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German Airborne Gun & Rocket Sights

1. Intrcduction

This report is based on interrcgation of German
personnel shown in Appendix B during period July *17%h -
August 21st, 1945, on CIOS trip 7h6a. It is intended %o indicate
trends of Germen development rather than details of i%tems.
3ome of the information given by T.L.R. hes not yet been checked
against contractors and may therefors be insccurate.

2. Organisation

2,1 German aircraft sight development wes adwinizfered by
the E.6 branch of the T.L.R. in the COXL in Berlin, see Appendix 4.
Thesge correspond to ID.4rm.DG. in CRD in the Gemman Air Hinistry.
E.5 used Rechlin and Tarnmevitz Ressarch Establisiments and
Proofing Grounds for technical centrol and air trials. Rechlin
was used for bombing, Tarnevits for gunnery and rockets. B.6 in
Berlin had representatives at Rechlin and Tarnevits, alzo called
E.6, who supervised the technical side of the sighting work,
cowoperated with fims, and were responaible for cerrying out
2ll trials. 3.6 in TIR wes mainly responsible for translating
Air Staff vequirements into technical terms for ihe benefit of
E.6 Rechlin and Tarnevitz, and for initisfting new projects.
Once initiated, sll detailed control was centred in the E.6
personnel in Rechlin and Tarnevisz.

2.2 The main firms used for gun and R.P. sighting develop-
ment were Zeiss, Askania and Leitz. Later Steinhell weve bulls
up by TLR to produce Lotfe bomb sights %o Zeiss designs and %0
carry out independent development work. OCther smaller firms
were used to manufacture sights to main contractors designs.

2.3 In sddition to the above the Germans set up the
research organisation called the Forschungs Fuehrung des OXKL
under Professor Georgii, see Appendix A, %o control Dasic
resesrch work in certein Universities, Govermment Research
HBstablishments and firms. This comittes allotted csriain gun
and rocket sighting problems to LFA Brunswick (Ammement Head
Professor Dr. Rossman, see Appendix 4).

2,4 The radar orgenisation was rather similer to this but
had fer more ramifications. The armament spplication of
airborne radar was controlled by E.4 in TLR using Werneuchen
for technical control and proofing of air borne radar, see
Appendix A. The Forschung Fuehrung Committee contrplled basic
research but the BHF under Dr. Esau, an independent three
services body set up by Goering, also had a say on a rather
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lower level then the Forschung Puehrung. The main radarf
development for airborne equipment was done at FFC and Zth
Ulm, uging the fims Telefunken and Sliemens ?or develggmen .
The picture was extremely complicated and this papsr 1s nzt
congerned with the overall radar organisation except lnscolar
as it is concerned with radar armesment.

2.5 In sddition to the above the Speer Linistry scheme
‘was set up to co~ordinate all development and production of
warlike equipment to ensure maximum efficiency in use of man
power, equirment and materials. It conirolled research and
developnent through various cammitfees, the chairman being
selected from industry and the membership ineluding
representatives from TLE, Air 3taff, research establishments and
firms. This scheme did not affect the Air Ministry till the end
of the wer and had little effect on the development of airborne
sighting equipment.

2.6 The main difference between this system and our own
appears %o have been :-—

(i) The greater distinetion drawn between service
technical and coperational personnel.

(ii) The greater concentration of control of
development in the cambined research
establishments and proofing grounds.

(iii) The grester concentration of technical design
in the selected fimms.

(iv) The absence of independent proofing grounds.

(v) The ebsence of operaticnal pilots fram the
picture,

2.7 Regarding point (i) the personnel in TIR and Tarnevitz
were all Engineers commissioned or civilian rather than &D
officers. A wide distinction was drawn betwecen the engineer
personnel and the operational pilcts, each side looking down on
the other ore, Air Staff was composed primarily of operational
pilots with little technical experience. The engineers had
centinucus difficulty in persuading the operational people to
adopt the more complicated Sizhts and Radar Aids. The airoraft
firms were also unimpressed by armement requirements. This was
particularly so in the case of jet fighters which the armament
preople believed to have been introduced before they had bheen
developed far enough to produce accurate platforms from which to

fire the guns. /2.8
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2.8 Regarding point {ii) the headquarters in Berlin laié
on the prowect end decided which fimms should be used, Thers—
after the research establisiments dictztsd all technical deteails
a3 far as the firms would permit, speciried performance
characteristics, tested the sight and co-cperated with
manlufacturers.

N
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2,9  As regards point (iii) the contractors were noticesbly
far less tractsble 2nd more political even than certain qutlsh
counterparts. They placed representatives in the Air . idistry
who saw to it tham thelr concerns got the orders. ” They were in
continuous competition with each other. ihen asked o cowoperate
to produce the best gyro gun sizht Zeiss and iskania refused.
Zeiss deliberately withheld infommation from the ..ir Ministry
and Ternevitz for fear that Askania would yet to hear of it.

TLR did not possess sufficient authority or knowledge to dictute
technical details to the firms., The fims were of course given
considereble facilitiss to conduct their own flight trisls
including supply of 3ervice aireraft etc.

2.10 Regarding point (v} Tarneviiz had no operational
pilots attached. All the flying was done by the engineers them-
selves. Occasionally pilots visited the place when comuents on
special aspects were reguired, but Tarnevitz complained that
they were generally incapsble of objective thought. This led
to delays in getting their ideas across. Although TLR placed
development contracts for gyro sights before the start of the
war, the Air Staff requirement remained extremely lukewsmm
until the GGS wes captured in a Thunderbolt, when high level
opinion veered round sharply. kany of the c:nr:m.lmans and
service engireers in Tarnevitz were qualified pilots. Meny of
the projects were initisted as a result of the experiences of
these engineer pilots.

2.11 The asbove description is based on statements made by
peuple directly concerned with cdevelopment. Little cpportunity
oceurred for discussion of these views with the Geman Air
Staff and operationzl personnel. Nevertheless it is apparent
that the German administration machine creaked as it worked,
and suffered from a general lack of integration by e firm and
dispassionate hand at the top. Ifen in TLR who hsd dealings
direct with Goering seid that he ppssessed terrific energy
but little balaence. There is no doubt sbout the technical
ability of the engineers themselves even if they were
hsmpered by some Jjealousy and prejudice.
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3. Weapons available.

Tt is pecessary to consider the gereral trend of
weapon desizn before discussing the sights employed.

Zu1 GUxiE .

3.1.1. The trend of development appeared to be an
urge to use higher rates of fire the larger calibre guns,
increasing rate of fire at expense of muzzle velocity.
calibres up to 30 mm. were used for air t0 alr and up to
88 mm. for anti-tank work although the latter was not
succesaful.

3.1.2. Later trends under control of Speer

Kinistry stabilised on about 50 mm. calibres for nmaximum size
with rate of fire of the order of 300 RPM. Asmunition for
these was intended to make use of the HE blast effect with a
proximity fuze when developed. A large mumber of different
guns were produced during the war, of all celibres, which are
described elsewhere. It is surprising that more energy was.
not devoted to methods of sighting them,

) 5¢1+3. One trend of German development, dictated of
coures by Allied air superiority, shortage of GCerman aircraft
and particularly fuel, was to develop a special purpose multi-
barrel single shot weapon of large calibre, released
automaticelly. See Appendix C.

3.2 Rockets.

%,2.%. TLR at the stert of the war did not believe
that rockets were reliable enough to supersede guns for gir to
gir work. To meet the pmerican formation daylight raids they
hastily adapted the spin stebilised ground rocket WGR.42
using the Revi C 12ZF sight to estimete range. This project
was not very successful and was dropped.

%.2.2. They were about to introduce the fin
stabilised RHM 5.5 em. rocket fitted withh en impact fuze for
anti~honber work towards the end of the war. Following their
usual practice they fitted as many as possible, i.e. 24 to
the Me.202, intending to fire them automatically in one rapid
rippie lasting about + second at ranges of about 600 yards.

/%.2.3.
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3.2+3. They had alsco nesrly completed the develop-

ment of Hhe R.100 BS, 25 an. rocket for longer range air to air
work, internding to uss a pre-set time Tuze and shooting in
Cbercn procedure (see below). Rhsirmetell had a rumber of
variations on this rocket under congideration including meihods
of conpenseting for gravity drop, use of FPE and redlo proximity
fugzes etc. TLR proposed to fit six of these weapons to the
Me.410,

3.2.4. Another rocket uvnder developmeni was the .
RZ65, a 75 mm. drum fed,. tube launcbed spin stebilized rocket.
The projectiles weighing sbout 2.5 Kg were fitted with time
and impact fuzes.

3.245. All the above rockets were primarily designed
for sir to air. For air to ship work variocus unorthodox
proposals were being desveloped imciuding the Kurt, "bouncing
ball" type of projectile. These were noi considered on high
priority apart from possibly the Kurt ahout which TIR eppeared
o know little, because of the wer situstion snd also the
difficulty in ranging.

3.3 Guided lMissiles.

3+3.1. To complete the picture it is necessary to
refer briefly to these weapons. The Cemmans were developing
a mumber of different airborne guided missiles which were
finally cut down to the following :-

Type Explosive  All up Control Use
Weight Weight

Xb 20 Kg. 70 Kz. Wire Alr %o Air

HS293 40 Kg. 110 Eg. Radio Air %o Air

FX 230 Kg. 1400 Kg.  Radio Lir to Ship

HS293 30 Kg. 00 Kg. Radio Air to Ship

3.3.2. These were intended to be developed in the
following stages :-

(i) Stick controllsd visual signting by the pilot,
using & proximity fuze.

/(1)
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(ii) Television Control, using the same stick
control allowing the pilet freedom of
manoeuvre.

(iii) Homing.

5¢3.3%3. FEruger of E.L Peenemunde was enthusiastie
about these missiles particularly for flak work wherz he
estimated 50, saving in steel and personnel over existing
flak methoda,

3.3.4s "1t was noticeable that (berat Iiix, the man
sorresponding to DD.A™m.DG wes scsptical about their succeas., He
believed that guns and later R.P's would rvemain for & long time
the main air to air weapons., The missiles were not yet perfected
and would require lavishly trained maintenance and operational
grews. Other prominent personnel stated that Mix was not very
technically minded. He certainly gave this impression when
interrogated, bui may have been acting.

4o Gun Sights.

L1 Fixed gBeflector

L.1.1, The German Air Povce started the war with
various simple fixed reflector sights of no particular interest
which were used for shooting small mmbers of low calibre guns
in their fighter aircraft. The technique employed was gsnerally
to close io very =hort ranges before shooting.

ke1.2. The improved fire power on allied aircraft
produced initially e tendency %o develcp bigpger and better guns
particularly for Iighters. Some attention waa yiven to bombers,
but free guns tended to be hand held in the early stayges due to
dilficulties in installing powered mountings in German bhorbers.
Verious simple methods of estimeting rangs with reflector sighta
were tried. These were of nc special interest.

L.2  Qwn Speed Gun Sights.

La2.1. Although the Luftwaffe operational pilots
wepe 2atisfied with fixed reflector sights TLR realised long
bufore the war the necessity for predicted shooting and
developed before 1923 varicus cwn speed sights, particularly
tae Zeiss 24 for free gun use (lster improved by Oigee inte
"l B448).  They alsc designed about the ssme time 2 series
of mechanically operatsd own speed sights called VEE-A177,

o

ViiTeR-180 ete, for varions turreis in the He 177 and the Ju 188,
fie2e2a
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k.2.2. Iater designs of aircraft forced them to
bury pilots and gunners deep inside the airframe to reduce
drag and resulted in the development of & seriss of periscopic
sights, i.e. :-

Type Yaker Remarks
P.V.E.6 Goertz for powered mountings, own
speed.
P.V.E.8, B & Zeliss ! for Remobe Control zrusment
1 1 lﬂ JUe 388 81113 IIe s 1 ?? 3 CAvIL

speed.

Z.F.E.ta. Steinheil for Reer 3lghting Statlions
% & )
own speed.

PV 1b. oow for Fighter bombers, fixed
gun sighss, moving bbb
sight.

RF.22 & b non reairwari view in fighter,

fixed graticule.

Use of the periscopic laeyout enabled them tTo
cogbine two sighting stations frun one position as in the
PVE.11: edvantage wes also taken of the possibility off acding
increased protection to the gwwer, particulariy in the cese of
the ZFE.1e which poked through slabs of armour plate.

L.2.3. These sights wers all designed with wider
angles of wisw, about 40° in most but up to 65Y in experimental
types of Steinheil. They consequently provided little or nd wye
frecdom at the gunners end. PFull use was made of blooming to
cut down refiection and incresse transmission, and yeneral
design and workmanship wes extremely jood. TIx's intsntion was
to use own speed sights for free guns and the gyre gun g8ight
azh2 for fighters. Later the E7L2 would also be fitted for free
guns,

k.3 Gyro Gun Sights.

4.3.1. T.L.R. started dsvelopment of ihsse o low
priority in 1935. The progrsss 13 irdicated beliow :-

/Year
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Year Askania Zeiss
1935 7 ]
1936
1937
1938 9 g
ol E‘”
1939 ™ =
1940
1941 ]
1942
194.3 ﬁ ﬁ
& &3
194 Mpo# 3
oJ
1945 &
3
<
a 9 2
1] o .
5§ .
2 %
Q =
B
2 &
g
3

Approximate details of the various designs are given in
Appendix D.

Le3.2, T.L.R. decided in 1944 to put the EZ.42
Askania sight into full production before trials were
completed partly because of the discovery of the British
sight. Several hundreds wers built end installed in Me.109,
¥e, 262, F.W.163, 190, Do.335 and Tank 153 for use with ¥K.151
and ¥K.108 guns, BAM and R.100 B, 3. rockets.

/4323,
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ke3.3. Operational reports as far es they went,
on its use in P.W. 190 and Me.262 indiceted considerable
improvements of the order of 2.1 over fixed sights but no
factual evidence was epparently supplied. Several kills were
claimed beyond 400 yards and 15° off, which were previous
normal limits for reflector sights. Pilots complained of
difficulity in ranging and setting altitude control. Redar
range projects wers in hand to eliminate the first point.

4.3.4. PFuriher developments of the EZ.42 and 45
were planned to produce the ideal universel gumnery bombing
and rocket sight. . Askania were modifying the dashpol system
on the EZ.42 by eliminating all but the last set in %{pe sight
heed, retained against aircraft vibration, replacing the
others by D.C. damping in the eddy current Ferari motor to
render the system more flexible. Both firms were designing
canputors for feeding in banbing sngle for dive and toss
bombing. The Zeiss T.S,A.2d dive bomb sight is known in
principle. Askania developments have still to be
investigated.

%e3.5, General coamments on the sbové programme
are that gyro gun sights could have been introduced severasl
years earlier than they were if the German administrative
machine had worked smcother and possibly been less pre-
cceupied with priority programmes, such as guided missiles,
most of which failed to reach production before the war
ended. It is interesting to note that even by removing the
gyro from the sight head they failed to produce & smaller
article than the G.G.S, It is not known how far Askania
investigated the dymamics of their "three dashpots in
series” damping system but it would appear subject to
considersble variation with altitude and temperature
changes.

5. Tarnevitz Gun Sighting Trials ste.

5.1 Lead computing sights were tested at Tarnevitz
es follows:-

{a) turntable deflection measurement.
(b) ground tracking tests against cine camera

films of aircraft flying at conatant
speeds to assess deflection angle.

/(e)
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{¢) air tracking trials against constant speed
target aircraft to assess deflection angle
ACGUraCY. '

(@) air tracking trials in coambat manceuvre to
measure tracking sccuracy.

5.2 In (b) and (c) range was estimeted from size of the
target in a gun camera film snd angle off from comparison of
target with silhouettes of model aircraft. The correct
prediction angle was then computed and compared with that
achieved by the sight.

5.3 They felt that these trials were inadequate and
attempted to assess prediction angle under ccmba% conditions
using synchronised cine theodolites but boggled at the
canplexity.

5.4 Methods outlined in 5.1 were used to compare the EZ.42
with a2 G.G.S. captured in a Thunderbolt in September 1944. Both
sights were tested in the same F.W.190 with the seme pilot,
comnents were -

() Six Spots in the G.G.S. moving graticule were
inadequate (the EZ.42 has a nearly
continuous ring).

(v) The centre spot in the G.G.S. moving graticule
cbscured the target at long range.

(¢) Prediction angle of the G.G.3. varied by 1%
per degree C.

(@) The prediction angle prodused by the G.G.S. wes
on the average 2075 less accurate than that cf
the EZ.42.

(e} Tracking accuracy with the §.G.S. measured as the
mean error of the best 507 of pictures, was 20%
worse than with the BZ.42.

5.5 1t is considered by RAE that their method of assessing
the correct angle off by comparison of silhousttes is liable to
considerable inaccuracy. In sdditicn their knowledge of the
ballistics of U.S. 50 calibre smmunition was not accuracy in
their own asdmission. These points cest some doubt on the
wvalidity of their comment 5.4 (d).

/5e6.
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5.6 A further feature of Tarnevitz work of little
interest is their design of EZ.42 treiners which were extremely
simple and depended entirely on the cempetence of the
instructor. For air training they used a dual control aircreft
fitted with two complete EZ.4h2 installations, providing % hours
flying for each pilot.

6. Automstically Released Gun Sights.

6.1  Due to the situation of the war TLR were pressing
for armsment installations thet would produce 100% chance of
destroying the enemy at the expense of specialising the
aircraft. They started two programmes at 1LFA Brunswick based on
automatic release, one against aireraft and one against tanks.

6,2 The aircraft project wes called ALG1, see paragraph
3.1.3 and consisted of fitting a batiery of recoilless guns of
large calibre, i.e. Jaegerfaust 5 cm. x 1.6 m. six barrel
ingtellation, canting the guns to produce a irajectory
perpendiculsr to the bomber at estimated own and enemy speed.
The idea was that the safest method to atteck a bomber in
daylight was from the front. In the course of this attack
the fighter passed undermeath and extremely close to the bomb
or (50 metres). When immedietely beneath the bunber advantage
was taken of the large plan area presented, to itrigger ne
battery of guns autamatically, in the first instance by & FE
cell and an amplifier. 20 FW 130's were fitted with
Jaegerfeust installations, and were on the verge of going
operational. A semple of the FE cell instellation is
available at LFA.

6.3 The next anti bamber project was to use Radar, end
FFO were developing a 15 cm Radar set for this purpcse. IR
was also under consideration. Bcth the sbove were to be used
ot night. In this case the attack would be fram behind.

They were very confident of the success of this project and it
is believed they carried out trisls sgsinst an HE 177. The
total installation weighed about 350 Kgs and d1@ not effect the
aircraft performance seriocusly.

6.4 The anti tenk project called A.L.G.2, see paragraph
3.1.3 used 7.5 cm, guns with a 1.6 metre leng barrel firing a
4+5 cme 1.5 kg. shell with a muzzle velocity of 750 metres/
second. Hollow charges and armour piercing were both tried.
The theory was that to attack tanks, eircraft were campelled
to fly as low as possible to avoid flak. They were extremely
short of armour piercing 37 mm ammunition due to lack of

/wolfram
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wolfram and had in fact reserved the few rounds left for the

use of a particular pilot called Rudel, who was good at the job.
With the new project they proposed tc attack the top of the tank
with ite relatively soft armour plate and with the above guns
claimed they could penetrate & ams at 90° incidence.

6.5 The guns were triggered in the first instance by an
elsctrontatic device counsisting of a dipole picking up the
potential of the earth's field and a differentieting circuit
which noted the changes in this potential. They hed found by
experiments with German and Russian tenks that when the weather
was good this method showed & high chance of success (707).
Thunderstoms ete. seriously upset their calculations. Three
HE 125's ere svailable at LFA with this device fitted. Three
more F¥ 190's were fitted and sent to Tarnevitz for proving.
Again harrels were offset {o produce vertical trajsctory to
ths tank to minimise range errors.

6.6 Further developmenis of this project involve the
use of Radar to dstsct the tank. This project was called Honep
and was under develogment at FPO and the use of IR wes also
discussed. Askanis were using a Permalloy cored coil and
measuring changes in the sarth megnetic field, and the
Forschungsenstalt Greff Zeplin Stubgart were working on mere
elaborate devices of the same type.

6.7 In general these projects appear worith further
somaideration particularly the anti-tank method which might
have s Puturs. The installation must of course interfere with
orthodox armament and aircraft performence in spite of German
claims to the comtrary, leading to specialized aircraft. The
disedventage of the single shot feature could probably be got
over by a feirly simple drum feed device. The use of F.M.
Radar offers possibilities at the short rengss involved.
Defence againat this attack may also be worth considering.

The use of equal and opposite guns may be worth investigeting.

7. Stebilized Gun Sights.

7.1 LFA was developing a stabilized fighter arhamert scheme

resulting from their own observations on the difficulty of
tracking modern aircraft., The first atep, which was es far as
they had got, was to fit & movable gun camera coupled to a
sight graticule intoc an aircraft. Both wers stabilized in
space by a free gyro which could be precessed by moving a
small control stick. A simple Ward Lecnard servo wes used.
Early trials in which the pilot flew on the target with &
fixed graticule and the 2nd pilot steered the stabilized

. /graticule
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graticule and camera onto the same target showed considersble
gains in accuracy. Figures could not be checked as Americans
had removed all the squipment.

7.2 The next step was 8till under discussion., The
simplest was to replace the comera by movsble guns and feed in
prediction via the servos, possibly using EZ.4Z componenta.

They were very keen to try and stebilize the entire alrcraft
however by coupling into the auto pilot. In this scheme normal
aircraft controls would be replaced by a small contrcl.stick
during the attack. RForward and backward movement of the stick
would produce climb or dive. Sideways mobtion would produce
accurately banked turns at constant height. By both stabilizing
and simplifying the flying they hoped to achieve sxitremely gocd
tr&cking- *

7.3 Steinheil &nd ILeitz wers both co-operating on sight
head desigp. Steinhsil were developing the Z.P.S.1s periscopic
head besed on the P.V,1.b. with a stebilized mirror introduced
into the optics. The Leltz projzct coculd not be explered as
permission could net be obtained to guestion the persornel.

T4 It was noticeable in this project that the existing
stebilization equipment was designed to cope with vacillatiens
of up to 5° at & 3 second period. This was the natural
frequancy of the Me 262 as supplied by DVL Berlin. There was no
attempt to stabilisze against bumps. '

7+5 The only commence that can be made is that the
Germans were aheed of us in this work and it is suggested Hhat
the experiments are well worth continuing. It is recauwsended
that Dr. Hackeman of L.P.A. should be put fo work on these
again under guitable control.

8. Rocket Sights

8.1 Air to air.

8.1.1s The first rocket sight was the Revi Ci12F, a
fixed reflector sight head with a 45® mirror using the spen of
the aircraft ss the base to measure range. This was used with
the WGRAL2 rocket. TLR had tried to develop the wide angle
telescopic ZFRY and 4 sights for the seme purpose, but these
were rejected by the Luftwaffe as they could not track
accurately enough with them,

8.1.2. For the next rockets, i.e. RiM, R100B3, RZ65 eto.
they intended to use the EZ42 predictor gun sight. For shooting

/RN
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RiM rockets air to air they found thei at 600 yards the
rocket ballistics were sufficiently similar to the gun
bellistics to use the same moving greticule conditions.

24 rockets (on the ME.262) were to be fired in a rapid ripple
lasting about half & second; the ripple was controlled
autamatically by each rocket as it left firing off the next
one. The shooting range was measured by crossing the guns
over at 600 yards and observing the point of cross-over on
tracer. Later radar range was to be measured autamatically
by Faun (EZ42 plus Elfe plus Neptune) and fed into the EZ.42
graticule.

8.1.3. For shooting the R100BS which wes intenmded
for longer ranges than the RALM they developed the Oberon
procedure which, however, never went into operation. The
prineiple involved using a fixed time fuze type 94 of
congiderable accuracy {+ 1/100 sec.). An automatic range
strobing box called Elfe attached to the main radsr was made
to give two pulses at {1800 and 1500 metres. These pulsss
were fed into a computor celled Cberom Uhr, The first pulse
started a hand driven at constant speed by an A.C. motor. The
second pulse reversed the hand. (On its way back it wiped a
moveeble contact and released tiue rocket. The movable contact
position was detemmined by the fuze setting in the rocket.

The Oberon Uhr thus Yook into consideration clusing speed
of the two aircraft and released the rockets at the correct
range to ensure a time of flight dorresponding to fuze

setting.

B8+1elys The prediction angle was teken care of by the
EZ.42. A special time of flight setting was required corres-
ponding to the fuze setting. One knob on the Obercn Uhr
therefore was made to control at once the fuze setting in the
rocket, the position of the moving am in the Oberon Uhr and
the time of flight coil for the EZ.42. A change over switch
was fitted to the BZ.42 to cut ocut yunnery time of flight
end accept the Cberon value.

8.1.5. 1Initially all presets including the range
at which Elfe fed its pulses were ground set. ILater remote
controls were to be introduced for air setting. It was felt
however that the whole principle was toc complicated and
they ‘hoped to f£it proximity fuzes to the rocket. This would
enable them to dispense with (beron and merely use Faun,
i.e. continuous automatic radar range to the EZ.42 with no
compliceted presets and a free choice of shooting range for
the pilot.

/8.1.6.
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. Bet.6. They intended ultimately to correct for yew
and angle of attack in both the above rocket sighting schemes.
D.V.L. had done some theoretical experiments on yaw measurement
and as a result Zeiss were developing a yaw motor based on a twin
pitot head mounted on the wing tip on a telescopic tube.

DRGS of this have already been requested from Zeiss. Askania
were also developing an instrument described as based on the
“yariometer” rate of climb instrument. Zeiss had also done
experiments on an angle of atiack measuring device based on
parts used in the B.Z.A. bomb sight. This scheme used an
acceleraneter fixed in airecraft vertical plane and an A.8.1.
and computed angle of attack for mean loading conditions.
T,L.R. said it wes not sccurate enocugh yet. In both projects
the correction was to be applied direct on to the moving
graticule of the sight hand.

8.2 Air to ground or ses.

8.2.1. Comperatively little work was devoted to these
projects due to the necessity for concentrating on air defence
and difficulty in measuring range. Zeiss were developing the
E.M.8. 1 and 2 which measured height on & barmmetric altimeter,
and dive angle by gyreo, and computed range from these variebles.
& computor fed with this and airspeed drove the moving graticule
of the EZ.45 sight head to the correct position for a
continuous solution. The accuracy of this sight is neot known.
One interesting feature is perhaps the display of dive angle
t0 the pilot in the sight itself as a possible aid to flying
particularly under restricted release conditions,

8.2.2. 1In addition T.L.R. started trials with
radar (Elfe) against shipping mainly for torpedo work without
much’ success except in horizontal flight. Radar renge to
ground was barely in the research stage.

8.3 In general it was concluded that the Germans were
behind RAE in development of rocket sighting agsinst ground
or sea targets. They were about parallel in their work on
measurement of yaw and angle of attack and further information
on these projects should be sought.

9. Guided lissile Sights

The sighting of guided missiles was generally
very simple, a fixed reflector sight only being used at the
moment of release, and thereafter relying on the pilot's
vision %o maintain the target and the rocket in aligrment.
For the television heads to be used with these missiles

/later,
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later, the pilot merely hed to keep the image of the target as
shown by the projectiles in the centre of a fixed cross. Alr
t0 air blind sighting was not worked out in any detsil. Various
schemes were developed for Flek missile sighting however, based
on Mannheim Riese.

10. Radar Arwament Development.

0.1 A. Radar Range

10.,1.1. About 1540 TIE and variocus other autheoritiss
became interested in the possibilities of using Radar range for
sircraft sighting. FFO accordingly designed the Elfe equipment,
200 sets being ultimstely built by Siemens of Berlin towards the
end of the war. This equipment was designed as an attachment
to a parent rader set, e.g, FuG.217 or 218, working on 1.6
metrea. There is little novel in this equipment, the principle
being very similar to that adopted in British and American
equipnent. The Strobe fequired setting on to the target range
manually, after which a button was preszed and it remained
locked on, through & series of relays an? a motor driving a
potentiasetar. In later models ths output was in the form of
g shaft rotating lineally with the range, supplring continucus
automatic range suitable for feeding into the BZ42 sight.

The range was indicated between & kilemetres into about 300
metres, with an asccuracy of about plus or minus 10 -metres
according to the claims of FFCO. The main application was
initially for air to air rockst work as in the Cberon
procedure where two spot ranges were fed to the Oberon Uhr.
Attempts were made to wse it for anti ship work with rockets
and with bombs, end experiments to this ené were in hend at
Gottenhaven, towards the end of the war. The FuG.217 aserizls
were not found suiteble due to the shape of polar disgram
produced, except in horizontal flight.

10.1.2. Meanwhile FFO were working cn a project

of their own called Besenstisl. This was to be a 10/15
~centimetre wave length, self-contained, continuous-gutomatic
range only set suitable for use irn single seater fighters
with EZ.42. It was deaigned to weigh about 20 kilograms all
up. Polyrod aerials giving & beam width of 25° were planned
on the assuap tion that the maximum prediction angle of BZ.42
was about 12Y. This equipment was designed to de as aimple
as possible to operate. 1t would not be neceassary for the
vperator to set the strobe manually on to the target but

the equipment would lock on to the nearest target automatically.
Additionel controls were being discussed %o run the strobe in
or out or to set it automatically to desired renge. Such
parts of this as were built have been removed to America.

/40 1.3,
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10.1.3. 7T.L.R. had also encouraged a new project on
Telefurken called Eule for single seater fighters in which two
Horn aerials were to be used cne on each wing, as a separate
transmitter and receiver using 2 cm. radar. Initlally the
equipment was des:.gned to supply continuous automatic range to
the BZ.42 using & 10° beam. Later it was also to supply
search information mainly for daylight fighting in clouds.

An alternative form appears to use a 2° beam produced by Polyrod
serisis coupled by servos to the EZ.42 graticule so that they
crossed ai ths range indicated by the radar and the predidtion
angle indicated by the EZ.42. This project Was apparently
planned for use egeinst air, ship and ground targets for daylight
use. Telefunken have yet to be interrogated on. further dstails
but it is understood that the project is scme wey off. TLR
accordingly encoursyed FrQ to develop the Besenstiel project

as an intermediate solution.

10.2 Redar Trigeering Projects.

10.2.1. FRQ were =sked o werk with LFA Brunswick on
sutamatic triggering projects ageinst sircraft or tanks to
design radar methods suitable for night use. They accordingly
developed the Honep technique using 15 cm. reder initially
for anti tank work. They compared the return pulse from the
ground with the increased return from a metal object such as a
tenk, and used the sudden increase in emplitude to trigger the
recoilless guns. Trouble was experienced with variable returna
from the ground, particularly fran bowl shaped depressions and
development was not complete. As in all these projects the
pilot had to depress a button before the radar would actually
trigger the guns. The circuits used were comparatively simple.
They c¢ould not detect tenks inside woods, etc.

10.2.2. The same principle has also besen developed
for attacking bombera in which cese the problem was simplified
and any return at all was made to trigger the guns.

10.3 Blind Firing.

10.3.49. By this is meant the use of Radar to find both
range and anguler position of the target accurately enough for
shooting. Developments were stated asbout 1940, TLR soon

decided that until they saw their way to achieving reliable
identificetion it wes not worth putting the work on top
pmor:.ty, 30 progress was slow and confused. The name "Paukg¢" L
wes given to all such projects with suffixes indicating the
"parent™ AT set. They were all forward-leocking as the Germans
hed no time to waste on bamber defence after the early stages

of the war,

/10.3.2.
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10.3.2. The course of develcopment can be broadly
split into aerial systoms and presentations. Dealing with the
first, they started with lobe switching of fixed dipoles on
sbout 1.6 metres (FuG.217). Polar diagrams were too uncertain
to define the target position by percentage modulation. They
therefore swung the cross-~over point of the polar diagrams on
to the target by varying the power of each aerial through an
attenuator driven by Elfe type servos. By this means they
could &ef:me target angles up to 10° off with an accuracy of
about %

10.3.3, The next =tage in azerials waz the use of
parcbolic reflectors on about 10 cm. (PuG.240 = Berlin NIA).
Again they could not use percentage modulation, so pointed
the scanner directly on the target. Since auto-lock
technique in airborne equipment was beyond them they
servoed the scamner off an observer-operated position
control steering stick using a liagslip link. The observer
steered by watching range azimuth and range elevation scopes.
This equipment was introduced into Service @uring the last
months of the war. o evidence has come to light as to
perfomance.

10.3.4. The next stage cocntemplated was the use of
3 on. Radar (Bremen) with a manually controlled paraboloid
a8 in Berlin but using rate-control handies. Prediction angle
was then to be tsken either from R4dar range and rate or
from the EZ.42.

10.3.5. One school of thought at FF0 believed that
accurate angular information would never be obtained using
the cross-over point of a polar diagram due Yo the inevitsble
jitter and wander. They were therefore working on schemes
for telev:.s:l.on scanning using wave lengths of .5 cm. with
beams of #°. This was in the research stage and the
equipment was far too heavy for airborne use.

10.3.6. As regards the presentetion to the pilvt,
FuG.217 and Rerlin schemes mersly consisted of four lights
indicating "Ud, "Down", "Right", "Left" end cannot have been
very accurate. Cne of these is available for inspection in
& Junkers 88 now at Brize Norton.

10.3.7. The next stage to be introduced with
Berlin and later with Bremen was to supply the pilot with am
dgzimuth~elevation presentation with range indicated by wing
span or the diameter of a gircle. This was to be raflected
into the EZ.42 gunsight by 45° mirrors, In this scheme the

/pilot
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pilot was required to renge menually on to the presentation.
In another scheme prediction wes to be calculated from Redar
renge end the mngular rates of the scenner and wes to be fed
into servos linking the scanner with moveble guns in such a
way that the guns always pointed in a direction to hit a
target defined by the scanner. In this case the pilet flow
on & Pixed graticule cambined with an azimuth elevation
display. All this work was a long way off. Further
interrogation of Telefunken may produce more infomaticn.

10.3.8. The Germans had a tendency to use Polyred
aerials in places where we use parsboloid dishes, which
results in much neater installations. Use cf them for radar
range projects at least might be worth considering.

10.3.9. It was noticeable that the Germans paid
great attention in all these schemes to anti-jamning devices.
These included Taunus, in which the normal presentation was
differentiated, use of Doppler effect, and the use of
stroboscopic discs. Using all three at once, they atltempted
to overcome our jamming and our "yindow". It will
presumebly be very necessary for us to pay attention to jamming
in the next war.

10,3.40. While tue later ideas are interesting,
very little work appears to have been done on any of them,
and it is evident that we were a long way ahead of the Germens
on Redar armament. The operational personnel were not
apparently very interested in any of the schemes, as they
appeared to be satisfied with simple search equipment, such
as FuG 217 of H2S homing gear, such ss Naxos and relied on visual
sighting, with Schraegermusik guns for the final attack
delivered at close range. If they lost one target they said
they could always find another one in the main bomber stresam.

10.4 The use of radsr and I.R. was contemplated for
steering guided missiles at night on toc the target. For
Schoretterling Flak rockets beacons would be fitted to the
missile and it would be steered by super-imposing the missile
return on to the target return on & C.R.T. This method was

‘being worked out in detaill using Mannheim Reise for e scheme

called ®Kogge™ and would later be applied to air toc air work.
11. Recogpisition

11.1 The Germans were as baffled by this problem as we
were, but believe the television method offers some hopes.

/11.2.
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11.2 They were working on the reflections returned from
jet aireraft and found that they could receive pictures of the
hot geses issuing from the rear. There is also some vague
story that the hot gasses had been found tc rediate autometically
on radar wave lengths but information is extremely vague.
They believed, however, that they could differentiaste between
jet and orthodox sircraft using propeller modulation effects.

2. IL.R.

121 The Gemmans had,; of course, produced equipment
supplying extremely accurate angle information designed by EZlac
of Kiel and A,E.G. using a lead sulphide cell for detecting
the radiation from engine manifolds and Jet motor gases
Figures of 1/20° were claimed. They were thinking of using
radar to measure range and I.R. to measure angle for various
ground applications. They had developed a night fighter
search set called Kiel but did not use it extensively because
of loss of range in cloud. They also used “Spanner” similar
to our type 'F' telescope in an unsuccessful attempt to home on
to our type Z tranasmitter.

12.2 They were also devoting considerable energy to
exploring the transmission of I.R. radiations through the air
and incidentzlly through tihe sea and had detected the existence
or various windows at 3 &1 T,L.R. were encouraging research intc
the wave lengths between I.R. and radar in the hopes that further
windows would be detected.

12.3 The Gemans were very definitely ahead of us in this
work., I% is believed that T.R.®. are investigating it in detail.’

13, Conclusions

13.1 PFrom the above it is concluded that the German method
of administration did not work as well as ours in that there was
nore internal jealousy built into the system and more politics “ F7
walch hampered the rapid development of equipment. The sharp
differentistion between Service and development personnel and the
excessive power vested in industry were two main reasons for this.

13.2 As regards technical development it appears ithat the
Germans were in general behind us, the main projects of interest
being the stabiliged fighter armament scheme, the autmmatic
triggering project, the television scanning snd the work om
I.R. radiation, all of which seem worth following up.
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13.3 It is also suggested that use should be made cof
cerman sclentists in further research work under ceontrolled
conditione on their own lines on the projects indicated
above, since it is impossible tc pick up the entire back-
ground of such research by a few hours interrogation.

' R.P. FISHER.
R.D.Arm.3.{b).
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