
In this modern age of GPS and 
precision long-range radar, it’s 
difficult to imagine the difficulty of 

navigating an aircraft at four miles a 
minute in darkness across blacked-
out enemy territory using only dead 
reckoning, star fixes and maps. 

Thus it was hardly surprising that during WW2 
the Luftwaffe adopted radio methods to guide 
night bombers to their targets in Britain. The 
story of the secret and silent ‘battle of the 
beams’ between the attackers who developed 
these specialised systems and the defenders 
who strove to disrupt them is one of the most 
fascinating in the history of short wave radio. 
It is a drama in which British radio amateurs 
played a pivotal role

Lorenz
2Q����2FWREHU�������LQ�WKH�ÀUVW�DLU�UDLG�RQ�
Britain in WW2, a Heinkel He 111 medium 
ERPEHU�ZDV�VKRW�GRZQ�E\�D�6SLWÀUH�RI�����
Squadron over the Firth of Forth. When the 
plane’s radio equipment was taken to RAE 
Farnborough for examination, the technicians 
ZHUH� VXUSULVHG� WR� ÀQG� WKDW� WKH� /RUHQ]� EOLQG�
approach receiver from the aircraft was a 7-valve 
superhet of much higher sensitivity than the 
2-valve straight set that was adequate for normal 
service. Later, captured aircrew from another 
He 111 were overheard saying that no matter 
how diligently the British searched their plane 
WKH\�ZRXOG�QHYHU�ÀQG�WKHLU�ERPELQJ�QDYLJDWLRQ�
equipment, implying that it would be overlooked 
because it was right under their noses.

The blind approach system had been 
GHYHORSHG�E\� WKH�/RUHQ]�&RPSDQ\� LQ�%HUOLQ�
long before the outbreak of war and it had 
EHHQ�LQVWDOOHG�DW�PDQ\�DLUÀHOGV�WKURXJKRXW�WKH�
world. The system initially used motor-driven 
switches to modulate the antenna lobes of a 
���:������0+]�0&:� WUDQVPLWWHU� ORFDWHG�
at the end of the runway, such that if an 
aircraft were to the right of the approach path 
LW�UHFHLYHG�D�VHULHV�RI�����+]�WRQH�����VHFRQG�
dashes, whereas if it were to the left it received 
����VHFRQG�GRWV��7KH�GRWV�DQG�GDVKHV�ZHUH�
synchronised, so that directly on the correct 
ÁLJKW�SDWK�WKH\�PHUJHG�LQ�DQ�HTXLVLJQDO�]RQH�
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Part 1: Headache and Aspirin

The Knickebein beams from Kleve and Stollberg could be directed to intersect over targets such as 
the Rolls-Royce aero-engine factory at Derby. (Image: Dahnielson/cc by-sa 3.0).

August 1941 photo of part of a 20m-high Knickebein transmitter antenna, possibly in Halinghen, 
Hauts-de-France. (Image: Bundesarchiv, Bild 101I-228-0322-04 / Friedrich Springorum / CC-BY-SA 3.0).
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to form a continuous tone. Was it possible 
that this popular commercial system had been 
PRGLÀHG�WR�VHUYH�ORQJ�UDQJH�PLOLWDU\�SXUSRVHV"
,QLWLDOO\�WKH�UHVSRQVLEOH�FLYLOLDQ�$LU�0LQLVWU\�

RIÀFLDO��WDOHQWHG�\RXQJ�$VVLVWDQW�,QWHOOLJHQFH�
'LUHFWRU�5HJLQDOG�-RQHV��ZDV�DGYLVHG�E\�WKH�
0DUFRQL�&RPSDQ\·V�SURSDJDWLRQ�H[SHUW�WKDW�D�
V\VWHP�RSHUDWLQJ�DW�IUHTXHQFLHV�DERYH���0+]�
FRXOGQ·W�EH�XVHG�WR�JXLGH�ERPEHUV�RYHU�%ULWDLQ��
VLQFH�VXFK�VKRUW�ZDYH�UDGLDWLRQ�ZRXOGQ·W�EHQG�
VXIÀFLHQWO\�DURXQG�WKH�FXUYDWXUH�RI�WKH�HDUWK��
�3KHQRPHQD� VXFK� DV� WURSRVSKHULF� GXFWLQJ�
ZHUH�QRW�ZHOO�NQRZQ�DW�WKLV�WLPH���,QGHHG��WKH�
PD[LPXP�UDQJH�RI�WKH�VWDQGDUG�/RUHQ]�V\VWHP�
ZDV�RQO\�DERXW����PLOHV�EXW�DQ�HQWKXVLDVWLF�
UDGLR� DPDWHXU�� 5RZOH\� 6FRWW�)DUQLH�� *�),��
FRQYLQFHG� -RQHV� WKDW� LW� VKRXOG� EH� SRVVLEOH�
WR�H[WHQG�WKH�UDQJH�E\�WKH�VDPH�WHFKQLTXHV�
WKDW�ZHUH�XVHG�E\�UDGLR�DPDWHXUV�WR�DFKLHYH�
';� FRPPXQLFDWLRQV�� 8VLQJ� D� PXFK� ODUJHU�
JURXQG�DQWHQQD�ZLWK�D�QDUURZHU�EHDPZLGWK��
KLJKHU�WUDQVPLWWHU�SRZHU�DQG�PRUH�VHQVLWLYH�
UHFHLYHUV�KH�EHOLHYHG�WKDW�DW�OHDVW�KLJK�Á\LQJ�
SODQHV�FRXOG�EH�DEOH�WR�XVH�D�PRGLÀFDWLRQ�RI�
WKH� V\VWHP� LQ� WKH� UHYHUVH�GLUHFWLRQ� IRU� ORQJ�
UDQJH�QDYLJDWLRQ��+H�DOVR�VXJJHVWHG�WKDW�WKH�
IUHTXHQFLHV�RI����������DQG�����0+]�PLJKW�EH�
XVHG��VLQFH�WKHVH�ZHUH�WKH�IUHTXHQFLHV�WR�ZKLFK�
WKH�/RUHQ]�UHFHLYHUV�IURP�FUDVKHG�+HLQNHO·V�
ZHUH�IRXQG�WR�EH�WXQHG�

The crooked leg
7KH�ÀUVW�FOHDU� LQGLFDWLRQV� WKDW� WKH�*HUPDQV�
PLJKW�KDYH�GHSOR\HG�VXFK�D�EOLQG�ERPELQJ�
DLG�FDPH�IURP�FRGHG�PHVVDJHV�LQWHUFHSWHG�E\�
WKH�<�6HUYLFH��ZKLFK�ZDV�ODUJHO\�PDQQHG�E\�
SUH�ZDU�UDGLR�DPDWHXUV�DQG�E\�UDGLR�DPDWHXU�
9ROXQWDU\� ,QWHUFHSWRUV� �9,V��� $UWKXU� :DWWV��
*�81��3UHVLGHQW�RI�WKH�56*%�IURP������WR�
������DVVLVWHG�LQ�UHFUXLWLQJ�RYHU������9,V��
7KH\� XVHG� WKHLU� VNLOOV� WR� FRS\�ZHDN�0RUVH�
FRGH�HQHP\�UDGLR�PHVVDJHV�IURP�WKHLU�RZQ�
KRPHV��RIWHQ�ZLWK�KRPHEUHZ�UHFHLYHUV��:KHQ�
WKHVH�PHVVDJHV�ZHUH�GHFU\SWHG�E\�WKH�FRGH�
EUHDNHUV� DW� %OHWFKOH\� 3DUN�� RQH� ZDV� IRXQG�
WR�UHDG�´.QLFNHEHLQ�DW�.OHYH�LV�FRQÀUPHG�DW�
SRLQW������·1����:�µ�6LJQLÀFDQWO\��WKH�WRZQ�RI�
.OHYH�LV�QHDU�WKH�ZHVWHUQ�IURQWLHU�RI�*HUPDQ\�LQ�
WKH�SDUW�FORVHVW�WR�%ULWDLQ��-RQHV�JXHVVHG�WKDW�
WKH�PHVVDJH�UHSRUWHG�WKDW�D�UDGLR�EHDP�IURP�
WKHUH�KDG�EHHQ�FKHFNHG�DV�FURVVLQJ�(QJODQG�
DW�WKH�JHRJUDSKLFDO�ORFDWLRQ�VSHFLÀHG��ZKLFK�
LV�QHDU�5HWIRUG�LQ�1RWWLQJKDPVKLUH��7KH�QDPH�
.QLFNHEHLQ��¶FURRNHG�OHJ·��VXJJHVWHG�D�V\VWHP�
WKDW� HPSOR\HG� WZR� GLUHFWLRQDO� UDGLR� EHDPV�
LQWHUVHFWLQJ�DW�DQ�DQJOH�RYHU�D�WDUJHW��DOWKRXJK�
LW�ZDV�ODWHU�GLVFRYHUHG�WKDW�LW�DFWXDOO\�UHIHUUHG�
WR�WKH������DQJOH�RI�WKH�GXDO�EHDP�DQWHQQDV�
XVHG�DW�WKH�WUDQVPLWWHUV��7KH�ÀUVW�.QLFNHEHLQ�
DQWHQQDV�DW�6WROOEHUJ��.OHYH�DQG�0DXOEXUJ�ZHUH�
QHDUO\���P�KLJK�DQG�PRXQWHG�RQ���P�GLDPHWHU�
FLUFXODU�UDLOZD\�WUDFNV�WR�SHUPLW�DLPLQJ�
7KH�<�6HUYLFH�DOVR�VXFFHVVIXOO\�HDYHVGURSSHG�

RQ�/XIWZDIIH�DLUERUQH�FRPPXQLFDWLRQV��VRPH�

RI�ZKLFK�ZHUH�LQ�SODLQ�ODQJXDJH��6XUSULVLQJO\��
VRPH�PHVVDJHV�XVHG�WKH�LQWHUQDWLRQDO�4�&RGH�
IDPLOLDU� WR� UDGLR� DPDWHXUV�� HYHQ� LQFOXGLQJ�
DEEUHYLDWLRQV� LQ� (QJOLVK� �VXFK� DV� ¶RPT’ for  
¶,�UHSHDW·���$GGLWLRQDO�HYLGHQFH�ZDV�JDWKHUHG�
IURP�IUDJPHQWV�RI�SDSHU�DQG�ZLUHOHVV�RSHUDWRUV·�
ORJV�UHFRYHUHG�IURP�/XIWZDIIH�DLUFUDIW�WKDW�KDG�
EHHQ�VKRW�GRZQ�RYHU�%ULWDLQ��2QH�DLUPDQ�ZKR�
KDG�EDLOHG�RXW�IURP�KLV�FULSSOHG�DLUFUDIW�ZDV�
FDSWXUHG�DV�KH�ZDV�WU\LQJ�WR�EXU\�WKH�SDJHV�RI�
KLV�QRWHERRN��ZKLFK�KH�KDG�WRUQ�LQWR�KXQGUHGV�
RI�SLHFHV��:KHQ�WKH� MLJVDZ�ZDV� ODERULRXVO\�
UHFRQVWLWXWHG��LW�ZDV�IRXQG�WR�LQFOXGH�D�WDEOH�
JLYLQJ�WKH�SRVLWLRQV�RI�WUDQVPLWWHUV�DW�.OHYH�DQG�
%UHGVWHGW��ZLWK�WKHLU�RSHUDWLQJ�IUHTXHQFLHV�RI�
�����DQG���0+]�
0DQ\�H[SHUWV�UHPDLQHG�VFHSWLFDO�DERXW�WKH�

LGHD�WKDW�/XIWZDIIH�ERPEHUV�ZHUH�QDYLJDWLQJ�E\�
UDGLR�EHDPV��$UWKXU�+DUULV��ODWHU�WKH�KHDG�RI�
5$)�%RPEHU�&RPPDQG��ZDV�SRVLWLYHO\�VFDWKLQJ�
VLQFH�KH�WKRXJKW�WKDW�DQ\�VNLOOHG�DLUFUHZ�FRXOG�
ÀQG�WKHLU�WDUJHWV�ZLWKRXW�VXFK�SDUDSKHUQDOLD��
+H�FKDQJHG�WKLV�YLHZ�ZKHQ�LQ�$XJXVW������
WKH�%XWW�5HSRUW�UHYHDOHG�WKDW�DFWXDOO\�IHZHU�
WKDQ�RQH�5$)�ERPE�LQ�WHQ�IHOO�ZLWKLQ�ÀYH�PLOHV�
RI� LWV� LQWHQGHG� WDUJHW��%XW�&KXUFKLOO�KLPVHOI�
KDG� VFLHQWLÀFDOO\� OLWHUDWH� DGYLVRUV� DQG� KH�
ZDV�FRQYLQFHG�E\�-RQHV� WR�DXWKRULVH�D� IHZ�
H[SORUDWRU\�ÁLJKWV�WR�VHDUFK�IRU�EHDPV��$W�WKH�
WLPH�WKH�5$)�GLGQ·W�KDYH�DQ\�JHQHUDO�FRYHUDJH�
UHFHLYHUV�IRU�WKHVH�IUHTXHQFLHV��VR�-RQHV�VHQW�
RQH� RI� KLV� FLYLOLDQ� WHDP� WR� :HEE·V� 5DGLR�
LQ�6RKR��0DVTXHUDGLQJ� LQ� D�KLUHG�XQLIRUP��
KH� VXFFHVVIXOO\� UHTXLVLWLRQHG� WKHLU� VWRFN� RI�
+DOOLFUDIWHUV�6����DPDWHXU�UDGLR�VHWV��SURPLVLQJ�
WKDW�WKH�$LU�0LQLVWU\�ZRXOG�SD\�IRU�WKHP�ODWHU��
7KH�6����ZDV�D����YDOYH�$0�)0�&:�VXSHUKHW�
WKDW�FRYHUHG����WR����0+]�LQ���EDQGV��$Q�
DGYDQFHG�UHFHLYHU�IRU�WKH�WLPH��LW�KDG�YDULDEOH�
VHOHFWLYLW\�DQG�XVHG�PLQLDWXUH�DFRUQ�YDOYHV�IRU�
WKH�5)�DPSOLÀHU��RVFLOODWRU�DQG�PL[HU��XWLOLVLQJ�
DQ�,)�RI�����0+]��7KH�UHFHLYHUV�ZHUH�LQVWDOOHG�

LQ�DLUFUDIW�DW�WKH�%OLQG�$SSURDFK�'HYHORSPHQW�
8QLW�DW�%RVFRPEH�'RZQ��ZKLFK�KDG�DLUFUHZ�
ZLWK�PXFK�H[SHULHQFH�RI�EHDP�Á\LQJ��7KH\�
ZHUH�PRGLÀHG� WR� UXQ� RQ� WKH� DLUFUDIW·V� ��9�
'&�VXSSO\�DQG�VNLOOHG�SUH�ZDU�UDGLR�DPDWHXU�
PHPEHUV�RI�WKH�<�6HUYLFH�ZHUH�SRVWHG�WKHUH�
WR�RSHUDWH� WKHP�²� WKH\�ZHUH�GHVLJQDWHG�DV�
¶6SHFLDO�:LUHOHVV�2SHUDWRUV·�
2Q� ��� -XQH� ����� DQ� ROG� WZLQ�HQJLQHG�

0N���$YUR�$QVRQ�WRRN�RII� IURP�5$)�:\WRQ�
WR� VHDUFK� IRU� EHDPV�� $V� EDG� OXFN� ZRXOG�
KDYH� LW�� WKH�YLEUDWRU�+7�VXSSO\�RI� WKH�6����
UHFHLYHU�GHYHORSHG�D�IDXOW�RQ�WKH�ÀUVW�ÁLJKW��
ZKLOH�RQ�WKH�VHFRQG�QLJKW�WKH�/XIWZDIIH�PDGH�
QR�VRUWLHV��$OWKRXJK�WKHUH�ZHUH�FDOOV�IRU�WKH�
VHDUFK�DWWHPSWV�WR�EH�DEDQGRQHG��RQH�PRUH�
ÁLJKW�ZDV�DXWKRULVHG�RQ�WKH�QLJKW�RI����-XQH�
DQG�WKLV�WLPH�D�����0+]�EHDP�IURP�.OHYH�
ZDV�ORFDWHG�DERXW�RQH�PLOH�VRXWK�RI�6SDOGLQJ�
LQ�/LQFROQVKLUH��7KH�$QVRQ� WKHQ�ÁHZ�DORQJ�
LW�XQWLO� WKH�RSHUDWRU�SLFNHG�XS�D�FURVVEHDP�
IURP�6WROOEHUJ��+H�GLVFRYHUHG�WKDW�WKH�EHDPV�
LQWHUVHFWHG� RYHU� WKH� 5ROOV�5R\FH� IDFWRU\� DW�
'HUE\�� ZKLFK�PDGH� WKH�0HUOLQ� HQJLQHV� IRU�
6SLWÀUHV�DQG�+XUULFDQHV��7KH�VHULRXVQHVV�RI�
WKH� WKUHDW�ZDV� QRZ� DSSDUHQW� DQG� WKH� 5$)�
DSSURSULDWHO\�FRGH�QDPHG� WKH�HQHP\�EHDP�
V\VWHP�¶+HDGDFKH·��:KHQ�)LJKWHU�&RPPDQG�
&KLHI�+XJK�'RZGLQJ�ZDV�DVNHG�ZKDW�VKRXOG�
EH�GRQH��KH�UHSOLHG�LQ�RQH�ZRUG�� -́DP�µ�

80 Wing
,Q�$XJXVW������D�UDGLR�FRXQWHUPHDVXUHV�XQLW�
FDOOHG�1R�����6LJQDOV��:LQJ�ZDV�IRUPHG�E\�
VLJQDOV�VSHFLDOLVW�(GZDUG�$GGLVRQ�WR�SURYLGH�

Dr Bruce Taylor, HB9ANY
bgtaylor@ieee.org

Restoring an aircraft Knickebein system (foreground). Left: EBL2 signal processing unit; Middle: 
EBL3 superhet beam receiver; Right: U8 210V HT rotary converter. (CDV&T and Hans Goulooze).
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electronic intelligence and counter the 
German beams. Its motto was “Confusion to 
Our Enemies”. The Wing Headquarters was 
established in the Aldenham Lodge Hotel in 
Radlett, a village about 14 miles north west of 
London in convenient proximity to the London/
Birmingham GPO trunk cable. It was linked 
directly to the Fighter Command Operations 
Room at Bentley Priory in Stanmore. The old 
Lodge was infested with rats and cockroaches 
but it had a swimming pool, rather a rare asset 
for a WW2 RAF base!

Because of their technical experience, 
resourcefulness and ability to improvise solutions 
rapidly, many British radio amateurs served in 
this unusual unit, with the General Secretary of 
the RSGB, John Clarricoats, G6CL, acting as a 
‘Recruiting Sergeant’. Fifty BBC radio engineers 
also joined and within a year Addison had built 
up monitoring and jamming systems at over 120 
outstations throughout the country. By September 
1941, 80 Wing had a strength of 2000 men and 

women of all ranks. A staff of 27 WAAFs was 
engaged to use 242 telephone lines to connect 
the Radlett HQ with the outstations.

Before specialised systems to counter 
Knickebein could be built, Addison’s 
team improvised makeshift jammers by 
commandeering 150W 27.12MHz diathermy 
sets from local hospitals. These were converted 
WR� 5)� SRZHU� DPSOLÀHUV� DQG� GULYHQ� E\� VPDOO�
transmitters made at the Peto Scott factory to 
emit radio noise on the Knickebein frequencies. 
Two sets were installed in vehicles that could 
rapidly be despatched to any target area. Others 
were installed in dispersed police stations, which 
were alerted by telephone from Wing HQ when 
they were required. One village bobby put a set 
in his bedroom, where his wife could switch it 
on if he was out on his beat at the time of a call.

The Rediffusion factory in south-west London 
produced a number of powerful jammers very 
UDSLGO\�E\�FRQYHUWLQJ�WKH��N:�DXGLR�DPSOLÀHUV�
on their production line into radio transmitters. 

���:LQJ�DOVR�PRGLÀHG�HLJKW�5$)�/RUHQ]�DLUÀHOG�
approach transmitters to radiate fake beams 
across the Knickebein ones to induce the 
attacking planes to stray off course, or to drop 
their bomb load in open country before reaching 
the target.

The Air Arm of 80 Wing, which later became 
����6TXDGURQ��FDUULHG�RXW�UHJXODU�ÁLJKWV�WR�
locate the radio beams. To narrow the search 
area for the Ansons, manned receiving stations 
were set up by lashing garden sheds to the tops 
of the towers of a few selected Chain Home 
radar stations. Braving the freezing cold in these 
high level shacks, the listening operators could 
indicate to Wing HQ the Knickebein frequencies 
that were being used on any night, and to which 
side of each station the beams lay. Knowing the 
antenna patterns of the Knickebein transmitters 
and their locations, the information from several 
such receiving stations could be combined to 
estimate the bearings of the main lobes. Since 
the beams were often turned on well before 
each night attack, this gave time to identify the 
probable target and set up the jammers.

Meanwhile a more sophisticated antidote 
for Headache was being developed by 
Robert Cockburn and his team at the 
Telecommunications Research Establishment 
(TRE) in Worth Matravers, which included 
Martin Ryle, G3CY. This countermeasure was 
aptly named ‘Aspirin’. When a Knickebein raid 
started, the 500W Aspirins netted on to the 
frequency and transmitted dashes with the 
same modulation tone at exactly the same 
rate as the real transmitter. When the jamming 
signal was strong enough, pilots on the correct 
track continued to hear dashes, causing them 
to diverge from it. This even resulted in several 
ERPEHUV�Á\LQJ� LQ�FLUFOHV��QDYLJDWLRQ�EHFDPH�
so unreliable that by mistake some German 
bombers landed in England instead of at 
their home bases. At least one inexperienced 
young bomber crew, who hadn’t been taught 
to navigate at night without the Knickebein 
beams, bailed out from their plane when they 
found they were jammed.

When the start of systematic Aspirin 
jamming revealed that Knickebein had become 
well understood by the RAF, many German 
bomber pilots preferred to keep out of the beam 
VLQFH�WKH\�IHDUHG��PLVWDNHQO\��WKDW�QLJKW�ÀJKWHUV�
or aerial mines might be waiting for them all 
along the route to the target. This psychological 
effect may actually have caused more disruption 
than the jamming itself. By the autumn of 1940 
raiders no longer considered Knickebein usable 
HQRXJK� IRU� WDUJHW� LGHQWLÀFDWLRQ�� DOWKRXJK� LW�
was several months before the young German 
pilots plucked up the courage to tell Göring that 
the system was useless. However, as we shall 
see in Part 2, the German Aviation Research 
Institute (DVL) had been developing another 
highly secret and much more accurate VHF 
radio beam system that would soon be used by 
the Luftwaffe with devastating effect.

Hallicrafters S-27 amateur radio receivers were used to search for the Luftwaffe beams.

After the occupation of the Netherlands and France, more compact second-generation 45m-wide 
FuSan721 Knickebein antennas could be used, as they could be sited nearer to Britain.
(Model by Michael Kayser)



Radio amateurs played a 
pivotal role in electronic 
countermeasures during WW2.

In Part 1 we saw how the RAF used amateur 
radio receivers to discover the Knickebein 
system of radio beams that the Luftwaffe 
employed to guide its night bombers to 
targets in Britain. ‘Aspirin’ jammers for this 
‘Headache’ had been developed by TRE and 
deployed successfully by 80 Wing, and the 
system was considered no longer usable for 
accurate navigation. But the enemy had other 
tricks waiting in the wings.

X-Gerät
On 6 November 1940 a raiding Heinkel III 
bomber that had suffered compass failure over 
England tried to return to its base in occupied 
France by using a radio beacon at Saint-Malo. 
But the beacon was being jammed by 80 
Wing, so the crew became disorientated and 
instead of landing in Brittany the plane ran 
out of fuel and crash landed just offshore from 
the beach at West Bay in Dorset. British Army 
soldiers waded into the shallows and secured 
a rope around the fuselage, but then the Royal 
Navy arrived and claimed that because the 
plane was in the sea it was theirs to salvage. 
When the sailors towed it into deeper water 
to secure it to a ship, the rope parted and the 
plane sank to the bottom!

In spite of this incident the waterlogged 
radio equipment on board the aircraft was 
recovered and sent to RAE Farnborough, 
where it was found to include a new type 
of bombing radio navigation aid called 
X-Gerät. This system was considerably 
more sophisticated than Knickebein, having 
both coarse and Àne director beams and 20 
operating frequencies in the higher frequency 
range of 65-77MHz. The X-Gerät system also 
laid three very narrow crossbeams across 
the director beam prior to the target, which 
allowed the aircraft’s ground speed to be 
determined and the bomb release point to 
be computed by a special ‘bombing-clock’ 
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 Part 2: Bromide, Domino
 and Benjamin

Locations of the radio beam transmitters in 1941. (Courtesy of Bill Rankin, www.afterthemap.info).

7KH�WKUHH�GRUVDO�DQWHQQD�PDVWV�UHYHDO�WKDW�WKLV�+HLQNHO�����ZDV�DQ�;�*HUlW�SDWKÀQGHU�
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mechanism on board the plane.
The 0.05q Àne director beam was so 

narrow that in calculating its bearing 5-Àgure 
log tables had to be used to take account of 
the fact that the earth isn’t a perfect sphere 
(it’s slightly Áattened near the poles). A 
result of the antenna conÀguration required 
to achieve this high directivity was that 
the radiation pattern had 14 lobes, several 
of which the bombers had to Áy across to 
Ànd the true guide beam. The crossbeams 
also had multiple sidelobes, and as the 
Áight progressed the aircrew had to resolve 
the ambiguity by counting them until they 
reached the genuine Àrst marker beam. 
These sidelobes also complicated 80 Wing’s 
task of determining the target.

Since the X-Gerät system required special 
equipment and trained aircrew operators, 
it was Àtted only to the bombers of an elite 
group of pathÀnders called Kampf Gruppe 
100 (KGr100), whose task was to mark 
the target with hundreds of 1kg thermite 
incendiaries, on which the main force would 
bomb visually. But the poor ballistics of 
these incendiaries resulted in considerable 
spread and they didn’t have a special Áare 
colour to distinguish them from Àres caused 
by misdirected bombs. Learning from 
experience with Knickebein, the 500W 
X-Gerät transmitters emitted spoof beams 
before each raid, while the real ones weren’t 
turned on until as late as possible, a tactic 
that sometimes confused the bombers as 
much as the defenders. Fortunately for 
the Allies, KGr100 was based at Vannes, 
far to the west of France and beyond the 
reach of secure German military landlines, 
so the unit had to use wireless for ground 
communications. This allowed the control 
messages to be intercepted by the Y Service 
and radio amateur VIs and decrypted at 
Bletchley Park.

With these decrypts, Jones was able to 
deduce how the operating frequencies were 
related to the receiver settings that were 
transmitted to the pathÀnders before each 
raid. Using this information, Cockburn’s 
team at TRE rapidly introduced 100W 
X-Gerät jammers called ‘Bromides’ that were 
equivalent to the Aspirins for Headaches. 
Nevertheless, Bromide proved ineffective 
during the devastating 10-hour raid on 
Coventry, even though the jammers at Birdlip 
Hill, near Gloucester, Kenilworth and Hagley 
were well within range. This was because 
their modulation tone was set to 1500Hz, 
whereas the X-Gerät receivers had a sharp 
audio Àlter centred on 2000Hz.

The mistake was corrected before the 
raids on Birmingham Àve days later, when 
the Luftwaffe bombers were partially 
disrupted and dispersed. By April 1941, 80 
Wing had enough Bromides to disrupt all the 
X-Gerät director and crossbeam frequencies 

and no other inland British city was to suffer 
such highly concentrated damage. In spite 
of at least eight attacks on the Rolls-Royce 
works at Derby during WW2, only a single 
bomb actually hit a factory building.

Except on moonless or cloudy nights, no 
radio aids were required to Ànd the sprawling 
metropolis of London. But speciÀc industrial 
assets in the city couldn’t be targeted 
accurately without the help of reliable beams 
and the enemy bomb loads were scattered 
over almost 100 boroughs. Although no 
longer used by raiding bombers, the 65-
77MHz X-Gerät transmitters were kept 
functioning as decoys until they were Ànally 
dismantled in November 1942.

Y-Gerät
As early as mid-1940, when the existence of 
the Knickebein beams was conÀrmed, Enigma 
decrypts from Bletchley Park included mention of 
what appeared to be another system, code-named 
‘Wotan’. Since this is the name of a Germanic God 
with only one eye, Jones guessed that it might 
refer to a new navigation aid that used only a 
single beam. It turned out that this reasoning was 
wrong but the conclusion was perfectly correct! 
Monitoring stations began to report beam signals 
between 42.1 and 47.9MHz that had different 
characteristics, with alternate right and left signals 
of equal duration transmitted at a high rate, for 
they were decoded in the aircraft electronically 
rather than aurally. The bearing analyser was 
coupled to the modiÀed He 111 autopilot by an 
automatic Áight control system that was much 
ahead of its time.

This more advanced ‘Y-Gerät’ system reduced 
the number of confusing sidelobes by switching 
between a cardioid and a more directive antenna 
pattern. It achieved very accurate slant ranging 
by transmitting a 300Hz, 3kHz or 7.5kHz tone-
modulated carrier to a transponder in the aircraft 

on one frequency, and comparing the phase with 
the return signal carrying the same modulation 
sent back from the aircraft on a different one. 
The range measurement was made by the ground 
controller, who used a version of the X-Gerät stop-
clock to determine when to order the aircraft to 
release its bombs. Since the system was more 
complex and could only operate with Àve aircraft 
at a time, Y-Gerät equipped planes were formed 
into a specialised pathÀnder group (Group III of 
KG26) that led the main bomber stream.

III/KG26 made the error of practising using 
Y-Gerät for many weeks before trying it on a 
major bombing raid. So Cockburn’s team had 
time to analyse the signals and devise a subtle 
countermeasure called ‘Domino’, which was 
ready for action on the very Àrst night that the 
system was used for a large-scale attack on 
Britain. They borrowed the powerful BBC TV 
transmitter at Alexandra Palace, which by chance 
operated in the same frequency band and had 
been shut down at the outbreak of war lest it 
be used by the Luftwaffe to home on London. 
An EMI TV receiver was set up at the former 
outside broadcast relay station at Swains Lane in 
Highgate, with its bandwidth enlarged to accept 
both the ground control transmission on 42.5MHz 
and the response from the pathÀnder bomber on 
46.9MHz. From there, the modulation signal 
was sent by Post OfÀce landline to Alexandra 
Palace, together with a subdivision of the carrier 
frequency that allowed the TV transmitter to zero 
beat with the ground transmission. At Swains 
Lane Ewart Farvis sat listening to the German 
radio communications with his Ànger on a key 
that controlled Alexandra Palace remotely. At the 
critical moment, he sent the modulation back to 
the aircraft on 42.5MHz, using a power that was 
sufÀcient to give a false range indication but not 
enough to arouse suspicion of jamming.

Thirty years after the event, when Farvis Ànally 
felt free to tell me about this secret war work, he 
described the result as hilarious. Being Áuent in 
German, he could follow the acrimonious radio 
dialogue between the bewildered young bomber 
aircrew and their ground controller as they argued 
about the cause of the perplexing behaviour 
of their instruments. The aircrew accused the 
ground station of sending bad signals, while 
the ground controller attributed the problems to 
airborne equipment failure, probably due to a 
loose wire. He even told the distraught operator to 
“thump the box”, which caused Farvis to remark 
that he was evidently a real radio man! The 
jamming was repeated successfully with more 
pathÀnders before the Luftwaffe abandoned the 
attack.

At TRE, Farvis went on to analyse the signals 
of the German VHF IdentiÀcation, Friend or Foe  
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The X-Gerät ‘bombing-clock’ measured the time 
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bomb release time. (Horst Beck Collection, photo 
Frank Dörenberg, N4SPP/F4WCN).
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(IFF) system, allowing the team to develop the ‘Perfectos’ radio device that 
RAF night Àghters used to trigger the transponders in enemy aircraft, to 
determine their positions without using radar. Following the deployment of 
Perfectos, many Luftwaffe crews Áew with their IFF switched off and were 
shot down by their own side’s Áak. After the capitulation of Germany, Farvis 
was given the temporary rank of Squadron Leader (and a revolver) when 
he was Áown to Munich to interrogate German engineers and scientists. He 
had a fruitful discussion with the designer of X-Gerät and Y-Gerät, Johannes 
Plendl.

Benjamin
Having established an effective countermeasure for the ranging system 
of Y-Gerät, Cockburn lost no time in manufacturing production versions 
of Domino, which could also deal with rapid frequency changes that 
were sometimes made in the middle of an operation. Although a 
Domino station on Beacon Hill near Salisbury was attacked by a small 
force of bombers it was soon back on the air and, during the Àrst two 
weeks of March 1941, only 18 aircraft of 89 Y-Gerät sorties received 
the bomb-release signal.

Domino was an effective but complex countermeasure, requiring 
two-way communication between jammer and aircraft. But Cockburn 
soon found that Y-Gerät navigation could be disrupted by an even 
simpler form of jamming. When three Heinkel bombers were shot 
down during a raid over Liverpool in May 1941, the vulnerability of 
their Y-Gerät signal analyser was studied in detail at Farnborough. 
It was found that a short gap between the pair of direction signals 
was essential for the electronic bearing-analyser to lock to the beam. 
By Àlling in this gap by transmitting a continuous note on the beam 
frequency, the analyser unlocked and gave no useful indication. 
Within three weeks 80 Wing had a new jammer on the air that used 
this technique, and Àve more were operational before the end of the 
month. Cockburn called it ‘Benjamin’ (for ‘Ben jamming’, since Benito 
was the British codename for Y-Gerät). 

The Luftwaffe eventually realised that Y-Gerät had been 
compromised from the Àrst day that it was used. Bomber pilots no 
longer put any faith in wireless navigation aids, making the accurate 
night bombing of inland targets very difÀcult. In one raid the crews 
that thought they had bombed Nottingham dropped their weapons in 
open country 15 miles east of the city, killing two chickens with 230 

Conclusion
In his memoirs on the Battle of Britain, Churchill wrote one sentence 
about the vitally important role of radar, but eight pages on the German 
radio beams. Were it not for Jones, Scott-Farnie, Cockburn, Farvis, 
TRE, 80 Wing and the efforts of numerous dedicated radio amateurs, 
there would undoubtedly have been many more instances like the 
destruction of Coventry. Without effective electronic countermeasures, 
concentrated pin-point bombing might well have destroyed the British 
aero-engine and SpitÀre factories, changing the course of the war. In a 
light-hearted tribute at the end of the conÁict, he wrote, “You certainly 
did pull the crooked leg”.

Correction

The Knickebein antenna shown on page 80 (May) is of the compact 
type and isn’t 60m high. The total distance from the bottom to the top of 
the stacked dipoles is less than 10m, which makes the total height of the 
structure less than 20m above ground. Even the giant antenna at Stollberg 
Hill was much less than 60m high, although it was 90m wide.

The photo on page 82 isn’t a Knickebein antenna, although it does 
bear a resemblance. The one shown doesn’t have the ‘crooked leg’ angle 
characteristic of Knickebein. It is instead a photo of a ‘Bernhard’ radio 
navigational beacon, which had no connection with the bombing beams.

The Alexandra Palace TV transmitter was used to disrupt Y-Gerät on 
42.5MHz. (Photo based on Duncan Harris/CC-BY-2.0).
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high explosive bombs, one oil bomb and !ve sticks of 36 incendiaries. 
In some raids bombing was so scattered over the southern counties of 
England that it was impossible to deduce the intended target until it 
was revealed by the crews of downed bombers. Meanwhile, the tide of 
war began to turn. The experience of 80 Wing proved invaluable when 
the Allies began to take the !ght to the enemy and in the summer of 
1942 the RAF used radio beams to guide the bombing of the Krupp 
arms factory in a precision night attack through ten-tenths cloud.

We apologise to Dr Taylor for the following errors that were introduced 
into Part 1 of this feature.

A downed Heinkel 111 pathfinder.


