplane, 
but must approach it directly. The vertical velocity in 
creases continuously until impact, except for the special 
case where terminal velocity of the bomb is reached. 
The rate of phase change of the detected pulses is pro 
portional to the vertical velocity. The amplitude of the 
pulses varies inversely as the distance from the projectile 
to the ground surface. 

In considering the design of a radio fuze for ground 
approach, knowledge. of conditions of use is important. 
The bomb, will be used from a certain range of altitudes, 
and from airplanes ?ying in a certain range of speeds. 
These two factors will control the aspect of the projectile 
with respect to the ground, usually considered as a plane 
surface. , Because of the different directional fuze-sen' 
sitivity characteristics, feasible, aspect of the projectile 
withrespect to the ground surface controls the amplitude 
of the pulses. In the useful altitude range of from three 
thousand to about thirty thousand feet, with airplane 
speeds of from two to three hundred miles per hour, the 
bomb approaches the ground plane at angles varying from 
about 45 degrees to about 10 degrees, angles being meas 
ured with respect to the vertical. It is obvious that if 
a uniform function height is desired, it is advisable to 
use an. amplier whose response to different rates of phase 
change compensates for the effect of the approach angle 
or sensitivity. Such compensation is practicable for an 
average speed of the bombing airplane, since the ap 
proach angle is then a- simple function of the vertical 
velocity. 
The best antenna for the purpose is a dipole disposed 

at right angles to the major axis of the bomb. As the 
bomb’s aspect approaches the vertical, the directional 
sensitivity is maximum. When the approach angle is 45° 
the directional sensitivity is reduced only by one half. 
We have constructed fuzes utilizing antennas of this 

type which have functioned satisfactorily. There is, how 
ever, considerable difficulty in this design because of the 
mechanical stresses and vibrations introduced in the 
transverse antenna at air velocities of the order of 1000 
feet per second. For this reason it is sometimes prefer 
able to use an antenna whose sensitivity characteristics 
are less satisfactory, but whose mechanical characteristics 
are better. This arrangement is similar to that used in 
the fuze for use against aircraft in that the body of 
the bomb or projectile is used as the antenna. As has 
been pointed out, directional sensitivity is’ a minimum di 
rectly off the nose of the projectile and a maximum nearly 
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ninety degrees off the projectile nose. Where angles with 
respect to the vertical are small, as in drops from high 
altitudes, the vertical velocity (and hence, rate of phase 
change) is high, and the directional sensitivity is low. 
Where angles with respect to the vertical are large, as in 
drops from low altitudes, the vertical velocity (and again 
rate of phase change) is lower, and the directional sen 
sitivity is higher. The amplier is adjusted so that for 
high vertical velocities Where the directional sensitivity 
is low, the ampli?er gain is high, while for low vertical 
velocity where the directional sensitivity is high the ampli 
?er gain is low. This results in automatic compensation 
for the changing directional sensitivity as the angle of ap~ 
proach of the projectile to ground is varied. 

' We believe that the above described methods including 
the use of predetermined directional sensitivities and the 
utilization of phase behavior in cooperation with con 
trolled‘ ampli?cation of signals, to be entirely novel and 
we have found that the application of such methods to 
radio fuzes has produced results of remarkable reliability 
and accuracy. 
A further object of our invention is to introduce a 

novel, electrically stable, fuze radiating and detecting cir 
cuit whereby optimum performance is obtained with 
manufacturing techniques adaptable to mass production 
methods. The novel feature of this circuit will become 
apparent from the following illustration: Device (I), 
referred to previously, could be converted into a fuze 
of the nature disclosed herein, through the addition of 
the dynamic amplifying means which forms a portion 
of our invention. However, in device (1), the re?ected 
energy is made to react upon the oscillator to affect its 
operating parameters, thereby producing a change (as, 
for‘ example, change in plate current) which bears some 
relation to the re?ected energy. The sensitivity or re 
sponse of this arrangement may therefore be said to de 
pend on the parameters of the vacuum tube used as an 
oscillator. 

In our device, every effort is made to eliminate this 
reactive elfect. We wish to make the energy source (i. e., 
the oscillator) as nearly as possible a constant voltage 
device. The coupling between the energy source and an 
tenna circuit is kept well below the value generally known 
as “critical coupling” (the coupling for maximum power 
transfer). By this means, the reflected energy is largely 
contained by the antenna circuit, and is not returned to 
the oscillator. Under these conditions, the voltage de 
veloped in the antenna circuit is proportional to the volt 
age due to the energy of the oscillator and the re?ected 
energy. The changes in this voltage are not in?uenced 
by the oscillator, and thus may be said to be proportional 
to the circuit parameters as determined by the inductance, 
capacity, and resistance of the antenna circuit hence by 
the energy re?ected from the target. This dependence on 
circuit parameters instead of tube parameters is a major 
advantage, because the performance with regard to sta 
bility and sensitivity is independent of oscillator charac 
teristics and gives greater uniformity and .reliability in 
production. Our experiments both in the laboratory and 
in the, ?eld have demonstrated superior qualities both with 
respect to stability and uniformity of performance. 
Manufacturing experience has also borne out these desir 
able qualities. 
Another object is to provide a radio fuze that will not 

be appreciably affected by noise voltages, by changes in 
temperature and humidity, or by rough handling. 
A further object is the provision of a‘ radio fuze with 

safety features so that it will not cause an explosion while 
handling or while ?ring the projectile. 
An additional object is the provision of a radio fuze 

suitable, for use in a rocket or other type of projectile 
and which fuze will be capable of withstanding rapid 
acceleration and vibrations encountered in such use, with» 
out injury. , 

An additional object is to arrange the fuze so that it 
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will automatically cause 
tain'linterval- -. . , . -. , , I . 

"Another object is to provide a radio fuze that can be 
easily and quickly assembled from‘unit parts. 

A'further vobject is to provide a method of ?ring a pro- , 
jec‘tile fuze with the use of electromagnetic radiation, 
which is positive and reliable. . . 
A still further object is to provide a radio responsive 

device with a diode in the radiating circuit, the diode act 
ing to measure changes in voltage due to the reaction 
of re?ected radiation. 

Other objects are the provision of a radio responsive 
device of general utility, the broad principles of which‘ 
may be employed to make e?ective burglaralarms, prox 
imity indicators for airplanes ?ying relative to obstacles 
such as mountains or relative to other aircraft, and a 
device to indicate distance to ground for blind landings. 
It is contemplated that such a device could be used also 
by military or other vehiclestraveling in darkness to 
warn of the proximity of another vehicle or other object. 
Boats could also use the device for darkness or fog, to 
indicate the nearness of another boat or of land or any 
other object which would re?ect the radio waves. Care 
would,tof course, have to be taken to eliminate interfer 
ence from ground re?ections or re?ections from the sea, 
as" the case may be. This could'be done by properly 
directing the radiation, or by suitable shields for the 
received radiation. 

These and other objects of the invention may be better 
understood by reference to the accompanying drawings 
and the following detailed description. In the drawings- 
IFig. 1 is a longitudinal sectional view of one form of 

the new fuze; 
Fig. 2 is a perspective view of the fuze illustrated in 

Fig.1 1, showing the oscillator nose separated from the 
ampli?er ring; 

Fig. 3 is a view in front elevation showing a control _ 
switch of the fuze; _ 

Fig. 4 is a detail perspective view of part of the 
ampli?er unit; 
Figs. 5 and 6 are sectional views on the lines 5-5 and 

6-——6, respectively, in Fig. _1; 
-Fig. 7 is a perspective view of part of the ampli?er 

adapter, showing the cellular construction and the man 
ner of mounting the resistance and condenser units; 

Figs. 8 and 9 are sectional views on the lines 8-8 and 
9—9, respectively, in Fig. 1; 

Fig. 10 is a schematic view of the wave pattern of the 
fuze; 

Fig. 11 is a wiring diagram of the electrical circuits in 
the fuze, and 

Figs. 12, 13 and 14 are diagrammatic views illustrating 
the effects of a shaped ampli?er in the fuze. 

Referring to the drawings, the radio fuze, as shown 
in Fig. 1, comprises an assembly of four sections A, B, C, 
and D which contain, respectively, the radio transmitter 
receiver combination, the batteries and ?ring condenser, 
the set-back or timing switch and detonator, and the 
booster charge. A metal can 21 envelops sections B, C 
and D and is fastened to section A by means of a threaded 
ring 22 which is screwed onto threads 23 cut around a 
circumferential portion of a stepped metallic ring 24. 
The ring 24 also carries circumferential threads 25 at a 
greater diameter so that the fuze may be screwed into a 
suitable explosive projectile P, such as a bomb or rocket, 
containing an explosive charge E in which the fuze is 
embedded. The threaded ring 22 is welded or otherwise 
fastened to can 21. 
The ring 24 is internally threaded at its front end as 

shown at 27, to receive a threaded metal ring 28 screwed 
against a shoulder 29. Secured to the ring 28 is a metal 
plate 30 which serves as a ground plate for high fre 
quency currents and as 'an electrostatic shield between 
the oscillator and ampli?er compartments. Also, the 
plate 30 serves as a support for a circular oscillator block 

its .own destruction after a cer 
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‘ably in the form of a hollow boss on block 31. 
screw 42 may be screwed into cylinder 41 to press‘ 

6 
31 made of Bakelite or_othei' insulating material.’ lilaté 
30 may be welded or dthe'rwise fasteiiedyto riiig‘ 28,‘ and 
the block 31 may be screwed to plate 30 ‘or attached in 
any suitable manner. The plate 30 has siiita‘bléopenings' 
for wires connecting the oscillator and ampli?er circuits. 
A tapered ring 32, which is a ?gure of revolution made i 

of phenol resin or other insulating material, has a boss 33 
screwed into the threads 27>of ring 24 until an external 
shoulder of ring 32 abuts against the front end of ring 24, 
as shown at'34. A metal nose cap 36 has a threaded 
boss 37 screwed into the front end of ring 32, the ex 
ternal surfaces of the nose cap and the rings 24, 32 form 
ing a streamline shape, as shown. While a threaded nose 
cap is shown, the cap may consist of thin metal cemented 
to an insulating extension of ring 32, or the metal may 
be plated or otherwise deposited on a nose piece of in 
sulating material. 
A metal cylinder 38 is mounted in the central portion 

of oscillator block 31 and forms the stator of a variable 
condenser C3, the movable element ofwhich comprises 
a metal rod 39 integral with a larger threaded rod 40. 
The rod 40 is screwed into a counter-bored cylinder 41 
and a threaded opening in plate 30, to which cylinder 
41 is welded or otherwise fastened. The inner surface 
of stator 38 is covered with insulating material, prefer 

A set 

against the head of rod 40 and lock it in any position 
in which it has been set by means of a screw driver. The 

i condenser stator 38 is electrically connected to metal cap 
36 by means of soft copper wire 43 which is preferably 
soldered to both the stator and the cap, the latter having _ 
only its central portion connected to the wire. 
A triode 44 is embedded in a potting compound in a 

;metal shield 45 which is secured in an opening in plate 
30 (Fig. 9), part of the tube 44 projecting into an open 
ing 46 in oscillator block 31. A similar tube shield 47 
extends from the opposite face of plate 30 and houses a 
pentode 48. The various tubes and associated elements 
are so placed that there is a minimum of interference or 
stray coupling between them, although the particular 
arrangement of the various parts may be varied ‘widely. 
It is important, however, to shield the pentode ampli?er 
circuit and the thyratron circuit, to be described, from 
high frequency currents to prevent theintroduction of 
noise voltages. ' . 

It will be seen that the tube shield 45 places tube 44 
electrically in the forward or oscillator compartment in 
front of plate 30, and, similarly, the tube shield 47 places 
pentode 48 electrically to the rear of plate 30 or in the 
ampli?er compartment. A thyratron 49 is supported in 
any suitable manner in the ampli?er compartment and 
need not be shielded. The tube 49 may be separate from 
plate 30, if desired, and may be supported by its connec-v 
tions, together with potting wax. 
A diode 5i) and a shield 51 for the diode are mounted 

in plate 30 in a manner similar to tube 44 and shield 45, 
so that the diode 50 is electrically in the forward or oscil 
lator compartment. 
The wiring for the oscillator parts is shown in, Fig. 2, 

the parts being numbered to correspond to the general 
wiring diagram of Fig. 11. The oscillator parts are 
placed in openings or recesses in the insulating block 31 
and are fastened in place with a suitable insulating cement 
of low dielectric loss, such as polystyrene cement or the 
like. 
The ampli?er is assembled on an insulating subchassis 

52 somewhat similar to block 31 and is placed in the ‘ 
ampli?er compartment 52a. An insulating gel-like com 
pound 52b, such as polymerized tung oil, is then poured 
into the ampli?er compartment to dampen vibration and 
to ?x the various ampli?er parts yieldingly in place. 
This is important in order to avoid noise voltages due 
to vibration of various parts, which might cause prema 
ture detonation of the device. For the same reason, it 
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is important that all metal contacts be ?rmly connected. 
The. potting material 52b also serves to protect the elec 
trical parts from moisture. The ampli?er connections 
are shown‘ in Fig. ‘11. The ampli?er may, of course, be 
wired in the compartment without a subassembly, but the 
latter is more convenient. 

After all the connections are made and the potting 
material is poured in, care being taken not to seal up the 
condenser adjusting screw 40, a circular insulating plate 
53 of Bakelite, or the like, is fastened to the rear face 
of ring 24, as by means of screws 53a. The plate 53 
carries plugs 54, 55,, 56, 57, 58, 59 and 60, as shown in 
Figs. 1 and 4, which also show eyelets M and N for test 
purposes, and rim notches 61 for turning ring 24 with a 
spanner wrench. The connections to the various plugs 
and eyelets are shown in the wiring diagram, Fig. 11. 
A central opening is preferably provided in the plate 

53 so that the condenser adjusting screw 40 may be 
turned to vary the capacity of condenser C3, after remov 
ing locking screw 42. After ?nal adjustment, locking 
screw 42 is replaced and the opening in plate 53 may be 
sealed to prevent tampering. 
A cylindrical housing 63 having a removable end cap 

64 is placed with its front face pressing against a re 
silient annular ring 65 which may be made of rubber or 
synthetic material. The ring 65 serves to maintain pres— 
sure between the fuze sections B, C and D. The hous 
ing 63 contains A and B batteries and a condenser for 
?ring the detonator. The batteries and condenser are 
arranged as illustrated in Fig. 5, which shows a con 
denser C19 of cylindrical form placed axially in housing 
63. The housing 63 also contains the A battery 67 and 
the B battery, the latter being made up of a plurality of 
cylindrical multi-layer units 68 in series. The A and B 
batteries 67, 68 and a C battery 69‘ are disposed around 
the condenser C19, as shown. The terminals of the bat 
teries and condenser are connected with seven sockets 
54’, 55’, etc. (Figs. 1 and 11), fastened in the face 70 of 
the battery case and arranged to receive the plugs 54, 55, 
etc., shown in Fig. 4. 
The end cap 64 of the battery case has sockets 71’, 72', 

73', 74’, 75' and 76' adapted to receive plugs 71, 72, 73, 
74, 75 and 76, respectively, arranged as shown in Fig. 3 
and connected with a set-back switch 77 and with a 
detonator 78. The detonator is placed in a central open 
ing 79 in switch 77 and is adapted to ?re a powder train 
leading to the tetryl in chamber D, through a passage 
80 formed by a central opening in a threaded cover plate 
81 for a cylindrical switch housing 82 and by an aligned 
opening in the tetryl container 83 which has a ?anged ‘ 
cover 84 clamped against it by a spun rim 85 on the can 
21. The housing 82 contains the set~back switch 77 which 
comprises a slide 86 having an opening 87 and suitable 
rack teeth meshing with a gear 87a. The slide 86 is 
normally positioned as shown to block the entrance to 
passage 80, so that the tetryl will not be ?red even if 
detonator 78 is set olT prematurely. When the switch is 
given rapid acceleration, however, as in ?ring the pro 
jectile P, a small weight (not shown) acts by its inertia 
to release the switch mechanism so that gear 87a is driven 
by a spring (not shown) and moves slide 86 downward 
until opening 87 registers with passage 80. At the same 
time, spring operated contacts 88 and 89 (Fig. 11) in the 
switch are released to close the battery circuits within 
approximately 0.08 second after the initiation of set-back, 
thereby energizing the electrical circuit. Approximately 
0.40 second later metal cap 90 on slide 86 is brought 
down to touch contacts 91‘ and 92, the bridging of which 
connects electrical detonator 78 into the plate circuit of 
the thyratron 49. The arming ‘of the device, therefore, 
requires approximately half a second, although the tim 
ing may be chosen as desired. The time delay is incor 
porated as a safety feature and also to minimize the ef 
fect of transient voltages which appear across the thyratron 
grid circuit during the warming-up of the ?laments of 
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the radio tubes. The set-back-operated timing switch C 
per se forms no part of the present invention, and a suit 
able form of the switch is disclosed in a copending appli 
cation of W. B.‘ McLean, Ser. No. 565,782‘, ?led November 
29, 1944. , , . 

In order to insulate the sockets and to prevent stray cur 
rents, the battery casing, including end cap 64 and end 
face 70, is preferably made of Bakelite or other insulat~ 
ing material. In any event, the sockets are insulated one 
from the other. , 

Set-back switch C is illustrated diagrammatically in Fig. 
11 which shows switches 88 and 89 representing the “A” 
and‘ “B” battery switches, respectively, the switches 88 and 
89 being spring-operated in switch C to close within 0.08 
second, as described] above. Switch 91-92 ‘in Fig. 11 
represents contacts 91 and 92 which are bridged by cap 
90. Plugs 71, 72, 73, -74, 75 and 76 of set-back switch 
77 are mounted in an insulatingplate 82a attached to 
housing 82 and‘ are brought into contact with correspond- , 
ing sockets 71’, 72'', 73?, 74', 75" andv 76’ in the battery 
cap ‘64 as shown, the connections of the sockets‘being 
also illustrated in the diagram of Fig. 11. It will be 
observed that the connections for the set-back switch and 
detonator are shown to the left of line C—C in Fig. 11‘; 
the connections for the batteries andv ?ring condenser C19 
are included. between lines C—C and B-B; the connec 
tions for the ampli?er and thyratron are shown between 
lines B--B and A—-A; and the connections for the os 
cillator and diode are shown to the right of line A—A. 
T he‘ rim of cup 83 is preferably welded or brazed to the 

inside surface of can.2'1. to render the can moisture-proof.‘ 
The cup is then ?lled with tetryl‘ and‘ closure 84 is se 
cured bycrirnping or spinning the rim 85, or the tetryl 
could be inserted afterwards through the opening in‘ cup 
83‘. This construction allows the can 21 and the tetryl 
chamber D to be shipped as a separate unit, as well as 
sections A, B, and‘ C respectively. The complete fuze 
can be readily assembled by ?rst placing‘ set-back switch 
C in can 21 and then placingbattery and condenser section 
B in the position shown. Then section A is attached by 
screwing ring 24 into ring 22 which is fastened to can 21 
in amoisture-proof manner. As previously described, 
resilient gasket 65 causes the various sections to be ?rmly 
pressed together‘ to make good contact. The threads of 
rings 22 and‘ 24 and of cap 36 areadapted to form mois 
ture-proof connections; ‘ 
The wiring diagram of Fig. 11 shows the electrical con 

nections of the various tubes, plugs, sockets, batteries, 
condensers, inductances, resistances, switches, detonator, 
and the cap 36. Although the diagram is largely self 
explanatory, the various elements of the circuit previously 
mentioned will be brie?y described. The ground, as 
shown, represents metal plate 30, ring 24, can 21, and ‘ 
other interconnected metal parts, together with the metal 
body of the rocket or other vehicle into which threaded 
ring 25 is screwed. 

In conjunction with the body of the fuze and ‘of the 
rocket, the cap 36 acts as a radiating system. The cap 
36 should be proportioned toprovide the proper radiation 
loading of the diode circuit, which may be determined by 
inserting the fuze into the projectile and observing the 
diode voltage. This voltage should decrease from 40 to 
60 percent of the unloaded diode voltage at 140 me. per 
second. The unloaded diode: voltage is the diode voltage . 
obtained when there is no radiating or dummy load on 
the diode circuit. The projectile, for this test, should be 
under substantially free space conditions equivalent to 
being supported 15 feet above ground in a clear ?eld. 

Referring to the oscillator circuit. (Figs. 8 and 11), 
‘C3 is the variable condenser and L3 is the antenna cou 
pling and diode coil coupled to inductance L2 which is 
the oscillator plate coil. L3 also provides a D. C. path 
between cap 36 and ground, which is the body of the 
vehicle, to prevent. the accumulation of static charges on 
the cap. These charges, if not removed,‘ might‘cause pre- . 
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mature functioning of the fuze. C4 is the diode coupling ‘ 
‘condenser, C5 the ?lament by-pass, R3 the diode ?lament 
resistor, R4 the diode coupling resistor, and R5 the diode 
load resistor. L4 is the oscillator plate supply choke, L1 
the oscillator grid coil, C1 the grid return condenser, C2 
the plate return condenser and C6 the triode ?lament by 
pass. R1 is the blocking resistor for the oscillator grid, 
used for test only, and R2 is the oscillator grid leak. , 
With reference to the ampli?er and thyratron circuits, 

(Figs. 6 and 11), C18 is an R. F. by-pass for the diode 
output, C7 a coupling condenser, C8 an R. F. by-pass for 
the pentode grid, C9 an R. F. by-pass for the pentode 
?lament, C10 an audio by-pass for the screen grid, R; a 
grid bias resistor, R, a blocking resistor for the feed back 
circuit, R9 the feed resistor for the screen grid, R21 a load 
circuit resistor for the positive B battery terminal for dis 
charge ‘of various condensers when the B battery voltage 
is removed, and L6 is an R. F. choke to keep radio fre 
quency current out of the pentode. . 

Resistances R8, R10, R11, R12‘ and condensers C11, C12, 
C13 constitute a phasing and feedback network to provide 
regeneration and high frequency cut-off for the ampli?er. 
It is desirable that the ampli?cation-frequency character 
istic be so shaped that ampli?cation at frequencies greater 
than a predetermined maximum or lower than a predeter 
mined minimum shall be a fraction of the ampli?cation 
occurring within the chosen limiting frequencies. As an 
illustration, we have found that, in the case of our rocket 
radio fuze, the ampli?cation for frequencies greater than 
300 cycles/sec. and lower than 25 cycles/sec. should be 
not more than 25 percent of the peak ampli?cation. In 
this case, it is preferable that the frequency of peak am 
pli?cation shall be between 95 and 155 cycles per second. 
The above-mentioned phasing and feed back network acts 
as a wave shaper to limit the ampli?cation as described. 
The tubes used in the fuze are of small size and prefer 

ably require a 1.35 volt A battery 67 for the ?lament and 
a 135 volt B battery 68. The diode is used as a peak volt 
meter and detector at frequencies up to 155 megacycles 
per second or more. The thyratron should be ?red when 
the voltage input to the ampli?er is not more than 0.050.. 
volt R. M. S. but should not be ?red when the voltage 
input is less than 0.025 volt R. M. S. The maximum al 
lowable peak self-noise voltage appearing between the 
thyratron grid and ground should be not more than 0.400 
volt. This self-noise voltage can be measured with a 
cathode ray oscilloscope or equivalent device. The warm 
up transient voltage appearing between the thyratron grid 
and ground should be reduced to less than 0.5 volt peak, 

~ within 0.40 second after applying plate and ?lament volt 
ages to the unit. The grid bias supply voltage is minus 
6.0 volts. The values given above are, of course, illus 
trative only. 

Resistances R13 and R14 form a voltage divider to fur 
nish a negative potential, preferably 1.5 volts, to the grid 
of ‘the pentode. Condenser C14 is a plate coupling con 
denser, C15 the thyratron grid stabilizing condenser and 
R. F. .by-pass, C17 the thyratron plate quenching con 
denser, and C18 is a timing condenser for the self-de 
struction circuit including neon tube 66 which applies a 
pulse to the thyratron grid through timing resistances R15v 
and R17 so that the thyratron will conduct after a prede 
termined time interval, preferably from 6 to 12 seconds, 
with the result that the detonator will be ?red after that I 
interval in case the re?ected radiation is lacking or is in 
sui?'cient to cause an explosion of the device. Neon tube 
66 preferably has a breakdown voltage of 70 to 80 volts. 
The neon tube condenser C16 is charged through resistance 
R18 until the breakdown voltage is reached, at which in 
stant tube 66 passes current so that a potential difference 
is placed across resistance Rls'to apply positive voltage to 
the thyratron grid, thereby ?ring'the detonator 78. 

L5 is an R. F. choke placed in the set-back switch com~ 
partment C to minimize the e?ects of an arming pulse. 
R19 is a ?lament resistor and R20 is a plate resistance for 
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the thyratron, connected as shown. The B battery 611A 
battery 67, C battery 69, and detonator 78 are connected 
into the circuit in the manner illustrated in Fig. ‘11. ‘As' 
pointed out heretofore, the A battery switch 88Iand‘ the 
B ‘battery switch 89 are operated by set-back to close 

“ when the device is ?red. 
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All parts should be fastened tightly in place andthe 
various units should be ?rmly pressed together so that 
there will be no rattling or intermittent contacts to gen 
erate noise voltages. 
The operation of the device depends upon a phase be 

havior principle as described, the change of behavior 
being generated as a result of relative movement between 
the fuze in ?ight and another object such as an airplane. 
In Fig. 11, the oscillator inductance L2 and the diode coil 
L3 are rather loosely coupled so that variations of an 
tenna current or voltage will not react upon the oscillator 
appreciably. The diode acts as as antenna voltage meas 
uring device or as a recti?er for currents in the diode 
resulting from the interaction between the pulsations in- ' 
duced in the diode circuit by the oscillator and the re 
?ected radiation which is returned from the airplane or . 
other object and is received by the antenna system in-' 
cluding cap 36 and the connected fuze and projectile 
.body, which together may be considered as a dipole. This 
modi?ed dipole also acts as the transmitting antenna sys 
tem, and therefore the previously described energy pulse, 
resulting from the phase and amplitude difference of the . 
transmitted and re?ected energy, is developed in the diode 
circuit. The shape of the pulse depends in part upon the 
rate of relative movement of the transmitting antenna 
system with respect to the re?ecting airplane or other 
object. . 

If now the radiating system is given relatively rapid 
_; movement toward an airplane, the phase of the net cur 
rent, resulting from interaction of the transmitted and 
received radiation, continually .changes with respect to the j 
phase of the transmitting antenna current, and this phase 
change produces voltage variations which, through cou 
pling resistor R4 and coupling condenser C7, will be fed 
into the grid circuit of ampli?er tube 48 and thence to 
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the thyratron 49. As previously mentioned, the wave ' 
shaper or cut-off network passes only pulsations of the 
desired phase behavior for the particular radio fuze under 
consideration. Pulses, the amplitudes of which vary with 
time at rates substantially greater or less than the rate 
determined by the wave shaper, are rejected. 
As the radio fuze approaches closer to the airplane, the . 

re?ected radiation received by the antenna system will 
be of constantly increasing intensity until, when the fuze 
is within say 50 or 100 feet of the airplane and has the 
proper relative aspect or position, the ampli?ed voltage 
pulsations will have the characteristic required to ?re the 
connected thyratron 49. When this happens, the deto 
nator 78 is set off, thereby exploding the tetryl which‘in 
turn explodes the charge in the projectile. . 
By “aspect” is meant the relative position of the fuze ' 

with respect to the target, when the projectile does not 
approach it directly but passes near it. In this connec 
tion it is important to consider the radiation and sensi- . 
tivity patterns of the fuzed projectile. Curves showing 
various radiation and sensitivity patterns are illustrated in 
Fig. 10. The projectile P, carrying a radio fuze, is as 
sumed to be traveling in a straight line at uniform velocity 
Vt in the general direction of airplane Z. If V, is the 

‘ velocity of the fragments of the rocket projectile, in a 
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direction perpendicular to line of ?ight T, then the actual 
travel of the fragments of the exploded rocket will be 
along a line R inclined at an angle 0 to a perpendicular 
line drawn to ?ight line T, and 

The fragments would actually ?y radially out from the Q 
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rocket or other projectile in a more or less uniform 
pattern around the circumference. 

Curves L and'Wrepresent, respectively, the approximate 
?eld sensitivity pattern and the signal phase behavior and 
intensity, under the simpli?ed assumption that (a) the 
?eld intensity varies with distance according to the in 
verse ?rst power law, i. e., the target acts as re?ector 
and not as a reradiator; (.b) that the velocity of the 
projectile is constant; (c) that there is no time delay 
between the time the signal is of su?icient intensity to ?re 
the charge and the time the fragments start ?ying. It is 
also assumed that the plane target, for instance, is a point 
target and acts as a perfect re?ector. In this case the 
coef?cient. of re?ection is 1 and the intensity of the signal 
re?ected‘is proportional to 1/2r where r is the distance of 
the transmitter to the re?ector. 
As the projectile approaches the target from a distance, 

along line T, it will be seen that the velocity toward the 
target becomes progressively less until it reduces to zero 
relative velocity when it passes the target, there being no, 
change of distance with respect to time, at this point. 
The phase behavior of the signal, which is dependent upon 
relative velocity, therefore continually changes as the 
target is approached, and the intensity of the signal con 
stantly increases as the projectile comes nearer the re 
?ecting plane Z. This condition is represented by curve 
W which indicates cycles of phase behavior and also in 
tensity of signal, as measured from line T. The. envelope 
of peak signal intensities is represented by curve W’. 
Curve W” represents the envelope of signal intensities 
when the ampli?er is shaped. Reference to Figs. 12, 13 
and’ 14 illustrate further the effects of a shaped ampli?er. 
The normal radiation pattern is shown'by curve Lin 

Fig. 10 and its median plane is inclined slightly rearward 
from a vertical plane through the projectile. This curve 
presupposes a perfect spherical re?ector and a ?at ampli 
?er. 

Curve N shows the sensitivity pattern with the effect 
of the shaped ampli?er included and assuming also a per 
fect re?ector and uniform velocity. 

Curve M represents the estimated actual signal sensitiv 
ity pattern which results from a modi?cation of curve N 
due to the effect of time lag in the ampli?er. It will be 
observed that this ?nal pattern has a forward tilt so that 
the pattern, which might also be considered a locus of ?r 
ing points, intersects airplane Z before the projectile‘ P 
reaches a vertical plane, passing through the target. In 
this way the ?ring operation is begun when the projectile 
is approaching the target at a su??cient distance to allow 
time for functioning of the ?ring means as well as for 
the fragments to reach the target along resultant path R. 
By means of such predetermined sensitivity patterns it 

is possible to regulate the explosion of a projectile, with 
relation to a target, for maximum destructive effect. The 
special ampli?er thus plays an important part in regu 
lating the distance of ?ring since the phase behavior is 
constantly changing as the target is approached and the 
ampli?er can be designed to correspond to any desired 
aspect, assuming, of course, that there is su?icientsignal 
intensity at that point to cause ?ring. , 

If the projectile approaches the target directly, as in 
the case of a direct hit, the rate of change of phase would 
be constant for a point re?ector, assuming uniform speed 
of the projectile. In practice, however, there will be re 
?e'ctions from separated areas such as the wing tips or tail 
surfaces of an airplane, for instance, so that there will 
be change of phase behavior as explained previously. It 
will be noted however that the sensitivity pattern shows 
small intensity directly forward so that under the condi 
tion of direct approach, the signal intensity will not be 
sufficient to ?re the fuze until it is almost at the target. 
In this way premature detonation resulting in effective 
scattering of fragments is avoided. 
The shapes of radiation or sensitivity patterns can be 

predetermined by relating the frequency of the carrier 
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emitted from‘ the fuzed projectile to the length of the 
projectile- . 

In the various, fuze models which we have designed and. 
tested, the speci?cations for. performance havebeen such 
that the signal from the various antenna systems was far 
less than thevalue with which it is practicable to operate. 
the control and detonation components, which appear in 
this. disclosure- Also in certain cases these performance 
speci?cations required a particular type of operation, such 
as the requirement‘ that a particular type fuze shall not 
operate until it commences to pass the re?ecting object. 
A. requirementfor. another type fuze is that the fuzeshall. 
function when its- motion with respect to a predetermined 
object is at a‘rate which is not less than, nor in excess ‘ 
of, certain speci?ed limits. A. general requirement‘ for 
all fuzes is that they shall not respond to signals which. 
are not. within the particular limits; that is, limits of. 
phase behavior which correspond to the limits for the 
velocity, or rate of motion. This latter requirement is 
due to the necessity for assuring that the fuze will not 
function on other spurious signals; as for example, those 
which may be generated through accidental mechanical 
vibrations or resonances. 

In order to explain how the foregoing is accomplished‘, 
consider the design for a fuze to meet the following speci 
?cations; The fuze is to be used with a projectile 41/: 
inches in diameter and 33-inches long. . The projectile will 
have. a velocity of from 1000 to 1400 feet per second,‘ it 

~ .must. function on passing within 60 feet of a metal air 
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plane, and‘itmust not function until it commences to pass 
that airplane. With respect to a circular plane area, the 
center of which is the center of. the airplane, and which 
is‘ perpendicular to the trajectory of the projectile, the 

. fuze must function when an angle de?ned by the fuze, the 
center of the circular area, and the area itself is about,30 
degrees, the point of‘function being before the fuze passes 
through the plane. 
From this speci?cation, it is desirable that the emitted 

energy be directed sothat maximum power, and‘ hence‘, 
maximum‘reflected signal, is directed nearly at right 
angles to the trajectory of the projectile. 
sirable that the ampli?er be unresponsive to the phase 
behavior of such signals as are produced by direct ap 
proach to the airplane, and responsive only to the phase 
behavior of signals which are produced when the pro 
jectile commences to pass the airplane. The ?rst feature 
is accomplished automatically by utilizing the body of 
the projectile as a simple antenna, and exciting it with 
power of such a radio frequency that the antenna is 
resonant at about 1/2 wave length. The sensitivity pat 
tern (radiation pattern squared) of such a system is 
shown in Fig. 10. Having determined the radio frequency 
at which the fuze will operate as a transmitter, we may 
then determine the mode of phase behavior and amplitude 
of signal at which we wish to operate the fuze to satisfy 
the second feature. The mode of phase behavior and 
amplitude are dependent on the radio frequency of the 
emitted wave, and on the relative velocity of the fuze with 
respect to the airplane and the distance therefrom. 
The relative velocity is equal to the projectile velocity 

times the cosine of the angle de?ned by the position 
of the re?ecting object with respect to the projectile and 
the trajectory of the projectile. Thus, as previously 
stated, the relative velocity changes from the full projec 
tile velocity on direct approach, to zero relative velocity 
at the nearest point of passage, or when the re?ecting 
object is exactly at right angles to the trajectory of the 
fuze and projectile. 

Early in our experimental work leading to the produc 
tion of effective radio fuzes it became evident that, with 
out electrical stability under conditions of severe shock 
and vibration, a fuze of this nature could not be made 
to operate satisfactorily. By stability we mean that 
spurious signals, su?icient to cause the fuze to function 
prematurely before it reaches the target, are not gen 

It is also de- ‘ 
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erated within the fuze proper. The means by which this 
stability is obtained are therefor primary considerations 
in fuze design. These means may be classi?ed (1) .oscil 
lator and‘detector, electrical and mechanical design for 
stability, (2) ampli?er design for stability. 

' We'have found that any relative movement of com 
ponents which are associated With the radio-frequency 
oscillator, or which carry radio-frequency currents, will 
change the operating conditions and will cause spurious 
electrical disturbances to be produced. This is particu~ 
larly true with reference to electrical connections which 
include the grounding and shielding elements. We there 
fore developed the design principles illustrated in Fig. 1 ' 
and associated ?gures. The essential feature is that 
every element, including the connecting wires, is fastened 
rigidly, as with cement, to a secure mounting, in this 
case‘ to heavy insulators which are in turn rigidly fastened 
to a strong metal base. 
The electrical circuit design is also part of the design 

for stability. We have found that stability of the circuit 
arrangement with respect to electrical design, which is 
part of our invention, is superior to that of different 
arrangements which we have tested or of which we have 
knowledge. 
We have described the means by which spurious and 

undesirable noise pulses are held to a minimum. Even 
though all these precautions have been included in the 
most satisfactory manner, it is desirable and necessary 
to restrict the fuze operation so that it is responsive only 
to such signals as are useful in its proper operation. By 
the means, previously described of providing rigid mount 
ings for all components, we reduce spurious noise pulses , 

i and further assure that such noise pulses as remain will 
be at a relatively high rate of occurrence (greater than 
1000 per‘second) as compared to the signals which are 
used in obtaining fuze operation. These signals corre 
spond to rates of occurrence in the band 50 to 300 per 
second, approximately. Thus it is evident that a band 
pass ampli?er which accepts signals in the useful band 
up to about 300 per second, and which rejects signals 
having rates of occurrence above that band is useful and 
as we have found necessary in the design of a satisfactory 
radio fuze. ' - - 

In referring to “rate of occurrence” .of the signal above, 
we mean considered in the light of phase change'since, 
as in the case of an airplane target, the rate of occurrence 
of signal continually changes. In the case of a falling 
bomb equipped with a radio fuze there would be a true 
signal frequency if the bomb shall have reached its limit 
ing velocity while receiving re?ected radiation from a 
target. 
Our radio fuze is particularly adapted for use with 

a rocket projectile but is not limited to that use. Such 
a rocket is especially desirable for discharge from an 
airplane since the reaction on the aircraft will be neg~ 
ligible as compared to the shock of ?ring a gun of com 
parable caliber. Radio rockets of this type can be ?red 
at another airplane with the result that the rocket explo 
sive charge will be automatically detonated to destroy 
the enemy aircraft when the rocket bearing the radio 
fuze passes within a certain effective distance from it. 
This provides a very effective means for attacking and 
destroying enemy aircraft. It is contemplated that this 
radio fuze can also be used with shells. 

While our radio fuze is called a proximity fuze its 
operation is not dependent upon merely its spatial rela 
tion to other objects, as has been clearly shown. Its 
demonstrated effectiveness depends among other things 
upon the principle of employing electrical effects result 
ing from relative movement between the radio fuze and 
the re?ecting object whether it be an airplane or other 
target. Since actual relative movement is required in 
order to detonate the device, it is less susceptible to 
capacity effects or to static charges or other disturbing 
in?uences than would be the case if it operated merely 
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14 
upon the basis of re?ections from a relatively stationary 
object; This feature then, in cooperation with predeter-j 
mined radiation and sensitivity patterns and shaped 
ampli?er makes possible the design and construction of' 
a'more’ stable, a safer, and more reliable device in gen 
eral than otherwise would be the case. ‘ 
We have shown and described a practicable radio 

fuze. We contemplate however, that a wide variety of 
other devices, both military and commercial, and em 
ploying the general principles underlying our device, can ' 
be made. Some of these possibilities have already been 
mentioned. 
Bombs have been equipped with the radio fuze so as’ 

to explode before reaching ground, to scatter shrapnel, 
incendiaries or other missiles downward upon troops,‘ 

" ships, airplanes, grounded or ?ying, or upon any other 
object of attack. 
We have outlined a few possible applications of the 

general principles inherent in our device but we are aware 
.that many other variations and adaptations can be made 
‘without departing from the broad aspects of our 
invention. 
The invention herein described may be manufactured 

and used by or for the Government of the United States 
of America for governmental purposes without the pay 
'ment of any royalties thereon or therefor. 

We claim: 
1. In combination, an antenna adapted to radiate elec 

tromagnetic energy and, to receive part of said energy re 
turned by- a re?ecting means, an oscillator coupled to the 
‘antenna for radiating electromagnetic energy therefrom, ' 
a diode detector electrically connected with the antenna 
for producing a signal correlative with the difference in‘ 
frequency between radiated and received energy, an am 
.pli?er coupled to said diode detector, a detonator, and a 
'relay connected with the ampli?er for controlling opera 
tion of the detonator. \ 

2. In a radio fuze for explosive projectiles and the 
like, an antenna acting both as a radiator and receiver of 
electromagnetic energy, an oscillator coupled to the an 
"tenna and having an inductance, a diode coupled to the 
antenna and having a coil loosely coupled to said oscillator 
inductance and acting as an antenna coupling, an am 
pli?er coupled to the diode, a thyratron coupled to the 
ampli?er, and an electrical detonator operable through the 
thyratron. 

3. In a radio fuze for explosive projectiles and the, 
like, a housing including an antenna acting both as a 
radiator and receiver of electromagnetic energy, a chassis 
in the housing and insulated therefrom, an oscillator 
coupled to the antenna and including oscillator elements 
mounted on the chassis, a diode coupled to the antenna 
and having diode elements mounted on the chassis in 
cluding an inductance loosely coupled to the oscillator, 
a second chassis in the housing spaced from the ?rst 
chassis and insulated from the housing, an ampli?er 
coupled to the diode and including ampli?er elements 
mounted on said second chassis, a thyratron coupled to 
the ampli?er and mounted in the housing in the space 
between said chassis, and an electrical detonator operable 
through the thyratron. 

4. In a projectile carrying a radio proximity fuze, 
means for radiating electromagnetic energy, an oscillator 
loosely coupled to said radiating means, said radiating 
means acting partly also to receive some of said energy 
re?ected from a target, diode rectifying means coupled to 
said radiating means for causing interaction of said ra 
diated and received energy to produce a signal having a 
rate of change of phase between upper and lower limits 
with respect to a reference, ?ltering means for selecting 
only signals having rates of change of phase between the 
said limits, an ampli?er for said signals, a detonator, and 
a relay for controlling current to said detonator and op 
erated by current from said ampli?er. 

5. In a projectile carrying a radio proximity fuze, 
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means for radiating electromagnetic energy including an 
antenna circuit, said antenna circuit acting partly also to 
receive some of said energy re?ected from a target, a 
diode detector for producing a signal resulting from in~ 
teraction of said radiated and received ‘energy and cor 
relative in frequency with projectile target velocity, means 
for amplifying said signal, a relay electrically coupled 
to said amplifying means, and a detonator controlled by 
said relay. ‘ 

6. In a projectile carrying a radio proximity fuze, means 
for radiating electromagnetic energy including an antenna 
circuit, said antenna circuit acting, partly also to receive 
some of said energy re?ected from a target, a diode de 
tector in said antenna circuit for producing a signal re 
sulting from interaction of said radiated and received 
energy and correlative in frequency with the projectile 
target velocity, means for amplifying said signal, a relay 
electrically coupled to said amplifying means, and a det 
onator controlled by said ‘relay. 

7. In a projectile carrying a radio proximity fuze, means 
for radiating electromagnetic energy including'an antenna 
circuit, said antenna circuit acting partly also to receive 
some of said energy re?ected from, a target, a’ diode de 
tector for producing a signal resulting from interaction of 
said radiated and received energy and having‘a rate of‘ 
change of phase correlative with the projectile-target 
velocity, means for amplifying said‘ signal, a ?lter for 
passing said signal from said diode detector to said 
amplifying means only when the signal has a rate of 
change of phase within predetermined limits, a relay 
electrically coupled to said amplifying means, and a det 
onator controlled by said relay. 1 

8. In a projectile carrying a radio proximity fuze, means 
for radiating electromagnetic energy including an antenna 
circuit, said antenna circuit acting partly also to receive 
some of said energy re?ected from a target, a detector 
for producing a signal resulting from interaction of said 
radiated and received energy and having a rate of change 
of phase correlative with the projectile-target velocity, 
means for amplifying said signal, a phasing and feedback 
network connected to said amplifying means for varying 
the ampli?cation characteristics thereof correlative tothe 
rate of change of phase of said signal, a relay electrically 
coupled to said amplifying‘ means, and a detonator con 
trolled by said relay. 

9. In a projectile having a radio proximity fuze, means 
for radiating electromagnetic energy of a response pat 
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tern which is inclined forwardly from a plane throughthe 
projectile and normal to the axis of the projectile; said 
means‘ acting partly also to receive some of said energy 
re?ected from a target, diode detecting means for pro 
ducing a signal resulting from interaction of said radiated 
and receivedtenergy and having frequency characteristics, 
correlative with. the projectile-target velocity, a, peaked 
ampli?er for said signal, a relay electrically coupled to 
said‘ ampli?er, and a detonator controlled by the relay. 

10. In a‘ projectile carrying a radio fuze, means for 
radiating‘electromagnetic energy, said means acting partly 
also to receive some of said energy re?ected from a target, 
diode rectifying means for producing a signal resulting 

‘ from interaction of said radiated and received energy and 
having frequency characteristics correlative with the pro 
jectile target velocity, an ampli?er for said signal, a relay‘ 
electrically connected with said ampli?er, anda detonator 
controlledby said relay. ‘ - 

‘ 11.. In a projectile incorporating a radio fuze, means 
for radiating electromagnetic energy of predetermined in 
tensity pattern, said means acting partly also. to receive 
some‘ of. said energy re?ected from a target, diode de 
tecting means for producing a signal resulting ‘from in 
teraction of said radiated and received energy and having 
frequency characteristics correlative with the projectile 
target velocity, a peaked ampli?er for said signal, a relay 
electrically connected with said ampli?er, and a detonator 
controlled by said relay, said ampli?er passing said signal 
‘only when the frequency therof is Within a predetermined 
range of frequencies whereby the fuze is detonated only 
when a predetermined condition of proximity of the pro 
jectile and target exists. 
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