Pressure Pattern Navigation (Shawbury’s Research).

Research carried out by the Empire Air Navigation School, and the Research Unit, 

RAF Station Shawbury.
Flights performed during Spring and Summer 1945.
Testing did continue for some years later, but the advent of GPS changed everything.
Note: This is an update by Bill Dow, and a replacement for the
          Powerpoint Presentation previously displayed here.
Continuous Transmission Radar Meters.

· As a direct result of the 1943 “Dam Buster” Raid, the desperate need for Radar Altimeters became apparent. 

· In 1944 completely new “continuous transmission” radar altimeters became available for our Mosquitoes in 68 Sqn at Castle Camps. They should have been allocated to the Signals Section but being “frequency modulated”, which was virtually unknown in 1944, Signals didn’t want to have anything to do with them. 

· So they were dumped on “those radar lads who’ll know all about them in their Kremlin”. Our well guarded workshop out on the “peri” track was universally nicknamed the Kremlin. We were regarded as totally mad, knew everything, but, for some unknown reason, were also regarded as friendly!

· They were called “AYF”s. Other sophisticated instruments were becoming available as the extent of radar was realised.
· These AYFs proved to be very accurate, but they had limitations. They had 2 ranges - from 0 to 400 ft and from 0 to 4,000 ft. They measured the vertical distance to whatever was below the aircraft.

· They were excellent for low level patrols and landing, but useless for flying above 4,000 ft.

· Research with them was naturally limited to a maximum altitude of  4,000 ft.

· 68 Sqdn used their AYF’s to find the height of V1’s as they crossed the Channel - we tried to fly alongside them and measure our own height before trying to shoot the V1 down. It was much more difficult than it sounds because, at low level, the V1’s were faster than our Mosquitoes. 

Placing Shawbury’s Research in Context.

· Pressure pattern flying was a type of navigation which had been found out the hard way by the early pioneers of flying.

· It belongs to an era before sophisticated instruments were developed for aircraft - hence when everything failed the old timers were still able to fly “by the seats of their pants”.

· Shawbury’s navigators asked the simple question - can we improve the respected wisdom by using modern instruments?

· The answer came around April 1945 as the war with Germany ended, but the war with Japan was still to be resolved.

· Russia was not at war with Japan, so it was now neutral, and regarded us as belligerents. We were not allowed at first to fly over Russia, so research was done over the Barents, Kara and Laptev Seas. After 3 months Russia declared war on Japan and very limited flight permission was given.

Introduction to Pressure Pattern Flying 1945.

· The war with Germany ended in April 1945. I was posted to Shawbury as the Station Radar Officer.

· It was “home” to the Empire Air Navigation School (EANS) whose purpose was to give advanced training in long distance air navigation to experienced air navigators.

· It was also “home” to the Air Navigation Research Unit whose purpose was to research new air navigation equipment and techniques. In the Spring and Summer of 1945 this Research Unit was researching new “Pressure Pattern Flying” as well as “great circle” courses. The School was testing their application.

· These involved using a new radar altimeter to maintain constant height over the sea whilst using the ICAN altimeter to find barometric pressure at sea level. Further calculations were needed. GPS did not exist to give heights over land.

· Despite being still on “light duties” I flew on several trips. 

· Pulse Radar Altimeters.

· In April 1945 the Radar Section at Shawbury had just received 2 new radar altimeters which worked on pulses, notionally of half a microsecond duration. Being of American manufacture, we were immediately suspicious of this “claimed” short duration pulse length, but they proved accurate. They became essential research tools for Pressure Pattern Navigation along with Shawbury’s  AYFs.

· The real bonus was that they had increased power in their transmitters and they claimed to read heights accurately up to 40,000 ft. Wiring up their aerials was difficult. We could only check their accuracy by initially flying them in Halifaxes. Despite the maker’s claims of a ceiling of 30,000 ft, we never got a Halifax B3 much above 22,000 ft so we took the rest on trust! 

· They were finally transferred to “Aries” and “Libra”.
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A Halifax Bomber very similar to the 20 B3’s used by the School.

Ours had H2S Search Radar, Fishpond, AYF, Gee and Rebecca.

Basics of Pressure Pattern Flying.

· The atmospheric pressure is continuously changing, sometimes very slowly, at other times quite quickly.

· When the rate of change at a given place is slow, the wind at that place is light, but when the rate of change is faster, the wind is stronger.

· The speed of the wind at any place depends on the rate at which the barometric pressure is changing at that place.

· Also, when the pressure is found at exactly the same time by several different observers at different places, and the values are plotted on a map, it is found that one out of two possible patterns usually emerges.

· The pressure in the middle can be high and be surrounded by lower pressures, (anticyclone), or the reverse can happen (cyclone or depression). Fronts can distort these patterns. 

· With the advent of Radar Altimeters in 1944 it was realised that an aircraft navigator could quickly find the rate of change of atmospheric pressure during the actual flight. 

· If tables could be printed giving the calculated wind-speed for each possible value of the rate of change, then the navigators on the aircraft could immediately use the wind-speed to navigate the aircraft. Imperial College did the calculations. One navigator found wind speed, the other navigated and used the values to set a great circle course.

· The method involved using the radar altimeter to find the aircraft’s true height, and then setting the ICAN altimeter to show that height. The newest ICANs had “little windows”.

· Since the ICAN depended on pressure to give height, its “little window” then read pressure at sea level. The method was really only usable over the sea and very low level land.

The Basics of Shawbury’s Pressure Pattern Flying.

· Fly over the sea at, say, 4,000 feet and get to this height using the Radar Altimeter. Fly at constant speed, height, course.

· Now set the ICAN altimeter to 4,000 feet because, provided the Radar Altimeter is correct, that is your actual height.

· Now read the number in the “little window” on the ICAN Altimeter. This gives the atmospheric pressure at sea level in mB. (The ICAN “window” was designed to do this, and this was why it was added to the later versions).

· Start Stop-watch and fly on for, say, 15 minutes maintaining 4,000 feet on the Radar Altimeter and constant  air speed.

· At the chosen time, reset the ICAN Altimeter to 4,000 feet and read the new pressure at sea level. Find the change in pressure and note whether it increased or diminished.

· Calculate change in pressure per 50 miles of air distance.

· Using tables supplied by Imperial College abstract the side wind and tail or head wind which aircraft is experiencing. Use these for immediate navigation. Repeat entire procedure at chosen time intervals whilst over sea.

· I think the system was devised by Wing Commander Dobson. The School was testing the accuracy of the tables and attempting to find the best procedure for using them. 

· We were experimenting at different heights, time intervals and frequencies of readings to devise a practical procedure which could be used during a flight by 2 navigators.

· The intention was to develop a navigation system which would enable a bomber to fly to and back from its target without any contact with ground based radio messages or signals. We got close but the procedure had its weaknesses. H2S search Radar would only be used if required for target identification and the final bombing run.

· With such a warlike intention, it may seem inappropriate to comment that during these flights we saw a total solar eclipse whilst over the Arctic Ocean and flew along in its shadow getting colder and colder despite the aircraft heaters, and on several other flights, completely circular rainbows as well as one vivid display of St Elmo’s Fire.

The School’s Navigation Course.

· The course which navigators received had a theoretical element which changed from time to time as priorities changed and developments occurred. There was also a practical element involving at least 6 flights.

· In Spring 1945 the concern was - is “great circle” flying a feasible proposition? The theory formed part of the course but the reality was “difficult to achieve”.

· Pressure pattern flying formed the “meat” of the course and navigators used it on at least 6 flights. Frequently used routes were - to Hamburg, to Gibraltar, to Rabat-Sale Morocco, to Keflavik, to Bluie West Greenland, to Gander, to Krefeld then follow Rhine to Koblenz, then to Boulogne to Shawbury. Usually as much of the route as possible was over the sea but with AYF, height was restricted to below 4000 ft, which was great for sightseeing. Stays of 2 or 3 days at destinations were required except for the “Cook’s Tour” to the Rhine cities.
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· Four of the Routes and the Intended End Product. The ultimate intention was to move Bomber Command to Kamchatka as part of “Tiger Force” to bomb Japan. The shortest route was the great circle track from Leuchars to southern Kamchatka. Even this route was around 5,000 miles.
· This meant that for reasonable factors of safety, a standard Lancaster would require to refuel at least 3 times during the journey depending on the positions of available airfields.
· Bardufoss in northern Norway could have been used as one of the refuelling stops. It was about 1,000miles away.
· But the next 4,000 miles was over the Arctic Ocean and the Siberian Ice Fields.
· The Air Council wondered if “Tiger Force” could follow this route. We uttered no encouragement.
· Fortunately other events intervened to our great relief.  
“Aries” and “Libra”
· “Aries” was a Lancaster which had undergone a conversion to a Lancastrian. It was generally regarded as Wing Commander McKinley's personal “run-about”.

· It was used just about the time I arrived at Shawbury for the first “Round the World” trip by an RAF aircraft. It was extensively used for early “great circle” trial flights to Canada and to locate the exact position of the Magnetic North Pole which was vital for flying in Northern latitudes. I remember McKinley telling me he was surprised to find the Pole was about 400 miles from its expected position.

· The Research Unit never let me fly in “Aries”. It no longer had some of its radar. In contrast, the Unit virtually encouraged me to fly with the crew in “Libra”, but officially they didn’t want to record I was there on flights because medically I was still on “light duties” whatever that meant!
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A Lancaster Bomber similar to “Libra”. “Aries” was a Lancastrian
 Conversion. “Aries” and “Libra” were the Research Unit’s Aircraft.

· “Libra” was a standard Lancaster which was due for Lancastrian conversion but it never happened whilst I was at Shawbury. It had large additional fuel tanks added in its bomb bay (about 3,600 gal instead of the normal 1,760 gal) but retained its H2S 9.1cm Radar, “Fishpond”, Rebecca and Gee. At one stage, it had 11 different types of compass.

· It was used for the Consol and compass trials over the Atlantic and over the Barents, Kara, Laptev Seas and just to the edge of the East Siberian Sea. The German transmitters in Denmark and near Narvik were resurrected and the Consol system was tested for accuracy. We concluded (rightly or wrongly!) that Consol was about as accurate as anything we had, as well as having a very long range. 

Sudden Change.

· With the abrupt and unexpected end of the Japanese War in August, there was a sudden change in priorities.

· All talk of “Tiger Force” disappeared with much relief all round. We realised the training had been for an intended shift of Bomber Command to Kamchatka (air bases supplied by kind permission of Uncle Joe Stalin).

· The intention had been that Lancasters based in South Kamchatka could have bombed much of Northern Japan, while the American B29’s based in the Marianas bombed Southern Japan. To my knowledge no Lancasters were ever transferred to Kamchatka (but memory plays tricks!). 

· The insatiable need for H2S search radar virtually disappeared overnight. 

· I was posted away from Shawbury to oversee the conversion of about 240 Coastal Command Liberators to Transport aircraft to bring some of the 14th Army home from Burma. 

· It was realised that many of the ships which had taken the troops out had subsequently been sunk. 

· These Liberators were stripped of ASV Radar and fitted with “Rebecca” Radar, 26 passenger seats, oxygen and heaters. I was told at Transport Command HQ that all Liberators were identical - but we found there were at least 5 different variants. I never received detailed drawings for any of the conversions and the fact that the converted aircraft all flew successfully was a huge credit to the flight stability of the Liberator. The converted aircraft went to about 10 different squadrons to operate “ferry services” from England to Calcutta and Singapore.

Shawbury.

· My memories of Shawbury are of a pleasant, efficient Station commanded by an Air Commodore instead of the usual Group Captain. He was Air Commodore D’Ath.

· The EANS logo was a 4 pointed compass card. When the school ceased to exist the sign was “stolen” for NATO.

· In front of Station HQ was a wonderful signpost carrying about 20 individual boards each pointing directly to a strategic city in what was still the Empire and giving the great circle distance to that city.

· The one drawback was that all Radar sets both on the station and in its aircraft were on my charge and I had signed for them. The kindly Accounts Officer soon taught me how “to keep(?)” the books. This was a huge change from operational stations where nothing was “on charge” and nothing was ever lost except by enemy action. I thought the periodic accounting system flagrantly encouraged “losses”. 

