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A NEW LOOK AT ‘THE WIZARD WAR’

Dr Alfred Price

Alfred Price joined the RAF as an apprentice in

1952. Commissioned as an air electronics officer

in 1956, he flew in Hastings and Vulcans and, of

particular significance to this seminar, in

Canberras of No 360 Sqn. He left the Service in

1974 to become a full time, and prolific, aviation

writer; he now has more than forty titles to his

credit. It is a measure of his standing that he was

commissioned by the American Association of

Old Crows to write a three-volume History of US Electronic Warfare.

He is a Fellow of the Royal Historical Society, and has a PhD in

History.

The purpose of this paper is to cast new light on the action that

Winston Churchill termed ‘The Wizard War’: the jamming of the

radio beams intended to guide German bombers to targets in Great

Britain during the dark days of 1940 and 1941. As many of you will

be aware, this was the first protracted use of the military discipline

that we now, after many changes, call ‘Electronic Combat’.

The story began in the early 1930s, when the German Lorenz

Company pioneered a VHF radio beam system to assist airliners to

reach airports in bad weather. The principal of operation was similar

to that of the radio range system that saw widespread use. The German

beam comprised two fine overlapping beams. Morse dots were

radiated in one beam and Morse dashes in the other. Where the beams

overlapped, the dots and the dashes interlocked to produce a steady

note. In the 1930s, it was believed that VHF waves travelled only in

straight lines. That meant they would not follow the curvature of the

earth, so a VHF beam system would have only a limited usable range.

However, when German engineers conducted tests with the VHF

beams they discovered that the usable range of the system was about

30% greater than expected. In fact the beams did bend slightly to

follow the curvature of the earth; an aircraft flying at 20,000 feet could

pick up the beam signals at a distance of up to 250 miles from the

transmitter.

To exploit this discovery, the Luftwaffe contracted the Telefunken
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Company to design and build a high powered long range beam

transmitter code-named Knickebein. To produce a steady note lane

that was only 0.3
o
 wide, the transmitter fed a huge directional aerial

array 315 feet across and 100 feet high. The whole thing was mounted

on railway bogies, which ran on a circular track to allow it to be

aligned on the target. Knickebein radiated 500 watts of power on one

of three frequencies - 30, 31.5 or 33.3 MHz.

 To guide bombers to their target at night or in poor weather, two

such beams were employed. The aircraft flew along the steady note

lane from one transmitter, and released their bombs as they passed

through the steady note lane from a second transmitter, which crossed

the first at the bomb release point. One of the clever things about

Knickebein was that the bomber needed no special equipment to pick

up the beam signals. The airfield beam approach receiver, a standard

item of equipment on German multi-engined bombers, could also pick

up the Knickebein signals. Knickebein was easy to use for any bomber

pilot practised in the use of the airfield approach radio beam system.

In August 1940, the Luftwaffe began its large scale day and night

bombing campaign against targets in Great Britain. As well as the

Knickebein beam transmitters at Kleve and Schleswig Holstein in

Germany, the Luftwaffe erected others in France, Holland and

Norway. Thus, any target in the British Isles could be marked using

the Knickebein beams.

In June 1940, shortly before the start of the Battle of Britain, a

Royal Air Force ELINT aircraft picked up Knickebein signals for the

first time. The German beam attack system seemed to pose a grave

threat to Britain’s cities; the RAF could deal harshly with attacking

forces coming in by day, but at night the British air defence system

was weak to the point of impotence. Briefed by his scientific advisors

of the seriousness of the menace, Winston Churchill ordered the

formation of a radio-jamming organisation at the very highest priority.

Exactly two months later that jamming organisation, designated No

80 Wing, was ready to begin operations. Commanded by Wg Cdr

Edward Addison, the unit rapidly built up to strength of 180 men and

women.

Dr Robert Cockburn, at the Telecommunications Research

Establishment at Swanage, headed the small team that hand-built the

jamming transmitters. Initially, they modified hospital diathermy sets
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into jamming transmitters with a power output of about 150 watts. But

soon a purpose-built jammer was built to counter Knickebein,

codenamed ASPIRIN.

ASPIRIN radiated Morse dashes on the German beam frequencies

at a power of 500 watts. Those Morse dashes were not synchronised

with the German signals; rather they were superimposed on top of

them. The idea was that when a German pilot entered the dash zone,

he would turn in the required direction. But when he arrived in what

should have been the steady note lane, he continued to hear dashes.

When he reached the dot zone, he heard simultaneous dots and dashes,

which did not resolve into a clear note.

Both during and since the war there have been stories that the

Royal Air Force deliberately ‘bent’ the German beams. These stories

are not true. The normal method of jamming Knickebein was to

radiate unsynchronised Morse dashes on the beam frequencies. It is

possible that on occasions the British dashes and German dots came

together to produce some sort of bent beam. But there was never any

deliberate ‘beam aiming’.

The ‘official’ British line on the jamming of Knickebein is that the

German system soon fell into disuse, ASPIRIN was so effective in

disrupting the beams. Having spoken to several German bomber

crewmen who flew over Britain at that time, I would assert that while

Knickebein did indeed fall into disuse, it was not because ASPIRIN

was particularly effective in disrupting the radio beams. In fact, crews

have told me that usually it was quite easy to hear the Knickebein

signals through the jamming.

The modified hospital diathermy sets gave a jamming output of

150 watts, while ASPIRIN gave an output of 500 watts. In each case,

the jamming was radiated from an omnidirectional aerial. As many

people in this audience will readily appreciate, such levels of power

were inadequate to provide effective jamming against Knickebein

signals radiated at 500 watts and boosted by a high gain directional

aerial array.

ASPIRIN was effective, but for a quite different reason. Although

the jammer rarely disrupted the beam signals, by its very presence it

showed that the defenders were aware of the beams’ existence and of

their location. German bomber crews feared that the RAF might send

night fighters to fly along the beams and pick off them off. In fact that
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tactic did not work; the RAF had tried it a few times, but without

success. But German bomber crews were so concerned about the

possibility of such a thing, that most of them refused to fly along the

beams while over enemy territory.

I think there is an important lesson here. Even when electronic

jamming is not fully effective in concealing signals, it can cause an

enemy to distrust the system being jammed.

In the autumn of 1940, from ULTRA decrypts and other sources,

the British intelligence servicea discovered that one German bomber

unit was using a new and more precise radio beam bombing system

over Britain. This was the so-called X-Gerät. X-Gerät was essentially

similar in operation to Knickebein, but it worked further up the

frequency spectrum between 66 MHz and 75 MHz and that made it

considerably more accurate. The X-Gerät transmitters radiated 1 Kw

of power into a fan of beams. For simplicity, however, only the four

that were necessary for the operation of the system are shown on the

accompanying diagram. One beam marked the approach path to the

target, and three more crossed the approach beam to provide accurate

waypoints short of the target. As the bomber passed between the last

two cross beams, a special clock was run to measure the ground speed

very accurately. When the aeroplane reached the computed bomb

release point, the bombs were released automatically.

X-Gerät was more difficult to use than Knickebein and only one

German bomber unit, Kampfgruppe 100, was trained and equipped to

use it. The intention was to make KGr 100 the world’s first night

precision attack unit.

As British Intelligence learned more about the X-Gerät, work

began on building a jammer. Codenamed BROMIDE, this radiated

omnidirectional Morse dashes with a power of about 100 watts. By

mid-November 1940, the first few jammers had entered service.

That was the position on the night of November 14/15 1940, when

Kampfgruppe 100 led the large scale bombing attack on the city of

Coventry. Thirteen of the unit’s Heinkel bombers lead the attack,

dropping canisters of incendiary bombs to start fires to guide in the

rest of the German bomber force. A BROMIDE jammer was located

on the bombers’ run in, but it proved ineffective. When the jammer

was designed, insufficient had been known about X-Gerät. Although

the jammer probably emitted on the correct frequency, the note it
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transmitted was modulated not at the 2,000 Hz used by the new

system, but at the 1500 Hz used by Knickebein. The filter circuits in

the X-Gerät receivers were sensitive enough to separate the beam

signals from the jamming. In the ensuing attack, Coventry suffered

heavy damage. More than 500 people were killed and 400 injured, and

large sections of the city were burned to the ground.

Following this catastrophe, RAF intelligence officers examined a

captured X-Gerät receiver and discovered the deficiency in

BROMIDE. At top priority, the jammers were modified to radiate on

the correct modulation. During the months that followed,

Kampfgruppe 100 led several more attacks. But never again did a

British city suffer the degree of concentrated devastation inflicted on

Orientation of X-Gërat over Coventry 14/15 Nov 40.
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Coventry. It was reasonable to conclude (as British Intelligence did

conclude at the time) that the modification to BROMIDE had caused

the sharp decrease in effectiveness of the German pathfinder unit.

The above account is what I would call the ‘conventional wisdom’

regarding the jamming of X-Gerät. I too believed it, and wrote along

those lines, until I attended a reunion of Kampfgruppe 100 aircrew in

Germany a few years ago. I asked one radio operator how much

trouble he had had from the British jamming of X-Gerät. He said he

did not remember any jamming. I described the Morse-dash jamming

put out by BROMIDE, but he said he had never heard any such

jamming. He called over some friends and soon I had half a dozen ex-

radio operators standing around me and discussing the matter. None of

them remembered hearing the British Morse dashes.

Those guys were not stonewalling; I was an honoured guest at their

reunion. They were genuinely intrigued at what I had said and they

really wanted to help. They racked their brains. They described

buzzing noises, musical breakthrough, unscreened engine ignition

noises and various other sorts of interference. But none of it sounded

anything like the British jamming, and almost certainly all of it had

been unintentional.

I was eventually introduced to Hubert Langerfeld, the unit’s expert

on the X-Gerät system and the officer responsible for setting up the

beams. I told him about the British attempts to jam X-Gerät with

BROMIDE. Could he, perhaps, explain what had gone wrong?

Langerfeld told me that when the X-Gerät was conceived, the

possibility of enemy jamming had been anticipated. To counter that

threat, the system transmitted spoof beams to give the enemy

something to jam. Before an attack on Britain the spoof beams were

turned on early and ostentatiously tuned in. The ‘real’ beams usually

came on only a few minutes before the leading bombers reached their

target.

Eventually No 80 Wing discovered what was happening, but the

jamming of X-Gerät was far less effective than had been thought.

Later, looking through the official raid reports of KGr 100, I found

only four occasions when the X-Gerät suffered effective jamming; in

December 1940, in March 1941 and twice in May 1941.

Langerfeld’s disclosure answered one question, but it raised others.

If the X-beams were not being seriously jammed, even after the
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modulation of BROMIDE had been corrected, why was it that

Kampfgruppe 100’s later attacks were less effective than the one

against Coventry? If the BROMIDE jamming was ineffective

throughout, one would expect to have seen further instances of

concentrated damage inflicted on other British cities.

To find the answer to that question, we need to look at the weather

and the state of the moon on the night of 14/15 November 1940, when

Coventry was attacked. The attack took place on a very clear night

with a full moon. So the main part of the German bomber force was

able to find the target relatively easily, even without the assistance of

Pathfinder aircraft. Coventry possessed many old timbered buildings,

which were vulnerable to fire. Also, its gun defences were weak (by

the way, these factors were also present when the German city of

Dresden was burned out later in the war).

In fact it was the rare combination of perfect weather, a full moon,

a highly combustible target and weak defences that sealed the fate of

Coventry, rather than the use of radio beams and Pathfinder marking.

Germans who flew with follow-up bomber units that night have

expressed doubt that the Kampfgruppe 100 marking made much

difference; the moon was so bright that they could have found the city

anyway.

It should also be pointed out that KGr 100’s Pathfinder methods

were, by later standards, naive. Using a dozen or so aircraft to drop

containers of 2-pound stick-shaped incendiary bombs, a weapon with

notoriously poor ballistics, was not a good way to mark a target.

Moreover, the follow-up aircraft also dropped these weapons, so that,

even if the Pathfinder marking was accurate, its effect was quickly

diluted.

Compared with the methods used by the RAF’s Pathfinder Force

later in the war, Kampfgruppe 100’s efforts were puny. During large

scale RAF night attacks, the Pathfinders dropped specially developed

target indicators with excellent ballistics, to produce distinctively

coloured spot fires at the target. As many as seventy Pathfinder

aircraft might be employed in order to renew the target marking at

regular intervals throughout the attack. And even then, things

sometimes went spectacularly wrong.

Seen against this background, it is clear that the odds were stacked

against Kampfgruppe 100, which never had more than twenty aircraft
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available and usually operated with about half that number. So when

Kampfgruppe 100 led attacks on nights with poor weather and no

moon, against targets that were far less combustible than Coventry, it

is not surprising that in general the results were unimpressive. During

1940 and 1941 techniques for delivering accurate night attacks were in

their infancy. Even when there was no effective jamming of the

X-Gerät, the German bomber crews faced severe problems.

Throughout 1941 the steadily improving defences imposed a

steady attrition on KGr 100, causing severe losses in experienced

crews. Then, in June 1941, Hitler invaded the Soviet Union and most

of the German bomber force was redeployed to the Eastern Front.

To conclude, let me make four points. My first is that British

Intelligence had a greatly exaggerated impression of the effectiveness

of both German beam systems. Knickebein was somewhat less

accurate than had been feared. I suspect this was because the same

diffraction that bent the beams to follow the curvature of the earth,

also caused some diffraction in azimuth as the beams passed over

coastlines.

In the case of X-Gerät, the code-breakers at Bletchley Park had

decrypted messages conveying the angular settings of the beams to the

transmitting stations. The beam co-ordinates were given to 5 seconds

of arc, which implied an accuracy of alignment of less than 13 feet at a

distance of 100 miles. On that basis, the theoretical accuracy of the

system might be about 40 feet for an attack on London. There is, of

course, a world of difference between the accuracy of the alignment of

the radio beams, on the one hand, and the accuracy of bombing using

the system on the other. In fact, the bombing and marking by KGr 100

were nothing like as accurate as that.

My second point is that Kampfgruppe 100 and No 80 Wing both

operated close to the state of the art in their respective spheres. They

developed their operational techniques from first principles as the

battle progressed. In such circumstances, it is not surprising that in

many cases the methods adopted were not the most effective.

Kampfgruppe 100 never had more than twenty aeroplanes available to

mark a target, and it usually operated with about half that number.

That was insufficient to provide effective marking for a long drawn

out attack.

My third point is that even though the jamming of Knickebein did
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not conceal the signals, it had the valuable effect of persuading

German bomber crews to abandon using their beams for fear of being

attacked by night fighters.

Fourthly, and finally, the campaign against the German beam

systems shows how easy it is to get a misleading impression of the

effectiveness of a particular electronic combat technique or tactic.

Electronic combat analysis is a matter of trying to deduce reasons why

things did not happen. As I have tried to show, an enemy system can

fail for any number of reasons. Jamming might be just one of these,

and perhaps not even the most important.


