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SUMMLRY

This Note Jdeseribes the construction and operation of the kiain ,
Display Unit used in the Coast Tutcher and Freya Installations. The unit
is fitted with two cathode ray tubes, one covering the whole range of th
station, up to 200 kilomctres and the other expanding any chosgen 15
kilometres of the rudn trace ot the will of the operators Both cathode

; ray tubcs contedin twin gun and defloction systems thus making possible

the siuultencous displey of reder anl T.F.F. signalse Time basec and tube
circuits arc distinmishel by sreet simplicity obtained «t the cXpense
of perfonaance, which, however, is wrobably adequatc,
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Introduction

. This coparatus was ekmuined und re-built vhere necessary aoa part
of & programme of reconstruction and instollation of a Coast “ateher and
& Froyo Instazllation in Scotlands Owing to lack of natcrial, only one
wein dspley unit could he reconstructed and had therefore to be uged
a.'ltez’mhtoly between the two installations. Vhile the apparatus was
found generclly in a jood state of prescrvetion, the control panels
were ruch demered and had to be reconstructed to such dats as could
e obtained from careful examination.

"hile the operation is deseribed, as fuor as it con be surni sed,
there are some features, notably nrovision of "trace separation” (if
such it is) on the moin tube, for which no explanation cun be found.
snother wnexplnined feature is that outputs from the phase ghifter of
the time base circuits ond 210 volt HoT. are mede sveilshle at plug
sockets "H3T and "b7V.

4 block schematic of the Display Unit is showm in FigeTl,

Purpose of Unit NB.110

This unit is the main uperational feature of the Coast Wnteher
anl Freya Installations and is mounted in onc case with the receivere
It is probably used by the chief operator of the station for examination
and direction finding of all echoes and olso for obtuining o rough
roange which can be used to indieste to the operutor of the precise
renge finder which echo requires his wttentione

There are three controls accessible to the operator, "Brillisnce"
and "Foeus" of the picturcs on the cathode ray tubes and "Range", which
moves a cursor over the lower tube and automatically causes an expanded
picture of the echo. covered by the cursor to appear cn the wpper tube,

while the range is displayed in the small square window between the tubese |

In addition, the apoaratus scrves os a gudde to the operator in
tuning the receiver, vhich is mounted side by side with it; and being
fitved with double cathyde roy tubes, it is adaptahle to dsplay of
L.F.F. signals on scparate trace as in the British Mark ITI I.F.F.

The complete adjustment of this unit is o rost 1ifficult matter,
there being no fewer than 2 points of adjustment to the electrieal
portion of the apparatus (sce Fiel3) and not o few to the cptical and
mechaniczl equipment associated with the "Range’ control, Mo informabion
as to the means adopted to carry out these ustrents has come to hand,
but it was noticed that one settins, the condensor 406 of the time bese,
was secured by paint, which may indicate a frct ry adjustment.

,

The Gernan manual frequently alludes to controls being provided
to camensate for change of valves or cathade ray tubes hut gives no
infurmation whatever as to setting up procedure.

In the chscnce of any inform:ition as to how the apparatus was
intended to be adjusted some sugiceticns are Lffered undey "Onerating

Detel, parades

Description of Unit NB.110 (See Fi s.! und 2

i

This unit is intended to shere « wewthorproof hox with the receiver,

the whole forming "Gerfit N" anl coming under the care »f one operator,
who also rotates the cubin under the guidence of the display on Unit
NB.110s rhotographs of the unit itsolf arc iven in Figs. 1 and 2,
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It will be secn that two cathode rey tubes are fitted which are intended
to be ohgerved throush lenses in the outer cover, giving a threefold
magnification. The three slotted dises on the lower front of the
apparatus ongagsc with control spindles passing throuph the outer cover
to control knohs outside. Between the two cathode ray tubes o square
window will be ohserved through which a ranre scale is optically
projected by means of apparatus which has not hecome available as yet.
The smcll penel holow, bearing e mains switch and neon indicator lomp was
a British addition for eacse of operation; in the equipnent as found a
nechanical opuuratus is fitted in its 91‘106 to switch off automatically
on opening the outer boxe

Coming to the Jdetailed mechemicel eonstruction of the umit, it will
be seen thit it hos an open frame composed of many separate cast
iron members which are screwed end pinned together in a mammer that
bears no relotion to the clectricel functions of the various parts. The
frame must be rejarded as huving to be put together as a unit bofore any
apparatus is fitted and cannot afterwards be token apurt for scrvicing
the electriczl side of the apporotuse Roughly it consists of a feirly
deop cast bhed plate, bearing "A" fromes at front and back to support
the two cathode rey tubes cbove the rest of the apparatuss Many smell
bars join these to add ripiddty to the structure, which is already
sufficiently hecavye Two corrying hendles are provided, one at the front
of the bed plate and a hinged one ot the top, which folds down to cnable
the apparatus to be put in the outer hoxe The apoaratus is fixed in this
box by meuns of slide roils on the bottom bed plate which also carrics
two locatini; holes at the back end and wes provided with o nair of
captive scrows in front » which arc not to hande U cast iron door,
somewhat like thut of a kitchen ranse, swings on a hinge to cover the
cathode ray tubes and is made to carry the range cursor of the lower
tube and some of the optical gear between the two tubes to show the rangee

Most of the elcotricul apparatus, including such heavy items as
the mains transformer, is mounteld, not directly to the cast iron frame,
but on hekelite febric - panels of foir thickness, whichmre or less
fill up the iron skeleton and give an aprenrcnce of solidity to the
wholes Herc the nechanicsl layout very closely follows the electriccl
functions of the op arctus onl can be roushly indicated as follows
(see Figse! and 2).

(2) lar e hottom panel - power supsly apparatus (exeept valves).
(b) smell pancl (at rear of (a) ) - power supply valves.
{c) large ponel in front of and hicher than (b) - line cmplifier ond

transformer shelf,

(@) wvertical panel on risht hun? side of (e) - two valve time base
for top tu.ce

(e} wvertical ponel on left hand side of (c) = three valve time buse
for bottom tube.

(f) a very lnrpe panel at top left hand side of cpparatus which
comsletely hicdes the cathode 1y tubes from thet side - D.Co
apuaratus of oathode ray tubese

{g) smell condenser penel at top ridht hand side of apparatus,
- sweep voltagose
Additionadly, the potentiometers for the control of the tubes are
all mounted in o logical manncr on 4 pancls affixed to the front of the
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apparctuss In the cese of the first five panels mentioned, these ave all
united Dy means of stout eolumns and angles to fornm o rigid cage~lilke
structure which ensbles cpparatus to he mownbed on both sides of the
ranels but results in o very immccessible constructions Although the
various functions of the apparatus are thus more or less logically divided
amongst the verious penels, yet the intcrconnections between them are so
numerous that it is nct practicable to separate them for servicing and
the cccessibility must he considered as very bade

Connuction with the spparatus is sutematicnlly male on pushing it
inte the outsr cuver by neons of 16 eontacts on the hack which correspond
ts cthers in the outer cover. Contacts NMos.! to & are concerned with tho
time base and form a verticel line dwn the millle of vne of the back
verticel members of the frame while Nos.9 to 14 carry 50 cycle AC. and
are <t the back of the bed plutes Nus. 15 and 16, which cre concentric
sockets on either side of these lost, carry the video simals from the
receiver direct to the cathode ray tubes. In the photogrophs an 8-way
Jones Flug moy be seen, which was fitted during reconstruction to carry
certain currents as the outer box was not availsbles The sane reagon
ex;lains the fitting of the brass bracket ot the back, which is
substituted for concentric plugs 15 cnd 16.

Repairs and Keplacements

411 the front panels bearing potentiometers were broken up and
hal to be replaced by "home-nade" smes, while the top eathode ray tube
socket was broken in several pieciss 4As no substitute was availehle, it
was carefully bound with cord and nunerous 4 BA screws drilled and tapped
into the vorious frogmentse This hos made o satisfactory repaire One
of the vertical shift-controls wes Lroken up and had to he replaced by =
British component. T eondensers of panel "e" were missing, while
eondensers 325 of the power puck onl 426 of the time base oroved
defective and were repleced by British equivalentss Owing to poor
accessibility, ncither of these condenserscould be removed, so they
were diseonnectel anl the replacorents connected to cquivalent parts
of the circuit.

3.1 Mechonicel footures of phose shifter 304

This phase shifter, which is the principal operational eontrol
of the unit NB.110, cocupies the centre position below the two eathode
ray tubes, anl has the primary purpose of ghifting the phase of the 500
cycle supply to the unper cathede ray tube and thereby causing it to
dsplay Lifferent sections of the main trace of the Lower tube. 1m0
mechanieal arranvements are anplicd o the phase shifter, both to enable
the operctor to set it easily in crler to magnify sny siven echo in which
he is interested, and to Hspley o rowh indication of the ranse of that
echo.

The phase shifter 301 is Jriven from outside the containing box bty
& spindle ending in a dogy which engares o slotted disc on o short spindle
carried by unit WB.11C itszelf. This dise is syring loaded and arrsngzed
to slip at o mwderate torque to avoid dwm.zes to the trace wires etca
although the cetunl phase shifter is cspable of continuous rotation in
either dircetions The mwtor spindle carries a dowble pulley adjustable
by & 120° slot and also @ caa, which has not come to hand, and which used
to ebut on the adjustable stop seen projectins from the ingide of the
right hand control poneles This cam wis intended to limit the movement
of the phase shifter to cover only the useful part of the whole trace
length and wus adjustable by the mechanic in setting up the apporatuse
The rear groove of the double pulley carried a trace wire which was led
over suall pulleys to 2 drwn (not found) which rotated on the spigot
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seen projecting from the right hand middle side of the whole apparatus,
rouzhly on a level between the two cathode ray tubcez. This drum thus
revolved at approximately the same speed as the phase‘shifter rotor and
" the range in kilometres was cngroved on its circutferences . bold
pointer was provided in frout of the rum end just behind the door which
covers the cathode roy tubes screwss. This door is provided with 2 small
lamps which intensely illuminate the lrum cnd pointer and has an opticel
system on the basis of the periscope which gilves an imege of the drun
in = 1little square window in the door between the two tube scrcecense The |
approxinate renge is thus indicoted to the opsrator without his having to ’
remove his eyeg from the tubese .

The mechanisn associated with the front pulley consists of o sliding
hlock rumning on a rod fitted to the bottonm of the door mentioncd above
and the necessary juide and jockey pulley to enable the door to be opened
without disturbing the mechanicel connection between the pulley end
sliding blocks The block formmerly carried a tronsparent cursor which
defined the part of the bLottom trace which was being expanded on the top
tube and thus engbled the operator to sclect the echo required without
loss of timee The quadrant slot in the pulley is presumably for the use
of the mechanic in setting up the apparatus to meet this requirement.

3s2  Power Supply Circuit of N3,110 (sce Fige3)

The whole power supply, with the exception of filament heating for
the cathode ray tulhes, is derived from the large transformer 307, which is
mounted well down in the apparatus, as fer as possible from the tubcss
The current drovn from the main is given by an avoneter as 06835 amps at
230 volts, bubt owing to the cxtreme distortisn of the current wave (Fi olt)
the actual power consumption is far below that indicatede

Fuses are provided in the mains supply and also in the time hase
HeTe and CoR. tube H.T. circuits, while o mechanical device breaks hoth
poles of the =upply and discharges the ©.H.T. condenscrs whenever the
conteining box door is opened, This Jdeviée was removed and replaced by
a hand operated switch and neon signal lamp in the oresent casee The
main time base HeTo supply of 110 md is derived from ¢ Telefunken BZ.12
velve, 303 connected to a 500=0-50C volt winding on the transfoxrmer.
This, after passing the fuse 317, is smoothed by 2 paper condensers 320,
321 of 4 MP capacity ani. an iron corc chokae 329 hefore passing through
the dropping resistince 324 to the Stabilgvolt 304, the first three
sections of which stobilise the voltuge at 210 and 140 volts for time
bases and at 70 volts for CeRe. tube shift circuits., Large electrolytic
condensers shunt «ll thesc outputse The remadining guseous section of
the Stabilovolt is used in o remarkable way, beir comectcd betwsen
earth and the centre point of the 500«0-500 volt winding which supolies
the rectificr. The consequence of this ig thet conduction through the
gas is intermittent, only taking place during the charging of the ,
reservoir condenser (sce Figeh). 4 moving coil voltmeter connected across
the Stabilovolt scetion thus reads an average value of the waveform, :
giving the apparcnt anomaly of a Stabilovolt section with only o 50 volt
drop across ite Those interruptions of current arc smoothed out and the
voltage further dropped by the 10,000 ohm resistor 318 with the result
that the tag marked "-70 volts" is actually only 30 volts below earth.
The reason for this very curious circult is not knowne The high
voltage supply for the cathole roy tubes is provided by a Telefunken, ;
RFG 12 vedve 302 which not being avedldble, a Dritish U.17 has been i
substituted with o 3 ohm resistance in series with its heatere In this
unit the EHT current attains the large value of 15 mi, cousing a serdous
drop in the smoothing rosistances 312 and 313 which total 110,000 ohmse :
To offset this, the transformer winding supplying valve 302 is returned, no‘b .
to earth, but to onc side of the 500=0-500 volt winding of the tra.nsformero ‘
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apart from this the circuit of this portion is without interest, but it
may be added that a mechanical device to discharge condensers 314 and 315
and bresk the main supply formerly existed. The transformer is made to
supply & very heavy half wave load (15 ma et 2800 v), causing the extreme
distortion of current wave already mentioned. This elso has its effect
on the time basc H.95 supply, the input to the reservoir condenser 320
being much less in the half cycle, during which the E,I,7, rectificr is
conducting than during the other half cycle when this load does not coms
on the transformer (Figel).

Trensformer 307 additionally supplics separatc LeT. voltages to the
two time bases and elso o 12 volt supply to the lamps used in the optical
range indicators. 4ll these supplies are balunced to carth and run in
serecned cobless

The small filament Transformer 308, which only supialies the cathode
ray tube heaters, is mounted on the back momber of the moins frame of the

unit and has an electrostatic scrcen between the secondaries and the primary,; ;

o feature not found in the large transformer 307.

3.3 Time Base Circuits of NB.110

These consist of a distorting amplifier, which produces the high
speed time basc and blackout for the top tube zFig-S) and a transitron
oscillator, which is kept in synchronism with the 500 cycle naster
oscillator and supplies time base voltage and blackout to the lower tube
via separate amplificrs. The chicf featurcs of interest are the use of
only six valves for the two separ:ite time bases and the unsatisfactory
performance of the blackout obituined by undue economy of valvese

34341 Phase Shifter ' -

The 500 eycle tone controlling the two time boses comes
from terminel "B1" on the back of the apparatus via a screened
lend to the phasing network of condenser 423 and resistances 408
and 470. This gives approximately 30° control of phase without
causing more than 20% variation in voltage level ot grid of wvalve
33k and is operated by resistunce 470 on the right hend control
pancl of apparatus NB.110. The velve 334, which is a fair sized
cutput pentade, is almost hidden from sight between the tvio time
base panels and its medn funetion is to supply-power to the phase
shifter 301, or rather to its associated networke  With & 1 volt
input to tcrminal "b1" and average setting of phasing control L70,
66 volts are obtained at the uncde of this welve and 1k volts at
the secondary of the transformer 3357 The phase splitting network
uscd in connection with the phase shifter 301 is a very well known
one and the vector diagram (FPig.6) shows, almost without further
explanation, the distribution of currents and voltages, having been
prepered from the results of actual measurenentse It will be seen
that while ideally the reactance of the condenser should bo exaectly
double that ¢f one of the colls, the voridble resigtances 411 and
142 allow o deviation to be made up ot the cxpense of a reduction
in power footore In such o case, the phasc angle of the load
presented by the whole phasc shifter adds itself to the mechanical
getting of the rotor, but this can be allowed for in calibratione

34342 Clags A amplifier
The output from the phose shifter is only about a tenti\ of a

volt and is teken direct to valve 335, which is a class A- ampiifier,
with tuned anode circuit across which about 22 volts are developeds
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The tuned anode coil is « small inductance coil on tronsformer laminations
ond is housed in a sheet iron screening box Jjust below the lower cathode
roy tube and olmost immediutely over its corresponding velve panel to
which it is connected by a screened lead. The very thoroush decoupling
by meens of a 100,000 chm resistance should be noted and is only rendered
possible by the very small HoTe current of the riniature valve type

RL 12P 2000.

3e3¢3 Distorting implificr

The next velve is o distorting amplifier, which draws grid current
znd is consequently only lightly coupled to the tuned onode circuit by the
80 pF condenscr 428, as well as being provided with a 120,000 ohm grid
stopper B31. The smnll condenser used gives rise to a phase shift of
cdmost 90° as well as reducing the voltage from 22 volts down to 1.2 volts,
but there is no zpprecisble distortion of the sine wave till the grid of
valve 336 is roached, where the positive going helf of the wave is
mutilated by the flow of grid current (see Fige7)s The ancde wave fomm
is rather similar to thut of the grid as there is not encugh swing to -
cause eut off on the negative going half cycle, and the positive going
half cycle 1s already cut down by grid currente Therc is, however, an
dmportant feature to be noticeds The load presented by transformer 338
causes such o phase distortion of the haymonies introduced origindlly
at the grid of vilve 336 thnt ons side of the anode voltage wave is
stocper than the other and this stceep side is chosen to form the working
time base. One drowback of this is that the writing speed during flyback
is less, not more, thon during the working stroke, and if, as in this
casc, the blackout is not good, o very visible flyback resultse This
blackout voltaze is derived by an integrating clrcuit of condenser 384
and resistance 385 from the anode of valve 336 and is azain alrost o pure
sine weve, but of only 10 volts RMS valuee The AJCe 500 cyecle component
of the ansde voltage of velve 336 required tc produce these 10 volts
would be somc 200 volts HIS, but mecsurements have not been attempted
owing to tfe distortion at this point, which would render them of small
veluce It mey be said of this system of blackout, that, thoush adequate
for use in a dark cshin, the flyback casily becomes visible when the
trace is turncd up to a switeble level for deyliszht observations Feilure
of the 500 c¢ycle supply causes the production of a large bright spot in
the niddle of the scrcen for ench system, thoush not encush to injure
the screen of the tubce

¢34k The Transifron

The low timchase amd blackout are derived from a transitron
oseillator (see Appendix). In this particular apparatus the transitron
is synchronised to the rest of the epparatus by applying a negative
voltage to the control grid of the valvee The effect of this is, by
reducing the total cathode current (e1l of which poes to the screen,
while the time base is being dravm) to rnise the screen potential
sufficiently to enable the characteristic concerned to slip off the load
line and put un end to the time huse. The synchronising point is shown
on the oscillogram (Fiz.8). I® will be sson that this synchromism

“at the ond, instead of the heginning, of the timc base, is the direct

opposite of British practice and, by including the indeterminate charging,
or flybuck intervel, betwoen the point of synchronisation and the start
of the time base, loses &ll claim to give accuratu ranginge The same
fact, that the valve is conductin,; during part of the measured intervel,
renders the trace extremely susceptible to hum~induced jitter, while the
high mutwd conductence and hence the voltage gain, between control and
sereen prids moke it easy to cut sh:rt the ‘uration of the time base
Welow thet neccssery to display the full 200 kilometres, if the synchron-
ising input is not kept well dovne
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In the oresent apparatus another objcctionable feature is

. seen originoting from the low H.T. voltage (210). At the
cammencenent of the time base, the condenser 403 (Fig.5) is only
charged to the difference between the minimum value of anode
voltase and the HeT. potential of 210 voltss So low an initial
choerge does not 2llow a reasonable voltape oxcursion without the
exponential nature of the discharze becor.‘.ing evident (see Fize8),
and, to combut this, suitable values have hean chosen for condenser
401 and resistance 396. While linearising the preater part of the
time basec, this leads to a slow start (see Fig.9) and consequently
a brigzht nonmlincer portion at the hezinning of the trace on the
cathode roy tubee Owing to the lack of any means of adjusting the"
blackout timing, this cannot be got rid of and is o constont
likelihood of crror in setting up the apporatus, should the

sround rdy of the station be placed at the start of the tracce
Coming to the practical details of the apparatus, valve 332 is the
trmsﬁ:mn oscillator, with condenser 400 coupling the screen

and suppressor grids and condenser 406 supplying 500 cycle
current to the pride The positive half cycles are lost in grid
currcnt leaving the required.negztive pulses for synchronisings
The suppressor grid (and hence the screen grid) of the transitron
are coupled to the grid of valve 331, which is arranped to be

cut off during the time base by the fall of potential on the
transitron electrodes to which it is cousled (see Puckle diagrem
an? Fiz.9)s The consequent rise of potential of the anode of
valve 331 brirzhtens the trace of the lower cathode ray tubes

No means of adjustment to the blackout are aveiloble.

34345 Time Base Amplifier

Valve 333, which is triode comnccted, is the actual time
base amplifier. It will be seen that a 50,000 ohm resistor is
connected across the primary of the output transfommer, but ne
other precautions are taken to preserve lincarity of responsee
The variable bias resistance, giving a range of control of-half
a volt, serves rother to introduce compensating distortion to
that inhcrent in the time buse generatore As the performance of
‘the stage, considercd cg o pure audio amplifier, is somewhat
remarkeble, the attached Tige10 is prescnted giving both the
whole audio spectrum and the response over the part of more
immedicte intereste The exccllent response down to low frequencies.
is of interest as it is usurlly accompanied by cbsencé of phase
distortion and indeed, input and output sow tooth waves are almost
identical, except as to emplitude, unless the control 398 is used
for corrections The input to the time base amplifier is derived
from the potentiomcter 396 which is fed from the anode of the
transitron oscillator by condenser 401e Potontiometer 396 is’
mounted on the left hand control panel and in practice is used to
adjust the length of the trace on the screen ofthe lower tube,
while the bias may be adjusted to obtain as good linearity as
possibles This is important as the cursor of the phase shifter
301 will not acourately define the part of the lower trace being
expanded at any time unless the lower trnce is strictly linear as
well as being of the right lengthe It was noticed that adjustment
of the synchronising control 406 greatly affects the troce length,
thus acting as a width control as well as synchronising control.
Condenser 406 isg the only one of the numerous adjustments of the
apparatus which appears to have been sealed w1th paint and is not
improbably a factory edjustment, its value 1% to 6 PP being
suitoble to compensate for differences in copacity of the screened
leads on the comnection to valve 332.
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3.346 Note on possible non-standard feature of time base

The enery circuit shows a condenser L2h of 1000 uF and a”
resisbance 420 of 500,000 ohms used as a phase advancing circuit
between condenser 406 and the anode of valve 334. These had
evidently been removed in this particular apparatus as the tags
to accommodate them were still to be scene As the phase shift thus
romoved is approximately equal to 337 (about 30 KM on the tracc)
and the precise phase shifter (which see) possesses a zero error of
thet amount, it is not improbable that, the timing circuits having
developed a fault causing lete firing of the transmitter,, the
expedient "of removing conde,nser L2h ﬂnd resistance 420 from the
mein display unit NB. 110 was resorted to, instend of correcting
the action of the timing circuits. The apparent zero error of
some 30 KM on ths preecisc rnnge unit would be thus accounted for
ond could in any case be allowed for by the operator in reading
the ranges.

Jak Cathade Loy Tube Circuits of NB.110 (Pizs.1! and 12)

These cathode ray tubes are of the double variety so that, practically,
4 complete cuthode roy tubes hove to be controlled in the one unit, thus
giving an air of complexity to the circuits, although these as seen in Figel2
are in reality extremely crude, being reducee to the bare minimunm without
any refinenents whatevers It will be szecn from Figel1 that only the first
‘and third snodes are commen to the two systems, the cther electrodes of
cach being supplicd by an independent resistance chain in each case, thus
accounting for thé high E.H.T. consunptions It will further be seen that
coming to the deflector plites, the signel presentation is single ended,
although the time base is in push-pull connections The applicetion of
shift voltage to the time base deflector plates is interesting. These
plates arc connected to carth via a 4 megehm rosistancs on the one hand
end 2 3 meyohm resistence end o 1 megohm in series on'the other, thus
forming what would be a balanced lowu, were there no other connectionse
Actually, however, the shift voltace from the horizontal shift potential
is fed in at the Junction point of the two resistences, thereby more or
less shorteircuiting any deflection potentiels that may be developed across
the 1 megohm resistances The resisztance between the dcflector plate
concerncd and earth can never excced 33 megohms anil-it would have been
prefercble to use 2 4 megohn resistance on each side and connect it
direct to the potentiometer slider os hasg been done in the case of the
vertical sh:Lft, which presents no points of inbtercste

No atterpt ig made to obtain either push-pull appiication of the
signal voltoages, or astigaatism correction, and the whole equipment for
placing the four traces cunsists of eight 500,000 ohm potentiometers
shunted acrosz the +70 and =70 outputs of the power supplies.

As scen in the larse diagram, the seme screon and blackout potentials
are applied tu both systems in each tube, so thot in order that any
signals displayed simultaneously on the two troces may come one over the
other, it is necessary to choose the D.C. potentials applied to the other
electrodes so that their sensitivities are as ncarly as possible the sames
This function is roughly performéd by the mechanic in setting up the focus
and brilliance controls and is & considersble embarrassment in getting

"a good trace on both systems ot onces When adjustment is finished the
sensitivity balance controls 349 end 326 of the two tubos ecnsble any final
mabching up of the echoes at the expense of clecrness of focus. These
controls are only accessiblc to' the mechanic. .

The fowr focus comtrols on the left hand pancl and the*four bright-
ness controls on the right hand panel have cach a common control, accessible

Qo

i




- -v.m“--——l—l

Seeret
T.N., Rade204

to the operator from outside the containing box, but the four controls

in cach srowp are geared together by mcans of bakelite spur gears,

which can be slid out of engagencent for indepondent adjustment %o satisfy

the condition mentioned sboves. The range of satisfactory adjustnent vhen .

all four are geared together is limited but probably sufficient for the '5
. operator's nceds. These twe groups arc sach driven by a dog on an exter- '

nal spindle engaging in a slotted df#sc carried on one potentiometer

spindle of cach groupe The discs are fitted with o spring loaded :

coupling which will slip before foree encuch to damage the zears can be f

applied and the brightness group has in addition a ston which may be sct

to limit the availsble brightness of the cathode rey tubese .

A very curious feature of the circuit is the provision of condenser’
421 acting on the vertical shift of one system of the lower tubee .
Phis condenser is connected to terminal "bé6" by means of screened

wire and would wpsear to be provided for trace separbilon purposes, though
there is nothing to show what object could thus be attained, as the rest
of the appsratus in the two complete instellations does not provide any :
time between working traces during which the separated trace could be i
displayed, nor has either installation sny provision for suppressing

its medn tronmsmitter end receivers The production of a double trace by

the use of two separatc systems in each tube is, of course, not cpen t

this objection, as main and L.F.F. systoms con then function simultanecuslys

An interesting point in the proctical operation of the equipment.
is that, although the sensitivity of any cathode ray tuhe should depend
solely on the potential drop from cathode to third anode, yot in this
cese focus and brillience controls have an appreciable offect on :
gensitivitys ~ This circumstence is very troublesome to the user, and i
seams o neced further investigation.

Le Operating Data ’ '
The following operating ata has been collected to date :

Resistance of components

Noe Designation Primary Resistenmce  Secondary Resis.
304  Phasc Shifter ' -~ LOO + LOO 750

337 Phase Shifter input : 1250 ) 330 ,
) Tronsformer ’ ) ;
338 Fast Time Base Transforier 1500 2500 + 2500
339 Slow Time Bagsc Transformer 1500 2500 + 2500
307 Mains Trensformer % 6 HT 500
- (with 308 in BHT 2500 h
' parcllel) 5
422 Tuned Ainode Coil 1700 f
329 Smoothing Choke T 380
Currents measurcd at Fuses . '
Noe Function Working Cireuit Rating :
309  Mains Input® 0.835 A 24 ;
310 FHT Rectifier 15 mA 0.1 A :
311 HT Reftifier 110 4 e ;‘

- 10 -
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Measured Voltages
Fh

EHT (Valve 302 ancde) -2800 FEHT scceTransformer 307 1800
HT (fuse 311} 500 HT sece Transformor 307 500~0-500
~70 volt tag of power peck =30 500 cycle input from 1
“z" unit

scrass condenser 215 -1500  wvalve 334 anode 66
valves 335, 336 screens 70 transformer 337 secondary 14
valve 333 cathode 7% 40 8  terminal "b3" approxs0e1

n 330 n Lk valve 335 anode 22

" 335 " 3 across resistance 419. 1.2

" 336, " 1 ccross condenser 30k 10

NOTE: DeCe and 4.C. 50 cycle voltages and currents by Avometers
500 cycle woltages by valve voltmeters Voltages at points
directly connected to Stebilovolt electrodes are not given as
in the abacnce of any fault they will have their nominal valuess

Suggested Setting-up Procedure

Although no enomy instructions for setting up the apparatus are to
hand, the following notes are offered as a suggested procedure, starting
in the first case with the time bases, as setting of the cathode ray tube
controls can only be done when some display is being shown, on account of
the dependencc of deflectional sensitivity om these controls. Starting
with thc phasc shifter 301, it is rccommended that the mechanical attach-
ments be not fitted till after the phasing resistances 411 and 412 have
been set. This will allow of the rotor being continually rotated by an
assistant, while a suitdble voltmeter comnected across the anode coil 422
will show up any variptions of phasc shifter output vwhile being rotated.
Any such variations arc to be removed by simultansous adjustments of the
two- resistances 411 and 412+ After this adjustment has been succesafully
completed the trace wires mey be fitted to the phase shifter, but not
finally clemped to the cursor and drume The next step will be to roughly
brighten one of the traces on each tuhe and withthe aid of & squegger
suitably locked to the 500 cycle source, or of the ground ray of the
stotion, to find & suitable adjustment of the condenser 406, giving the
most steady locking of the lower tubes time pase to the 500 cycle source.
The begimming of the trace will in any case be somewhat bright owing to its
non=linear start, while its total length will depend murkedly on the
setting of condenser 406s The bost sctting of this condenser has been
found to be halfway in (fees with screw driver slot horizontel)e I%
must be appreciated that the shortening of the trace by increasing the
value of condenser LO6 is dus to an actual reduction in time duration of
the working strokc, and if it is carried to excess, the whole 200
kilometre range of the sbation camnot be disployede OCondenser 406 thus
unsstisfactorily combines the functions of & " sync" and "width" control
and it will be a great adventege if some fomm of calibrator penel is
available ot this stage. '

LY

Having scoured a fairly good adjustment of condenser 406, the
ground ray or squégger pip should now be placed at the beginning of the
trace, but avoiding the bright, nonelinear start of the trace, and
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phase shifter 301 turncd to bring the ground ray or pip in the middle

of the upper vime base, when the "Rengc" drum on the side of the complete
unit NB.140 can be clomped to display zero range st the small window
between the cathode ruy tubes and the cursor can be clamped ot the start
of its travcle The range should now be turned to 200 kilonetres, when
the movement of the cursor will indicute the requirec length of 200 XM
on the bottom traces 4As this will not neeessarily be the actucl length
of trace, the ground ray or squegger pip should he shifted into the
middle of the top tube trace, when its position on the lower trace can
be made to coineide with the cursor by simultaneous adjustment of the
"velocity" control 396 ond the horizontel shift of the troce being used.
It will be found that the "velocity™ sconbrol affects both ends of the
trace and this calls for compensating adjustments to the horizontal shift
whenever it is used, in order that the start of the trace may remain in
its places The "linearity” control 398 is fortunately without serious
cffect on the trace length and con be adjusted cither in the well known
manner if a suiteble calibrator panel is available, oy else by carefully
going over & number of intcmediate ranges in the way Just describefl for
200 kilometress

Owing to the requirments of equal deflectional sensitivity of
the two systems in each cathode roy tube, 1t will be necessary to join
the inputs in parallel at plugs "bH15" and 16" and to display simultaneously |
on the traces cither o pip at the extreme end of the slow trece or «
proper calibrator display, depending ~n the apparatus availablee If the
pips are reasonably wide, one of them can be displayed inthe upper tube
and will suffice by ibtself for the purpose of comparing the sensitivity
of the two scetions of that tubes Before starting adjustments, the time
huses should be stopped by removing the 500 cycle input and by turning
the velocity control 396 to zero. The various brightness and focus
c¢ontrols should elso be individually set to zero (noting that, on account
of the spur gearing, alternate ones will turn clockwise end anticlockwise)
and the sensitivity balance contrcls 326 and 349 pilaced in the middle of
their travels The brishtness controls should now be turned up till a
suitably bright spot sppears in all four instances and these Tocussed
as well as possible, without uncoupling the gearing between the conbrols.
When reasonebly focussed, the four spots should be placed horizontally
in the exact centre of their tubes by means of the horizontal shift
controls 452 and 455. Their vertical setting by means of potentivmeters
W64 to 467 will correspond to the desired trace soparstions. Aftcr this
adjustment, the time bases can be brousht into ection by applying the
500 qycle tone and turning up the velocity control to its original
settings The squegger or calibrator display should now be applied and
individunl adjustments made to the foous and brillicmce controls of each
tube to improve the brightness and definition, sWject to the condition
that the two pictures of the blip in the top tube remin of cqual size
and the two bottem traces of equal length, as denoted by the fact that
they commence together and the blins at their ends arc over cach othere
Any slight final matching up of pictures after meshing the gear wheels
mist be by the sensitivity belance comtrols 326 and 349.

When this meshing of the pear wheels has been effected, a check
on the lower time base will probably be necessary, the beginnings of the
two traces being so placed that a ground my or squegzer pip ddsplayed in
the centre of the top time base at zerc or small ranse is covered on bhe
lower trace by the cursor and the veloeity control 396 being then adjusted
to give the sane state of affuirs at the long range end of the traces
Several repetitions of this and final lincarising of the trace will be
needed bo obtain a ool effect.

A
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Coneclusions
ZonerusIons

The chief feature of interest in the apparatus, as in the rest of
the installations dn which it is used, is in the provision of ingenious
mechanical snd structurel features combined vwith remaykably crude
electrical design. .an exarmple of this moy be seen in the provision of
two complete systems in ecach cathode ray tube, with the accompanying
areat difficultics of adjustrent of epparatus and tube construction,
rather than the use of truce separation circuits with a nomel tube
or, alternatively = double bean tube of the Cossor type. The mechanical
attachnents of phase shifter 301 are another case in »oint end it is
doubtful if the whole arrangement of small tubes with treace expansion
presents oany advantoge over the use of a single 12 inch tube with
gradunted seale along the trace. Considering that the operator is
responsible for searching and for turning the cabin to give optimum
response, it is certainly o bad feature that he cannct clearly examine
an echo till he has covered it with the transperent cursor and thus
displayed it in the top tube.

On the electrical side, the use of small diemeter cathode ray tubes,
worked at low anode volteges, srcutly reduces the time base requirement s
and, at the sane time, pemits the use of very crude means of shifting
the pictures This has been teken full advantaze of by the designcers
both in the primitive shift controls provided and in the sbsence of any
astigmatian controls.

The time bases, which in these circumstances are not called upon
to provide any great output, are remarksble for the low anode dissipation
of the velves used and the low HeT. voltaszes The excellent time base
cutput transformers (338 und 339 Tige5) are largely résponsible for this,
but as will be seen from the description of the action of the time base
circuits, many compromizes have had to be made and special circuit
features incorporated to cnable a satisfactory perfomance to be obtaineds
Even so, objectionable features remain, cspecially as to blackout on
both tubes, and locking of the hottom time base tc the rest of the
apparatuse With the system adopted of teking range by plecing the
required echo in the centre of the top tube, this is rather on
inconvenicnce to the operator than a source of inaccuracy, but - in any
case, would have been better avoidede Ths setting up of the time base
circuits and cathode ray tubes has been dealt with under "Operating
Data” and will be scen to be quite complex.

The accesszibility of the vardous parts is extremely poor, owing
to the adoption of a skeleton form of construction for the equipment
instead of a chassis and, already in two cases where replocements were
ngeessary, it was impossible to rumove the defective component and it has
had to be disconnected and loft in place. The fitting of the two trace
wires, thoush fairly difficult, does not czll for any corrent.

Finally, it may be said that the apparatus is chiefly interesting
in its points of difference from British practice and does not present
any features which could usefully be copied.

Parts List

Noe Component Description

3 Phose Shifter Primary 400 + 400 ohms,
Secondery 750 ohms

302  Rectificr Valve V.Ue17 (British)

303 " " E%.12 {Telefunken)

304 Stabilovolt STV. 280/80 (British)

305  Cathode Ray Tube HRZ/100/1454 (Telefunken)

- 13 -




Noe

306
307

308
309
310
311
312
313
PN
315
318
320
321
322
323

325
326
326
327
328
329
330
331
332
533
334
335
336
337
338
339
340
344
342
343

345
347
348
349
350
351

252
353
354
355
357
358
360
361

362
363
36l
365
366
268
370
371

Coronent

Cathode Ray Tube

limins Trensforner
n "

Inilco.tln" fuse

" "

Vltreous Resisgtance
1"

Condenser
n
Resistance

Condenser
1

Electrolytic Condensers

Chcke

Vitreous Resistance

Electr.lytic Condenser

Resistanece

Potentiometer

Floctrulytlc Condlenser
"

Resistance
i

Pentole valve

" "

Coupling Transforner
1" "

L "

Condenser
Potentionetor
Resistunce
Potentioneter
Resistance
Resistance
1"

Electrolytic Condenser
Potontioncter
Condenscr
Potentiometor
Resistence
Potentiomcter

Resistance
n

0

Electrolytic Condenser
Condenser
Potentiometer
Resistence
Potentiometer

Resistance
"

Hi
Electrolytie Condenser
Condenser
Potentiometers
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Descrintion
o e i et

HER2/100/1 454 (Telefunien)
2207643 + 1800 1 2 x 6.3
2 X 6.J : 2 X 6.5 2 x 500
220/4 bihil

x Sy 35 watt
35K + 5%; 35 watt
1 +1073; 2=6 XV, DC.
1°aF +1o%; 2-6 KV, DC.

10 K +)/o 0625 watt
4 +10/o, 500 V. D.C.
4 F $10%; 500 V. D.C.

¥505 = 20%; 100 V. D.C.
1) henries
2.5K 41055 35 watt
16 uF; 250 V. D.C.
200K + Ba; 045 watt
30 K372 watt
16 AF; 250 V. D.C,
107 ur 4-50“% =20%; 100 V. DaCs
104 5% 005 watt
1M+ 55; 0.5 watt
RL.72P.2000 (Telefunken)
RL.12P.2000 ( "
RL. 12P. 2000 {
AL.12B.10 "
RL.12P.2000 (
L. 12P.2000 (

v‘vv N

0.0t AF +10/; 500 V. D.C.
30 1\,/uF e

100 K, +5/k; 1 watt

1008, 2 wtt

100 ¥, 2 503 1 watt

200 k\, + )/o. 2 watt

200 K, +)a, Qe5 wmtt

10 B +50% ~20%; 100 Ve DuC.
30K; 2 wott

0s01 xF +£104; 500 V. D.Co
30 KL 2 watt

100 K + 5,3 watt

100 K3 2 Wa‘t‘t

100 X + 50; 1 watt

200 X + 5%; 2 watt

200 K 4 573 0u5 watt

1o 505 =207%; 100 V. D.C.

£10%; 500 V. DuCa
jO K/Jg watt

100 X + 545 1 watt

100 K; 2 wott

100 T( + 5/> 1 vwott

200 K & b/J 2 watt

200 X + 553 0.5 watt

10 AF 1500 -ZCF:, 100 V. D.C.
0,01 jup +104 500 V. D.C.
30 1T 2 watt -
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No.

372

373
37
375
376
378
379
380
381
382

392

229

501
502
403
406
407
108
410

412

Component

Resistance

Potentiomcter

Resistance

Regiatanece

Res:r. sbanco
Llectrolytic Condenscr

Resistonce

i

1"

"
Condenser
Resistonce

"

Potentiometer
"
Resiztunce
Condensers
"
"
Electrolytic Condenser
Condenser
Veriable Condenscr

Resistoance

n

"
Potentioncter

"
Resistonce

1" B

t

"

Condenscr
Resistance
H
Condenser
Choke
Condenser

Electrolytic Condenser
" "

Resistonce
1t

Condenser
"
t
Resistance
i
iis
"
"
"
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Description

100 X + 505 1 vatt

100 ;72 wntt

100 W+ 5/«' 1 wintt

206 ¥ 4 5}; 2 watt

200 K * 5,9, Q.5 watt

10 uaf +50/J =20%; 100 V. D.C.
300 ¥ * 5/), 1 watt
400 X + 543 1 watt

400 I % Hh; 1 wate

500 X + 5%3 Oe5 watt
10,000 pF +10/z, 500 V. D.C.
600 K + 5%; 0.5 wott

200 K + DB; a5 watt

20 17 é/), Oeb wett
1M 5/) 0e25 wott
1M ¥ 5% 0625 wott

+ 58 0.25 watt

500 X, 2 watt
5 K; 2 watt
5 K + 5%; 0425 wott
.OT/uF L1O), 500 v, D.C.
0.03 +1(},o, 500 V. D.C.
0.0 +10/o, )OO V. D.C.
10{45“1750,0 -20%; 160 V. D.C.
0. 36@ +10%; 500 vV, D.C.
1eb= pF cerumic type

T K+ 5/9, 045 watt

200 K + 575 025 watt
150 ohm; 05 watt

120 omm; Ceb watt

120 ohm; U5 wott

100 oh -e-JN, 025 watt
100 ohm + 5/°; Ce25 wott
3 E + 5%; 025 watt

80 1 - + 553 0e25 wintt
3000 TF +1 0/0, 500 V. D.C.
100 X 4 T 1 watt
30C K + 50, 0-25 watt
.01/.:1 +1O/7, 500 Ve DuC.

[@ RN IV

2000 pF #1 O/-, 500 VaD.Ca
0.16 +1o:/,’ 500 V.D.C.
Ceb +10/a 500 V. D.C.
1 +10%; 500 V. D.C.
86 I +10%; 500 Vo DyC.
10 P +50% ~20%; 100 V. D.C.
607 ur; ‘lOO Ve D.C.
3 M+ 5%; 0e5 watt
1 M * 5,3, Oa5 watt
55 0e5 wutt
; Ceb watt
o; Ceb wott
by 0o watt
10, ooo PR +10%; 500 V. D.C.
10,000 Pl +10%; 500 V., D.C.
10,00 pF ¥ 10%;500 v, D.C.
j M+ 7 Te5 watt
M7 + 5/, Oeh watt
14- M ¥ 55; 0.5 watt
3+ 57, Q5 wutt
1 N R4 5/a 0'5 watt
1+ M ox A3 065 watt
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Noe Componsnt Description
448 Condenser 10,000 pF +10%; 500 V. D.C.
L9 " 10,000 pF +1075; 500 V. D.C.
450 " . 10,000 pF 310%; 500 V. D.C.
451 " 1G,000 pF _-_;-10%; 500 V. D.C.
L52 Potentiometer 500 K; GeH watt
453 " 500 K3 Us5 wutt
L5k " 500 K3 0.5 watt
455 " 50C X; Ceb watt
460 Resistence 1 M+ 5% 045 watt
461 4 1 M+ 555 Ce5 watt
462 " t M % 5%; 0«5 watt
463 " 1M+ 55 Oeb watt
L64 Potentiometer 500 K; 045 watt
4L65 " 500 K; Oe5 watt
166 " 500 K; 0a5 watt
467 " 50C K; OebH watt
L70 oo 1 M3 2 watt
471 Resistance 50 K + 53 Oe25watt
L7 " 200 ohm + 5%; 0425 watt
References

The following are, or will he, R.4.B. Technicel Notes dealing
with German radar equipment :-

3l Freya Transmitter T.106 Mo.Rad.156
842 FuSE 62 Mechanical Aspects and Turning Gear " 151
8.5  FuSE 62 Displey Unit 0SZ.62 . " 478
8ol FuSE 62 Low Tension Circuits v 189
8.5 Examination of Germen Valves

manufactured hetween 1938 and 1943 L A
8+6 Gemwn Velve type LD.2 "o127
8.7 German Vilve type LG.1 L9
8.8 Exanination of German Valves and C.R.Ts
8.9 FuSE 62 Pulse Generators IG. 62 < I1G. 624
8,10 FuSE 62 Monitoring Receiver Units KD.62

and KD, 6L
FuSE 62 D type Display System
FuSE 62 Examination of ierisl Feeder
System and R.F. Circuits
8413 Coast Watcher and Freya Installations
=~ Main Display Unit NB.110
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APPENDIX

The Transitron

The transitron oscillator depends on the fact that, in a pentode,
an increase in suppressor grid potential tends to divert current from
the screen to the anode and hence raise the screen potential, if the
screen should Le fed through o resistance. This fact ecnables a form of
relaxation oscillation to be cbtained by coupling screen and suppressor f
grid by a condenser. Owing to the fact that seversl actions arc taking i
place similtaneously, it is difficult to fve o simple yet accurate ’
description of the action of a transitron oscillator in words, but by
the use of a peculiar form of characteristic due to Puckle a very clear
idea can be obtained, both of the action of this form of time base and ;
of its unavoidable points of inferiorityto British practice (see Fig.8). ‘

The Puckle diagram consists of a series characteristic curves
connecting screen voltage (fed through the coupllng resistance) with
suppressor grid voltage, the other electrodes ha ing their correct ;
potentials as when the transitron is runnings It will be seen that there ‘
is different curve for every value of anode voltage and the family of
curves are readily plotted by fixing the anode voltege by a battery of
suiteble EMF. In the present case, only those corresponding to the

© maximm and minimum values of anode voltege resched in the oscillograms
are neededs It will be secn that when the suppressor grid is sufficiently
negative, neither it nor the anode heve influence on the screen grid and
all the characteristics merge into a straight horizontal linc.

Having obteained the characteristics for the minimun and maximum

) daE 2
anode voltages, two load lines of slope mdﬁ% = 1 (iees expressing perfec‘.t

coupling of screen and suppressor grids by the condenser 400) are drawn .
tangential to the two characteristics at x and y , thus giving a i
cyclogrem. This cyclogram expresses a continuous process of alternate
charging of the two condensers by the valve and discharge through
resistances, each of which processes goes on till the load lines
concerned can no longer intersect any of the charactoristicse When this
happens (at the tengentizl points x and y ) there is a convulsive Jum
to the other processe It will be scen that this is essentially a
continuous process with two condensers taking part simultan ously, and
is not simply explainable in words as are the older reloxadion
oscillatorse The Puckle diagram With attached waveforms, perhaps gives
the best view of the action, -

During the time base working stroke, the diseharisc of condenser 403
through resistance 388 causes the anode potential to rise to its maxirum :
working velue, while at the same time the dischorge of condenser 400 through |
resistance 393 causes the load line to move to the righte .is long as :
intersection is possible between the characteristics correspending to
the anode potential and the load line, the discharging of the two
condensers goes on stcadily and the change of potential heross 403 produces
the time bases As soon as interscotion becomes impossible, at the
tangential point x , & jump occurs to o point where the curves again
intersect and this being in the positive part of the curve, both
suppressor grid and anode draw current anl charye the condensers at =
ratc depending on the capabilities of the wvulve (Gotted lincs)e This
again causes the load line and the charscteristic to separate and they
lose touch at the tangenticl point y » when a second jump is made to
the beginning of the time basee

-17 - S



©oGags i dh

A

OngN 3dAL LINA AV1dSIa
Ton ‘ s

~tro~C 4 O "N



2.5 K
VALVE A @
1| 32s 304 ,
DA W 1974 . sxv.aso/ao
T | #
e ! @
s44 + ¥
% 326 227 328
] 200K 2 (L4 F = By i
—©
tl.322
.:-['IOwF
- PN—0)
L 10 K
s
la F
T e EHT —
VWA -—
313
< 35K
- 309
' 2A
O
@ 6 ©
J UMIT N.B.110.(CIRCUIT DIAGRAM)
NT.
f8) (FREYA.) FIG. 3.

DIAG T N 38|6/B,



e e 2
3an 329 32a

=8 100 MA 2-5K

"VALVE
303

EZ le. a2o 321 a2s

Loadu] L)

|

| i
&M l_fz_gﬂu-ma 40000/
<
>
~
£
m

(0000 WMTU‘] (BOFGY)
>
. N
' +
g
11
1
|
N VNN

@
4

4w F LI BuF
105 1A %
{

py
Sate | mis ]
M beo F

CEOO TN

[4Y]
o
Q

95 K 35K
oﬁ~o—o~01
‘ ! 308
- 2A
— " FomYe

0000000200000000000000000) | | O
6> G 68 @@

R SUPPLIES CR.TUBES 305.306.

POWER PACK FOR MAIN PRESENTATION UMNIT MN.B.NO.(CIF
GERMAMN GROUND RADAR EQUIPMENT. |

FU.M.G (FLUM) 406 (§8) (FREVA.)



HEATERS VALVES
331,332 £333.

14
>
>
G
CTU60G00TTUTY (SO0
N
®

Lo
< }
:.,{ -
=
10 MA
pg) 73
5 3 b )
> i
P 2 -
283 =
Ly :-‘
I P %)
VALVE
HEATERS -
VALVES |- 302
334,3358 U7
336.
307

MWL

POWER PACK FOR MAIN P
GERMAMN GROUND RAC
Fu. MG (f

185UE L\ |

DATE:- 1-3- 4 4.
aRUIE 2




A
v a2 ® b rart s L 2REs Y ame e . T pegrnn e e em e ———

S LB zssns
- 2L .7
7

. MAMSS VONTS
T ZECTIED

SLGRENT

|

EHT QECTIFED

CURBENT :

YOUTS acloss’

STABLOVALT

MAWS out

cueaEMT |

Grevan Goouns Daoae EgpupnensT

B MG (Frum) 404 (£8) FRevAa

Mant PRESEMTATION Usrr NERN0
1SSUES N@ |, S0 CELE WAVEFORMMS

DATE. O/ 4 /ad
(2GI1I1IE° N© 2 - ) ) ) e - A



BLACKOUT. _ + 140V
! ;
i |
I t2iov
3 40 388 :
| <387 )
; 4%50« -oapg >300K 339
It - =
» 289 SLOwW
M 80K BASE
a ko

OlpF'

|s 3 474% %393 %392 ]
! M -
~ !Ou 'Zt_{ M - ' i
- .!! VELOGTY LINEARITY
s conmu. CONTROL.
'VALVE 336 VALVE 33 . VALVE 332, VALVE 33
RLI2P 2000 RLI2P2000 RLI2ZP 2000  RLI2P 2000.

¢ (FREYA) .

SAR  EQUIPMENT .

VIAIN PRESENTATION UNIT. CIRCUIT DIAGRAM.

FiG. S.
Diaa. N© 29/0/8




474

419 473+ <?93 %392
23M M
! % K

“VALVE 334 VALVE 335 ° VALVE 336 VAl
RLIZPIO RL 12P 2000 RL 2P 2000 RL.!

FU.MG. (FLum) 406 68  (FREYA)

GERMAN GROUND RADAR EQUIPMENT .

i

DEFLECTION AMPLIFIER OF MAIN PRESENTATION UNIT%



ve

7 :

/ :

) '
s

PHASE - SYNC
CONTROL CONTROL

VALVE 334
RLIZPIO. E

FU

13sue i, Ggé
DATE -3 A4, :
ISSUE. 2. , :

€. 2l-4-94. E
DATE. 8- 4-54. DEFLECTIC




e 7 THi8 DRGSS TC3E READ IN COMJUNCTION WITH SPEC: B.E.D. Wi loge. ™" """
LAGmsoez/B / ‘ SPE C.D. w.T.100

R, .-.z.a,w COIL 30f= 283t X, = 890.n
R ;2‘9 ' COND: 425 = -16 pF Xc= 2000 A .
o ‘ o ReE= llon
B R2 = 890~
/ {

4i2 4i4 301

AMAA A VWWTTYINL
A Ee — l Eri._ : o

e e LS

. 1
:\I’IJ IRt “_—W‘O‘U“h

;4—-“ T — e e e e v-‘bvz-c-z-%—o-‘j—wj’b-z-‘f-
i : ¢
| f,___w__&' »2. . i

| 2
|
E a. |
v '
Ewlov IE 14V
t :
| A
= 1oMA. | f
| '!
|
[ Eaz0V. %
l
v

|

Eie OV :

— e end 1
- It IOMA.
Eec2 20V _

DEFLECTION AMPLIFIER OF MAIN PRESENTATION UNITN®HIO
FU MG (FLUM) 40G (fB) FREYA |
GERMAN GROUND RADAR EQUIPMENT.

VECTOR C!AGRAM OF PHASE SHIFTER CIRCUIT.



Ly WA et

E':"'_ - : )

T . VOLTS ACROSS
- RES . 41D

// /

/\ /\ s 22

\ /\ ALALKOULT
VST

GERUAN TR0UNMD 12ADAR EouiPmMENT
Fd Mo (Fuom) 403 (1'8) Feva
MAN PRESEMNTATION Jat MB WY,

SUR N ]
%‘{E f‘;. 21*-4' FAST TIMESADSE WAVEFORMS,
ATZ 20 +-%4 ’

Ei65. 7



LB
SUPPRESSOR YOLTS

TinME BASE, { FLvsacic

' ~
- ~
' ~N
~

™y
3
&

* x
TIAE FOR SYNC DULSE

COND. 400 DISCH. ViIA RES. 393

400 Ci.BY Sup?
HAO3 - < ANMODE
LOADLINE & CRAR
LOSE T AT Y

“ AO3 = - 228
LOADLINE. 8 CHAR . LOSE TOUCH AT 3C

GERMAN  OROUNMD  2A0AZ EoUIPMENT
FUMO Fuom) 40a(8) (FrENwa)
Main PreEsearrarione Ut MB HO,

SaUE Me .
YT E D /A
‘ggijf- ré‘:l '2’44 '

v S PUcuLE DIAGRANM,

gz Max

SCREEN VOUTS

Eq2 M

Ea Max

ANODE, VOUTS

Ea M

Eim R

VOLTS

+Eq2un -



Ea 333
L

Sweep \.b\.neg

|
Ea 332
ANODE. |
| i
~ Eg2 332
TRANSITRON
|

. BLALKOUT |

VTS
L . a3
SEDMAN Sa.auuo Ravar Foudnee T _
U NG (Fora) L0G(#8) Foeva ';
MAIN DRESENTATION st NB 1.
ISSUE Ne |,
‘Ds*s‘{fg e oW  TIMEDASE WAVEFORMS. |
DATE . 21 = «-"t4 . |

FIG. 9



| ol 0db AT s00¢s /\ o

L
i

DEFLECTION VOLTAGE
0
1

-5_,
-4
-5 T Y T s T
) 0 . 100 1000 10000
FREQUENCY C/S i
:'
i
- :
.
2 k
. Q i
N Z 140 i
: - |
s‘ 9' ‘
o
. -4 ;
&
4
- i
3
z i
o ,
-
(8]
[W] :
- i
:.':i ;
u /eav AT 5¢fs i
o . . ' —_ r
0 ] 2 3 4 5 :
FREQUENCY K¢ i;
DEFLECTION AMPLIFIER OF MAIN PRESENTATION UNIT NB.it
FU M.G. (FLum) 406G (fB) (FREYA) 'g
GERMAN GROUND RADAR EQUIPMENT. :
PERFORMANCE OF TRANSFORMER 338 AND :
ASSOCIATED COMPONENTS .
: ’ s FIG. 10 |
ISSUE N2 DIAG. N? 1Q046/8

ISSUE NS 2



TIME BASE.

e =amme- VFAST.

Ll ' — :
oo K\) TO TRANSFORMER 308,
st 1 1 ¢~
-

TO TRANSFORMER 308

our. A"

3 A AAAAAAA.
vvvv \amnnd 4 44 4.4 4

e e S e S

I

I

!

I

:

|

|

|

!

!

|

E i
357

358 | 43 350 |

|

|

|

u

=

E.HT -

—~ ' -
vl TO TRANSFORMER 308.

M
it 3 1 (770 TRANSFORMER 308,

-
ol
—

378

L8 r ] » R | TME BASE. _
375 374 373 e A
200K 100K 00K, 100K. . [ __kal?'f_ E‘E

Py e g g g e e e S S R ———————————— e gt St S T

N PRESENTATION UNIT N.B.lI0.
) RADAR EQUIPMENT. FIG. 1.

UM) 40G (4B) FREYA. NIAG NO QQI"S/H aur |



e e 7. o e e e St e i e e St T, e e i ot St et s s ot

305
HR.2[100/1-5A.

467

(T ) < O |

HRP2/100f1-5A.

o o = e e wa a m r —r re tr——_ -

CR.T. CIRCUIT OF MAIN FRESENTATION
GERMAN GROUND RADAR EQUIPME!
Fu. MG. (FLuM) 40G (48) FRE



4 46l
M i
e AAAAA

460
iM. i

UPPER maz/\:
305 .

HRZ[OOfFSA.

¢ ruﬁc*rwN unmoww)

I

i

[

[

il

I

|

il LOWER TUBE .

|= 306 ! i

i HRP2/I00/|-5A.

i ;

|

H )
E

i L A

II iM.

}; 463

I M.

I lghes 2

. B Y-




: g 3
=] Z 2
, p Aoz s 2
W %l 0 o ] 1] e __li.l.i.in llllllllllll
ui _ _
m. . o
- =t ey 1 . =
m 3 BAEN =
L ) = _
y e lyw—o s £
i | “ kRS
by v . k N NE B 2
20 _ ek = 4
EZ v ¢ |g® Z<2
23 4 T ELS
< e D
F 3 S S PP I R Ged.
- W) m T T g
- ] 2
| _ Les
. : 4 Zoe!
3 Q g 3 2g0|
o 3 | ATk | IH * 1% g9%2
w o Q t w 5 )w_
2 4 _ A—— e WA — 22 E3w
s o _____ -8 o e o v ¢ & o 8 230
w SE < ] I <+ " = Oh,, .
= 0x M Mo " 0 s % 5. R/c.\N_
- 2 e ep Cgs,
e e S e B S S LSS B + A5 [l A
! 25 ! -t
. 5 &
s - 2
(o~
v““.“,f
¢m,,
,4..1“ 4 ,
| § I;N%Ewl ” l/ - vy 9 ¥ -




—

NE TYPE. MIN CONTALT.  [SLIDER _ MAX CONTACT.
343 [30K TIN BACK PLATEWMIN CONTACTOF 3411379 F ~ IMAX CONTACT OF 351,

353 rlooi( TIN BACK PLATEl352 F A - |384F
343 [I0OK TIN BACK PLATE.|344 F B |342F
396 |S00K BAMELITE BACKIEARTH E G
373 [I00K TIN BACK PLATE(372 F C 374 F
363 [IOOK TIM SACKPLATE364F D 362F
' 32¢  [30K BAKELITE BACK.JIN CONTACT OF 361 [379F  [MAX CONTACT OF 371.
351 [30K 358 F 358 F 3588  |MAX CONTALT OF 348
| 341 |30K TIN 2ACK PLATE MIN CONTACT OF 349[3488 [348F. -
470 |IM BAKELITE BACKF EARTH |—
371 |30K TIN BACK PLATE[378 F 3788  |MAX CONTACT OF 36
a6l |30K TIN BACK PLATEMIN CONTACT OF 326/3688  [3GA8F. .
452 |'5M BAKELITE BACK.[329F. 432F |330F
453 |'5M BAKELITE BACK.[329F ~ |435F {330F
454 |'5M BAKELITE BACK[32S F 442F |330F
455 |'SM BAKEUTE BACK[329F SF |330F
464 ['5M BAKELITE BACK|32eF 460F  |330F ;
465 |-'SM BAKELITE BACK.|389F 481 F  |330F
| 466. |'5M BAKELITE BACK.|329F 4B2F |330F |
| 467 |5M BAKELITE BACK|329F 463F |330F
1 398 |2:5K BAKELITE BACK.|EARTH 398/5K | —
4] 120 Vo WATT. 413F 337 e
4i2  |il20.a Yio WATT. 4148 337 —_—
NOTES.

N FRONT END OF COMPONENTS|ALL THESE COMPONENTS ARE ON THE. LARG
(1) B - BACK END OF COMPONENTS [PANEL AT TOP OF LEFT SIDE OF APPARATUS

(2) 298 IS BELOW LEFT HAND VALVE PANEL. |
(3) 4il. 412 ARE ON RIGHT HAND VALVE PANEL.

POTENTIOMETERS OF MAIN PRESENTATION UNIT N.B.1IO.
GERMAN GROUND RADAR EQUIPMENT
FU. MG. (FLUM) 40G (FB) FREYA.
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