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German Transpondor lMeteorological Instrument

A new tipe of German meteorological instrument was fouid near Tonbridge,
Kent on 9/12/43,

The equipment consists of: -

a) The transmitter - receiver unit as desoribed in the accampanying National
Physical Laboratory report. Two photogravhs of this unit and the
circuit diagram are attached to this report.

b) The balloon, This weighs 1,250 grams. and is somewhat larger than is
usual for radiogondes.

c) The parachute. This is of pcculiar design. It is small (21") for
the weight of the instrument. It is in alternate black and white
segnacents. Two wooden rods arc attached inside the parachute and arc
hinged at the apex. It is presumed that this arrangcment cnsurcs the |
opcning of thec parachute.

d) Reward label. This is apparently for usesifiin Reich territory only,
as this type of label is not found attached to radiosondcs releascd in
occupied countries,
Information derived from this card is as folllows: -

i) Apparatus No, 141768 (which does not agrec with any number
found on the instrument).

(ii) Date of ascent 6/12/43.

(iii) The address to which the instrument should be rcturncd:-

An das Acronautische Observatorium
der Reichamts flur Wetterdicnst
Lindenberg,

Renort of the National Physical Laboratory (Dr. H.G. Hepkins).

1. General

This Wehrmacht instrument fell in Englend attached to a paraclmtc and a
partially inflated balloon: an associated label indicated that a meteorological
station in Germany wes interested in its return, although no mctcorological
eclcments (cege boromcter or thermometer) were recovered with the instruments

Briefly the instrument is a combined receiver and crystal controlled
trensmitter connccted so as to form a transpondors A low frcquency oscillator
is included in the instrument and the output from this is fed to the modwlating

grid of the transnitter in scries with the audio frequency output from the
recceiver. The low frequency oscillator is normally quiescent, but the circuit

arrengements are such that it nay be used in conjunction with a separate
barometer or thcrmometer to indicate when the balloon passes definitc pressurc
, N

or temperaturc lcvcls,

It thereforc appears that the instrument is used for wind {inding purposes,
the transpondor in conjunction with a modulated ground transmitter bcing used
to measure slant range, while height is given by a separate baromcter associated

with the balloon low frequency oscillator: alternatively, height measurcments may
be derived fram ricasurancnts of angle of elevatigpen-made-wrth-e—beamed ground
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24 1.Mcchanic_o__.]_ deseription

C‘I‘“ngstznitmcnt is nade from thin aluminiun sheets on which tho.various
lerfgth of o;lr'e ounted:  the batteries clip to a small bracket running the
length woul ¢ 8ide of the assombly. 4 cylinder 6" in diameter by 8" in

] M- contain the cquipment and batteriese It scems unlikely that the

none waos rcg;:l'd be sent aloft without same form of protucting cover, but1
diancter by vafrca, Fr?m the ends project aluminium cylindircal cases 1=
axes of which }fnf.:’ which serve as convenicnt handling posts and along.t}‘le
and tr&nsnitfpiou l’?sulatcd tubes containing the leads feeding the receiving
vire WhiC}‘l a]_l?o acr;!_&ls. The latter is a half wave flexible stranded steecl
SO carrics the instrument on the parachutc; the receiver acrial

was not rccovered, but : :
¥ probably consi 5 scting axiall
from the lowecr har‘;dling‘posz. o B o 5. Sl wed JRSpaTEES y

vack Egzoir?itme?t inc}uded transmitting aerial and the part of the battery

including red weighs 2% 1bs; the all up weight of the instrument at launch,
C Lv@s not recovered, is probably about & lbs.

2. 2. ~5 : ( .0

Figl.lI‘C 1 Sl’lov,s -th g : . . . ; .
relevant information, ¢ circuit diagram of the cquipment togethcer with other

dc tecz}::i ?ng;lzmg acrial is !inc.].uctively coupled to a supcr-regencrative
i "rcud l{‘ocitly hcated diode triode) operating at 285 Mc/s; quench
e L’f = crived from a 100 ke/s. (epprox.) oscillator which uses one

ol onc of the DDD11 double triodes. The bond width of the detector for
= larg(? signal input is about 10 Mc/s., There is no dircct connection between
the tr:f.ode and dio portions of the LS3; however, audio frequency output from
the triodec super-regencrative detector is passed on to the audio frequency
'z.u:rpln_f‘ler stoges from the diode, Both triodes of the other DDD11 are wired
Tan c:}scadc to form a two stage resistance capacity ammlificr, at the input
términals of which is connected a filter having a sharp accentance peak at
745 kc/s., ond which has high attenuation for frequcnci.cs above about 15 kc/s.
The anplifiier alcne will pass frequencies up to at least 40 ko/s., so that the
filter at its innut terminals scrves to suppress quench frequency voltages and
to accentuatc audio frequency voltages centred around 7.5 kc/s; these are
passced on to the suppressor grid of the RL2P3 crystal controlled transmitter
valves It is intercsting to note that the 7.5 kc/s. filter incorporates
ceramic condenscrs of intercsting design which have probably been chosen to
ensurc a pass characteristic scnsibly independent of tanperature changes.

This point is discusscd in greater detail in Section J.

The gain of the amplifier stage is held roughly constant as the HeTe
batterics run down by means of a bleeder resistance connected across the Ge Be
supply to the amplifier: in this way the Dbias will gradually fall to conf'orm
with the gradual reduction of H.T. voltage with time of flight. '

The othcr triode portion of the DDD1l quench valve is arranged as & 3 kc/s.
oscillator which is normally quiesccnt due to the -20 volts of bias on its
oride This bias is romoved when the tags T are short circuited, and it is
;uggcstod +hat o conventiel German baro-switch or thermomctcer is connected
across thcsc terminals; while such an instrument was not recovered,
exaniination of the tags showed that leads had in fact been connected to the
tags and which night have joined to an extecrnal barometer or thermometer unit.

If this explanation of the 3 ko/s. oscillator is correct, then the circuit
is such that a 3 kc/s. dash of a few seconds duration would be transmitted

at dcfinite pressure or temperature levels.

The sockets labclled A and B in the circuit diagram provide 3 ko/s.

trut and arc protected by a cover plate during flight: they are probably

ou
used during the calibration of the meteorological clement and obviate the

nced for a receiver during this process.
/The
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Thc.transmitting pentode is arranged in a conventicnal crystal controlled
R.F. oscillator circuit opcrating at 26,87 Mc/s. and encrgizes the half wave
aerial through a condenscr tapped down on the tank output circuit. It is
estimated that the radiated power is of the order of 100 m. watts.

The power supply for the transmitter is derived fron three different
types of ccll, The L.T. supply consists of four two volt units of normal
German radiosonde typc joined in parallel while the H.T. voltage is supplied
by conventional si1ll dry cells. Grid bias voltages are derived from very
small dry cclls cach scparately mounted in a plastic cylinder measuring
7/16" diamcter by 9/16" long. The cardboard box containing the HeTe and
GeBe batterics mecosurcs 33" x 7" x 1" deep, and supports a smallcr cardboard
box containing the LeT. cclls.

. A.colour-—codcd cable joins thec batteries to a largc multi-clectrode plug
which in turn plugs into a socket on the ins truments assanbly.

e Test work

The power supply was nhot recovcred complete; the voltages allocated to the
various circuits shovm in Figurec 1 were arrived at from considcration of

battcry box size and from the circuit arrangcrients.

The approximatc currents taken by the various component parts of the
equipment under the conditions shown in the figure are dctailed below.

- —
L Heater | Heater HeTe current
Valve Function | volrs current (milliamps. )
(amps. ) ]
LS & Detector 200 0,07 260
DDD11 | Lmplifier 1.4 Qs 1,0
DDD11 Quench/3/kc/s. | 1e4 O 1 0.8 gvg= -20):
oscillator L4 (Vo= -1.5) |
RL2P3 Transmitter 2e 0 0.07 8¢ 0

—_—

It should pcrhaps be stressed that the DDD11 tubes erploy 1.1.1- VoOlL
heaters, the voltagc being dropped to this value by means of a suitable

series resistance,

It was at first supposed that the 3 ko/se. oscillator was locked by an
incoming carrier 1odulated with a strong 9 kc/s. component, or that it
provided half sinc wave rmoduletion from a pulse input, This view was not

supported by the following facts.

(8) The voltagc availsble from the receiver alone at 3 ko/s. for
modulation purposcs was not markedly less than that provided by the 3 kc/ s,
oscillatore In other words, no triggering or locking action would result

in a worthwhile improvement in modulation percentage.

(b) The 3 kc/se oscillator would not lock readily to a 3 kc/s.
voltage derived fran the receiver.

(c) The peak in the roceiver characteristic at 7.5 ko/s., the use of
the solderln; tegs T in the 3 ko/s. oscillator grid circuit, and the
method of using thc 20 volts grid bias were all unexplained,

In view of these difficultics, thc bchavisur of the o ipment when
%eceiving
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giﬁi\]’izzﬁg ?‘\I{r%ir nadulated at 7.5 ke/s, was investigated in detail.  The

tl"msmitt; ! O;c 285 ‘t'he conclusion that a rcceived signal from a ground

th 26,87 lio/s bhlil-.c/s. nodulated at 7.5 ko/s. is used dircctly to modulate

bo St e w:;zn “Lizan trensnitter and that the 3 kc/se oscillator is used

A cél‘rcuiiﬁ other mstrunent connected across the soldering tags T

belioon Bomme Cqui*)r:c 2ufcput n}pcdm}cc. The obvious use for the complete

wind findin: ”)ur:r-;s ¢~n n conjunction with the ground transnitter is for radis

being derivedl e 5, the range from the ground tremamitter to the balloon

i ol & cauparison of the phase of the outgoing 7.5 ko/s. modulatio
‘¢ llodulation on the carricr "reflected" by the balloon )

&pp&ratus: 'th_a hed -
acToss T. © heisht of the balloon would be piven by a baroswitch connected

Points supporting this view arg:

(2) 7.5 ke/s. 3 :
S Tnoses H cér ‘zal?jcoa }cloiwc,nlont nodulation frcquency to use for ranging
: phase cycle neasured at the ground tranasnitter between

the outgoing and retumc P
20 kms. & ctumed nodulation is equivalent to a chance in slant range of

(b) The L.F, e ents .
7,5 ofs, \ aaplification of the rcceiver is designed to be highest at

o 5
7 kc(:/f)s The overall phase transfer characteristic of the balloon oquipnent at
s the e <t q stable Wlt}:l respect to changes in supply voltares and tcrperaturc:
e terpceraturc cocfficient of the transfer ancle has been arransed t ] .
conpensate very largely for the supply voltage chsm[jcs:l ‘ - ©

This point may be seen from the f ] ' '
. 7 : ! ollowine firures: in all cases a lead of
the outg?lr}g nodulation voltage from the balloon transmitter with respect to
that arriving ot the balloon is taken as a positive phase angle.

Phasc coefficient with respect to HeTe variation - 2° ger volt,
Phase cocfficient with respect to L.T. variation - 200% per volt,

(It should be noted, however, that the instrument dces not operate if the L.T.
falls by more than O.1 volt.)

Phase coefficient with respect to temperatureg-f- 0.75° per °C
(averaze over range +12 to —-60°C.)

Proviﬁing the voltege of the Le.T. units remains reasonably stoeble with

tenperature, it secris likely that the systenatic range error will be small in

practicc and will have a magnitude of the order of 50 metrcs por kilometre

height of the balloon.

tant voltarce conditions, it

Durinc the low teaperature tests under cons
asc to opcerate at about -60

was obscrved that the receiver and transmitter ce
and 65°C respcctivelye

The tempcrature coefficicnt of the transnitter crysfal is +20 x 1079 per

OC.
4, Nature of sifrnalsTlikcly to be intergeged

tinuously - at 7.9 kc/s.

On 285 Mc/s. a carrier modulated - probably con
able by the likelihood that

nay be intercepted, although this is rendered improb
the ground transnitter is beamed on to the balloon.

On 26.87 iic/s. a crystal controlled carricr nodulated - probably
£ 7.5 ke/s., on which is superposed & long o kc/s. dash at

continuously - &
nay be interccptcd in this country

infrequent and irregular intcrvals,
particularly when winds are cas terly.
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55 aturce of rround cequipment

m .
therel}:le tI‘un.aI'.’ll‘ttul‘ Probably utilizes an array rotatable in azimmth:
ey ;Skn; cv:LEcncc to show whether it can rotate in the vertical plane.
. C/Se Phasc caparator for nmeasuri S
. aaparato as ng slant ronge nmay be
goniometer type, ] N L ’ ”

i, It seais, that -0 the various alternatives for reasurine the
0 er.paramctors ncccssary flor wind velocity nieasuraanents the niethod
described below is the niost 1likely.

3 Determine azimuth by direction finder obscrvations on the 26,87

lic/s. balloon trancnitter. Possibly an Adcock is used herc, although
sanie form of split method could be cmiployed. Dctemine the height

of the balloon by a baroswitch connected to the 3 kc/s. oscillator in

the balloon instruncnt, (There is a possibility that angular neasurcnents
are carried out by using sone form of switched lobe technique un the
ground transnitter, This seens rather unlikely, howevcr, in vicw. of

the A.V.C. characteristics of the supcr-regenerative balloon borne
receiver which would icke the equisignal zone unreasonably large.)

It is impossible to say whether the beamed transmitting array is
rnounted dircctly on the directional receiver, but it seems very likely
that these two major units are arranged so as always to "face" in the
sane direction: in this way the dircction finder operator will
autoanatically keep the transmitting array aligned in the azirmth of the
balloon and so achicve thc naxinmunm "reflected" signal frorr the balloon

transpondor,

At the nonent nothing is knovm of any ground installation such
as is suggested in thc ll.P.Le rcport.

G LA G /1

(G. WILKINSON)
for Wing Camamander,

J:&o Io 20_(53)0
11th March, 1944
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