
It ain’t over ‘til it’s over.” Yogi Berra’s 
famous lines appeared in my 1998  

ION spring newsletter article on the  
remarkable resilience of a navigation  
system that has faced being shut down 
since the early 1980s. That system was 
LORAN-C and over the past dozen years it 
continued to cling to life and even showed 
shines of rejuvenation. 

But, on January 7, 2010 — notwith-
standing the recommendations of an 
Independent Assessment Team and pro-
testations from international organizations 
— the Coast Guard published a Federal 
Register notice to terminate transmission 
of the United States LORAN-C signal on 
February 8, 2010. The Commandant of  
the Coast Guard had certified that it was 
not needed for maritime navigation and  
the Secretary of the Department of Home-
land Security said it was not needed to 
backup GPS. 

A February Coast Guard announcement 
said the termination would not affect U.S. 
participation in Russian-U.S. or Canadian-
U.S. LORAN-C chains until the international 
agreements ended, but they “strongly 
[urged] mariners using LORAN-C for navi-
gation to shift to a GPS navigation system 
and become familiar with its operation as 
soon as possible. Mariners can no longer 
rely upon LORAN-C for navigation as of 
February 8, 2010.”

And so U.S. Loran-C signals were 
duly made “unusable and permanently 
discontinued.” Thus ended a 90-year 
history. LORAN-C has a heritage that can 
be traced back to the electronic radio 
direction finding systems of the 1920’s. 
Those early systems were generally 
restricted to distances less than 100 
nautical miles, and more sophisticated 

radio navigation techniques were required 
for the longer-range missions of World 
War II. 

GEE and MIT
In 1940, the British developed the GEE hy-
perbolic radionavigation system and used 
it for the first time on the night of March 8, 
1942. GEE directed Royal Air Force bomb-
ers against Essen, Germany, the opening 
counter-punch of the British World War II 
attack on German cities. 

The GEE transmitters in England 
provided navigation signals that covered 
the Netherlands and Germany’s Ruhr Valley 
industrial region. It subsequently played a 
major role in guiding Allied bombers dur-
ing the D-Day invasion of Normandy, mark-
ing the major conclusive battle on World 

War II’s western European front. 
GEE remained in service as a navigation 

aid in friendly airspace after the war; the 
last GEE transmitter shut down in 1970. By 
that time, other hyperbolic radionaviga-
tion systems such as DECCA, OMEGA and 
LORAN were in operation. Meanwhile, 
between 1940 and 1945 the Massachu-
setts Institute of Technology Radiation 
Laboratory — effectively a subdivision of 
the National Defense Research Council 
(NRDC) — began to develop a long-range 
navigation system for ships and aircraft. 

The NRDC was the result of early 
concern by leading American scientists 
to develop better military technology as 
the threat of war in Europe loomed. The 
Radiation Laboratory researchers were 
not given detailed specifications for this 
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Loran station at Folly Island, South Carolina in 1946. Photo: Loran History website – www.loran-history.info.
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navigation system. They might develop 
improved radar, or a harbor entrance 
locator for convoys. At this period, they 
were simply searching for something, 
anything, that might serve the nation when 
war actually came.

Early in 1941 a U.S. Army colonel 
returned from England and told certain 
members of the Radiation Laboratory staff 
that the English had a pulse-transmitting 
navigational aid that operated on a very 
high frequency and was rumored to exceed 
radar’s precision range of 50 to 100 miles. 
He had made several attempts to discover 
details of its construction and operation, 
but the British wouldn’t disclose military 
secrets to a neutral during that time of 
great national peril. The colonel could 
state positively only that such a system  
did exist. 

On the strength of those statements,  
Dr. Brown of the MIT Radiation Laboratory 
and Bell Telephone Laboratories made a 
hurried trip to England. Through his wide-
spread commercial and scientific connec-
tions, he managed to gather a few salient 
facts about the British GEE System. 

Back in Cambridge, the Rad Lab car-
ried the British idea further. Their work 
would result in the “Long Range Navigation 
(LORAN)” system. It was designed to pro-
vide longer range than GEE at the expense 
of accuracy, primarily for naval navigation. 
The LORAN team was led by Dr. John A. 
Pierce of Bell Labs. 

The first five operational LORAN trans-
mitters were put into service in June 1943, 
and operated from sites on the coasts of 
Nova Scotia, Newfoundland, Labrador, and 
Greenland. The radio and television pio-

neer, Philco, built 
LORAN receivers 
for aircraft, and 
New York’s FADA 
Radio & Electric 
Company built 
LORAN receivers 
for ships. 

Inside LORAN
Like GEE, LORAN 
used a master-slave 
transmitter net-
work to allow an 
aircraft or ship to 
determine its posi-
tion from a pair of 
hyperbolas traced 
out on a map. 
Early experiments 
used transmitters 
operating at 10 
meters (30 MHz). It turned out, however, 
that radio waves with longer wavelength 
could propagate farther through the atmo-
sphere, particularly through ionospheric 
bounce, and the 
operational system 
used wavelengths of 
171, 162, 158, and 
154 meters (1.75, 
1.85, 1.9, and 1.95 
MHz). 

LORAN was 
the only Rad Lab 
invention that used 
long wavelength 
signals. They gave 
LORAN a range of 
about 800 nautical 
miles compared to 
GEE’s 400 nautical 
miles, particu-
larly at night when 
signals bounced off the ionosphere. LORAN 
was not as accurate as GEE and, like Decca, 
LORAN was intended mainly for transoce-
anic navigation for aircraft and ships, not 
for targeting. 

Although LORAN could in principle have 
used the same “one master/two slaves” 
arrangement as GEE, in practice LORAN 
ended up with one master and four to six 

“secondaries”, forming a LORAN “chain”. 
The LORAN pulses had a width of 40 

microseconds, and were repeated about 
25 times per second. The delay between 
master and secondary was variable, and 

was changed on 
a regular basis to 
prevent the enemy 
from making use 
of the system. 
Authorized users 
were given tables 
indicating which 
delays would be 
in effect at which 
time. 

LORAN signals 
could be dis-
rupted by severe 
electrical storms, 
but otherwise 
LORAN worked 
in any weather, 

day or night. Accuracy was about 1% of 
the distance of the LORAN receiver from 
a transmitting station, which was roughly 
equivalent to the accuracy obtained by 
celestial navigation. Range was about 1,100 
kilometers (700 miles) from transmitting 
stations during the day. At night, radio  

GEE Transmitter at RAF Air Defence Museum in Neatished, Norwich, England. Photo: 
RAF Air Defence Museum.

Massachusetts Institute of Technology Radiation 
Laboratory, where LORAN was developed. 
Photo: MIT archives.

RAF Lancaster aircraft over Hamburg, Germany during 
a WWII bombing raid January 30-31, 1943. Photo:  
Wikimedia Commons.
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signals bounced off the ionosphere, dou-
bling the range, though multipath interfer-
ence degraded the signal. 

Due to diffraction effects, radio waves 
can actually propagate close over the 
surface of the Earth, though such “ground 
waves” tend to fade out at higher frequen-
cies and longer range. The original LORAN 
scheme used the ground wave instead of 
the sky wave to synchronize the master and 
secondary stations, but with experience the 
designers learned that the sky wave could 
be used to provide acceptable synchroniza-
tion, at least at night. 

This allowed the master and second-
ary stations to be situated up to 2,000 
kilometers (1,080 nautical miles) apart, 
which increased the range of the system and 

Muri Beach, Cook Islands. Photo: Wikimedia 
Commons.

provided a more accurate grid, since the two 
sets of hyperbolas were more distinct. The 
result was “skywave synchronized LORAN 
(SS-LORAN)”. In 1944 and 1945, the RAF 

used SS-LORAN transmitters sited in England 
and the Shetland Islands to guide bombers 
on missions as far east as Warsaw. 

By the end of the war, 70 LORAN trans-
mitters had been installed in sites as remote 
as Assam, India, and Kumming, China, with 
the network providing navigational coverage 
over 30 percent of the Earth’s surface. Some 
75,000 LORAN receivers were in operation, 
and millions of LORAN charts had been 
printed and distributed. LORAN was particu-
larly useful for finding islands in the broad 
expanses of the Pacific Ocean. ◆

Marvin B. May (e-mail: mbm16@psu.
edu) is chief scientist at the Navigation 
R&D Center of the Pennsylvania State 
University’s Applied Research Laboratory 
in Warminster, Pennsylvania
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