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ROYAL AIRCRAFT ESTABLISHIENT , FARNBOROUGH

German Grourd Radar Bquipment
Display Unit Type OB110 for Scetakt and Freya Installations
by
We Langrish

SURMARY

This note describes the operation and comstruction of disolay unit
type 08110,  The unit is fitted with onc cathode ray tube (screen
diameter 3:‘_3;") and shows any 20 kms of the trace on the Main Display
Unit (HBHO) which the operator wishes to view, The cathode ray tube

contains two comilete sete of electrodes, thus making possible the
simultancous display of Radar and L., I signals,
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Introduction

This apparatus was cxamined an? robuilt where necessary & nart
of a programmnc of roconstructing complete Scotakt and froya installations.
The Display Unit 0B110 is usod, together with ths Procisc Range
kicasuring Unit (roforunce fe 155 fdr the orecise measurement of rangce on
any barget indicated by the chicf opurator who is in chaorge of the iain
Digplay- Unit NB110 {rofekcnce 8.01).

Some renair vork vias nocossary ineluding the replaccment of brokon
lcads and rosoldcering dry Jointse any of the original soldered joints
were poor and, in gencral, the workmanship was not zood.

No German RFGS5 half wave walve rectificer valve was avgilable ard a
British U17 (VOt43) was. substitutad.

General Description

The 0B110 is mounted with the Procisc Range lcasuring Unit in a
cast light alley box, the whole forming an avparatus known as "Gerat OF,

The mechanical construction of the unit, illustrated in Figs.1 and 2
is oxtromely rigid, all members being pinncd and scrovicd together, The
apparatus is fixed in its protuctive box by means of slide rails on the
bottom bed plate which has two locoting holes at the roar, the whold’
being securod by two captive screowse .

The weins transformer and certain other heavy itoms arc mounted on
bakclisod fabric pancls, and the mcchonical layout of thesc pancls
follows closcly the cloctrical layout of the circuits, vhich can be
indicatcd Youghly as follovigiw

{2} Large Bottom penel - Power Supply aparstus (excluding valves)
(Pigs. 1 and 2). )

(b) Small pancl at rear of (o) and above the mains transformer - Power
supply valves - (Figse 1eand 2).

(e) Large pancls in front of c.ﬁd highor ‘than (b) - 500 cycle amplificr
shélr (Figs. ’I‘and 2

(d) Ponel at Yoo of frame on the luft hond sidc - D.C. apparatus of
CoR T (Figed).

{c) Small pancl at front below C. KT, and siritch - Brilliance, focus
and balsnce potentiometer pancl (£ige1).

A£)  Vory small senol at left hard sido of C.R T, = X and ¥ shift

potentiometor pancl (Figze1)s

(g) Suall pancl above C.R.T. « Time base and black-out cirduits.
(Figs. 1 and 2),

-0m



Unclassified
Secret Saseeti
Technical Notc No,Rad.22h

The servicing of this unit is very dis’icult, as pancls (a),(b)
and (c) are inaccessible and interconncctions botween the pancls are
numerouws and straggling.  “hon tho unit is pushed into  its outer
box, conncetions arc automatically madc by mcans of sixtcen contadts.
Contacts Nos, 1~8 arc concernad with the 500 cyele nart of the apparatus
and arc placed in a vertical linc down the middlc of onc of the back
mamb ere (Fig. 2)s  Contactéd Nos. 9-1k carry 50 cyclc®A.C. supplics and
are situated in the middlc of the bed plate (fig.2). - Contacts 415 and
16 are concentric plugs situated on cither side of the proviously
mentioncd sct of contacts, and carry the video signals straight to the
Y-plates of the eathode ray tube.

The B8-way Jones plug visiblc in Fig, 2 was added during the coursc
of reeconstruction, to carry the supplies which arc normally fed to
contacts Hos. 1=1ha his was n.ccssary because the outer box was not '
avallable, - ‘

The cathede ray tubec is intended to boe viewed through a lens
in the outer cover giving o throefold wmegnification, but this part of the
apparatus was completely wrecked, and was not reoplaced.

. ;

Further optical asmaratus is situated on top of the main frame and ‘
is used to produce a zoro linc of light on the recr face of the cathode
ray tube, thus riédueing »arallax crrors snd ehabling the reference mark
to be clearly visible when working in a darkencd cabin, A narrow
s1it covered with greon glass is illuminotod by wmoans of o small tubular .
lamp (Soffittenlompe) and the image so formed on the screen of the CoRT. |
way be focussed by adjusting the slit and the lons systoms ?

Power Sunply Circuits

.

A diagram of the power supply circuits is showm in Fig, 3. The
whole power susply with the oxception of the filament hooting for the
C.R. T, is derivaed from the large transformer (No. 507) which is mounted
through thc bottom bakeliscd fabric panel (a), parn 2e This transformer
is situated well away frow the C.R T, to reduce inboersdronce to o minimums |

A 24 fusc (Ho, 309) is provided in one side of the 220V, 50 cycle
mains suoply, and additionrl protection -is provided by a 100mA fuse in
the time-base and in the cathodc roy tube H. 7. circuits. ' .
[ i
4s in the case of _tt’c Main Jisplay Unit NB110 the H.T. and shift :
supplics arc derived from a Telefunken 212 valves  The operation of the -
rathor curious circuit cmployod has alresdy been described » (Rofs 8.01)s ;

The 210V output from this circuit sugplies H.T. to the 500 cycle |
amplificr, time-base and blacke-out valves, and the +70V and -70V outputs
provide shift potentials for tac G R T

The L.H.T. susply for the C.2T. (1500V) is normally suoplicd by a
German FFGS voalve, but as this was not available o British U17 was
substituted,.

Transforacr 307 alsé supplies héster voltages to the 500-cyele
amplificr, timc~based and black-out valves and a 12V output to the
lamps on the Procisc Phase Shifting Unit (0K106) (reference 8.15).

The small filamont transformer (Ho. 308) has four 4V outputs, two of
which arc uscd to sundly the heaters of the C.RT. and two of which arc
Eparce

-3
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Time Basc Circuit

A diagran of the circuit is shown in Figel and ogsociated wnveforms
D (&)
in F ige 6.

The 500 cps sinc wave is fod froa the Moaster Oscillator ZP100,
(referonce 8416) throuzh the procisc Phasc Shiftor, 0L 106 {roference 8.145)
to contact 81 on this unit, At this point the amplitude is 1.9V poak
to poaka. '

The amplifying stage with valve 402 has a rolatively large nogative
bias and this, combined with the usc of an inductive anodc load formcd by
405 and 398, gives an output voltage at B3 of the form showm in Fig. 6B.
Taip shovs 8530 dlstortion compared with the initial sinc wave duc to
the prescnce of soms thind hamonic.  The poak to peak amplitude is

DeliVs

The Gormon “Apparatus Handbook” states that the phase at contact B3
is the same as that ot contoet B4 and gives this as o reason for the use
of an inductive anodec losds  This statement would aspear to be incorrcet,

The input to the next stage, velve 305, couss From the contact Bl
which is shortod to contact B3 when the unit is inserted in its CnsCe
The rcason for this method of conncction between the two stages 1is uninown,
but sugzests the possibility of an altornative wethod of usce This stage
has 2 normol bins arrangement, with a 700K ohms resistance in serics with
its grid. Thiz tends to flatten the »ositive peaks of the voltage wave form
at the anode of the valves The usc of the transformer 372 as an anode
load introduces further distortion as shown in Fig, 6C.  The output from
the sccondary of this transformer vhich is balanced to carth is shovm
in Fige & ond has o peak to poek. amplitude of over 700V, The condenscr
393 serves to tunc the winding in the region of 500 cpsy A frequency
responsc eurve is shovm in Pige7.

The lincar part of the waveform indicated in Fige&l. forms the

" time basc for the unit,

The voltage at tho anode of 305, is also fod to the phasc shift
network 380-386 and thonce to the grid of valve 306,  This stoge hes
no cathode bias, but has =~ onc mesphm resistor in scrics with its grid.

. Pigs6e shpus the waveform across the grid lesk, 386, which indicdtes

frequency distortion occuming in the tronsmission of the distorted
weveform from valve 305,

The voltage supplicd to the grid is over 180V peak to posk and honce
the stage 306 squarcs off the positive and the negative pesks, giving
an output wavefora as shown in Pig, 6f. This wavefora is fed through
condensers to the grids of the CuRyT%  The phasc change through the
network 380-386 is such that the positive half of the waveform brightens
the trace for the duration of the display.

The Cathode Ray Tube Circuit

A diagram of ‘this circuit is given in e 5s The cathode roy tube
has two complete sots of clectrodes so that there are virtually twe C.RT,'s
to be controlled in the samd unit, The Tirst anode of each of the two
systems is $oken to a common point ond both third anodcs are carthed,
but the rest of the clectrodes are supnlied by separatc resistance chains.

e .
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As in the wain display wniit, an attoupt has beon madc to form ,
a balanced losd on the X-platos,  Onc platc is comnected to earth via ‘
a on¢ ncgolm rosistor whilst the othor is comiected tu .arth via two :
500 K-ohm resistors in scerics. - This woull of eourse be a balanced load
were there no other conncetions. The shift¥voltage is, however, fod in
av the junction of tho two 500 K-oha resistors, frow the horizontal shift
potentioneter.  The pruscnce of this rosistanc. sruatly diminishes the
deflection potential that would have othorwise boen built up across the
500 d-olm reosistor, The resistance betweon the deflcetor plates and
earth con never cxoowd 667 K-ohms and it would have boen proferable to
usc o onc megohm resistor on cach side and conncet onc dircetly to the
potentionctor slider; as has been donc in the case of the vertical
shif't, No attenpt has beon =mede to obtain push-pull amplification of
signal voltages or nstigngtis corrcotion and the whole cquipment for
shifting tho two traccs comprisas four 500K-ohm potentismeters shunted *
across the +70 ard -70v stabiliscd outputs from the power supplys

hs in the licin Display Unit, the szac sweep snd black-out potentials

. ore applicd to both systens so that in order that any sionals displayed
simultancously on the two traces way . coincile it iz necessary %o choosc ;
the .G, potuntinl applicd to the othor clictrodes so that their i
scmsitivitios arc as ncorly as possiblc the saac. This function is :
perforned by the ucchenic insctting up the facus and brilliance conbrolse
It is extroncly difficult to obtain a good trace on both systous at once,

_Whon adjustment is finished the balonce control potentioncter (Ko, 348) ] ,
cnobles o finel wetching up of the cchoos to be achioved although. this is ‘
often at the expense of clearncss of focuse  This control which is '
situnted on the batzcliscd fabric pandl together with the brilliance and
focus potentismetors is sccessible only to the mechanics

¥

The twn focus controls on the 1oft hand sile of the front pancl
ond the %wo brilliance controls on the right hand side of the front pancl
cach have a com.on contral accessible to the sperator froa tho outside
of the containing box,  The two controls in cach group, howsver, arc
geared together by means of bokelite gpur gears which can be slid osut of
engagenent for indepemilont adjustucnt to sabtisfy the conditions provious-
ly mentioneie  Thase two grouds of oHotontioncters arce driven by o dog
‘on an external spindle which ongascs in a slotted disc carcicd on.onic of tho
potentiometer spindles of cach £ToUp.

Tho discs arc fitted with spring londed couplings which will slip
before force cnough to domnge the genrs or potentiometers cen be applicd.
In addition the brilliance group has o stop which may be sct to limit the
available brilliance of the C.R T. Condenser Nos 360 in this circuit
has only one side connceted, the other side going to o froc tag. The
purpose of this component is unknovm.

The video signals arc conductod from the L.F. unit via concentric
plugs Nos. 15 ani 16 4o onc of the Y-plates of cach scction of the CLR.T.
Shift voltages arc applied to the other Y-plates, f
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6. Operating Data
The following neasurencnts have been mode on the unit to dater~ l
(4) The values given in this set of mensurements are all poak to 7
peak and were measured with an oseilloscopc. :
*(a) 500 cps inout on bl -~ 1.9V'. ' ‘
(b) teraminal b3 == 5.4V |
(e) anode of Time base valve to earth - 336V
(d) prinary of Time Basc tromsforuer= = 336V
(c) sucondary of timc basc transforuacr == 742V
(f) before the grid stopper of valve 306 == 485V
(g) the grid »f the blackout valve 50'6 - BG5SV
(n) the anole of thu blackout valve 306 -- 87,5V
(1) voltage across the stabilivolt =70V terminal = earth - 77V |
(J) the valves of curront given in these wmeasurcacnts arc noak :
£2 peak and were -acasured by an oscilloscope looking across i
a shunt, Avorage valucs given by avoncter. '
(2) mains inout current - 2.6A average valuc o575 A
{b) i{.T. rectifici current = 700 mh = 64 8md ‘
(c) Z.H.T. rectified current - 302.6mh = 11,004 |
(B) The following measureacnts were made with an avometcori=
(a) Y~ scnsitivity of tube HR2/100/1.54 = 35.1V/en
- o T = 3 TV/m
(b) Volts on tube base, n

Ca=E = 1200V0C
Cb-E =~ 1200VDC
Ga~E =~ 850VDC E
Gb-E ~ 800WDC .
&1y -B - 720VDC é
A2, -E - 650VDC
AZp -E~ 530VDC

(o} EHT load = 11mu

E212 1oad = 61,8 ma

-l
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(d) sStabilivolt test temlhalp at rear of chassis

-70-E -3
+70-E +72
+140-E by A
, +210-E  + 21k

(e) Heater volts on 1st half of HR2/400/44 5A = b LVAC
" W oepd " o 1 " = ke 35VAC

Conclusions -

This piece of apparatus is interesting, mainly because it differs
in many respcects from normal Dritish omctmo. Its mechanical construct-
ion is very sownd, but wany of the clectrical compeonents are inaccessible,
There is nothing m,narkable in the electrical design of the circuits, in
fact wany arc somewhat primitive, and the function of certain parts is
incorrcetly cxplained in the Germen "Apparatus Handbook",

The opcrator's Job is a very trying once The display tube in the
unit has only a 9.5 om facc and the narrow bandwidth of the rccciver,
together with the fast speed of the time base makes the observation of
small amplitude echocs very difficult.

Referancd and Relcvant Reports. ’ ' R A B, Tech-
nical Notc No.
8, 01 Coast Watcher and Froya Installations- RAD. 204
Main Display Unit NB, 110
8. 02 Freoya Transmittor T106 RAD, 156
8.03 Puse 62 llechanical Aspects and Turning Gear ¢ BAD. 151
B Ol " " Display Unit 0SZ62 RAD. 178
8,05 ¥ " Low Tension Circuits RAD, 189
8,06 ° v w Pylsc Generators IG62 and IG62.A RAD. 196
8,07 * ¥ Monitoring Receiver Units KD62 and KD&L RAD, 202
8, 08 " ") type Display System RAD, 203
8,09 S8 Examination of Acrial Feeder Systom RAD, 218
and R.F. Circuits.
8,10 Bxamination of Georman Valves menufactured between RaD. 114
. 1933 and 1943 .
811 Exawmination of German Valves and C. R T.8s RAD, 155
8.12  German Valve type IDa - RAD. 150
<B8.13 German Valve type L2 Rad, 127
Ba 1l wow o w I . RAD. 149
8,15 The Procisc range Moasuring Unit typc OK106 "~ RAD,209
B.16 Mastor Oscillator Unit type ZP100 of Scctakt and RAD. 232
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PARTS LIST
No, COMPONENT
3014 Cathode Ray Tube
302% Rectifier valve
503 it 1
304 Stabilivolt
305 Pentode valve
306 i "
307 Mains transformer
308 Heater transformer
309 High Voltage fuse
340 i ] n
311 " o . L
313 Resistance
31 Condenser
315 . 1 R
318% Resistance .
320 Condenser -
321 i
322% Electrolytic Condenscr
323 Chcke
32k Resistance
325 Slectrolytic Condenser
396 Resistance
327 Electrolytic Condenscr
328 u it
329 Resistance
330 ]
331 Potentiometor
332 "
333 Potentiometor
33k "
335 « Resistance
336 ) "
337 Condenscr
338 Resistance
339 "
M "
341 "
51‘. i)
343 "
3biy. Condenser
3.5 i
346 "
347 i
348 Potentioncter
349 Condenssr
350 "
352 Potentiometer
353 Resistance
354, Potentiometor
355 Kesistance
356 1

357 "
X Replacernmts." “
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DESCRIPTION

HR2/100/1e 54 (403G

U17 (VU143) (British),

iz12 (Telefunken).

8TY236/80 .

RV12 P2000 (Telefunken).
i n "

220/643: 1500: 2 x 6, 3¢

2 x 643: 2 x 62312 x 500V,
220/%; by b hve

24

100 mie

100 "‘ﬂ‘l.

60K + 556 ; LW,

0.5 uF + 105 ; 2/6 KV, IC,

it n " n "
10K + 56 5 0.250
huF + 104 5 500V, .JC.

n Lt} " #

10 WF+ 50 - 204 ; 100V, DC.

15H

6K+ 5% 5 357,

16 uP 3 250V. D.Ce

200K+ 5% ; <ia5We

16 puF ; 250Ve  DC,

10 uP + 50 = 20% ; 100V. OC.
Mk 5% 3 0s5W.

11 i N

500K ; 0.5W,
i

"

500K ; 0.5W.
fr "

1M+ 5% ;3 0.5,
51 n "

30,000 pF + 10% ; 5007, OC.

0.5 5% ; 0.5,
1 it n

1M+ 5% § 0.5

0.5M + 5% ; 0.5,

it} " )

M+ 5% 5 05,

10,000 pF + 10% ; 500V DG,

1%

n " 1t n

30K ; .
10,000 pF + 105 ; 2K Vo 0C.
i i 17

30K 5 W

3
100K + 5% ; AW.
200K & 5% ; .
200K % 55§ Oe5is
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359
360
361
362
363
36l
365
366
367
368
369
370
371
372
373
3%
375
376
377
378
379
350
331
382
383
38
/05
336
387
388
389
390
391
392
393
394,
395
396
397
398
399 %
400
401
402
403
40l
405

W2
\13.
Wia
1
81 %
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APPRIDIL 1 (continued)

PARTS LIST

COLPONINT

dlectrolytic Condenser
Condenser

Resistance
Potentiometer
Resistance
Potentiometer

Registance
i

1"
"
électrolytic Condenser
Resistance
L
Coupling transforaer
Registance
Resigtance
Condenser
Electrolytic Condenser
Resistance
Condensers,
Resistancg
Condenser
1
i -

Resistance
u

1

t
Eleetrolytic Condenscr
Resistance
£Zluctrolytic Condenser
Resistance

o
Tubular lemp
Condenser

it
Kesistance

i

i)

"
Electrolytic Condenser
Cond enser

i
Pentode Valve
Resistancs
Condenser
Choke
Resistance

11

Registance
i

Neon iniicaior lamp
Switch

-1C-

JESCRTPTION

10 uF + 50 - 200 ; 100V, DG,
10,000 pF + 105 ; 2KV, DC,
30K ; 2,

30K ;.

100K £ 5% HE TS

100K ; 2.

100K + 54 3 W,

220K + 5/6 20,

’fOOK + 5,0 ; 0.5‘.‘{.

10 uF + 50 - 200 ; 100M,.0C,
l;.OOK+ B 5 e

it 5

B7 # 5/ 5 04250,
100K ¥ 55 5 Ov 25
30,000 p¥ + 104 ; 500V, DC.

10 WF + 50 - 205 ; 20V, 2C.
450 ohms + 5o 3 0,251,
0.03 ud ZbOV. Co

100K + 5% ; 0. 5.

1000 pP + 100 ; 500V. DC,

" it "5 1000V. DG
10,000 pF + 104 ; 500V, DG
1+ B 3 Qe295%W

i “ 1
i " bl
’ i i
50 = 200 ; 2507V DC,
55 5 04254,
50 05
5y

Z2pr

200K

2 WUF

150K

100K + 5% ;

15V 15W.

100 pF + 105 ; 500V.

1000 TJF + 10% ; 500V DC.

2 + 5/0 3 Oe 25%,

1, 5K + + 5% ;5 0,250,

20K + 55 ; 5. 250,

2K + 546 3 0,25/,

10 uF + 50 = 20, ; 20V, DC.

O-5}J.F * 100 ;  250V. DC.
it i (1)

250V D¢,

ng+1+ +i+ o+

RV. 12 P. 2000 (lelefunken).
20K + 55 3 Q. 250

1 uF £ 105 ; 500V,  DC.
120wt + 10w .
M ; e

1M ; 0, 5W,

2 ohm e

1 ohm ; 3W,

230 - 240V ; Osglime
"Arrow" 250V ; 10A ; 10A;
2 pole on - off.

i
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THE PRECISE RANGE DISPLAY UNIT OBIIO.
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