to2

CENTRAL RADIO BUREAU

R

Technical Note No., Rad.203.- Technical Note No. Rad.203.
, June, 19%4,
N, . . ’
Yo D octasmend € U ~ :
R .
lclassifud & rot " ]
LT o~ AP T T o
(/o l. 74 . [S [7 /.’ /, 9% S, ROTAL ATROR/TT BSTLALISHICINT, FARNBOROUGH :
o Preliminory report on German Qround Redar Equipment i
Apparatus PuSE 62 (Wurzburg). "DV type display system '
. of
- - by -~ ,
,/ . G.W.E., Stark : !
. "
¢
[ SUHMMARTY
] AA L
This note describes the display and rance measuring system
employed on the latest known type of Wurzburg equipment, FG 391/D,
which is a form of FuSE 62 as used for anti-aircraft fire control.
S o T
CONTENTS
1 Introduction.
2.  Description of display and range-imeasuring systen.
3. Description of range-measuring unit TBLiG,62
3+1v  Master oseillator and divider circuita.
/ 3.2, Phage-shifterg,
/ 3.5. Black-out and range time-bage generator and 3750 os. emplificrs.
3.k Other functions perforned by the unit.
. ]
ke Description of display unit ANG.62.

U
. .

CO.\IO\

4ets Cireular time base generator (Tmit '4').
L.2. Time base generator for bearing and clevation tubes (Unit 'C')..
ke3s Black-out generator (Uit 'p'),

Lok Split ana brightening circuits.

4L.5. Other Pfunctions performed by the unit.

Setting-up procedure,

Cénciusions

References

v

Other rclevant reports.



w

" 9.
" 10,
",

" 42,
- 13’

"4,

" 15,
Diag.No.

9265/B.
9266/B.4
9267/B,
9268/B.

- 9269/B.

9270/B.
9271/B,
9272/B,
9273/B.
9274/B.
9275/B.

"9276/B.

277/B.
9278/B.
9280/B.
1005,/8B.
10259/B.

Display unit ANC.62
n "n.

L it

n " i 1

Range-measuring unit EAC.62.
" " "

Two units mounted on trailer mon

n)iliass,
o Unclassified

S8erat
Technical Note No. Rad.203.

in case, Tront view. Neg.No.52720.

Side view with flaps ' :

open. : /
removed from case. ) von 5p724.,

" n nu ) 2 views. -
Time base unit ('A'). " n so72p,
I.F. output unit-('3')
Strobe time base *ton
unit ('C')

Black-out unit ('D')

52 723'.

Front view "
Front view,
cover off.

5272k

Back view, now
cover off.

Master oscillator
unit, B

. 52725

Black-ocut & "
time base

unit.

I.F.output &
range tube

unit, - ’

52726

52727,

Block schematic of display system typa 'D'.

Range measuring unit

Range measuring unit

Ronge measuring unit
1 1" n

Display unit ANG.62.
n

1" A n

1t " " "

EAC.62. Internal wiring of chassis.
EAG,62. Master oscillator circuits.
EAG.62. Black-out and time base unit.
" " I.P. output and range tube. !

Unit 'A', ~

1t L3 UM |

1 Ic'.

n ID"

Split circuit for bearing and elevation tubes.

Waveforms in range measuring unit TAG.62. (1).

1 " "
" L3
" ) 1t
Display unit ANG.62.
Typicul traces on 'Dt

display unit ANG.62. gl).
" 1

" " s "

(11).
"o II)-

Internal wiring of chasaig.
type display system.

Detailed schematit of display. system type 'D'.

e

i
g
z
:

e SR e s P e aaS el L e

ity v gy



Unclassified p

Iechnical Tote Ng, Ragl,-.%oé.-

Introduction

This investigation was performed. at the réquest of Air Ministry, '
Intelligence {4.D.1.5c.).

The object wes to determinc the method of operation, and the
operational efficiency of the type 'D' display system. The two units
comprising the display and range-measuring equipment were available,
in reasonably good condition, together with other specinens in a worse
state of repair. No information hag been received on this part of the -
apparatus, ond 21l cireuits were traced from the units themsclves,

Later in the investigation, somc capturcd notes came to light, including
some block Gingramg; these, however, were found to bo misleading rather
than helpful, and they arc not included in the roport.

At the present %ise no operatiohnl tests have been carried out,
so 2 part of' the information contained herein must necesgarily be :
,conjectural. The eage of operation of the equipment, accuracy of ’

wosurenent, ete., will thercfore Torm the basis of a further report, :
this one being concerno? primorily with the electrical porfornmonce. E

escription o
nacasuring s

£ display ~nd range-

Sec Diag, Nos. 92658, 10054/B and 10259/B.

Thiz system cmploys four display tubes: onc with an 14 om,
screen, as a secrch tube, with o continuonsly running circular time base,
calibrated in kilonctres up to 40 Km, and three gnall tubes with 6 ca,
sereens, each showing an approxis tely linenr time base derived from . .
& ginc-wave ot the pulse rocurrence frequency (3750 ofs), the length of

tine base visible on each tube being approzimately 10 kilonctres. These
strobed portions con be sclectod at will from the complete time baszc on

the search tubc, their position relative to the lotter being indicated i
on it by means of o dark spot, beyond either side of ‘which the strobed !
tine base oxtends to o range corresponding to 5 kilometres. These threc
si2ll tubes arc used for the precise mocsurcrient of rangé, azimuth and
elevation respectively.

The scarch tube, whosc video-frequency imput is in parallel with
that of the three strobe tubes, is not usod for accurnte measurements, | !
211 of which are taken on the Latter. Fine meosurcment of range is
Pperformed by setting up the selected echo on to the dark spot of the range
tube, while D.7, for bearing and clevation is obtained by using split
ou the appronriate tubes, whe bezring snd elevation arc rend from the
turrcet and tilting scale, respectively, This method of measurement may
gecii & little crude, but whon the sot is uscd for Tlak-ranging, all the
information - range, bhearing and elevation - is fed ¢lectrically to the
predictor '(Ko;:u;;andogerat) by eens of Selsyns, of which o are gearcd
to the renge-neasuring goniometers, twe to the tweret and two to the
paraboloid, thus obviating a1l delay and error due to verbal comunication
of the intelliscnce.
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The principle of the method of measuring range is the
measurement of the delay between the transmitted and received R.F.
pulses by twe mechanically coupled phase-shifters, one of which alters
the phasc of the strobed time bases at the recurrence. frequency of
3750 o/s, while the other, which is geared to the first with an 8:1
ratio, shifts the phosc of the black-out pulse on the range tube in
synchronism with the ranse time ¢ This black-out pulse is produced
at 30 Ke/5., so that there o t pulses per ‘complete time bage cyecle;
the time base voltase is of such nn asplitude, however, that only one

of these pulses is seen on the soreen of the tubc. The effect of the
ganging of the soniometors is to ko p this black~out pulse stationary
r.lative to thoe screen of the tube, while the time base is shifted,

When the couipuent ig accurnt.ly sct up, the time bases on the threc
strobed tubes are identical, so theb there can never be any doubt that
the range, bearing and clevation operators are all following the same
torget.

The mester frequency of 3750 ¢/s is obtained by division from a.
60 X/ crvstul controlled cacillator, upon whose fccuracy the range~
measurcment depends, ag it does also on the two gonioneters,

The measuring of range by a 30 Ke/s dark spot, rather than by one
at 3750 ¢/5, mokes for increased accursd,” of reading, Tor since the
range scole is coupled to the rotor of the 3750 o/s gonloncter, any
angulor error  in the setting of the 30 Ke/s gonioricter ig reduced by
eight to one in the reading of range. :

The whole systen shows o graat advance on the carlier types of.
Wurzburg display, in that a crystal-controlled master-ozcillator is used,
range-neasurenent depending on the accuracy of this and of the phase-~
shifters, instead of on the lincarity of wvelccity of a circular time
base; and also thet split is used for wore accurate D.¥., instcad of the
earlier nethod of setting for maxinum echo. :

As in the 'A' type station, the recurrence frequency is raised to
5 Ke/s for I.7.1. in‘torrogation, but, in contrast with the carlier systen,
this 5 Ke/s is generated separately, ond continuously, by an additional
valve, ‘and is switched on to the inpulse generator only, all time bage
and black-out circuits reneining in operation at 3750 c/s, though the
traces becorie daecaningless, sinde the; are not synciwonised with the
trensinitter.

The whole of the disploy and naster-oscillator circuits is houséd
in two wnits, which are mounted to the right of the control panel, and
behind it, respectively, the main display unit being on shock-proof rubber
mountings (Sec Fig.15). )

.

Power pueks, cxcept for E.H.T. supplics to the*di splay  tubes,

are cxternal,

Deseription of the renpe-ncasuring unit
£AG.62 (Sec Tigs.9-11).

The ronge-measuring unit BAC.62 ig housed in & weather-proof sheet
metal case, and contoing thyee detachable units, which make connection
with each other and with the phase-shifters, etc., by ricans of moulded
plugs and sock in 2ddition to the Selgms and phase-shifters, with
their associzted gearing,

. - L - . :
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The phase-shifters ore controlled by means of a lorge knob on the front ik
ponel, for conrse adjusticnt, and o crank handle on the right-hand side

of the unit, for finc movemcnt. Thesc, tozether with the renge tube

andl dicl ¢y be geen in Figs 9 and 10. The separate units are inscrted

frow the boek; and arc shova in position in Fig.11 and removed fron i
their housing, in Pigs. 12 ~ 1L4. The right~hand unit (QUARZ~U-
TEILERSTUFE) contains +he crystnl oscillator and divider circuits ; the
botton left-hand unit ('\f“]:',2STARIGSR-I.LIT-DITN"@LPUI\H{STUFE) houses the
black~out generotor, torcther with the ronge tube time-base generator
and two 3750 o/u amplifiers; and the top left~hand unit (ANZEIGESTUFE
UND EINGANG3SIURE) the range tube with its power supply, together with
the final I.F. staze, detector and video-amplifier. The tube controls :
in this unit - Brightness and Focus ~ are accessible from the front of the |
set, under o weather-proof 1id, shown open in Fig.9, Also seen in the f
front, under another flap, are the 3~position switch in the feed back o
circuit of V4, srd the pre-sct varioble condenser (Marked "EICHUNG" - :
calibrate) in the grid circuit of V8, with its locking screw. (FESTSTELLUNG).

. 1
) The whole unit obtoins its supplies - mains, 350V. HoT. and . ;
12.6V heater supply, through the 10-way flat cable entering the right- - i
hand gide, which in turn is fed from the relevont sources of supply via .
the display unit ANG.62. The large 18-wey flat cable leaving the ;
underside off the unit is for the Sclsyn leads, 2nd the mains to the
heater in the chassis,

Both the Selsyn unit and the frone holding the two phase-shifters, ,
with their gearing ond dicl, are casily ruroveble from the main chassis
by loosening three serews, clectrical. conncetions being made as before by
moulded plug ond socket. Most of the cearing is of coupressed fibre.

) The purpose of the jack on the left of the valves in the range tube |
wnit {see Fize11) is not knovm. '

ionitor points, accessible from the réar, arc lavishly supplied in
all the circuits, and also at the front of the chaggig, Bu.9 i
(Ding, 9266B cnd Fig.10).

3.1 Master oscillator and divider circuits.

Sce diags. Nos. 9265/3, 9266/B, 9267/B and 9275/B and Pig.12.

V.t is the naster oscillator, which is controlled at 60 Ke/s by a

erystal in the feed-back circuit from anode to grid, The wave-form of the
.output from this valve is not o pure sine-wave, but since it is used only :
to control the 30 Ko/s oscillator, V.2., this is of gmall iuportance.

The purpoge of the switch in the grid circuit of V.1 (Diog.No. 9266B)

is not knovm definitely; in its threc pogitions it is : (a) inoperative

(b) shorting -ut C.3 or (c) shorting out C.3, C.22 and D.2. It is a i
reasonable cssumption, however, thit this has the offect of altering the
pulse recurronce frequency to a few cycles above and below 3750 c/s,

to avoid interfercnce due to neighbouring Wurzburg, stations, as in the 'A!
type master oscillator. (Sce Parc.7. Reforence No.1.). The test
instruments svailable were not sufficiently sensitive to deterimine this.
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Vo2, is a 30 Ke/s oseillator syachronised by the 60 Ke/s
oseillation from V,4, The output from this velve ig a reasonably pure
sinc-wave, and it is used to supply the frequency dividirg circuits,
by transformcr crupling to V.3, and slso feeds the first phase-shifter
in series with the anode, )

The division of 8 to 1, from 30 Ke/s to 3750 c/s, is performed
by the cyclic chain of walves W - V6 - V5 = Vi ete. Perhaps the
nechanisn of this is best visunlised ag follows, :

The 30 Ke/s sine-wave ot the nnode of V.2 is fed to the grid of
V.3 via the high resistance W.11, which cuts off positive half-waves by )
neans of grid current. - This wave cxcitcs the damped oscillatory circuit
formed by thz transformer U.2 and condenser C.12, and 80 mives short
pulses at the grid of V.i. - :

Now nszwac a small voltage ot 3750 ¢/s to exist in the oscillatory
circuit containing the tronsforaer Us3, the stator of goniocneter No.2
and the condenser C.20. It will be passed to V.5, wherc positive half-
waves are cut off at the grid by W.21. The discontinuities in the
resulting weve-forn excite the ringing circuit D.4 and C.18, and
negative half-waves of this nscillation are cut off by the parallel-
comnected ictal reotifier Gi.i, piving o wave—forn at 3u.2y 25 shown in
Dizg.No. 9275/8. This is of sycll an anplitude thet when fed to the
screen grid of V.4, it conducts only ot the positive penks of the wave
passing short pips at 3750 ¢/s to the grid of V.6., and hence re-
exciting the ringing cireuit in the anode of' V.6., and inercasing the
amplitude of oscillation. Thus a 3750 o/s oscillation is maintained.

s

he purpose of the condenser Ce14 fron the anode of Vel to earth
is to by-puss any 30 Ke/s component, while presenting a high impedance
to the 3750 c/s.

The output is 2 good sinec-wave, with slight kinks at 30 Ke/s -
ice. 8 to every whole cycle. These, however, are so small as to be
negligible, anl they are not shown in the diagrar. ’

An output is also taken from the cathode of V.4 via point 12
on Bu.4, feeding V.10 in the black-out generntor unit,

3.2. Phasc-shifters (Gonioneters)

'

See Dizg. No. )266B. .
The two phase shifters, one for 30 Ke/s and one for 3750 ¢/s, are

mounted rigidly inside the rwnin chagsis, and arc nechanically geared to

each other, -the gear ratio being 8 to 1,
_They are both serieg fed, in the anodes/of V.2 snd V.6 .rcspectivoly,

via the phrse splitbing network w80, 82,83, C.60 and Ww.81, 87, 88, C.61.

The scttings appear to be such that the two helves of the stator winding

of either phasc-shifter are fed in gquadrature. The output from the rotor is

of sensibly consbant amplitude, though the wove form is impure. Ro - -

neasurenents on the aceuracy: of phase-shift with physical position,

upon which the ren G-mensuring systen depends, hove yet been made, but

a fuller investigation will be the susject of a further report,

.

-f -
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See Ding. Nos.. 92688 and 92768 and Fig.13.

) The 30 Kc/s dark snot for the renge tube is produced in valyes
V7, 8 and 9. The grid of V.7, which is o 30 Ke/s amplifier, is fed with
the shifted 30 Ke/s sine-wave froa the rotor of Zoniometer No.4., The
amplified sinc-wav. ot the anode of V.7., is passcd to the grid of V.8,
there being o o ¢-shif'ting circuit from zrid to earth. ©Thig includes
& variable condenser, which is situated at the front of the main chassis,
labelled "BICHUNG" (Calibrate). This i3 locked by the knurled screw
to its left mnrlceqa "FESTSTELLUNG".  The purposc of this is to provide
o very smell range of phose=shift of the 30 Xe/s black-out with respect
to the 3750 c/s ronge tube time brse, and it is used for sctting up.

The amplified 30 Kc/s sine-wave hag its positive half woves cut off
by grid current, due to the 50K resistence W.39, ond the discontinuities
thus produced excite the damped. ringing circuit formed by the
transformer U.5, the condenser C3k4, todl the two parallel resistences
Weld and W.42. The short pulses thus produced are passed to the grid of
V.9, where the negative-going portion is cut off hy the hias produced
by Wbk, on? ot the cnode are scen the short negative pulses at a
reourrence frequency of 30 Xe/s, which, applied to the grid of the range
tube via the condenser g, 52 {Diag. No. 92698}, produce the dark spot,

V.10 is fed from the cathode of V.4 in the nostep oseillator unit,
producing by neans of the R.C. network in its anode, a 3750 ¢/s wave which
iz 2 form of saw-tooth with a very sharp negative going edge. This
is used to operate the impulse generator IG624, and gives increased
precision of tining of’ the transmitter pulse with respeet to the digplay
time bases, over the earlier system, when the impulse generator 1G.62
wes locked fronm a sine-wave (See’ Para.7. Reference No«2,). ‘When thig
earlicr type ig used, V.10 is inoperative, and the switech which sclects
this is in the display wnit (Sec 4.5.4). '

V.11, ‘criodc—connected, arplifies the 3750 C/s sine-wave from
the anode of V.6 in the nester ogcillator wit, to feed the time base
generator in the rnjn disploay unit, 4ANG.62 {See 4,1),

- Ve12, supplied vith the shifted 3750 o/s sine=wave from Goniometer
No.2., amplifies this to rrovide the sinusoidal tire 3
A wry large swinz is put on to the X-plates of this tube, only the
centre {almost linear) portion being visible on the screen.  The phage- |,
shifting circuit in the prid of this\ valve has the ¢ffect of a horizontal
shift control for the range tube, .

3. Other functiong performed by the Unit

The remnining scetions comprise the final e

« stage, detector,
and video—a.mplif‘ier, together with the range tube and

its power supply.

The L.F. circuits (VI-V4, Dinga No. 9269B) will be dealt with
in the report on the whole I.w. unit. )

The power supply for the range tube is corpletely self- :
contained, It ig.fes with the 180V regulated mains supply from socket 8
(through the displey unit ANG.62) and provides heater supply and 2KV H.T.
- for the tube, the latter from the bank or copper oxide rectifiers

G1.2-5 (See Diar. No. 92698 ond Fig.1y),

-7 - ‘ ' .

cnge of the range tube. . :
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ke Descripbion of the display unit ANG.62 (Sec Fiss. 1-L)

The main’display unit conteins three disploy tubes - the main
search tube, and the bearing and elevation tubes. (See Figete)s Four
removable units meke contact with the main chascis by means of moulded
plugs and sockets, ond house the circular time base generator, the . ;
bearing and clevation tube time basc generator, the dark spot .
generator for the nmin search tube » and the I.F.. output stages
rgspectively. These are accessible, for chonging valves, cperating the
control, cte., by opcning two flaps at the right-hand side of the :
equipment (Sec Fig,2). The separate units removed from the frome are i
shown in i 5-8. A1l pre-get controls - circular time base setting,
zero adjustnoents cte., are accessible Prom the side of the unit under
the hinged Flaps, while tube controls (brightness and focus) are all
at the front (Fig.1.).

The frone is cast in sectiong, spot-welded together, and is .
corpletely weather-proof, Detachable hoods are provided for screening
all the tubes frow dircet light.

Since split ig ¢uployed on the two small tubes (bcaring and
elevation), both are fitted with transparent adjustable screens,
engraved with lines at % cn. intervals parallel to ‘the trace, in order ;
to facilitate the setting of the two adjocent echoes to the sane !
amplitude. The plate glass screen of the large search tube is celibrated
directly in kilometres, up to n maxioum of 4O Ka. (Frig.1.). '

Supplics to the unit - mains, H.T. and heaters - are fed from i
a plug and socket in the base of the wit, and these are passed to the
range-measuring unit EAG.62 via Socket 17, at the back of the chassis
(Sce Fig.4). The Concentric screened leads to and from the I.P. output
stages - i.c. to the identical unit in the PAG.62, and from the I.F, - ,
amplifior, ZFV.62 - glso enter at the base of the unit, as does the ) ,
6-pin plug (Bu.27) corrying the split and brightening pulses from the
dipole head cam switch,

The chassis is fitted with ‘o heater, whose supply is obtained :
via an extra le-d from the pre-repulated mains, 4 monitoring socket
(See Diag.9280B) is accessible from the side of the unit, under the
top flap. (Mgs. 2 and 3).

L1, Circulur time bese generator, (Unit '4r).

Se¢ Ding. No. 9270B and ¥ig. 5.

This circuit is similar in operation td the corre'sponding circuit.
in the 'A' type, display wnit, 08Z.62 (Sec para.?, Refercnoo No.1). The
chief differcnces are in the input circuit to V.5., which in this case
is a straightforwnrd potentiometer device, no phase compensation being ;
made; and in ‘the foet that o phase control ig provided, in the shape of the a
variable condenser C.20, for shifting the circular trace round bodily <.
about its own centre. Thig is used for setting the zero-pulse to O on
the scale.

The two tuned circuitg containing as their inductive elemeat
the time base coils, operate slightly below resonenee, the ronges of the
variable condensers C.20 and C.2} being insufficient to bring the
resonance point below the operating frequency, 3750 c/s.

-8 -
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The operation of the two coil cireuits near to resononce is to be
comiended as being an economical means of obtaining & high current
from a cénparatively low-power sourge. ’

L.2. ‘Timc-br.‘*.so generator for bearing and elevation

Tubes (Uit G,

‘See Diags. No. 9272B, 92748, N277B and Pig.7,

This unit is fed with the shiftcd 3750 c¢/s sine-wave, amplified
in V.12 of the ronge-mecsuring wnit. A varioble condenser C.30 in the
anode of V.6., provides a moderate range of phase shift of the output
wave-forr, and has the effect of moving the strobed time-bases of the
bearing and clevation tubes, and hence the dark spot on the search tube,
relative to the main search time-base, and is used for setting up the
equipient. This sine-wave is further amplified in V.7, whence it is fed,
via transformer U3, to the X-plates of the bearing and elevation tubes,
and to unit 'D', the black-out gencrator for the search tube.

The resistance W.38 and reotifier G4.4 and 2 provide a short -
brightening pulse at the prids of the two tlbes.

Inte the secket Bu.20 (Fig.3) can.be inserted o twin screened
lead attached to & gmall weatherproof unit containing o variable
condenser, controlled by a large knob. The elcctrical effect of this
is the same 25 that of the control "DUNKELPUNKT", though the operational

" necessity for duplicating this control is no< knovm. This small unit
can be seen on top of the control panel in Fig.15.

L.3.  Blsck-out rencrator for scorch tube (Unit 'p").

Sce Dicgs. Nos. 9273B, 2278B cnd Tig.8.

The sine-wave input to V.8 is obtaincd from the transformer U3
in Unit 'C', and so is in & fixed phase relationship with the time bases
of the bearing and elevation tubeg. :

. l

Positive half wnves of the input sine-wave arc cut at the arid
of V.8. by the 400K resistance W.39, and from the negative half waves
arc producced positive and negative going pips, by mecans of the pulse
transforier UWh. These appear 2t the grid of V.9 roeversed in phase, and
the negative going pips are cut off by the cathode bios of this walve
(W.48), while the cplificd and reverszed pulses at the snode are fod to
the grid of the scarch tubc via the coendenser €. 50 (Diag. 9280B).

The potentiometer W.411 and W.112, apparently o modification,
Judging by the nuwibering of the corponents, applies the black-out pulse
and a variable positive bias to the cothodes of the two valves in
parallel which form thé final I.F. stage, in unit 'B! (Diag. No. 927 B),
when the changeover switch narked Normal-Sonder is in the "Sondexr"
rosition (Special" operation), The application of this is not Jmown.

The ummnrked condenser across the prinnry winding of Uk is
insidesthe tronsformer case, and has o valuc of approxinately 1) pr.

n7-
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bebe The split and brizhtening circuits
Sec Dicgs. Nos. 92748 nnd 9280B.

Shift end brightening pulses for split presentation on the
bearing end clevation tubea are produced by a siaple can sequence switch
on the driving shaft of the rotating eccentric dipole.

The closing of any of the contacts earths one of the points
7, 8, 10 or 11 on Bu.21, producing = long negative pulse which is applied
to the cathode of the appropriante tube via the network WS, C62, W59 .
or W95, €63, W62, This brightens the trnce while the contact is cloged =
i.e. for ahout 6.51/s¢ecs., asswing a 60° arc of contact for the can
switch, which rotates at 1500 Tepells  Hence about twenty or more traces
Tare illuminated. AV the sane tire, o pulse is also applied, through the
windings of the time base transformer U3 to the X-plate of one tube, _
giving 2 small shif$. Thus the trace on the screcn shows two echoes side |
by side, onc os received with the dipole in one position, the other as
received with the dipole in a dianetrically opposite position (Dipole
horizontal - c¢levation tube; dipole vertical = bearing tube).
See Diag. No. TOOSL/3.

In the dipole head, the resistors W.i to W.l4, the high frequency
chokes D.q to Du4 and the condensers C.1 to C.8 are for spark suppression
only,

Centring of the traces during initial setting-up, is performed by
the two potontiometers W. 77 ond W.78, respectively neorked SEITE-
VERSCHIEBUNG nnd HOHE-VERSCHIEBUNG. ., ’ ;

4. 5. Other functions performed by the upit.

L.5.1. Final I.7., Stage. See Diag. No. 9271/B ‘and Fig.6.

The final I.F. stoge, together with detector and video-amplifier,
is in unit 'B', and is almost identical with that in the range-measuring
unit, the only difference being the inclusion of the switch marked
"Normal-Sonder", already reforred to in section 4.3, .

This switch applies a lerge positive bias to the cathodes of
V.1 and V.2, and also disconnects the deflecting cones of the main scarch
tube from their normal video input, and connects them to an external

concentric socket, Bu.22 (Diag. 9280B). The application of this is !
not knowm. ’

4.5.2. The b Xe/s oseillator. See Diag, No. 9271B and Fig.6.

V.16 is 2 single valve oscillator (RV.12P.2000), and is housed
in unit 'B', with the I.7. output stage. It is used to synchronise the
impulse gencrator when I.F.FT. interrogation is performed and is placed in )
circuit by the push-button switch U3 which breaks the lead from the i
3750 ¢/s savi~tooth to the impulse generantor, (see Diag. 9265B), and .
which is accessible from the outside of the unit, even with the flaps
closed., Since cexact timing of the impulse generator is unnecessary, no
rodar informntion boing required during interrogation, a sine-wave only
is used, instcad of the ‘3750 ¢/s. sow-tooth. ' i

- 10 -
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The switch U.3 alszo operates a relay in the impulse generator to
diminigh the R.F. pulse-width during interrogation at 5 Ko/s, .
(See Parc.7. Reference No.2). ,

L.5.3. The clevation indicator

A rough indication of elevation of the paraboloid iz given to
the operator Ly the leter J. 1, boncath the bearing tube. (see Fig.1)
This is illuxincted by means of the 42V. lomp V.15, ond a reading is
produced froa the 350V., supply and a resistonce choin including o
potentiometer vwhose contact arm ig operated dircctly by the mirror.
In order to make this reoding correspond with the rending of ongle on the
poraboloid seole, a pre-sct variable shunt, W.97 oud W.98 is provided
(Diag. No. 92503). ‘

L5 4. IThe switch Ue2s  Sce Fig.d.

This threc-pole change-over switch is not ~ecesoible without
renoving o sindl panel at the roor of the unit. Its function is to
provide the aporopricte syncironising pulse for the inpulse generators
16462 and IG.625, d.c. o 3750 ¢/s sinc-wave, and sisv-tooth respectively,
the former being identicsl with thot st pplicd to the eircular tine base
generator, V.4 Its two positions arc uarked 'e' and a4, thus seening
te indieate that the IG.62a ig used only on a tyne 'D? cequipment, it being
remembered that the ANG.S2 wnit is earrion 4o both 'C' and 'D' stations.

L.5.5. Eower supplics for display tubes. Sco Dizg. No.9280B and Figels

The B.H.T. and hcater supplies for the display tubes arc sclf-
contained, being fed with 180V regulated mains from Bu.18. The mains
circuit includes o thormo-mognetic cut out U4 » Whose mominal rating is -
300 m/A. f

As in the ronge-neasuring unit, the rectification ig performed
by a bank of copper oxide rectifiors - ten, in this cuges  They con be
secen jin Fig.l.

A1l three tubes arc fed from the sooe potentioneter chain, the two
small tubes boing touped off at something less than half the full voltage
of 4 KV, ) !

The neon indicator lamp Vel4, ot the corthy ond of the chain,
strikes on overlond, and is visible when the upper flap on the onsc is
lowered. (Fig.2). .

A1 the tubes are provided with separate focus and brightness
controls accessible from the front of the unit, the formcr being pro-
set, as the twhes wd their power gupply circuits arc so designed that

focus is sensibly independent of bLrijhtness. .

-4t -
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See Diag. No. 10054/B. and Figs. 4, 2, 9 and 11.

1. Sect range dial to zero.

2. 8ot bearing onad clevation tube phase control fully anti-cloclmiée.

3. Set I.P. #ain control to Zive & Zero-marker pulse of

2 to 1 cm,
amplitude.

R

4o Mjust shape of circle by means of two potentiometers marked FORid,

5. Adjust position of circle b

Y means ol shift controlg marked
KREISVERSCHIEBUNG.

e i

6. Adjust size of circle by pot marked DURCHMESSER,
the circle should Just touch the inner edges of +}
calibration marks on the face of the tube,

Correctly set,
e kilometre i

/

7. Shift the-whole circle about itg centre, using the control NULLPUNKT,

until the leading edge of the zero narker pulse coincides with
0 on the kilometre scale. '

8. Move the Anrk spot on the circular troce,

by méans of ‘the control
- DUNKELFUNKT, until it also is at O on the

kilonetre scale.

9. Adjust the pairs of narker pulses on the bearing and elevation split -
tubes to the centres of their respective traces by means of the -
potenticiicters SEITEVERSCHIEBUNG and HOHEVERSCHIEBUNG respectively.

10.  Using the control EICHUNG, after unlocking the sctescrew FESTSTELLUNG,
adjust the Jark spot on the ranse tube +o ba cxaetly in the centre
of the zero 1arker pulse. Re-lock the screw FESTSTELLUNG,
. 1
11." Shift the derk 8pot and marker pulse on the raage tube to the contre
of the trace, by means of the pot W.60 at the back of the ronge unit,
also marked DUNKSLPUNKT in SOMC unit .

Until the apparetus is thoroughly wierm, the
must be carriecd out at frequent intervels - s
firat hour, every % hr. for the next two hour

above procedure
2y, every £ hr. for the
sy and then hourly,

Conclusions.
Zenelusions,

While no investigation of the accuracy of the equipnent,. either
abgolute, or in comparison with corresponding British apparatus, has yot
been made, it ig safle to state that the operation is fairly easy, even
with comaratively untrained bersonnel., The smooth following of range -
essential for use with o predictor - is particwlarly simple to performn,

and the gplit is verty satisfactory, provided that the echo is well above
mean noise level, :

4 consequence of the fact that the dipole rotation is not locked
to the recurrence frequency, ig that for varying dpole positions different

amplitudes of pulse are received, ronging from zero to the maximum.

- 12 - '
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These are all superinmposed on one ancther on the trace,.so that the
echo is a solid patch of illuaination with, quite frequently, no break
in the time bhase. This tends to make searching rather more difficult
“than is usuelly the case.

i

A\

The circuitr design in thesc two units is cfficient, and
sometinmes inrenious, and no circuit feults have yet occurred gsince the
equipment has been in use here - i.e. for two months or rore. Setting~
up can be performed gimply and quickly.

The construction of both units leaves nothing $o be desired,
fron the peint of view of interchangeability of units, robustness and
simplicity. N

) No coment can yet be made on the gquality of the cotponents,
which will be dealt with in a further roport, except to remark on their
smallness as compared with their Britich counterparts.

Reports on the valves used, and on the I.T. end stages, will be -

issued at o later date.
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DISPLAY UNIT ANG @2. FIG-1.
FRONT VIEW

DISPLAY UNIT ANG 62 FIG2
SIDE VIEW WITH FLAPS OPEN.



DISPLAY UNIT ANG 62, REMOVED fROM CASE. 3 (<o)
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DISPLAY UNIT ANG.G2 REMOVED FROM CASE FIG 4



DISPLAY UNIT ANG G2. |.F. OUTPUT UNIT f1G..



DISPLAY UNIT ANG 62. STROBE TIME - BASE UNIT. FIGT

"DISPLAY UNIT ANG G2. BLACK-OUT UNIT. FIG.8



RANGE MELASURING UNIT EAGQGZ. FIG.©.

FRONT VIEW.

RANGE MEASURING UNIT EAG.G2 FIG.10
FRONT VIEW WITH COVER OFf.



RANGE - MECASURING UNIT EAG G2
BACK VIEW WITH COVER OfF,
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RANGE MEASURING UNIT EAG G2. FiG 12.

MASTER OSCILLATOR UNIT



RANGE - MEASURING UNIT EAG 62 FIG.13.
BLACK- OUT AND TIME BASE UNIT

RANGE MEASURING UNIT EAQG G2. FIG 14.
| F OUTPUT AND RANGE TUBE UNIT. '



VIEW OF APPARATUS FUSE 6G2. SHOWING fG.15.
DISPLAY AND RANGE MEASURING UNITS.
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