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Z.general view of the station is given at Fig. 1 with an explanatory 
diagram in Fig,2. The overall dimensions arc 106 ft. high x 132 ft. broad 
and the structure is based on A strong girder framework supported at four 
points by electric trollies running on a single circular rail, 65 ft.. in diameter, 
on which the whole structure rotates about its vertical axis in a clockwise 
direction (North, East, South and lest) twice per minute. 

3.2. Referring to the diagram at Fig.2, it will bL seen that the cabin portion 
running across the face of the rotating frame carrcs two 5 KW trans:litters, 
each of which transmits a separate beam from a separate aerial array. The 
up.der, three-clement array is fed from transmitter "B" and transmits the 
:,zimuth writing bca-1 and recognition letter, while the lower array provides 
the marker indication. Both transmissions are MOW, transmitter ".'," being 
modulated at 2600,and"B"1800 cycles per second. The amodulation of 1800 c.p.s. 
is applied to transmitter "B" via the device producing the teleprinter 
characteristics, the ca rri,r wave being continuous. Transmitter "12' is 
continuously modulated and depends for its function on the split beam pattern 
produced by the aerial array. J1 sketch of the shape-of the beaus (superimposed 
on on, another) is given at Fig.3, and Pig.4 shows a graph.  of the field strength 
plotted against bearing. 



THE GERMAN 13E2 NrIARD LIRCRAFT TIAITIG-TIONAL SYSTEM.  
1. ITRODUCTION.  

The following report gives details of a German aircraft navigational 
system which employs large ground stations, of the rotating beacon t -pe, 
transmitting a double beam to teleprinter receiving apparatus in the aircraft, 
where a printed tape is produced that shows the bearing of the aircraft from 
the ground station.' The original plan was to provide sufficient ground stations 
throughout Germany and tile occupied countries to enable any aircraft flying 
in this region to bC the ran ^c, of at least one, and probably two, 
stations. Each station is on a different frequency in the range of 30-33.5 Mc/s. 
and is identified by a single recognition letter, thus, by tuning in to two 
stations in succession and knowing their location, a IVF fix is obtained by 
drawing on * map the bearings printed on the tape. The stations are referred 
to by the code term "Bernhard" and the aircraft apparatus as "Bernhardine" 
or Funkgcrat 120. .A light weight version (FuG 120A) is also described in the 
report and it is this type that is used on jet aircraft. If desired, 
transmission of a short uessage of not more than 12 letters (or figures) can 
be made instead of transmitting the bearin s. 

1.2. The report is based on the examination of two ground stations captured 
inkact and on an examination of the aircraft equipment, in addition to a study 
of documents relating to the subject. Particular attention is given to the 
dctails.of the method of frequency separation between the two beams, the photo- 
electric generation of the teleprinter oharactoristics, the control of rotation 
of the ground station, clid the operation of the aircraft printer, as these 
features are somewhat unusual. 

2. PERFORE'...14CE.  

The range of the systcn depends on the height of the aircraft and is 
about 200 miles at 6000 f t. The accuracy is from a i to 1 deg., and .automatic 
control of the c irbornc receiver sensitivity is provided. Thus, although 
the apparatus is not entirely fool-proof, it avoidcs the production of a major 
crror due to mishandling and forms a siuplc and r enable navigational aid 
which calls for little skill or attention to op,ratc and which can be used by 
any number of aircraft simultan,ously. 

3. THE BERNH.IRD GROUNP ST4.TI(.  

: general view of the station is given at Fig. 1 with an explanatory 
diagram in Fig.2. The overall diuensions are 106 ft. high x 132 ft. broad 
and the structure is based on p strong girder framework supported at four 
points by electric trollies running on a single circular rail, 65 ft., in diameter, 
on which the whole structure rotates about its vertical axis in a clockirise 
direction (North, East, South and !cst) twice per minute. 

3.2. Referring to the diagrau at Fig.2, it will be seen that the cabin portion 
running across the face of the rotating franc carres two 5 ICY transmitters, 
each of which transmits a separate beam from a separate aerial array. The 
up)cr, three-element array is fed from transmitter "B" and transmits the 
.'_zi~_nzth writing bca..1 and recognition letter, while the lower array provides 

uarkcr indication. Both transmissions arc MOW, transmitter "4',." being 
modulated at 2600,and"B"1800 cycles per second. The a' modulation of 1800 c.p.s. 
is applied to transmitter "B" via the device producing the teleprinter 
charcteristics, the carri.1 wave being continuous. Transmitter "A" is 
continuously modulated and depends for its function on the split beam pattern 
p2oducLd by the aerial array. L sketch of the shape of the beans (sup,rizposed 
on on, another) is given at Fig.3, and rig. )+ shows a graph of the, field strength 
plotted agcinst bearinc. 
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3.3. The teleprinter strip is shown at Fig. 5 and it will be seen that the 
bearing is given by the position of the gap in the broad line above the 
Azimuth scale. This gap is obtained from the pattern of the indicating 
beam.' Fig. 6 shows the message tape that may be transmitted instead of 
the ....zimuth scale. The teleprinter method used for the production of the 
azimuth scale and recognition latter is the German "Hellschrieber" system 
in which each symbol is built .up of separately printed vertical lines spaced 
about the width of a line ,part rind all or part of each line is included, 
as'requird, to define the character. This method of printing is used for 
both the .a.zimuth scale obtained from Transmitter "B" and the bearing 
indication from TranslaittLr 

3.4. The 14orivl power supply for the station is taken from the local 
AC mains, even if an accurate 50 c.p.s. is not uaintained, as an accurately 
controlled 50 'cycle can be produced on the station. There is also a 
complete stand-by power station operated by Diesel engine. .'.part from 
the power supply the apparatus is contained either in the rotating cabin 
or the control hut directly beneath it and details of each section of the 
structure are given in the following paragraphs. 

4. CONTROL ROOM 

This is shown diagrauatically 2 and can be alb-divided into four 
sections - 

(a Control and test panel for power supplies 
b Photo cell pick-up and modulating arrangements. 
c Modulation Ll_iplifier supplying transmitters. 
d Special uessage desk for production of short mcssags. 

In addition slip-rihg arranz;ements arc included for feuding the output of 
the control room the power supplies to' the rotating cabin abov,. 

4.2. The control room is a circular concrete hut standing on the ground 
in the centre of the track just dear of the 'rotating, cabin. The modulation 
of transmitter "B" is produced by a photo electric method in which three 
photo electric cells are used, illuminated by three light rays passing 
through a large glass disc tht is carried round by a steel shaft, projecting 
into the centre of the control ca bin from the rotating frame above. This 
glass disc is C.01110/1 to all B(Amhard stations and is engraved with- 20 "tracks" 
in the form of concentric rings. The first track is for the production of the 
J:ziruth writing scalc; (FiL .7). Th. next 18 trackg_rc for station recognition 
letters and a different one of these is allotted to ef'ch station. 'The 
twentieth track is u.scL fbr checking the cixec3 of rotation of the . Etructure. 

4.3. Figure 7 illustrates how the inoculation' it effected, the Laaill of 
light to the photo electric cell scans the track and is interrupted by the 
l'nes engraved. thereon. The .output of the cgii therefore produces the 
characteristics required. 1. similar effect is obtained mechaniczaly by the 
use of discs carrying cams to Aarctiducthq -special messages that may replace the 
azimuth scale. Each symbol hos a seporate disc and one revolution of the disc 
produces the letter. One such letter aisc is illustrated in Fig.8. 4 switchboard, 
is provided in the control room in which plugs may be pushed into sockets that 
are conAccted to the contacts operated by the cams on the letter disc (Figure 8). 
Thus in both cases the actual printing is produced by on-off operation. In one 
cage of a p.E.cell of •:;hich the lijat source is interrupted, in the otter by the 
mechanical openin:: and closin, of a contact by cdmd,It should be noted that 
it is the "off" position (contacts open ) which is the operating period as the 
output of either system is taken to an Lmplifyin;: circuit which includes a 
valve nofmally biassed beyond cut-off by the appli-ation of a voltage from Vie 
P.E. cell, or vi f, the contacts of the letter disc. This amplifier carries the 
A.F. modulation of 1800 c.p.s. to transmitter "P". Hence the out ,oing 
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operate the printer in the aircraft. 

ansclission is A.F. 
moduL.ted in accordance 

         with the spacing required to 1+.4.
The rotation frequency is maintained by comparison of the 50 cycle e.C, 

supply mains with an output obtained from track No. 20 on the glass disc. 
This track is engraved. with 1500 evenly spaced lines so that at the correct 
speed of rotation a frequency of 50 GP. is produced, which is normally 
compared to the mains frequency by means of two loudspeakers but may also be applied to a frequency meter or an oscillograph. 
5. TR.I.NSMITTERS 

Two 
.transmitters type KVC 15L/27 are provided (a) for the transmission 

of the direction indication and. (b) for the azimuth writink-, (or special 
message) and recognition letter. One is shown in Fig. 9. In view of the 
fact that both transmitters are received on one receiver, and then separated 
by their ..1.411. frequency charecteristics the frequency control of the transmitters 
is treated with La-eat care end. comes from a common unit which provides

w 
 fur frequency separation of 10 Kc/s. The dual insteAlletion is knovm as 2..,t3h0e/20. 

5.1. The special arrangement by means of which the transmitters 
10 q.c/s apart consists of a separate rack, set up between the trans are

mitters 
maintained 

which carries the initial -rive of each traleciitter. The first stage of 
transnitter "B" is crystel controlled at one sixth of the output frequency in 
the conventional nniiner, but the transmitter is excited from a master 
oscillator circuit that is connected to the same crystal by a frequency 
separating arrangement. In effect, therefore, both transmitters arc crystal 
controlled from the scene crystal. The operation of the frequency separating 
device is illustrated in the block diagram (Fig.10) from which it will be 
seen thiet a buffer stage: is conn„ ct , d to eech of the amplifiers and feeds into 
a hepto-triode mixer viherc the be-A-frequency difference is extracted -nd fed 
into the frequency sL1)aration unit. Into this unit is also fed the ou ut of a 
tuning fork oscillator working at the frequency of sepa. ation, i.e. 106 1:c/s. 
The beat frequency, representim the Jaffe once of the two exciting stages, 
is ;-.1.-plified by a pentode valve and cpplied in the form of an anode voltage 

(varying from almost zero to a positive. value) to condenser C.1. (Fig.11). The 
effect of this is to build up a chc.ree on C.3. as follows; the top condenser 
plate on 0.1 becomes positively char .;e:i and the bottom plate charges up 
negatively due to a stream of electrons passing via R1 and parallel thereto via 
R2 and the diode valve Vl. The catho le. is then at a positive potential and. 
0.2 charges up to this value. When the top plate of C.1 is not charged, valve 
VI is blocked, 0.1 discharges through RI and C.2 comite.nces to discharge 
through R2, but .R2 is too large for the condenser to discharge apereciably 
before the next cycle, when C.2 is charged up again. Hence a pulsating D.C. 
voltage is produced across C.2 which is smoothed and applied to condenser C.3. 

44. similar circuit (not s ho'.vu) produces a voltage from the tuning fork 
supply in the same manner, which atvears at 0.4- and. which is therefore at a 
steady D.C. potential. The algebraic difference of the charges on the two 
condensers is now obtained by applying first one and then the other condenser 
to the control grid of a pentode valve, via C.5 by cleans of a vibrator. The 
difference in voltage obtzlined across C.3 and 0.4. is a direct measure of the out of 
balance frequency. Thus if the frequency difference between the two exciting 
stages is 10/6 ,:c/s. no voltage is ep)lied to the grid of the pentode, as 
alternative contacts node by the vibrator :apply equal and opposite ch.argest anC. 
no mean voltaLe results. If, however, the frequency of the iexaster oscillator 
stage is incorrect a voltaL;e as applied to the pentode V2 which is ,Amplified 
through V3 and used to control the grid of the Heptodo part of the ECH4 master 
oscillator valve V4. The heptode is arrance.i. as a reactance across the L.C. 
circuit of the master oscillator which uses the triode portion of the same ECH24- 
and this, according, to the requirements of the moment, the reactance is varied 
to produce the required balcnce of frequency. The specie requires an 

accurecy of and in practice this ilethod is found to i.wrk successfully. The 
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two transmitters are identical from the control stage onwards and five stages  
and the H.T. supplies are included. Fig.11 shows one of the trans,Aitters. 

5.2. The HF energy' from the separate exciting stage is applied via HF cable to 
a transmitting pentode PR/06/40.in Section "F" (Fig.9) also tuned to the same 
frequency as the 'exciting stage. From here the output goes to the next HF 
stage (E) where two similar pentodes act as frequency doublers for application 
to the next stage (C) -6wo PB2/200 Pentodes in push-pull, where frequency 
tripling occurs to give the output frequency. HP stage (H) has tarp P35/800 
pentodes in push-pull and it is in this stage that the audio-frequency modulation 
isapplied via a transformer operating on the anode and screened grids of the 
P33/800 pentodes. The +ransmitter output Section "J" has two air-cooled pentodes 
tne PLI02/30 in push-p'.1. and delivers 4 KVic unmodulated carrier' wave or ,with a 
modulated signal, 'has a 15 Kv. overload rating. The valves in this section are 
air cooled by an electric compressor and ventilator (K) automatic regulation 
of the pressure and temperature being provided. 
56.3. The rectifiers for the various stages of the transmitter are included in 
the assembly (Fig.9) and are operated on a 380 volt supply. Referring to Fig.11, Section '1.0 contains a 201;0 volt and 1500 volt rectifier, Section "B" a 150 volt 
and 500-1000 volt rectifier vhile Section "H" has a 10 Kv. rectifier for the output valves that provided with a quick make and break to provide instantLneous 
disconnection in case of an overload. 

6. .4221,11, s' RR  

The upper aerial sysem consists of three full-wave vertical dipoles 
spaced z wave length part and mounted 4 wave length from a reflector net. 
/al three are centre fed from a 2 wire feeder which runs across the centre 
of the system and connects to a concentric tube H.F. supply and tuned Lecher 
line. 

6.2. The lower aerial array is more complex, and consists of eight full wave 
dipoles centre fed in two groups of four. Only the tmo imer dipoles in each 
group are provided with reflectors and the spacing of the elements is arranged 
to produce the field pattern shown in Fig.3. 

7. ROTATION.  

The rotation Of the installLtion is effected by four motors, each of which 
drives two wheels resting ca a circular rail. Three of the motors are 
220 v. D.C. type which prJvidg.ne main motive power, while the fourth is 
a 380 v. 3 phase synchi-onous motor which is responsible for maintaining the 

. speed of rotr,tfcn at the rdouired figures Tx; C- iving started 

and controlled from the centre of the transmitting room. The synchronous 
motor is f-a at precisely 50 pyoles/sec; if the amply is not sufficiently 
accurate from the local mc,ins, a special converter is provided 3, 411.ch, operating  
on the 220 v. supply, provides the necessary 3-phase 50 cycle output and 
incorporates an elaborate stabilising arrangement. In addition, the frequency 
of this supply is measured in the control station by a frequency meter which 
registers simultaneously the frequency generated by the photo-electric 
recorder in the control room. An auxiliary drive consisting of four small 
reversible D.C. motors, considerably geared down to move the array very slowly, 
is available fbr testint,  and setting up the apparatus. These motors are 
uncoupled when the station is operating normally. 

8. POWER SUPPLY  

The station is intended for normal operation from outside 4.C. mains providing 
380 volts at an accurately stabilised 50 cycles/sec., but is also able to 
operate in areas where the mains supply is unreliable. Where this is so, the 
feed to the 220 v. D.C. motors and the 50 cycle supply to the synchronous motor 
are both controlled from a spring contact governor, operating on the shaft of the 
220 v. D.C. 380 v. it. C. oonvertor l which serves to increase or decrease the 
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resistance of the 0()Wer line to the D.C. motors • or (for major variations) 
to operate c rheostat on the 220 v. D.C. supply. This rheostat is normally 
operated by a motor c1.4ven froil the supply and. operates to nullify any f
luctuations. `In _item tivo.stendby e

• ,eneratini., set is provided which consists of a 200 h.p. diesel eLlinc. which ,Irives a 3-phase 380 v. generator with a 160 KYL output. This power supply is accurately c.mntrolled at 50 cycles. The switchboard 
for these supplies is in the control cabin and all  switches. loads are fed through overload  

9 . CONTROL Rb,CIIVING . HD TEST P.eilEL 

I. monitoring station is previd.c0. in which a sir.1Dle receiver is mounted 
about 1800 ,.is. (2 mile) from the traria.  titter on a known bearing. The .1;..F. output from this receiver is fed by means of a 5 pair telephone cable to the control room (and the necessary H.T$ L.T. supply to Ihe receiver is r.lso carried by this cable). The receiver consists of b circuit with a single- 
stage of L.P. amplifieetion and seAres' to provide monitoring of the signals 
transmitted.. The output uey be connected alternatively to FuG 120 instruments., 
as used in the aircraft, or to a current recorder for showing the radiation. pattern of the be at the receivingstation: Within the control room, therefore, 
during noreael operation, the FUG- 120 apperatus will print a succession of 
bearings every 30 seconds, showin,, the direction to the monitoring station, 
the recognition letter of the transmitter, which serves to establish that the 
station is functioning correctly. illternatively, thy; current recorder may be 
switched in, instead cif the FuG 120 and the beam pattern (Fig.3) drawn as a 
further check on the output .of the station. 1'  al supplies and modulation 
frequencies can be tested on an oscillograph, mounted in the transmitting station, 
which is permanently wired to a multiple selector switch connected to the 
appropriate circuits, it is here tiaL t the speed of rotation and mains supply 
frequency may be checked alternc'tively to the loud-speaker or frequency meter 
compe.risons. 

10. FUG 120 (BERN&RDI11.0  

There are two models of airborne equipment used for the reception and 
printing of the Bernhard bea.es, FuG 120 (the original type) and a later model, 
FuG 12pa, in which a different fype of printing unit is used and in which saw. 
extra units are incorporated (Fig.12). The installation consists of detachable 
units plugging in to :IountinL] frames to which the fixed inter-unit wiring is 
permanently attached. In both FuG 120 and 120a, the receiver used for the 
reception of the Bernhard signals is employed alternatively to its normal 
function of receiving the rv2in beacon for Lorenz blind approach apparatus. The 
block diagram (Fig.12) shows the layout of the cp,,oratus and of the connection 
of this receiver to the blind approach equipment or the FuG 120, and a list of 

the units cox prising FuG 120 and FuG 120a appears*at Lppenclix A. The two 

instruments are illustrated tos;ether in Fig.13 on a test panel, which is 
designed to test either installation, :.nd again (with covers removed) in Fig.14.. 
On the aircraft the units are not arranged to ,ether in this 

compact manner; the 

printer unit is the only one a% ailable to the operator and is installed in the 
which 

cockpit. It also carries the controls required by the remainder of the units,  

are placed in any convenient lo-ation in the fuselage. 

10.2. Referring to Fig.12, to briufly outline the 
operation of the system, the 

signals are received on the E131o$ . 3 receiver where they are aLvlified. and
ice 

dete
switch 

cted 

and passed to the junction box ZIJk80  from whence they pass to the sery  

UG 120. If this switch is set to "FuG 120", they 
pass to the connection box 

VD 120 for conneqtion to the amplifier SV 120, in which they are first amplified 

by one valve (on which the volume control operates) before being passed.to the 

filter unit _SG 120, where the two midi° frequency notes of 2600 and 1800 are 
discriminator and returned separately to the SV 120 for separate amplification. 

Two separate 2-valve LF c -are provided for this purpose from which, in 

each case a signal is obtained that is applied to a double diode valve operating 

the ,Jrintpr mechanisi:Is in the printer unit HS 120, or ?Soh 120a, one for the 
azimuth scale (or s,-4.,cial uessage) and the other for the bearing indication. 
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10.3. The H.T. supply fcr all th,.. PuG 120 units coiles from the motor generator 
U 120, but the receiver EB1.3 nocmelly operates on the H.T. supply for the 
blind-al.)droach system from the motor-generator U8, which forms part of the blind 
ap2roech system FUB1.2. 

11. R.F. RECEIVER EBL.3.-H or F.  

The receiver ap:,ears in two forms, with manual tuning (EB13.H) or with 
remote control of the 4 rangy ; condenser in. 34 positions-  over the frequency 
range of 30.0 to 33.3 ;lc/s. The receiver uses seven RV12P2000 miniature GP 
valves (nominally R.P. pentodes) as R.F., 0sc., mixer, 3 x IF, and det4 The 
total band .width at 6 db „own is 45 1.:c/s. which is only adequaLe to receive 
both beams simultaneously if the set has been carefully tuned to the correct 
frequency, due to the fact th_t the over-all band width of the two beams is 
about 15 Kc/s. (10 i;oitt. separation of carrier wave plus 2.6 and 1.8 .1..F and 

tic/s. keying spectruei). 

11.2. The receiver is fed from a one metre rod aerial via a matching unit 
and itts sen,sitivit- is about 1 mw for 6 my sigma voltage. 

12. SELECTOR SWITCH UG 120  

The output froM the EB1.3 goes via the couplin, connection to the 
changeover switch UG 120, which is relay operated. from a 2-way lever in 
the cockpit and serves to apply the output of the EB1.3 to either the SV 120 
teleprinter or blind .s,p„roach amplifier, and to connect the EB1.3 to the 
automatic gain control of the set in operation. 

13. TELEPRINTER SV -120  

The .='implifier SV 120 is shown in figures 13, 14 and 19 and the wiring 
diagram is shown in Fig. 17. It consists of 3 separate amplifiers in one 
case, comprising 

(a) .One v (111) for -eneral Liiplifie3ation and manu4 
volume control end the combined LP signal is received 
prior to the separation in the filter unit of the two 
audio frequencies. The volume control for this valve 
is situated in the printer unit in the cockpit and serves 
to establish the general overall amplification as required 
by the 0.iste-.nce of the aircraft from the Bernhard station. 

(b) The amplifier for the indicator signal consisting of V2 and 
V3 for LP amplification, followed by three valves (V4, 5 and 6) 
for applying the si6nel to the teleprinter unit and. for ..VC. 

(c) The amplifier ior the azimuth scale, similar to (b) 
above (valves V7 - V12). 

13.2. The indicator signal from the filter unit SG 120 applied to (b) above, is 
an 41,F of 1800 c/s, varying in amplitude in step with the incoming field 
strenbth (Fie..7). It is amplified in V2 and V3 and applied to the double 
output transformer U4. for appli action to the rectifiers V4. cnd V6 for 
sevarate treatement. The recordin:, mechanism transcribes the signal in 
the form of up strokes, the length of which are directly related to the 
amplitude of the si,;nel. This is effected by the condenser (C6 Fi J.17) h.nrint: 
been charged at the coellencement of each stroke by a c2m contact operated in the 
printer unit. c6 then Ascharges slowly through the choke, D2, and a saw-tooth 
volta„e is obtained. This is pplied to the grid. of V5, together with the 
indicator signal from V4. and a large bias voltage. The bias is so adjusted 
in r elation to the 41GC that the saw-tooth voltage is insufficient to -came 
anode current in V5 in tilt_ cbsence of an indicator signal. When, on receipt 
of the signal, V4. produces a IX volttce„ that overcomes the bias, the saw-tooth 
voltage cruses anode cur ent to flow, the duration of which depends on the 
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 of a relay R2 ,1,1 cuts the receiver on full o'in to dermit the rece:ition of sisn-ls :.t .,- ximtu.i r-m-e. 
13.3.  They azii-luth sccle sign -1 is led to y-lve V7 (Section (c) above) from the SG 120 nnd is ..mplified in the LF .7.mplifiers V7 :- nd V8, f rora whence the output 

t 
 

goes to the ,aultiple output tr.
.nsfon.ier U7, which supplies three seocrrtc ou pu s to w.lvus 9, 11 and 13. 

1344. V - eve iro. 9 controls the printer v lv (ho.10), the . node cur/ ent of which paszes throuf;h the solenoid opera-tint-, the printer L-1,71,net (FL 
 

-.15). The bias voltaL;e is  -
bken fro;_i W.39/'vT.40 and the rectified signd volt7.(i,e is impressed on C.26/17.25. The, • tiliie tc enr:sble the printer to follow the cons

sig
t
n

n
• 1 

at of C.26 must be smcll (1 m e illiso.) of 3 duri.tion vi-hich represents ,:- sinfle L.1,1[70 s pulses ig 2.3 mil iseco. elinii.-ium•  quare (F .7). 
13.5. The output from U7 to valve 1

r relc R0. ., 0.11 is for opcoting the motor start-stop y. 11 r.
dplies - positive voltz,,e for unblockinr the start-stop wave No.12 when a cert•-.in volti•L,e value has ipt.,/a reached by the azimuth ser,le si,-7,m-1. The ne{7f.tiv,..: bias for 80.12 is at W.4.4/111.45, while the, rectified voltaL -e 2.01_ i u C.r S . ccr(.'ss C.15A7.4-1. The tine cons.tant here is such. that the start-stop rel-w will 

not cp...rate durini7 the short intervals between two DF signals and the dela 
obtained is 1.5 seconds. y  

13.6. 80.13 provides auto,-t:tic ,:-.in control for the 4.:11._... al azimuth scale ,.'..,_-_,.plifyin,--, wave R0.7, so th:t the voltc.Ee handled by valves 9, 11 ..did. 13 
is ,1,7:int :.ined at c' r e ,-,. sc,n.:-.bly constant value. Here the bias voltLL:-e is taken from "V1.11- 6/1-7 s:nd the time c:_nstant is vur 1-:.rf;e (about 25 seconds) in order that 
j_urini, the perio(i. betwe tn guccessive receptions of the beau sicylP.1 there will be 
no Liaterial vari tions in aiaplifi,:r Lain. C.18 is tharef, re a lar c condenser 
of 20 EFD. 

14-. TI-  ., PRINTER ITS 120 nil P 120a  

These are illustrated in 'Pis. 1; and 1), and 20, 21, anti 22. They 
differ considerably in detail but very liti,le in principle. The operation of 
the printer is illustrated in Fi. The method used is for the paper to be 
drawn slowly at short intervals the rapidly rotatin,--  printini -  drums and is 
pressed. aL-Linst the printin, drums by the printing magnet accordini, to the signals 
received. 

14-.2. The actual operation 6f the :nririto-  unit ES120Liz an elaborate one and 
includes  a synchronisin,: devic•J f or ensurin6 the correct spacing of the lines and 
two printin„, d nuts., an upper lovief one for printing the indicator mark, and 
the azimuth scale, respectively. The lower drum carries three raised 'ielioal 
and wlites three lines per degree of the azimuth scale (Fil.,.7). The upper printila„ 
drum writes 6  lines per de,..ree and carries  6  helical projections aceordinL,1,y. 
Synchronisin, takes place on the azimuth scale end is done by a synchronisint; 
rat.,L;net coupled in series with the writing magnet (F11-.1o). Synchronisation is 
effectt.d as follows. The printin, drum is not fastened to its spindle but is 
cone .rtes thereto by a slidin, couplinl,. The drivini, motor is centiifu;;ally 
, ovt.rned to operate about 12`o far.ter than necessary Thus at every JeL-ree stroke 

p' use mm.st be observed e July' 1..nt to about of the time taken for 1° (One 
twelfth of a second), .hich equal to about "squores" on the diairz.la 7. 
This pause is obtained by Lk ratchet which rtlg e r,es with v;h:'.t is termed the 



- i-5  tea _ 8 - 1.1-V-L  , -, sot 
,rolUtiC/nY  - L.-1--1.  

"synchronisin •• cal," on the printin dru.91 at the end of each Try  • d of ti-111. 35 tilt3  

released by the operation of th,  synchronising macnet.  VI' 1:C.:3-°  ^1c °11:. '  

to the, next ae, ree corr.,,_noes
4  iith scc4 rocitleIT 

synchronis in -, mai•nut is in' series with the wiitiry magnet, 
with the new stroke of the az-an- 

thi pal` li  he r9tcl-lbjv  

this stroke operates the synclIronisin -,• lqagnetlfrees the drum front 4.cti0 1  ^ the r°11 thq, • 
and allows rotation to continue, thus ensurini., synchroniso.tion 01 4 'n clOricc i  n5 
of the drun with the sirnals it records. Without this toos3rnchron-Ls2- 4 fast ,  

effect is for the scale to "slide down the paper" if the drive is  h  line le-  A  
arlk3.  

is normcaly the case). This is due to the fact that thc top of eacosition ritii.5 

printed after the top of the printin• drum has passed the correct P . 
+ion. 

thc line therefore comaences an increasin,, distance from its trueP.. °•-'2  in be ,e  

form of synchronisation is not necessary with the indicator 
printIr:

t, is pas 
here here a said-tooth volc,L.ce which actually operates the printintt, 'nag° tor ' s  
by the •crm cont ;et sy:3ten driven in the printer unit from the same ill° 
the printini-  drum and is the] efore direasly synchronised. 

n r d 
15.4. The indicator printin,_ drum on PSch 120r has only four linescoli1P—e 
with the six on that of the 1-15120, and the saw-tooth ncchz.-...nism accort-lirl);y_ 120a  

carries only 4- c ins instca,, of 6. In o„dition, the on-off mechanism of t  
printer is laechanically operated :-ncl this operation can be effected by OPL-r  

the press stud (for alaxinum ,;ain) in order that the motor
be made to run ." 

required to reel out pc.per to read the last of a series of 4.-larkio ,s. 

16. 

The r (In) ,e of th,1 apparatus depcnu_s on the hei.:ht of the aircraft 
followin,; table indicates the ran,  ,2s obtained at various hel,:;hts:- 

and the 

Heijat of q/c above the round in it. 

30Q 90 
1500 110 
3000 130 
6500 185 

16000 250 
25000 310 

IttL.21:1 
D. of I. 
20.2.4-6. 

G.W. Calvert 
S/Ldr 

for Wing CommLnder. 

DISTRIBUTION/ 

got that  
15.3. The PSch.120a op, ate on the sane principle as the HS120, ex° - t   o f  the 
instead of the paper runninc, past a window between 2 drums, it f  eeds -,11e, • 
PSch 120a as on a tape iauchine and is detf shed to be rea,. On the HS12U 

provided to adjus
t the 

paper is illuminated from behind and a dimmer switch is 
intensity of the light required. 
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FIG. 20. HS120. }AR VIEW, COVER iZEMUVED. 



idlaTiMUIS 

FIG.21 Mehl 20a. PRINTER UNIT, COVER OPEN. 



FIG22. 13ch120a. PRINTER UN VIEW FROM UNIDEFASIEATH, COVER REMOVED. 



nichl 20a. PHI MIL VIEW FROM UNDERNEATH, COVER REMOVED. 


