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United States Patent Office 3,166,015 
Patenated Janna. 9, 1965 

S. RADiO FREQUENCY PROX METY FUZE 
Merie A. Tuve, Chevy Chase, Mid., and Richard B. 

Roberts, Wasisington, D.C., assignors to the United 
States of America as represented by the Secretary of 
the Navy 

Filed Jan. 6, 1943, Ser. No. 47,388 
19 Claims. (Cil. 1692-76.2) 

This invention relates to radio-controlled fuzes for 
detonating explosive projectiles in proximity to a target, 
and has particular reference to a novel radio-controlled 
proximity fuze of rugged and compact construction which 
is positive and reliable in operation, and may be manu 
factured in large scale production. While the new fuze 
is adapted for use in bombs, rockets and other forms of 
projectiles, it may be used to particular advantage in anti 
aircraft projectiles, and, therefore, the invention will be 
described in connection with such a projectile, although 
it will be understood that it is not limited to this use. 

Explosive projectiles of the common types, which in 
clude a time fuze or an impact fuze, or a combination of 
both, are mot entirely satisfactory because their effective 
ness depends upon a direct hit or upon accurate setting of 
the fuze timing mechanism, which are difficult to obtain 
due to the human factor. Also, unexpected changes in 
the position of the target between the time when the fuze 
is set and the time when the projectile explodes tend to 
nullify accurate setting of the timing mechanism. It has 
been proposed to overcome these objections to the present 
fuzes by using a means for automatically detonating 
the fuze in response to proximity of the target, and various 
forms of proximity fuzes have been devised. In one form, 
light waves from the projectile are reflected by the target 
back to a photoelectric receiver in the projectile as it 
passes the target, the receiver being operable by the re 
flected light waves to detonate the fuze. Fuzes of this 
type are objectionable for the reason that they may be 
operated prematurely by light from some other source 
than the target. In another form of proximity fuze, 
sound waves from the target impinge upon a receiver in 
the projectile, and the receiver is connected to the fuze 
so as to cause detonation when the sound waves are of 
sufficient amplitude. It has been found that fuzes of this 
type are unsatisfactory, at least in antiaircraft projectiles, 
because the projectile in its flight tends to set up vibra 
tions which actuate the sound receiver independently of 
the target and thereby cause premature explosion. 

It has also been proposed to employ radio waves for 
controlling a projectile when it is fired at a target. In 
one form of projectile, radio transmitter and receiver units 
mounted in the projectile body control the propectile by 
reflection of radio waves from the transmitter to the re 
ceiver by the target. Devices of this type have the ad 
vantage that they are not so easily influenced by external 
sources to cause false actuations. The prior devices of 
this type, however, are unsatisfactory because no pro 
vision is made for withstanding the severe shocks incident 
to firing the projectile from a gun, and the construction 
is so intricate and bulky that it is not adapted for mass 
production and cannot be used in ordinary projectiles. 
One object of the present invention, therefore, resides in 

the provision of a novel radio-operated proximity fuze 
which is adapted for use in projectiles of standard forms 
and is positive and reliable in operation. A fuze made in 
accordance with the invention comprises an oscillator 
circuit coupled to an antenna, an amplifier, which may 
have detector action, connected to a Suitable point in the 
oscillator circuit, and a thyratron connected to the out 
put of the amplifier so that it is triggered by a change of 
predetermined magnitude in the radiation resistance of 
the antenna due to the proximity of a reflecting surface, 
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such as an aircraft. A detonating squib electrically con 
nected to the thyratron is operated when the thyratron 
is triggered. The signal incident to the detection of the 
reflected radiation is characterized by an increasing am 
plitude and a decreasing frequency until the projectile 
containing the fuze passes the target. The frequency 
depends upon the relative velocities of the projectile and 
the target along a line joining them, whereas the ampli 
tude depends upon the radiation pattern of the fuze and 
the distance of the target and also upon the target's re 
flection pattern. 

Another object of the invention is to provide a radio 
operated proximity fuze having a thyratron for firing the 
detonator, and a safety device for preventing premature 
triggering of the thyratron. The safety device preferably 
comprises a biasing circuit for the thyratron, including a 
resistor adapted to retard the charging of an associated 
condenser and thereby delay triggering of the thyratron 
until the projectile is at a safe distance from the gun. 
Another object of the invention resides in the provision 

of means for initially short-circuiting the detonating circuit 
to avoid setting off the detonator accidentally, the short 
circuiting means comprising a switch responsive only to 
a force incident to firing the projectile, such as centrifugal 
action, for breaking the short-circuit. 
A further object of the invention is to provide a novel 

proximity fuze comprising dual means for detonating a 
squib, one of the detonating means being operable elec 
trically in response to proximity of a target, and the other 
being operable mechanically by timing mechanism for in 
suring explosion of the projectile in the event that it does 
not pass near enough to the target to operate the proximity 
responsive means. Preferably, the mechanically operable 
means are included in the operating train of the proximity 
responsive means, whereby the fuze may be made in a 
compact form. Also, in the preferred construction, the 
proximity responsive means includes a unit at the nose 
of the projectile which is movable to adjust the timing of 
the mechanically operable means. 

Still another object of the invention resides in the pro 
vision of a novel arrangement of the operating means of a 
radio-operated proximity fuze, by which the construction 
is sufficiently rugged to withstand the shock incident to 
firing a projectile from a gun. 

These and other objects of the invention may be better 
understood by reference to the accompanying drawings, 
in which: 
FIG. 1 is a side view of a projectile embodying one form 

of the new fuze, with part of the projectile broken away; 
F.G. 2 is an enlarged longitudinal sectional view of part 

of the fuze shown in FIG. 1, with parts broken away; 
FIG. 3 is an enlarged sectional view of a variable con 

denser in the oscillating circuit of the fuze; 
FIG. 4 is a schematic view of the fuze, showing the 

electrical circuits; 
FIG. 5 is a view similar to FIG. 1 but showing a 

modified form of the fuze, and 
F.G. 6 is a schematic view of the fuze shown in FIG. 5. 
The new fuze, as shown, is mounted in an antiaircraft 

projectile 0 comprising a casing 1 having the usual 
rotation-producing band 12 and a chamber 13 containing 
the explosive charge. At its nose the casing is provided 
with an opening 14 into which a cylinder or can 5 is 
threaded, the can having an external shoulder 16 engag 
ing the adjacent end of the casing when the can is tight 
ened in the opening. The can projects rearwardly into 
chamber 13 and has an adapter ring 8 threaded in its 
inner end for mounting the usual booster 19. The ring 
8 also serves as an encasement for a detonator Squib 
23 in front of the booster, a safety device 2 in front of 
the squib, and a timing mechanism 22 in front of the 
safety device. The timing mechanism 22 may be of any 
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desired form and may include a firing pin (not shown) 
operable through the safety device 22 to explode the 
detonator or squib 28 when a predetermined time interval 
has elapsed after firing of the projectile from a gun, 
depending upon adjustment of the timing mechanism by 
rotation of its forward part in the ring 8, as will be 
described in greater detail presently. 

Rotatably mounted in the can i5 in front of the timing 
mechanism is a battery case 23 which abuts against the 
adjacent end of the adapter ring 8, the case serving to 
hold the units 29, 2 and 22 firmly in position in the 
ring. The battery case, in turn, is held in position by 
a can 25 disposed in the forward end portion of the outer 
can i5 and having external shoulders 26 and 26a engag 
ing corresponding shoulders on the outer can. The inner 
can 25 is secured against axial movement in the outer 
can 5 by means of an open ring key 27 engaged in corn 
plementary grooves in the two cans, as shown in FiG. 2. 
While the ring 27 holds the inner can firmly against the 
battery case 23, it permits rotation of the inner can 
relative to the outer can and the projectile casing. A 
screw 28 threaded through the outer can 5 maintains 
the ring 27 in its effective keying position. 
A conical housing 30 made of insulating material is 

held in a recess 3; in the forward end of can 25 by a set 
screw 32 and forms the nose of the projectile. The pro 
jectile is provided with a conical antenna 33 which, as 
shown, is mounted within the housing 30, although the 
antenna may, if desired, be disposed on the outside of 
the housing. 
The inner can 25 contains a radio-frequency oscillator 

unit 35 to the rear of the antenna 33 and coupled thereto, 
and to the rear of the oscillator unit is an amplifier 36, 
the oscillator and amplifier units being connected together 
by plug-and-socket connections to be described presently, 
whereby they are rotatable as a single unit with the inner 
can 25. The amplifier 36 is connected to the battery 23 
by plug 37 engaged in sockets 38 formed in hollow bosses 
on the battery case which project into openings in the 
rear end of the inner can. The battery case 23 in turn 
is connected at its rear end to the timing mechanism 22 
by plug-and-socket connections 39 and 39a for conducting 
current to the safety unit 21 and the detonator. The 
tinning mechanism 22 may be adjusted for any desired 
time interval by simply engaging lug 25a and rotating 
the housing so as to turn the forward part of the timing 
mechanism through the inner can 25 and the battery case. 
The setting of the timing mechanism may be indicated by 
the relative positions of the timing lugs 15a and 25a. 
The oscillator 35 may be of any desired form but prefer 

ably comprises a triode oscillator 40 and a tank coil 4, 
one side of the coil being connected through a blocking 
condenser 42 to the plate 43 of the tube. The other side 
of the tank coil is connected to the grid 44 of the tube 
through a condenser 45 which is shunted by a resistance 
46. The antenna 33, as shown, is connected by a wire 47 
to the tank coil between the coil and the condenser 45. 
Feed-back in the oscillator circuit is adjusted through a 
Variable condenser 48 connected between the filament 49 
of the tube and the wire 47. The plate 43 of the tube is 
charged through a resistance 50 and a wire 51. The out 
put of the oscillator is conducted through a resistance 
52 connected to wire 5A between the plate and the re 
sistance 53. Current for energizing the filament 49 is 
conducted through wires 53 and 54 and radio-frequency 
choke coils 55 and 56. The wire 54 is connected by a 
wire 57 to the tank coil between the coil and the condenser 
42 and is also grounded to the projectile casing, as shown 
at 53. By thus grounding the plate circuit of the oscillator 
tube, a relatively high radio-frequency voltage may be 
applied to the antenna 33 from the oscillator coil 4. 
The Sensitivity of the oscillator described herein is 

greatest when it is most heavily loaded within its range, 
and the loading of the oscillator is adjusted by the con 
denser 48 for controlling feed-back in the oscillator cir 

cuit. The condenser 43, as shown, comprises a sleeve 60 
inade of a dielectric material, and a metal cylinder 61 
mounted on the outside of the sleeve at one end. A sec 
ond metal cylinder 62 is mounted within the sleeve at 
the opposite end so that there is an axial spacing between 
the cylinders. The inner plate 62 is internally threaded 
and receives an adjustable screw 63 extending partiy. 
through an opening 63a in the wall of housing 30, so that 
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it is readily accessible from outside the housing. Thus 
the capacity of the condenser may be varied by turning 
the screw 63. Any suitable oscillator frequency may be 
used and as large aband of frequencies as possible should 
be provided to facilitate operation even under adverse 
conditions. It will be observed that while the antenna 
33 is small and compact, its power to radiate electro 
magnetic waves is substantial because of its connection 
through the ground 58 to the projectile casing 1. Actu:- - 
ally, the casing becomes the main radiating means of the 
system, because of its relatively large size, whereas the 
antenna may be considered as a means for exciting the 
casing. - 

The tube 40 and the other parts of the oscillator are 
preferably embedded in a suitable potting compound 124 
to prevent relative movement, short-circuiting and damag 
ing of the parts due to the shock incident to firing the 
projectile from a guin. The parts of the amplifier 35 and . 
the battery 23, to be described presently, are also en 
bedded in a potting compound 25 for the same reason. 
The conductor 53 in the circuit of the filament 49 ex 

tends through a plug-and-socket connection 53a into the 
amplifier unit 36 where it is connected through a wire 
65, a set-back switch 66 and a plug-and-socket connection 
37a to the positive side of an A battery 68 in the case 
23. The other side of the A battery is connected through 
a Wire 69, a plug-and-socket connection 37b and a set 
back switch 76 to wire S4, which extends from the fila 
ment 49 into the amplifier unit through a plug-and-socket 
connection 54a. 

to a conductor 71 leading through a plug-and-socket con 
ection 7ia into the amplifier unit, where it is connected 

through a wire 72 to one side of a set-back switch 73 
shunted by a resistance 74. Resistance 74 functions to 
prevent the passage of transients when switch 73 is closed 
by setback forces, thus minimizing the danger of pre 
mature detonation of the fuze. The other side of the 
SWitch 73 is connected through a plug-and-socket con 
nection 37c to the positive side of a set of series connected 
B batteries 76 in the case 23. 
With the oscillator 35 energized, as the projectile ap 

proaches a target, such as an airplane, the radio waves 
emanating from the projectile are reflected by the target, 
and the reflected waves change the radiation resistance of 
the antenna 33. As a result, the loading of the oscillator 
circuit is changed, whereupon the plate current of the 
tube 40 also changes. This current change in the plate 
circuit develops a voltage across resistor 50 which is im 
pressed upon the amplifier 36 through the resistance 52 
and a Wire 78 connected through a plug-and-socket con 
nection 79 to one side of a condenser 83 in the amplifier 
unit. The other side of the condenser 83 is connected to 
the control grid of tube 84, the resistance. 82 providing 
proper grid bias. The condenser 80 serves to by-pass high 
frequencies to the ground and cooperates with resistor 52 
to form a low pass filter. 
The amplifier, as shown, is provided with a second stage 

of amplification, including a tube 85, and the output of 
the amplifier is used to trigger a thyratron 86. The fila 
ments of the tubes 84, 85 and 86 are connected across the 
A battery 68. More particularly, the wire 65 leading from 
the positive side of the A battery connects the filaments of 
tubes 84 and 85 in series to wire 54 which leads through 
wire 69 to the negative side of the A battery. Also, a con 
ductor 87 connects the wire 65 through a resistor 88 and 
the filament of tube 86 to the wire 54. The plates of the 

The resistance 59, through which the 
plate 43 of the oscillator tube is charged, is connected 
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amplifier tubes 84 and 85 are connected through load 
resistors 90 and 93 to the positive side of the B battery 76. 
That is, the wire 72 extends from the battery 76 to one 
side of resistor 90, which is shunted by a condenser 91, 
the other side of the resistor being connected to the plate 
of tube 84. A conductor 92 connects wire 72 to one side 
of the other resistor 93, which is shunted by a condenser 
94, the other side of the resistor 93 being connected to the 
plate of tube 85. 
The screen grid of the first amplifier tube 84 is con 

nected through a wire 96 and a plug-and-socket connec 
tion 37d to a screen tap 76a. The screen grid of the 
second amplifier tube 85 is connected through a conductor 
98 to wire 96 and the screen tap 76a, while the control grid 
of tube 85 is biased through a conductor 100 connected 
to the negative terminal of B battery 76 through resistors 
102 and i03, plug-and-socket connection 37b and wire 
104. The C battery 101, as shown, is provided by making 
a tap-off near the negative end of the series connected 
batteries 76. A condenser 105 is connected at one side to 
wire 100 between resistors 102 and 03 and is connected 
at the other side to wire 87, which leads through conductor 
54 to ground at 58 and through set-back switch 70 to the 
plug-and-socket connection 37b. 
The grid of the thyratron 86 is biased from the nega 

tive side of the C battery 10 through a conductor 107, 
resistors 08 and 109, and a plug-and-socket connection 
37e. A charging condenser 1 is connected at one side 
to wire 87 and at the other side to the wire 107 between 
the resistors 108 and 109. A coupling condenser 12 is 
connected between the plate of the first amplifier tube 84 
and the wire 100 leading to the control grid of the second 
amplifier tube 85, and another coupling condenser 12a 
is connected between the plate of tube 85 and the control 
grid of the thyratron. 
The output of the thyratron 86 is led by a conductor 

113 through a plug-and-socket connection 37 f, the battery 
casing 23, plug-and-socket connection 39, and the timing 
timing mechanism 22 to one side of the detonator squib 
20. The other side of the squib is connected by a con 
ductor 16 through the timing mechanism, the plug-and 
socket connection 39a, battery case 23, plug-and-socket 
connection 37g, wire 71 and switch 73 to the positive side 
of the B battery. Thus, when the thyratron is triggered by 
the amplifiers, the squib 26 is energized and detonates so 
as to explode the booster 9 and thereby the main charge 
in the projectile. 

In order to prevent accidental energizing of the deto 
nator circuit, there preferably is provided in the safety 
device 2 a switch comprising a conductive post 20 en 
gaged by spring contact arms 12; and 122, the contact 
arms and post being connected in series between the wires 
13 and 116 so that the squib is normally short-circuited. 
The contact arms exert considerable pressure against the 
post 120 to maintain the short-circuit and are mounted 
excentrically of the fuze, whereby they are movable away 
from the post to break the short-circuit only by the action 
of centrifugal force incident to rotation of the projectile 
when it is fired from the gun. 
The set-back switches 66, 70 and 73 may be of any con 

ventional type which is normally open but is closed by the 
force of set-back incident to firing the projectile from a 
gun, the switches including suitable locking means (not 
shown) for holding them in the closed position after they 
are actuated. Also, the oscillator, amplifier and battery 
units may take other forms than those illustrated. 

In operation, the projectile is accompanied in its flight 
by a field of radio waves from the oscillator. The field of 
radiation may be said to "feel out' the target and cause 
detonation when the target enters the field in proximity to 
the projectile. More particularly, in the use of the new 
fuze the condenser 48 is regulated to adjust the sensitivity 
of the oscillator circuit to any desired value within its 
range. Also, the can 25 is rotated to adjust the timing 
mechanism 22 to a desired time setting based upon the 
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6 
estimated distance to the target, the timing mechanism 
being operable to explode the detonator mechanically at 
the end of a fixed time interval, for example, five seconds, 
after the projectile reaches the estimated point for which 
the lugs 5a-25a are set. Thus, the timing mechanism 
does mot interfere with the operation of the radio-con 
trolled detonating means but provides for explosion of the 
projectile in the event that the target does not enter the 
effective field of the radio waves. Accordingly, damage 
due to explosion of the projectile in friendly territory is 
prevented. It is to be understood that any other suitable 
self-destruction means may be used in place of the timing 
mechanism 22. 
When the projectile is fired from a gun, the usual rifling 

in the gun barrel acts upon the rotation-producing band 
12 to cause rotation of the projectile, and the resulting 
centrifugal force on the arms 2-122 causes the arms to 
disengage the post 120 and remove the short circuit of 
squib 29. Also, the force of set-back incident to firing the 
projectile closes switches 66, 79 and 73. The closing of 
switches 66 and 70 energizes the circuits of the filaments 
in all the vacuum tubes, and the closing of switch 73 con 
nects the plates of tubes 40, 84 and 85 to the positive side 
of B battery 76. Additionally, the detonating circuit for 
squib 26 is prepared by the closing of switch 73. 
When the oscillator and amplifier are inoperative, be 

fore firing the projectile and closing of the set-back 
switches, the battery 76 provides on the grid of the thy 
ratron 86 and second amplifier tube 85 a negative bias 
several times cut off. That is, the entire output voltage 
of the battery 76 is applied as bias on the grids of tubes 
85 and 86 (when switch 70 is open), due to the provision 
of a resistor 8 which is connected from B-- to ground. 
The grid of the tube 86, in addition, has impressed there 
on the output of the battery 10. Upon closing of the 
set-back switch 70 when the projectile is fired, the con 
densers 65 and 1 drain through the resistors 03 and 
E85, respectively, so that the bias voltages on the grid 
of the tube 85 and on the thyratron grid decrease slowly 
to the value of the battery 169. As the biasing voltage 
reaches that of battery 07, the thyratron becomes opera 
tive so that it may be triggered as soon as it receives an 
amplified impulse from the oscillator. The time neces 
sary for the thyratron grid voltage to decrease to the 
voltage of the C battery 19 depends upon the value of 
the resistor i09 and the capacitance of the condenser . 
Thus, the biasing circuit for the thyratron 86 provides 
a supplemental time delay and safety means which is 
particularly useful in preventing premature detonation 
of the squib. It will be evident that the amplifier will 
not trigger the thyratron when initially energized, but 
will do so only when it receives and amplifies an impulse 
from the oscillator. It is desired to call particular atten 
tion to the fact that the amplifier is of the band pass 
frequency type and is designed to pass only a relatively 
narrow range of frequencies. It has been found that an 
amplifier designed to pass frequencies of the order of 
from 50 to 300 cycles is satisfactory. The range of the 
amplifier, for given tubes, is determined by the values of 
the condensers 112, 112a, 91 and 94. That is to say, 
the condensers 12 and 2a serve to determine the low 
frequency limit of response while the condensers 91 and 
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94 provide means for determining the upper limit of 
frequency response. 
The amplifier tube 85 has an arming circuit similar to 

the arming circuit described above, which includes the 
condenser 05 and the resistor 103. That is, the control 
grid of amplifier tube 85 is biased to provide a progres 
sively increasing gain during flight of the projectile. 
When the oscillator 35 is energized upon closing of 

its filament and plate circuits, radio frequency waves are 
generated by the oscillator and emitted from the antenna 
33 and casing 1 connected thereto. As the radio waves 
emitted from the projectile strike an object, such as an 
airplane, the object acts as a parasitic radiator and reflects 
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and normally loaded to non-oscillating condition and 
becoming operative upon a change in the radiation im 
pedance of the antenna, and means coupled to the oscil 
lator and operable thereby to explode the projectile. 

8. In a projectile containing an explosive charge, a 
proximity fuze comprising an oscillator having an an 
tenna, an electrically operable detonator for exploding 
said charge, a thyratron through which the oscillator is 
coupled to the detonator and operable to pass a current 
pulse to the detonator for operating said detonator in 
response to a change in the loading of the oscillator by 
reflection of magnetic waves emitted therefrom, and means 
including a resistance-capacitance network coupled to the 
grid of said thyratron for biasing said thyratron at a 
first value of negative voltage for rendering the thyra 
tron inoperative for a predetermined time interval, switch 
means coupled between said thyratron and a voltage 
supply operable to close by setback action and to allow 
said resistance-capacitance network to attain a second 
value of negative voltage whereby the capacitance is al 
lowed to discharge through the resistance so that the 
bias voltage on the grid of said thyratron decreases slow 
ly from said first value of negative voltage to said second 
value of negative voltage. 

9. The combination of claim 8 wherein said means for 
rendering the thyratron inoperative for predetermined 
time interval includes a resistance-capacitance network 
coupled to the grid of said thyratron for biasing said 
thyratron at a first value of negative voltage, switches 
coupled between said thyratron and a voltage supply 
and operable to close by setback action to charge said 
capacitance to a second value of negative voltage where 
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by said capacitance is allowed to discharge through said 
resistance so that the bias voltage on the grid of Said 
thyratron decreases slowly from said first value of nega 
tive voltage to said second value of negative voltage. 

10. The combination of claim 8 which further includes 
switch means connected across said explosive charge for 
providing a short circuit thereacross prior to firing Said 
projectile and ineffective once said projectile is fired due 
to centrifugal forces acting thereon. 

References Cited by the Examiner 
UNITED STATES PATENTS 

1,769,203 7/30 Buckley. 
250-1.31 ----------------???? PatterSOn 11/35 2,022,517 

2,060,198 11/36 Hammond. 
2,137,598 11/38 Vos ---------------- 102-70.2 
2,176,469 10/39 Moueix. 

102-70.2 -----? ?------------------- Ferrel 9/41 2,255,245 
102-70.2 ----------------?------?. Barkley 2/44 351 ? 2,341 

X 102-70.2 ????---?--?----? Wales 7/46 2,403,567 

FOREIGN PATENTS 
149,723 5/37 Austria. 
289, 195 Great Britain. 
453,567 9/36 Great Britain. 
376,987 12/39 Italy. 
91592 2/38 Sweden. 

SAMUEL FEINBERG, Primary Examiner. 
A. BISHOFF, JAMES L. BREWRINK, SAMUEL 
BOYD, Examiners. 


