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• 

SUMMARY 

The 'Pi-Kiel torpedo pistol was a German Develop­
ment which was not yet operational. It is a pistol 
utilizing, the active-acoustic or pinging principle in 
which the firing of the torpedo charge is accomplished 
through a sadden decrease in the time ' interval between 
the pinge and the reception of the echo. This decre~se 
in time interval /is caused by the shlbrter echo time. 
from the hull of the ship contrasted to the echo time 
from the water surface. This report discusses the 
development of the Pi-Kiel pistol and briefly compares 
it with the other known active acoustic pistols, name­
ly; Pi~Berlin and Pi-M~nchen (also known as Pi.Otto or 
Pi-Atlas) • . 
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ACOUSTIC ptSTOL PI-KIEL , 

1. Introduction 

The following information on the torpedo pistol Pi-Kiel 
was obtained from Dr. Fahrentholz, Elec trocustic Compa"nY,Kiel. 
Dr. Fahrentholz worked in the field of supersonics concerned 
with mine and torpedo developments and was a member of the 
Unter Kommission Torpedozundung (Torpedo Pistol Sub-Commission). 
The information supplied by Dr. Fahrentholz was obtained in part 
froID reports prepared by him at the request of U.S. Navy 
personnel and through interrogation. 

2. DeveloplIlen t of Pi-Kiel. 

'a) Operational F~equency. 

(1) When the problem to develop an acoustic pistol 
based on the "pinging" principle was first set fourth, a 
decision concerning the suitable operational frequency was 
necessary. As in the case of all acoustic devices the 
satisfactory functioning depends upon a favorable relationship 
of Signal/background; particularly with an active pistol. 
(An active pistol is one which functions independent of the 
acoustic output of the target). The background noise is made 
up of the 'torpedo self -noise, which ,arises fram the propulsion 
noise) and peak aisturbances resulting from the flow of water 
at high speeds .past the magnetostriction receiving unit. In 
addition, other acoustic disturbances may be employed as 
countermeasures by the enemy. It is essential that the pistol 
remain unaffected by all these disturbances. 

(2) First must be considered the elimination of these 
disturbanc es by means of a sui table dire'c ti onal pattern; I 

although, this alone will not suffice. If a very narrow beam 
is employed many targets are likely to be "missed", since the 
beam will not always be vertical due to the pitch and roll of 
.the torpedo during its run. The self-noise of the torpedo 
decreases with increase in 
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2. Deve.lognent of Pi-Kiel (a)(ContJd.) 

frequency, as is the case with all propeller drives. There­
fore, the operational frequency must be selected as higb as 
possible. The upper limit is determined by the physiCal 
dimensions of the. projeotor and hydrophone, and these dimen­
sions are infiuenqed by the choice of beam pattern and the 
required transmitting power. The des-irable frequency limit 
lies between 50 and 100 kilocycles ~ " To meet all require-
ments 25 kilocycles was selected. " 

(b) Investigations of Various MOuntingS for the ProJoctor 
and Hydrophone. 

(1) The choice of 25 kilocycles ·was ·also made because 
simple and relia~e magnetostriction units operating at that 
frequency were already available. " It was lmown that, from 
the developnent of "Zaunk8nig", tho greatest pressure area. on 
tho warhead of the torpedo was suited 'to the fitting of the 
acoustic gear. It was first required by the GeI':man Navy that 
Pi-Kiel be inserted as a complete unit With batteries in the 
pistol pocket of the G7a. . (In contrast; the LUftwaffe de­
manded that the Atlas Co. insert its Pi-MUnchen, als9 known 
as Pi-otto and Pi-Atlas, in the top of the warhead as an in-
dependent entity). " 

(2) The early form of the Pi-Kiel was the same as that 
shown in Figurel. Viith this pistol several shotS· were made 
which showed that the principle was reliable. When the tor­
pedo ran under a target, firing t~k plrice below the second 
half of the target, The projector ,ahdhydrophone were first 
loca.ted behind a she.et metal nose in a water-filled compart­
ment. This compartment had · to "be tro(3 of air bubbles. The 
construction was simplified by adopting the arrangement shown 
in Figure 2. .However, thi~ arrangement caused a slight in­
creaso in the longth of the torpedo. When the plan for ~ 
.improved design was approved the tube-form gear which was 
knovm ,to be too long and · unwieldly was abandoned. 

(3) The pistol was now to" be built into the casing 
which had been developed for the "Amsel". The projector and 
hydrophone installation shown in Figure 3 wa.s then construc­
ted • . The first series of experimental shots with this 
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2. Development of Pi-Kiel (b)(Cont'd). 

arrangement resulted in many prematures. Since all components 
were tested to the most exact degree in th~ laboratory and 
worked perfectly electrically it had to be assumed that the new 
gear, in regard to the acoustic characteri~tifs, was strongly 
differentiated fram that shown 'in Figures 1 and 2. 

(4) Shots for oscillographing the external notee under 
various conditions were then systematically made. All alternating 
currents which came fram the amplifier were shown on a recording 
oscillograph mounted in the torpedo. It ~as a~rent from these 
recordings t~ an unfavorable rela~ionship of signal/background 
existed when the gear shown in Figure 3 was 'used. Since comprehen­
sive water tunnel tests had shown that no cavitation took place 
in the vicinity of the recemver at great speeds (50 knots), the 
main c~use for the external distn:rbances had' to be looked for in 
the propeller noise. In com9aratively long investigations elec­
trical disturbances, noise transmi~~ed through the torpedo body, 
~d acoustic disturbances transmitted from the water through the 
torpedo body were separated, and it was shown that the screening 
of the receiver against the propeller noise had to be improved. 

(5) The next step was to adopt the sin~le projector­
hydrophone shown in Figure 5. The number of unexplained misfires 
decreased considerably. However, the relationship of signal/ 
background did not hey appeat to be sufficient for all occurring 
relationships, particularly considering counter-measures with 
explosi ve bodies and noisemakers. The external noise at the 
hydrophone could not be noticeable impDcved through minor changes 
in the nose fo~ of the forward section. The only alternative 
for improving the signal/background ratio was to increase the 
transmitting energy. 

(c) Main Points in Development of Jl;letrical Gear for Pi-Kiel,. 

(1) In the early models of l?~-Kiel the essential elements 
were a "shock" circuit for exciting the projector, a receiver 
amplifier, a noise eliminator, and the firing circuit. ' This 
arrangement was similar to that used in the German nEcho" mines, 
AEl and AE10l. German Anny tubes and batteries were 
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Fig. 1 - Ear~ MOdel ot Pi Kiel.Projector and ~hone 
Mounted Behind Sheet Metal Nose. 
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Fig. 2. - Modified Pi Kiel With Itvc1rophone and Projeotor 
In Contact With Water. 
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Fig. 3 . . -'Pi Kiel GcmsttwUCtion for IIArosel" Casing. 
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Fig. 4. -. Tracing otOacillograph Recording. 
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2. Development of Pi-Kiel (c)(Cont'd~) 

used. The generation of the impUlse series was achieVed by 
the use of a motor with mechanical interruptors correspond­
ing to that in AEl. Next, the transmitting power was in­
creased in the "shock" circuit. Three (.3) condensers were 
charged in parallel from the anode battery of about 200 
volts and discharged in series across the projector wind­
ing. . (These tests were carried out with the designs shown 
in Figures 1 and Q). 

(2) In preparation for mass production Pi-Kiel was 
to be changed so that it would take the "Ell (6 • .3 volts) 
series of tubes. Trials were held to shorten the filament 
heating time by applying voltages greater than 6 • .3 volts. 

(.3) In order to excite the projector with more power 
a vacuum tube oscillator was adopted. Rotating mechar..ical 
parts were replaced by purely electrical circuits (relaxa-. 
tion oscillator principle). Since the vacuum tube oscillator 
produces an undamped wave impulse of 25 f<:ilocycles the width 
of the band of the receiving amplifier could De rea.uced so 
that one could get a further increase in signal/background 
ratio. The "pinging" rate was increased from 15 to 50/ 
second. 

(4) Along with the development of the pistol circuit 
investigations were also carried out concerning the ~uita­
bility of various relays and tubes. It was learned that 
the relays had to be imbedded in a shock absorbing material, 
and that very sensitive relays, e.g., the mid-position type, 
are to be avoided. Therefore the firing circuit, in contrast 
to the one in mine AEl, was changed. A vacuum tube circuit 
for the exciting of astable" insensitive relay was intro­
duced. There were also trials which aimed to replace the 
firing relay by a thyratron and by a gas tri~de (anode cur­
rent controlled over a portion of the grid voltage curve). 
In addition, an oscillator feeding th~ firing relay through 
a transformer was tried. 

(5) A selector mechanism was developed in order to 
obtain oscillograph records of the various signals and vol­
tages during the torpedo t s run. In Figure 4 a tracing of 
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2. Development of Pi-Kiel (c)(Cont'd.) 

an oscillograph strip is shown which, during a shot, is taken 
with a recording. cathode ray oscillograph. The velocity of the 
film during recording periods was 2.5 meters ~per second, bUt by 
use of the selector lIiechan.ism .control the film was stopped 
inte~ttently. Since no other strips are to be, tlound thiB 
tracing must serve as an example of the kind of recordiDgs made 
during th~ investigations. The transmitting impulse and echo 
of Figure 4 were taken without the blocking circuit of the 
receiver amplifier functioning. The ~tside disturbances at 
40 knots are still so ,small that noises on the recording strips 
cannot be recognized. 

(6) After the trial apparatus using dry batte~ies was 
developed,a second design was constructed using 12 ~olt nickel­
cadmium batteries (made by the Friemann and Wolf Company, 
Zwickaw/Sachsen) couple.d to a vibrato~, transfonner and rectifier. 
Parallel with the building of this gear the German Navy also 
conducted experiments on a "~iversal" generator for torpedoes. 

(d) Testing of the Apparatus. 

The acoustic perfonnace of th'e pistol was tested in air by 
means of "pinging" off a reflecting disk. This disk, a sheet 
metal or wooden plate, can be adjusted in he~ght by means ,of a 
rope and pulley arrangt::ment. Slow up and down motions of the 
disk correspond to torpedo variations in depth (pLtch) or depth 
changes due ·to waves. Faster changes in disk' height correspond 
to the sudden change in depth caused by a torpedo passing under 
a ship. ' The funct-ioning of the electrical circuits are recorded 
in detail with a cathode ray osc j,llograph. 

(e) Comparison of Pi-Kiel,Pi-Berlin and Pi-M,lnchena 

, (1) ' Pi-Kiel and pi..Munchen work acyording to 'the same 
prinCiple, but are distinguished by the construction o~ the 
projector and hydrophone mounting~ and the circuits of the , 
noise eliminator~ In Pi-Kiel a projector-hydrophone operating 
at 25 kiolcycles isinst~lled at the tip of the torpedo nose. 
Pi-Munchen, however, uses two (2) magnetostrq.ction 
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2. Developnent of Pi-Kiel (e}(Cont'd.) 

tmits, one as projeotor and one as 'hydJ;-ophone, tlmeQ 'to 30, 
kilocycles. The projector and hydrophone are mounted one, 
behind the other in the top of the after end of the warhead. 
The additional noise e-lim:Uiator circuit in Pi-Kia! isef­
fective , when the enemy uses counte:nn.easures, particularly 
because the signal/background-ratio is improved through the 
use of a va~uum tube oscillator in the transmitting circuit. 

(2) Pi-Berlin uses a prOjector and a hydrophone e8.ch 
tuned to 50 kilocycles. More recently the hydrophone was 
located in the same place as in Pi-Kiel; the projector beiDa, 
mounted somewhat higher than, and aft of, the hydrophone. 
The pinging rate in Pi~W:Unchenand Pi~Berlin is about 15/ 
second; in Pi-Kiol SO/second. ' 

(3) Pi":'Kiol and Pi-YHnchen ' use only the pinging 
principle for ,recognizing depth variations, In Pi-Berlin 
an attempt was !ilade to combine an acoustic -depth gage with 
a bellows depth gage. If the torpedo runs, for CXB.lIlPle, 
at a depth of 10 meters echoes will be reoeived when "ping_ 
ing" on the watersurface-. In Pi-Berlin these echoes were 
to be suppressed by means of a blocking c:1rcuit controlled 
b.Y the hel1ows~ Only when echoes arrive from distances 
less than 8 meters do they ~nter Q,utside the blocking time 
of the receiver amplifier. 'They are then operative 'on the 
firing circuit. The dis~dvantages of this kind of circuit 
are, ' apart from; the increased use of circuit oomponents" 
the increased vulnerability to countermea.su,res and' the ten­
dancy to misfire which occurs because the bellows blocldng 
control does not , always function ' quickly and accurately­
particularly when there are variations .in tbe depth of JiW1-
ning (pitch) of the torpedo. It is ,also considered that the 

, addition of a 65 kilocycles nOise d.l.scrililinating circuit in 
the Pi-Berlin will not give reliable performnce. 

(I •. ) In order to Conclude wbiChwas the 'best hydro­
Iilone and projector installation of _the . three (3) parallel, 
developnents, ' it was planned to run comparative' tests to ' 

, deterndne which installation and circuit performed most ~ 
liably; particularly with regard tocount'ermeasures. It 
was intended to install a Pi-Kiel hydrophone-projector and 
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2. Development of Pi-Kiel (e)(Cont'd) . 

adjusted electronic gear in the Pi-Berlin and Pi-rAflrichen 
warheads. 

(f) Conclusions. 

(1) With Pi-Kiel an extensive torpedo firing program was 
ca.rried out to determine the acoustic background noise. At a 
speed of 40 knots the relationship of signal/background for a 
G7a varied from 10:1 up to 50,1 depending upon the condition 
of the water surface. Varl~tions in running depth which were 
produced artificially did not lead to misfixes. 

(2) ,shots in large swells and firing under the wake of 
I~Sjj boats or s ·imilar boats have not been tried .. Preliminary 
trials showed that under certain circumstanses it · must 
be expected that there will be misfires when using large 
ampl if ica tion in the receiving gear. 

'J. Operation of Pi-Kiel. 

(a) General Performance 

(1) The Pi-Kiel is an acoustic pistol operating on the 
echo principle. Acoustic transmission and reception is accom­
plished by a single magnetostriction projector-hydrophone built 
in the nos,- of . the torpedo warhee.a.. The distance of the torpedo 
below the reflecting s~rface is determined by the transmission­
reception time interval. In addition it is recorded whether 
the depth remains constant, changes slowly, or changes suddenly. 
When running under a ship, the sudden decrease in transmission 
recept·ion time interval results in" firing. The pistol is 
designed for the G7a torpedo and the torpedo is always to be . 
run at a depth of 10 meters. 

(2) Current is supplied by a 500 cps. ]6 volt generator. 
However, in the first test models batteries were used, and in 
one test model a 12 volt nickel-cadmium battery connected to a 
vibrator, transformer and rectifier supplied the re~uired 220 
volts d.c. 

6. 
(J) A circuit diagram of the pistol is shown in Figure 
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.3. Operationo,f .~-Kiel (Cont1d. J 

(b)Armipg Run. 

After a 100 meter run an arming impeller mechanism 
closes switches 1 and 2, thereby turning on the voltage to 
the pistol circuit. A short time after 1 and 2 close another 
switch (not shown on the diagram.) closes connecting the de­
tonator circuit across the contacts of~; contacts 12.- remain-
ing open . .. 

(c) Protection Against Broa~&. 

. In order to prevent detonation through broaching a 
hydrostatic switch is provided, independent of the pistol 
circuit, which removes the detonators from the firing cir­
cuit when the torpedo reaches a predeterminec.. depth •. This 
depth was not yet dofinitely specified, but it is believed 
t hat it would be about 3 meters. 

(d) Voltage Supply. 

By use of the tm transfonmrs, 1 and 2, and the cor- . 
responding rectifiers the high·voltage for the transmitting· 
tube~ the 250 volt anode voltage for the receiver amplifier, 
and the necess~~y bias voltage is provided from the single.36 
volt generator. In addition, there are two heating circuits, 
HI and H2, not cb."'awn in the diagram which supply tubes EFl12, 
EF13, EC50, EF12 a.nd EDDll with 6';3 volts a.c. and which. also 
supply tube 1850 with 12 volta • . 

(e) Transmitting Circuit . 

. (l) . A high frequency · generator functioning as a· relaxa­
tion oscillator produces 50 impulses per second, having a dura­
tion of 1 . 5 milliseconds and a frequency of 25 kilocycles. At 
a t orpedo speed of 40 ~nots the water surfa.ce is IIpinged" at 
int erwals of 40 c.ent:im.cters. . A vacuwn tube oscillator LS50 
generates t he high frqqency voltage in the t Ullw 25 kilocycles • 
circuit. The 25 kilocycles volt-age passes t hrough transformer 
4 which i s coupled to the projector . The feedback in 3is so 
selected that a -grid ·current- in LS50 sets in when the tube 
starts to oscillate. This gri d current· produces a negative 
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3. Operation of Pi-Kiel (e)(Cont .'d). 

cnarge in the capacity 5 connected in the grid circuit. In 
this way the tube is again autCllll;1tically bloc~d after heating • 

. The negative charge of 5 flows across resistors 6 having such a 
value that 50 iuipulses are praluced. 

(2) In order to convert the electrical energy into acoustic . 
energy with the greatest possible degree of efficiency the projector 

'. -hydrophone must be pre-polarized . with a directc1U"rentof ·abQll.t . 
.3 amperes. The polarizing current is obtained from the 1.2 volt 
battery N05 which is connected in series with the choke 7 to ·prevent 
"shunting" losses a t 25 ).q.locycle.. The capacity 8 blGa~ the .flow 
of curren~ through the windiIlg oftransfonner 4. The . electrical 
energy given off by the osciliato~ duringantmpulseamounts . to 
abGut 160 watts. The acoustic' energy amOunts to about 80 · Wattsf 
thus gj"v~ an effic~encyof approximately 50 percent.· 

(3) :To mai~ain . the acoustic interference tran the . 
propellers: a ta. minimum the projector-hydrophone is shielded 
by mounting i .t in the extreme end of the warhead as shown in 
Figure 5. Th~ directional pattern of the projector-hydrophone 
nas an opening angle of about 40 degrees around its axi~. 
Distortion ot: the III ttern, however, exis.ts due to the inter­
ference effects produced b~ the ."back-wall", of the torpedo 
warhead. 

'(f') Receiver Amplifier. 

(1) The full-wave rectifier unit 10 short circuits the 
voltage which appears across the gridotE!'i;2 during trans­
mission so that the input tul;>e is not too heavily loaded. As 
a result autanatic blocking of the receiver amplifier takes 
place right up to the time during which echoes are be&~1ng 
to arrive. (The re~istance of the rectifier unit is high at 
voltage values generated' by ' the recei"V'ed echoes.) All returning 

· echoes . ..are converted into a.c.;Ln 'the projector-hydrophone. 
ACrOSS wiIiding 9· of the transformer and across the resostor on 
the grid of E:F i; 2 the converted voltage is coupled to the 
receiver ampl1f:i,er. The real amplifier consists of tubes EFl12 
and EF13 plus the tuned. c~its 11 and 12 'operating at 25 
kilocycles. The output of the amplifier consists 
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J. Operation of Pi-Kiel (t)(Cont'd.) 

of positive half~aves and is. coupled to tQe grld of thyratren 
EC50. The threshold: l~vel of ~50 i~ pre-set by a negative 
voltage in order t.o prevent spontaneous firing of the pisWl. 
Through the posi.tiv~ peaks of the echoes the thyratron is-iS:­
nited, and ~ a reSult condenser. 1.3 , which is always qtaraed 
across resistor 14, is discharged. The change in vo~tage 
which appears on the anodo ·of EC50 at the moment of "firingtt 
is fed to t be polarized relay Rl (distance measuring r~y) 
through the condenser 15 which has about a 2 mjllisecond time­
constant. 

(2) The rectifier 16 has.tha function of feeding the 
voltage peaks to relay Rl , Contact rl connects condensers 17 
and 18 together at the arrival. of an echo (target echo)! The 
cOndenser 17 is charged during · transmission throl!8h rectITier 
20 from the voltage in winding 19. ' During receRtiion condenser 
17 discharges itself through resistor 21. The 'VOltage on con­
denser 17 is a function of the time interval. between trans­
mission a ild reception of a "ping"; thus a measure of the dis­
tance between the projector-hydrophone and the reflecting 
"surface", The distance measuring relay Rl then allows the 
distance measUring voltage on condonser 17 to be applied to 
tho "ignition" circUit. . 

(3) The degree of ~plification of .the receiver ~ 
plifier is approximately left', and the amplitude of the . echo 
when entering tho amplifier, i. e~ ,:vol:tage across wineting 9, 
is betweon 5 and 10 millivolts. . 

(g) Blockipg. 
. . 

Blocking has the function of making the receivw·. am­
plifier active for only those echoes which return from a · d;i.s­
tance of 2 to 12 meters and a.lso to block the amplifior dur-· 
ing transmission. The second half, 22, of the tube EDDll 
is coupled in as a feedback osCi:llator and · is-tuned to . about:-
6 kilocycles. Across the transfonner 24 lies the os~ator 
freq~ency of 6 kilocycles. This volt ago iscoupl,edto tht:l 
suppreasorgrid of EF13 through the recti·fier 2.5-and acts 
as~ negative bloCking voitagc. As long as 22 oscillates the 
receiver amplifier is blockod. At the moment · of· trunsmitting 
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3. operation of Pi...Kiel (g)(Cont'd.) 

the first impulse, after the arming run, the large negative 
voltage on the grid of 22 (resulting fran the rectified trans-

. mission voltage passing through 22)stops the tube fram oscillat­
ing. The negative charge of ' the supp~ssor grid in EF13 decreases, 
and after 2 meters distance time (co~esponds to "ping' travel 
9f 4 meters) the receiver amplifier is re~dy to function. The 
discharging of grid condenser 26 continues long enougn to allow 
echoes to be received fran surfaces 12 meters distance fram the 
projector-hydrophone. Then 22 begins to oscillate and again 
blocks the receiver amplifier until the next transmitting 
impulse, etc.,etc. By the use of tnis blocking circuit the 
transmitting functions have no detrimental effect on the receiv-, 

. ing c ircui ts • 

(h) Anti.!Disturbance Circuit 

(1) This circuit serves to sift out thereal echoes fran 
all accustic imoulses. The tube EF12 functions as a 50 cps. 
oscillator having s~reen-grid feedback. A fre~uenct of 50 cps. 
was chosen so as to/match the "pinging" tate. Fran transformer 
27 the sine voltage reaches the suppressor grid of EFl12, and in 
series with th's a.c. voltage a fixed positive bias voltage lies 
across the potentiometer 28. The bias voltage has a value such 
that, in spite of tIe 50 cps. voltage of 27, the sunpressor grid 
of EFl12 possesses cathode potential. The rectifier 29 per.mits 
only negatives half-cy~les of the sine voltage to be effective 
because it sho~dircuits the positive half-cycles • 

. 
(2) If, when an echoe is received the thyratrin EC50 "f i res" 

a tuned circuit 30 connee~ed to condenser 31 is "shocked". 
This circuit is likewise tUned to 50 cps., The 50 cps~ sine 
voltage resulting fram this "shocking" synchronizes the 50 Cp3. 
oscillating voltage in such a manner that 50 cps. oscillating 
vol tage is a maximum when an echo is received. In tube EFl12 , 
therefore, the received echo and the "peak" of the 50 cps ~ 
voltage are superimposes. 

(3) Through the constant ftring of ~C50 there arises 
in tranSfor.mer 32 voltage that is coupled to the rectifier 
bridge. The resultant , negative lVol tage across resistor 
35 is 
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3. Operation of Pi-Kiel (hHCont 'd.) 

then connected in series with 27 and 28. The superimposing 
of the fixed positive voltage 28, tho 50 cps. echo-synchro­
nized sine voltage 27; and the regulating voltage 35 results 
in the input tube EF1l2 being open only during that short time 
in which the echoes are "expected" to arrive at the projector~ 
hydrophone. ' Every echo controls the blocking of the amplifier 
in such a way that the amplifier i~ ready again to receive when 
the successive echo of the next pinging period occurs. Consi­
der transmission impulses 1, 2, 3, 4, ••• n, and the corres­
ponding echoes 1, 2, 3, 4, .o.n. Echo 3 from impulse 3 con­
trols ' the blocking of the amplifier in such a way that it 
will be open only during the time echo 4 from impulse 4 is 
"~pectedll at the projector-hydrophone. 

(4) If the thyratron EC5b no longer fires regularly 
the suppressor grid of EF1l2 becomes again slowly more posi­
tive and thereby the amplifier assumes its "normal" open 
'condition. Only the blocking describod in paragraph (g) is 
still in operation, Therefol"e, in this manner only regularly 
returning echoes can cause relay Rl te operate and allow the 
distance moasuring voltage to be applied to the firing cir­
cuit. The lIoscillogramll diagrams shown in Figure 7 illus­
trates the timing between various volt~ges and signals. 

( ~) F"' ~~~ °t .... ~;J..Ilg ,~oUJ. ~; 

(~) It was previously described how relay Rl~ operated 
upon the reception of an echo 'and closed cont~ct rIo Accord­
ing to the distance from which the echo returns "a definite 
distance measuring voltage is applied to condensers 18. Dur­
ing the torpedo's run condenser 18 is charged and remains 
charged as long as the echoes ~ from the same distance, e.g., 
the surface of the water. If the torpedo runs Under a Ship, 
condenser 18 is suddenly subjected to a larger voltage whereby 
a positive voltage "shock" arises at 'the grid of the negative­
ly 'voltaged firing triode 34 of EDDll. The change in plate' 
current ~esults iri the clOSing of the contact of relay R2; 
thus firing the detonators. The sensitivity (amplitude) of 
the firing circuit is adjusted by means of the potentiometer 
in the bias circuit 33. The rate of chDngc in depth necessary 
for firing was not definitely specified, but it is believed to 
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3. Operation. of Pi..Kiel (i) (C~t Id. 

be about 3 meters per second. 

(2) The pistol is designed to meet only those require­
ments specified by the German Navy for targets ha-ying a draft 
of more than 3 meters. Slow ch!3-nges c€ charge oncondesner 18 
which result fram slow changes .in depth will not cause firing. 

(3) it can be' seen from the circuit diagram iilat during 
the initial warming QP . of tubes and the charging of c ondens,ers • 
part1c{Jlarly 18, the firing c ircui t must be rendered . safe. 
This allows the distance measuring comparison voltages, 17 and 
l8, to assum~ their proper "relationship" during the first few 
water surface echoes. This safety feature was pointed out in 
paragraph (b) ~ 

( j) Vol tage D iagr8ms • 

Figure 7 shows the relationship between the various 
vqltages, and each diagram presenced ther~in is described below. 

(c) 

(d) 

shows the trasmitting impulses which are produced 
a~ intervals of 1/50 second. 

denotes the periodic charging and discharging of 
the distance . measuring dondepser 17. At the mcment 
of transmission the condenser is quickly charged 
and during "the receiving period slowly discharged. 

shows bloc~ng time at the suppressor grid of 
EFl.3. Of the total ndistance-tim.e-interval" of 15 
meters (corresponding to the 50 cps. oscillator· 

' frequency) only echoes from distances 2~12 meters 
can be received. From 12-15 meters and fram 0-2 
meters the amplifier is blocked. 

sh~ws regularly returning echoes. These echoes 
cause ·the distance measuring voltage, 
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A.I.B. 
Pig. 7 - Voltage Diagrama. June 16, '45 
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3. Operation of Pi-Kiel (j)(Cont'd.) 

shown under (e), to go from condenser 17 by 
closure of Rl. ' 

(f) shows the superimposing of the 50 cps. sine 
voltage, the fixed bias voltage 28, and the 
generated bias of the rectifier bridge in the 
thyratron circuit. It can be seen. therefore, 
that the suppreSsor grid of EF1l2 is at cath­
ode potentiD~ only when an echo voltage is 
present. During the total remaining time of 
tho "pinging" period the receiving circuit is 
blocked. 

(g) shows the portion of the 50 cps. sine wave 
which is "e1i..minated" (by rectifier 29 and 
fixed bias 28) when the suppressor grid of 
EF1l2 is near cathode potential. This con­
dition exists when no echoes. are received, 
and the amplifier remains open until the 
blocking voltages shown in (c) arise. 

Prepared by: 

H. H. HART, 
Lieut., USNR. 

' A. E. BACHMANN, 
Technician. 
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