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The Wrong navigaTor
by Ric Gillespie, Executive Director

The Chosen Instrument
Frederick J. Noonan had a long and successful 

nautical career, but his experience in aerial 
navigation was entirely in the context of his 
employment at Pan American Airways. Founded 
in 1927, the airline was originally formed at the 
behest of senior U.S. Army Air Corps officers to 
head off a German-owned South American carrier 
lobbying for landing rights in the American Panama 
Canal Zone. Quickly expanding to serve Cuba, 
Rio de Janeiro, and Buenos Aires, Pan American 
enjoyed a monopoly as the U.S. government’s 
“chosen instrument” for establishing U.S-based 
international air routes.

Fred Noonan started with the airline in 1930 
working in the Caribbean Division as an airport 
manager, but he was not hired for his managerial 
skills. Pan Am aspired to establishing trans-oceanic 
routes to Europe and the Orient. To achieve that 
goal, Chief Pilot Ed Musick and consultant Charles 
Lindbergh saw the need for new aircraft with the 
payload and range to cross oceans and a reliable 
navigation system to guarantee their safe arrival.

In 1931, Pan American asked six aircraft 
companies to come up with a design for aircraft 
capable of carrying 300 pounds of mail 2,500 
miles nonstop against a 30 mph headwind. Only 
two manufacturers took up the challenge. Each 
proposed a four-engine flying boat.

Sikorsky’s S-42 was an evolutionary 
development of the ungainly S-40, often called 
“the Flying Forest,” then servicing Pan Am’s South 
American routes. The Glenn L. Martin Company 
offered the M-130, an all-new design, larger and 
aerodynamically cleaner than the Sikorsky. Pan 
Am ordered three of each. 

Sikorsky S-40

Sikorsky S-42

Martin M-130

Abstract
The deeper we dig into the Earhart disappearance, the more 
we discover many accepted truths to be based upon publicity 
and presumption rather than fact. Amelia hailed Fred Noonan 
as “tops among aerial navigators.”1 I bought into the myth myself when, in my book Finding 
Amelia, I described him as “arguably the world’s finest aerial navigator.”2 He wasn’t, but 
neither was he a bad navigator. He was simply the wrong navigator. A realistic assessment of 
his methods, record, and prejudices sheds new light on the events of July 2, 1937.
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Spanning trackless oceans would require not only more capable aircraft but new navigational 
technology and techniques. To address the challenge, the company hired RCA engineer/inventor Hugo 
Leuteritz to design a long-range radio homing system, and an experienced navigator, Fred Noonan, 
to adapt traditional nautical methods – dead reckoning and celestial navigation – to aeronautical 
applications and train flight crews in their use.3

Plans for a lucrative trans-Atlantic route were thwarted by Britain’s refusal to grant landing rights, 
so Pan Am turned its ambition westward and began the daunting task of establishing air mail and 
passenger service to the Philippines and China.

The Pacific Division
In December 1934 Sikorsky delivered the first S-42 flying boat, but its performance was marginal. Only 

by stripping out all passenger accommodations and devoting the entire useful load to fuel could its range 
meet the 2,500 mile goal. For the Pacific Division, the Sikorsky boats would be used only for non-revenue 
route surveys. Passenger and mail service would await the delivery of the more advanced Martins.4

Navigating across the world’s largest ocean required island-hopping from a home terminal at 
Alameda on San Francisco Bay to bases in American territories on Oahu, Midway, Wake Island, Guam, 
Manila and ultimately to Hong Kong. Safe arrival at small, isolated atolls after thousands of miles over 
featureless seas would be guaranteed by radio direction finding facilities at each destination staffed by 
skilled operators. Early in 1935, Pan Am construction crews from the chartered freighter SS North Haven 
began building antenna arrays, offices, and hotels for passengers on Midway and Wake.5 Meanwhile, 
Noonan trained navigators and developed navigational techniques in long Atlantic research flights out 
of Miami.

On April 16-17, 1935, 
Pan American’s new Pacific 
Division tested its aircraft 
and navigation system in a 
survey flight from California 
to Hawai‘i with an S-42 
christened “Pan Am Clipper.” 
The six-man crew consisted 
of Chief Pilot Ed Musick in 
the left seat, First Officer 
R.O.D. Sullivan, Junior Flight 
Officer Harry Canaday, 
Radio Operator W.T Jarboe, 
Engineering Officer Victor 
Wright, and Navigation 
Officer Fred Noonan.

It was the navigator’s job 
to keep track of the flight’s 
progress through celestial 
observations. Noonan used 

successive sun shots during the day and star sights at night to assess and correct for the effect of 
headwinds, tailwinds or crosswinds, but he did not attempt to keep the flight precisely on track and 
habitually relied on two-star, rather than more precise three-star, fixes.

As he explained in an internal company memo immediately after the first survey flight:

The factors which contribute to inaccuracies in surface navigation – currents other than anticipated 
or estimated, lack of sights, inaccurate radio bearings, etc. – are all encountered in aerial navigation 
and commonly in intensified form. Hence is it impossible on an extended flight to obtain consistently 
accurate “fixes” by any single method, or by any combination of methods. But by an understanding 
of the weaknesses of each method, it should be possible to greatly minimize the errors inherent in all 
of them.6

He went on to caution that:

The inaccuracies of direction finding bearings can be very definitely cataloged: twilight effects, faint 
signals, wide splits of minima, and inaccurate calibration.7

Noonan saw radio direction finding as a useful but less-than-perfect check on traditional navigation. 
His confidence in his own accuracy, however, was legendary. In a 1974 letter, Pan Am’s first publicity 
director, William Van Dusen, wrote:

He was a cool one, never got excited. On the first return survey flight from Hawai’i (the schedule called 
for 12½ hours) the China Clipper was out 22 hours. Everyone thought they might be lost. We radioed 
Noonan through Musick. Fred was reading a mystery story. ‘Tell ’em not to worry,’ he told Musick. My 
navigation’s alright, the wind’s just bad. Tell ‘em we’ll be there in another hour and thirty-five minutes.’ 
And they were right on the dot!8

The first official airmail flight to Manila in November 1935 was a national event that conferred 
celebrity status on the crew of the China Clipper. Fred Noonan was hailed as the ship’s navigator and 
Chief Pilot Musick made the cover of TIME magazine.

Pan Am inaugurated passenger service from San Francisco to Manila with the “Hawaii Clipper,” on 
October 21, 1936. Demand was heavy and, with the 
two other M-130s, “China Clipper” and “Philippine 
Clipper” in service, the airline began scheduling 
weekly flights to Manila. For the crews, each round-
trip involved sixteen thousand miles of flying over 
a period of twelve days. The hiring and training 
of new personnel had not kept pace with the 
expansion of service so there were no relief crews 
along the route. Pilots, navigators, radio operators, 
and flight engineers were averaging 125 hours a 
month in the air – far in excess of Department of 
Commerce regulations.

“Has Anyone Seen Fred?”
Noonan did not handle the pressure well. In 

a 1975 interview, Pan Am pilot Harry Canaday 
recalled the anxiety Noonan’s behavior caused for 
Chief Pilot Ed Musick:

Ed was extremely interested in the navigation and 
who wouldn’t be? Responsible for an airplane 
out over the waste of the Pacific? And Noonan 
was the best navigator we could find and he 
knew it. However, Fred, shall we say, liked to have 
a good time. Nobody in the crew liked a good 
time better than Fred. And he was always the first 
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As shown in this map of the first survey flight to Hawaii, the Pacific Division navigation 
system can be thought of as two funnels with their narrow ends at the departure point 
and the destination. Radio bearings from ground stations guided the outbound course 
and end-point approach. DF bearings kept the flight pointed in the right direction but 
provided no distance information.

Postmaster General James A. Farley ceremoniously 
supervised the loading of the sacks of airmail aboard the 
“China Clipper.”
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one out, the first one ashore and on his way to find a good time. You never ran into Musick but that he 
would say, “Have you seen Fred?” Or, if there was a group of us sitting around, he would walk up: “Has 
anyone seen Fred?” You could just be certain that that was going to be the greeting. He was always 
concerned whether Fred would make it. It was a variable.
    There are all kinds of stories you could tell about Fred. You wouldn’t want to put it in your book, of 
course.”9

In a 1936 letter written to a friend, Noonan’s wife Josephine expressed 
her growing distress that her husband had started drinking heavily.10 
Honolulu-based Associated Press correspondent Russell Brines 
remembered Noonan as “one of the country’s best aerial navigators and 
one of its most accomplished six-bottle men.”11

Fred’s performance began to suffer, as described by senior radio 
engineer Hugo Lieuteritz in an unpublished autobiography.

    A flight took place – Musick was Captain and Nunan [sic] was navigator. 
Nunan had no use for the DF’s. However, in this particular case, Musick 
was making the flight from Midway to Wake and the DF at Wake showed 
that he wasn’t on his course. Based on celestial navigation, (Nunan), they 
filed an ETA of x hours, and they flew for x hours. The DF showed that 
he was 200 miles south of Wake. But celestial showed him on-course. 
At x hours, there was no Wake. The DF operator advised the airport 
manager that according to the DF the airplane was approximately 200 
miles off and would pass Wake to the south – and he wanted instructions 

as to what to do. The airport manager didn’t know whether to take the 
operator’s word for it or the ETA. He waited ten minutes and the DF 

definitely showed that Musick was passing Wake to the south. The airport manager then took it upon 
himself to send a message to Musick saying the DF says you are passing 200 miles south of Wake 
and the angle; please verify. (I verified this story from the log and from Musick.) When Musick got the 
report, he asked Nunan: “Are you sure of your navigation?” Nunan said yes. Musick said: “What is our 
ETA now?” Nunan said: We must be hitting a headwind. This was in the daytime when they could see 
[apparently a reference to drift sightings]. Nunan said, “We’d better check for another twenty minutes 
and then I am sure we will sight it.” Musick said, “We are not going to fly another 20 minutes. The DF 
says we are 200 miles south of Wake. I am heading north.” At Wake, they got the message that the 
airplane was turning north and pretty soon they got the “sighting message.” When Musick landed, he 
went up and verified the report and thanked the operator. He said to Nunan, “You had better bone 
up on your navigation.”
    Nunan was called on the carpet for it because it got to Priester’s [Pan Am Vice President and Chief 
Engineer Andre A. Priester] attention – this navigation error. And it was shortly after that that Nunan 
went with Amelia Erhart [sic].

In his 1939 book Crate To Clipper, Pan Am pilot William Grooch described the circumstances leading 
to Noonan’s departure from the airline.

    There was growing unrest among the junior pilots. They contended that the work was far more 
difficult than that of other airlines; compensation was inadequate and the order of promotion vague. 
Ed [Chief Pilot Ed Musick] felt they had a just grievance. He championed their cause with company 
officials, pointing out that his own promised raise in salary had not materialized. They shrugged and 
passed the buck to the New York office. The matter was pigeonholed. Ed strove to convince the pilots 
that the delay was due to the press of more urgent business.
    ‘They’re snowed under,’ he argued. ‘We’ll just have to be patient until they straighten out a few 
things in Alaska, China and South America.’
    Fred Noonan said, ‘We’ve lived on promises for a year. I’m through.’ He resigned immediately. The 
others grumbled but carried on.”12

Disenchanted, unemployed, his reputation in tatters, his marriage failing, the 43 year-old Noonan 
was in the throes of what we would today call a mid-life crisis. When his ten-year marriage to Josie 
ended in a Mexican divorce on March 3, 1937, events were already in play that would frame the rest of 
his life.

In Burbank, preparations for Amelia Earhart’s highly-publicized world flight, scheduled to depart from 
Oakland on March 15, were upset by the last-minute discovery that navigator Harry Manning, although good 
with radio communications and direction finding, was not up to celestial navigation from an aircraft. In a 
note to “Bill” (probably Pan American publicity director William Van Dusen in Alameda) dated March 1, 1937, 
George Putnam wrote:

“Confidentially, I’d like to establish close contact with 
one of the best practicing navigators of Pan Am on 
the Pacific run. Perhaps we could induce him to run 
down here as my guest for a talk with Manning. Or if 
that doesn’t work out, we will send Manning up for a 
visit with you – and them. Strictly between ourselves, 
there doubtless is much that Manning can go over 
with them to advantage. Naturally his experience is 
limited in a job like this – and they might be able to 
help.”13

There is no record of such a meeting 
taking place, but it seems likely Putnam’s 
note prompted Van Dusen to recommend 
he contact recently-departed Fred 
Noonan. Putnam and technical advisor 
Paul Mantz reportedly met with Noonan 
on March 11, 1937 and recruited him 
to help Manning find Howland Island. 
Mantz would accompany the flight as far 
as Honolulu. Fred would disembark at 
Howland, hitching a ride home with the 
Coast Guard. Manning would continue 
as far as Australia, and Amelia would 
complete the circumnavigation alone.

Weather delayed departure from 
Oakland until March 17. The flight 
was completed in record time, but not 
without another case of radio direction 
finding correcting Noonan’s navigation.

“Why Should We Make it Any Tougher?”

The March 13 edition of the San Francisco 
Chronicle announced Noonan’s addition to the 
crew and featured a photo of Mantz, Earhart, 
Manning and Noonan in front of the Electra with 
a caption quoting Amelia, “Why should we make 
it any tougher?”

“Nobody in the crew liked a good 
time better than Fred.”

Analysis of the actual chart used for Earhart’s Oakland/Honolulu 
flight by TIGHAR Senior Researcher LCDR Bob Brandenburg, USN 
(ret.) revealed another instance when Noonan’s celestial navigation, 
unless corrected by DF bearings, would have missed the target.
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Noonan’s error in plotting a celestial fix taken at 13:28, apparently due to a mistake in reading the 
octant index drum when transcribing the sight data, put the flight 55 nautical miles northwest of its 
actual location. A few minutes later, a DF bearing and a new star shot corrected the plot of the plane’s 
position and the flight continued to a successful arrival guided by further DF bearings. Had Noonan 
tried to fly to Honolulu from the bad fix, the flight would have passed well south of Oahu.

The March 20, 1937 takeoff accident in Hawai‘i that ended Earhart’s first world flight attempt also 
ended Harry Manning’s participation in the project. Disillusioned by Earhart’s inability to control 
the aircraft and fed up with Putnam’s overbearing manner, Manning returned to his nautical career. 
Earhart was determined to get the aircraft repaired and make a second attempt at a world flight. She 
asked Noonan to stay on and serve as the sole navigator for the entire trip. He immediately agreed.

A Second Shot at Love and Fame
On March 27, 1937, two days after arriving 

back in California with Amelia on the SS Malolo, 
Fred married Mary Beatrice Martinelli, a 
divorcée he had met in Oakland while working 
for Pan Am. The wedding was in Yuma, Arizona 
and press accounts said the couple planned to 
honeymoon in Hollywood. It was more than a 
romantic holiday.

Fred and Mary Bea remained in Hollywood 
while the Electra was being repaired through 
April and May 1937. During that time Fred made 
the acquaintance of actor Eugene Palette, at that 
time working under contract to Warner Bros.

The previous August, Warner Bros. had 
released “China Clipper,” a big-budget aerial 
adventure film loosely based on the Pan Am 
airmail flight to Manila in November 1935. 
Pat O’Brien played ruthless airline president 
“Dave Logan,” an only moderately fictionalized 
portrayal of Pan Am Chairman Juan Trippe. Humphrey Bogart stood in for Chief Pilot Ed Musick. 
There was no Fred Noonan character. The aerial sequences for the film were coordinated by Paul 
Mantz. “China Clipper” did well at the box office and confirmed the public’s appetite for romanticized 
Hollywood adaptations of famous flights.

A letter obtained by TIGHAR from Mary Bea’s 
family reveals that, during the second world 
flight attempt, Noonan was privately feeding 
information to Eugene Pallette. It appears likely 
that Noonan and Pallette were hoping to interest 
Warner Bros. in a film based on the world flight – 
with a starring role for the navigator

If the navigator hoped to benefit financially 
from the world flight, he was no different than 
the pilot. Although Earhart said she was flying 
around the world “because I want to” her 
husband privately boasted the world flight 
would “put us all on easy street.”14

Given how closely Earhart and Putnam 
controlled publicity about the world flight, 
it is hard to imagine they knew of Noonan’s 
agreement to provide someone in Pallette’s 
position with a running account.

Eastward Around the World
Committed to another try but with Manning gone, the burden of radio communication and direction 

finding now fell entirely on Amelia. For the first world flight attempt, the aircraft had been equipped 
with a separate receiver and a trailing wire antenna to allow Manning to communicate with ships at 
sea in Morse code on the international calling frequency, 500 kilocycles. Neither Earhart nor Noonan 
knew Morse code, “So the marine frequency radio would have been just that much more dead weight 
to carry and we decided to leave it in California.”15 The Bendix direction finder was now coupled to the 
Western Electric receiver under the copilot seat.

Pre-occupied with raising money to pay for repairs, and despite Mantz’s urging, Amelia did not take 
time to educate herself in the operation of her DF equipment.

For financial reasons, it was essential the second world flight begin as soon as possible, but the 
Bureau of Air Commerce balked at granting Earhart permission to immediately strike out over the 
Pacific in an aircraft just out of a major rebuild. To assuage government concerns, Amelia reversed 
the route. A shakedown flight across the U.S. from Burbank to Miami would expose any problems 
which could then be corrected with the help of Pan Am’s mechanics and technicians from the airline’s 
base at Dinner Key. Only after squawks were corrected would she announce that her world flight had 

begun, publicly attributing the decision to reverse 
direction to seasonal weather changes. The Bureau 
agreed with the plan.

On May 20, the day after the Electra came out of 
the shop, Earhart made a short trip to Oakland and 
back to pick up the commemorative postal covers 
she would carry around the world. Her return to 
Burbank was the official, but surreptitious, start 
of the second world flight.  The next day Amelia, 
Noonan, Putnam, and mechanic Bo McKneeley 
would begin the trip to Miami.

During the cross-country flight, the Sperry 
autopilot wandered and the Western Electric 
transmitter was weak. No attempt was made to test 
the radio direction finder. They arrived in Miami on 
May 23. Over the next week, Pan Am technicians 
tried to fix the autopilot and improve the 
transmitter’s performance, but with little success. 

On Saturday, May 29, with the autopilot and transmitter problems still unresolved, Earhart 
announced her second world flight had begun. The problems persisted during a test flight the next 
morning but seemed to be fixed after further work that afternoon. Earhart said she expected to takeoff 
for Puerto Rico on Tuesday, June 1, but 
would turn back if the malfunctions 
recurred. On the flight to San Juan, 
Earhart transmitted her progress at 
half hour intervals and was able to 
hear commercial broadcast station 
WQAM in Miami, but there was no two-
way conversation.

Earhart and Noonan made their 
way south, arriving in Natal, Brazil 
five days later. At 3:15 a.m. the next 
morning, June 7, they set out across 
the South Atlantic for Dakar, French 
Senegal 1,623 nautical miles away.

Eugene Pallette as Friar Tuck in “The Adventures of Robin 
Hood,” released in 1938, on the set with Errol Flynn and Ian 
Hunter.

Humphrey Bogart pilots Hollywood’s China Clipper in 
the 1936 film.

May 21, 1937. Loading the Electra for the flight to Miami, 
Amelia stands near the tail as Fred brings gear from the 
trunk of his car. Mary Bea (at front fender of car) has driven 
him to the airport. She will never see him again.

At the first stop in Tucson, Arizona, Fred made his 
first confidential report to Pallette.
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In press releases and her book Last Flight, Earhart described the trip as “uneventful except for little 
incidents of long range flying.” The most significant “little incident” resulted in the flight landing at the 
wrong airport. Although scheduled to land in Dakar, the flight ended in St. Louis, a hundred miles to the 
north. Earhart said it was her mistake. Upon reaching the African coast north of Dakar, she had turned 
left instead of right as directed by Noonan. Noonan’s chart and two notes he passed to Amelia during 
the flight, plus a letter he sent to Eugene Pallette two days later, permit a reconstruction of what really 
happened.

The chart shows a direct 
line from Natal to Dakar neatly 
divided into hourly 150 mile 
segments to match the Electra’s 
150 mph cruising speed. Except 
for the first three hours, the 
flight was in daylight. Cloud and 
heavy rain prevented sun shots 
for much of the trip, so Noonan’s 
navigation was primarily by 
dead reckoning. Halfway across, 
he was able to see the sun long 
enough to get an observation 
from the cockpit. About two 
hours later, eight hours and an 
estimated 1,071 miles into the 
flight, he got a second sun shot, 
allowing him to get a rough fix 
on their position. He passed a 
note to Amelia.

At 17:00 GMT, another sun 
shot revealed he had over-
corrected. The wind that had 
pushed them north of course 
was not as strong as Noonan 

believed and the 76° heading he thought would take 
them to Dakar had taken them well south of course. 
He passed another note to Amelia.

Earhart returned the note with a question: “What 
put us north”

Amelia was using Natal time which was three 
hours earlier than GMT, so 3:36 pm would be 18:36 
GMT – but Noonan’s chart shows a change to 36° 
(20° magnetic) at 18:00 GMT, so the turn was made 
sooner, about 150 miles out. They made landfall a 
bit south and west of Dakar, not north as Amelia 
later claimed.

Noonan described the flight in his letter to 
Pallette: 

The flight from Natal, Brazil to Africa produced 
the worst weather we have experienced – heavy 
rain and dense cloud formations necessitated 
blind flying for ten of the thirteen hours we were 
in flight. To add to our woes the African coast 
was enveloped in thick haze, rendering objects 
invisible at distances over a half mile, when we 
made the landfall. And our radio was out of 
order – it would be, in such a jam. However – with 
our usual good luck, if not good guidance, we 
barged through okay.16

The airfield at Dakar is on a narrow peninsula 
extending out into the Atlantic. At 19:00 GMT, over 
land and several miles east of the airport, turning 
west into the setting sun would reduce a half-mile of 
visibility in haze to almost zero. Missing the airfield 
would put them back over the ocean in failing light 
with dwindling fuel. They decided to continue up 

the coast to the Air France depot in St. Louis – easy to find at the mouth of the Senegal River. It was a 
wise move but counter to strict diplomatic permissions. The Electra arrived safely at St. Louis a half 
hour later. To avoid a bureaucratic flap that could delay the world flight, Earhart concocted a fable 
blaming herself, the woman, for not listening to the wiser man. The French authorities bought it and 
the flight proceeded to Dakar the next morning.

Barging Through
Over the next three weeks, Earhart and Noonan made their way across Africa, the Indian sub-

continent, and down through Southeast Asia to the Dutch East Indies and across the Timor Sea to 
Darwin, Australia. Noonan’s navigation was accomplished primarily by dead reckoning checked against 
landmarks on often-unreliable charts. Twice they were forced to retrace their steps and try again due to 
weather or mechanical trouble but they always, as Noonan put it, barged through okay.

Upon arrival in Darwin on June 28, Aerodrome Officer-in-Charge A. R. Collins asked Earhart why there had 
been no contact with the Government Direction Finding Radio Station. Amelia explained the receiver in her 
aircraft was not functioning.17 RAAF Sergeant Stanley Rose discovered the problem was a blown fuse which he 
replaced. The receiver was then tested and found to operate normally. “After some hesitation, Earhart admitted 
that her receiver had not been working properly since she had left the United States.”18 The entire world flight 
up to that point had been flown without benefit of radio direction finding or two-way radio communication.

With the receiver fixed, Earhart was able to communicate with Darwin when she left for Lae, New Guinea 
the next morning, but her attempts to contact the Lae radio station failed because they were listening on the 

A Little Incident

In 1937, the air route between Natal and Dakar was well-traveled. Air France and Deutsche Lufthansa had been flying 
airmail weekly between Africa and South America since 1935.

Excerpt from 
map used by Fred 
Noonan during 
the crossing of the 
Atlantic on the 
World Flight.

“By a second observation crossed with the first taken in the 
cockpit find we are north of course – have averaged 147 M.P.H. 
Now we have a tail wind – alter course to 76°M” [magnetic]

“3:36 change to 36° Estimate 79 miles to Dakar from 3:36 pm.”
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wrong frequency. “On arrival Miss Earhart pointed out that whereas these radios [the two telegrams she had 
sent from Darwin the night before] advised us of a wave length of 36 metres, in reality her wave length was 49 
metres which explained why we failed to pick up any messages from her.”19 Earhart had incorrectly calculated 
the conversion of her transmitting frequency in kilocycles to the British wavelength-in-meters system.

In Lae, the radio transmitter and receiver were again checked and found to be operational. During a short 
test flight on July 1, Amelia was able to establish two-way voice communication with the station at Lae but she 
was not able to get the radio direction finder to work.

“The Operator was requested to send a long dash while Miss Earhart endeavoured to get a minimum on 
her direction finder. On landing Miss Earhart informed us that she had been unable to obtain a minimum and 
that she considered this was because the Lae station was too powerful and too close.”20

The station was neither too powerful nor too close. Amelia didn’t realize she was unable to get a “minimum” 
on the signal because Lae transmitted on 6,522 kilocycles and her Bendix direction finder could not respond to 
frequencies higher than 1,500 kilocycles. A more dire difficulty lay ahead. Her announced plan to find Howland 
Island was to use the same device to home in on signals sent by the Coast Guard cutter Itasca on 7,500 kilocycles.

Earhart was about to embark upon an ocean flight of more than twice the distance of any of the Pan 
Am trans-Pacific legs to an island far smaller than Midway or Wake. A key piece of navigational equipment 
had just failed to work – and yet, according to District Civil Aviation Superintendent James Collopy, “Miss 
Earhart reported everything about the aircraft was operating satisfactorily. … Mr. Noonan told me he was not 
a bit anxious about the flight to Howland Island and was quite confident that he would have little difficulty in 
locating it.”21

Amelia and Fred were not whistling past the graveyard. Taken in the context of Earhart’s experience with 
radios – they never worked right but she always reached her destination anyway – and Noonan’s unshakable 
faith in his own navigation, the pair’s optimism, however unwarranted, appears to have been genuine. From 
the moment they decided to press ahead with the flight to Howland, their fate was sealed.

We Must Be On You
The next morning they set 

off for Howland Island and, once 
more, the radio was silent. For 
the first seven hours, Earhart 
transmitted hourly status reports 
back to Lae but did not hear any 
response. This time the problem 
was not a blown fuse or frequency 
mismatch. Unbeknownst to anyone, 
as the overloaded aircraft taxied 
for takeoff, a mast supporting the 
receiving antenna on the belly had 
struck the ground and broken off. 
During the takeoff run, the broken 
mast snagged on the ground, 
ripping the wire antenna free.

Although Earhart had specified 
she would be using Greenwich Time for her radio schedule, the operators aboard the Coast Guard 
cutter Itasca were using local time (Greenwich minus eleven and a half hours). They began hearing 
Earhart’s transmissions at 02:45 a.m. (14:15 for Amelia). At 06:14 Itasca time, she sent a voice message 
on 3105 kilocycles asking the cutter to take a bearing on her signal. The request surprised the Coast 
Guard operators. It was never the plan for the ship to take bearings on the airplane. She was supposed 
to take bearings on the ship’s signals using her own direction finder. She also announced she was 200 
miles out, no doubt based on a note from Noonan, and began whistling into the microphone in the 
mistaken belief it would help the Coast Guard operator take a bearing. Itasca’s direction finder could 
not respond to the high-frequency signal so, in accordance with Earhart’s original plan, they sent Morse 
code “A”s and the ship’s call sign “NRUI” on 7500 kilocycles.

Half an hour later, Amelia again called on 3105 asking for a bearing, saying they were now 100 miles 
out. Itasca again replied with “A”s on 7500, followed by a voice message on 3105 explaining “Cannot 
take bearing on 3105 very good. Please send on 500 or do you wish take bearing on us?” When there 
was no answer the Coast Guard assumed she was ignoring them.

Her attempts to get the Coast Guard to give her a bearing to fly had come to naught, but Noonan had 
brought her two-thirds of the way around the world without the benefit of radio. Surely Howland would 
appear on schedule, and she made no attempt to use her direction finder to augment his navigation.

By 07:42 the clock on the instrument panel had passed Noonan’s estimated arrival time with no 
island or Coast Guard cutter in sight. Amelia was incredulous. “We must be on you but cannot see you, 
but gas is running low. Been unable to reach you by radio. We are flying at 1,000 feet.”

Her words are as heartbreaking as they are irrational. “We must be on you but cannot see you.” 
Denial. You must be here, but all I see is ocean. “But gas is running low.” As if communicating the 
urgency of her situation would somehow make the radio work. “Been unable to reach you by radio.” 
Said on the radio. “We are flying at 1,000 feet.” Useless information.

Howland was not where Noonan had said it would be. In desperation, she turned to her Bendix 
direction finder, the device that was always intended to guide her to the island. Gambling that Itasca 
might be able to hear her even though she couldn’t hear them, at 07:58 she said, “We are listening 
(misunderstood and logged as “drifting” and later changed to “circling”) but cannot hear you. Go ahead 
on 7500 with a long count either now or on the scheduled time on ½ hour.”

It must have seemed crazy to the Itasca operators that she was willing to wait until 08:30 for their 
signals, but for Earhart the time was 19:28 Greenwich. She meant either now or in two minutes. Itasca 
could not send her a “long count” because they had no voice capability on 7500 kilocycles, but they 
sent Morse code “A”s as before. Having now tuned her receiver to 7500, Earhart heard the dots and 
dashes via the Bendix loop but was unable to take a bearing because, just as in Lae, she was asking the 
device to function far beyond its 1500 kilocycle limit.

Noonan found himself in a situation in some ways similar to the South Atlantic crossing. On the 
flight to Dakar, weather had forced him to rely mostly on dead reckoning. When he was five hours out, 
the clouds parted enough for him to get sun shots and discover he was off course. The difference this 
time was the last half of 
the flight to Howland 
was at night in overcast 
conditions, with no 
opportunity for him to 
get a fix on his position. 
After sunrise he was 
able to get a sun shot, 
giving him a 157°/337° 
Line of Position he 
could advance through 
his destination. With 
a good estimate of his 
groundspeed, he had 
calculated a more or 
less accurate time of 
arrival at the advanced 
LOP but he didn’t know 
he had not hit the LOP 
at the desired point 
until Howland Island 
failed to appear.

On the South 
Atlantic trip, Fred was 
not able to hit Dakar on 
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the nose even with multiple sun shots, but the coast of Africa was, in effect, a terrestrial Line of Position 
with landmarks to tell him exactly where he had hit it. The Pacific LOP offered only a featureless expanse 
of water. All he could do was search up and down the line, hoping to find Howland before the fuel ran 
out. Hence the final inflight messages Itasca received from Earhart at 08:43, “We are on the line 157 337.” 
And at 08:55, “Running on line north and south.”

It is now apparent Noonan’s navigation resulted in the flight straying well south of course, just 
as it would have on the Oakland/ Honolulu trip if uncorrected by DF, and as it did in the Pan Am 
incident at Wake and on the South Atlantic crossing with Earhart. In searching for Howland, he didn’t 
run northward far enough to spot Baker Island before turning around and running south, mistakenly 
concluding he must have hit the LOP well north of Howland. Still hoping for Howland, they came upon 
another island roughly an hour and a half later. Low on fuel, they had no choice but to land.

CONCLUSIONS
By 1937, the technology and procedures for reliably finding small islands at the end of long over-

water flights were well established and in weekly use by Pan American. Fred Noonan had been a key 
player in developing the system, but celestial and dead reckoning navigation were only half of the 
equation. Radio direction finding was the other essential element.

Earhart’s original plan for finding Howland Island emulated Pan Am and might well have succeeded, 
but Manning’s departure after the debacle in Hawai‘i deprived her of essential expertise in radio 
communications and direction finding. Amelia’s decision to try again without finding a replacement or 
acquiring the necessary skills herself, combined with Noonan’s skepticism of DF and his unshakable 
self-confidence, made for a perfect storm of circumstance and personalities that virtually guaranteed a 
tragic outcome long before the fateful morning of July 2nd. •
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IGHAR’s most difficult, most involved, and 
longest investigation of an artifact is our 

effort to identify a battered sheet of metal 
we found in 1991 on our second expedition to 
Nikumaroro. We are now in our twenty-ninth 
year of testing the hypothesis Artifact 2-2-V-1 
is a piece of Earhart’s Electra. Since 2014 we 
have been investigating the possibility it is part 
of a patch installed on NR16020 in Miami to 
cover the hole left by the removal of a special 
navigator’s window.

The best way to 
identify an artifact 
is to match the 
unknown object to a 
known object. A zipper 
pull and slider we found 
at the Seven Site in 
2007 are identical in 
every respect to a Talon 
size 06 Autolok zipper 
manufactured between 
1933 and 1936.

The patch on Earhart’s aircraft was an 
expedient field repair to replace a non-standard 
modification so, if the hypothesis is correct, 
there is no existing known object to which we can 
compare the unknown object. The best we can do 
is compare the artifact to distinctive features on 
the patch visible in historical photographs. That’s 
why Jeff Glickman’s analysis of images of the patch 
in the 16mm film TIGHAR acquired early last year 
is so important.

The frames in the film showing the patch, 
although better images than any of the photos 
taken during the world flight, are not of sufficient 
resolution to see the features we need to see. The 
only way to bring out more detail is through the 
application of “super-resolution” technology that 
combines several frames to produce a sharper 
image. In principle, super-resolution software 
makes it possible to select and overlay the best 
images to reveal otherwise invisible details, but 
applying the technology to digitized 83 year-old 
home movie film is pushing the envelope. The 

motion picture camera was hand-held and slowly 
panning, rather than stationary on a tripod, 
so each frame sees the aircraft from a slightly 
different perspective. Details, such as edges and 
individual rivets, are sharp in some groups of 
frames and fuzzy in others.

To configure the software, Jeff had to first 
identify the make and model of camera used to 
shoot the film. Early 16mm movie cameras had 
camera identification marks exposed on the 
edge of the film by tiny openings in the camera’s 
aperture gate. By researching the identification 
codes and comparing them to the marks on the 
film, Jeff was able to identify the camera as a Cine 
Kodak Foreign BB F1.9.

The 16mm movie camera used to shoot the Electra on July 1, 
1937 was virtually identical to this British version acquired 
by Jeff Glickman.

A key processing variable is how many 
frames to combine during super-resolution image 
recovery. Jeff found that using a large number of 
frames was effective in recovering large individual 
rivets; however, the lines of small rivets were 
not visible, nor was a faint vertical deformation 
observed in other photos of the patch. Reducing 
the number of frames during super-resolution 
processing enabled the recovery of the small rivet 
lines, as well as the vertical deformation.

Jeff used low resolution JPEG images of the 
frames to simplify the initial testing. Having 
established the best configuration using the 
JPEGs, Jeff is proceeding with his analysis using 

One of 135 frames in the 16mm film of NR16020 being 
fueled in Lae, New Guinea on July 1, 1937.

Proof of Concept: The image on the left is the patch as it 
appears in a single frame of the film. The image on the 
right is a super-resolution combination of ten frames in low-
resolution JPEG format.

higher-resolution DNG scans. He’ll then combine 
multiple recovered super-resolution images into a 
single, hybrid, composite image. It’s a painstaking, 
step-by-step process, but Jeff feels confident the 
final product will provide sufficient resolution to 
confirm or deny a match to the patch.

The processes necessary to test the hypothesis 
that the Bevington Object is the wreckage of 
Lockheed Electra landing gear were much simpler 
than Jeff’s current project, but it still took a year to 
reach a beyond-reasonable-doubt conclusion. The 
16mm home movie film was scanned and digitized 
in March 2019, so patience is the watchword.

Orphans of the Storm
hen we first went to Nikumaroro in 1989, many of the 

structures left behind when the island was abandoned in 
1963 were still intact.  When we returned in 1991, the southwest 
end of the island had been devastated by high seas.

In September 1989, a twenty-foot tall 
concrete beacon stood in the dense 
beachfront vegetation marking the head 
of the landing channel, which had been 
blasted through the reef to facilitate the 
1963 evacuation.

When we returned in October 1991 
the beachfront trees and bushes 
had been demolished and all that 
remained of the beacon was the 
base and some bent re-bar.
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The culprit, we later learned, was 
Tropical Cyclone “Ofa,” a Category Four 
hurricane that struck the South Pacific 
in February 1990 generating gigantic 
swells that struck Nikumaroro from the 
southwest.

Fifty meters inland, amidst the 
washed-up palm fronds and coconuts, 
we discovered two orphans of the storm. 
A battered sheet of aluminum aircraft 
skin lay not far from the now collapsed 
“Gardner Co-Op Store.” A piece of airplane 
wreckage was an exciting discovery. We 
cataloged it Artifact 2-2-V-1.

Jammed in a tear in the metal skin 
was a length of thin, much-abused wire 
with a few sections of badly deteriorated 
insulation. Not obviously aviation-related and a 
bit of an annoyance, we moved it out of the way to 
get a good picture of the skin. Fortunately, we did 
collect it and cataloged it as Artifact 2-2-V-1a.

When we got home we asked aviation radio 
historian Norman Chipps of Chipps Research Ltd. 
for his opinion about the wire. He said that in the 
1930s:

The fairlead wire (wire inside of the aircraft to 
connect receivers to antennas) was a small 
conductor cable with smaller diameter cloth and 
rubber covering. The 22 gauge wire you have 
found entangled in artifact 2-2-V-1 could possibly 
be from the external lead or the internal fairlead.

Chipps sent us a sample of 1938 vintage 
fairlead wire and also a sample of fairlead dating 
from 1941, by which time the composition of the 
wire and insulation had changed. In December 
1991, 2-2-V-1, 2-2-V-1a, and the two sample wires 
provided by Chipps were among the artifacts we 
submitted to the National Transportation Safety 
Board Laboratory in Washington, DC for materials 
identification. In their March 1992 report, the 
NTSB Lab found:

The wire was a single strand of 0.024 inch 
diameter copper wire that was 34 inches long. 
Remnants of what appeared to be degraded and 
hardened insulation were found randomly along 
the the length of the wire. Examination of a portion 

of the insulation with the aid of a scanning electron 
microscope (SEM) revealed fibrous strands, encased in 
the insulation jacket as denoted by arrow “T” in figure 
11B. Samples of reportedly common aircraft antenna 
wire labeled “1938” and “1941” were also supplied by 
the investigator for comparison purposes and displayed 
in figure 11C. The “1938” wire sample had a single 
strand, solid wire core with an easily fragmented inner 
insulation and a woven fabric outer covering. EDXA 
analysis determined that the copper wire core had been 
tinned prior to being insulated. The inner insulation had 
two longitudinal fibrous threads, arrowed “T1” in figure 
11C, embedded within the insulation material. The wire 
sample labeled “1941” had a similar outer covering 
but in contrast had a multiple strand twisted wire core 
and a rubbery inner insulation with no indications of 
imbedded threads.

For the next twenty-eight years the lowly length of 
wire was largely forgotten as research focused on the 
sheet of aluminum. Now, with all we’ve learned about 
2-2-V-1 and the island, the implications of the wire 
are enormous. What is pre-war aircraft fairlead wire 
doing on Nikumaroro? If the identification of 2-2-V-1a is 
correct, the logic is inescapable:

The wire could be the jigsaw 
segment that fits the other 
pieces and completes the 

puzzle.

Artifact 2-2-V-1a

 E Both the metal and the wire are aircraft debris.

 E They washed up, tangled together, in the 
massive storm that hit the island February 1990.

 E It is inconceivable they are from two different 
aircraft.

 E Artifact 2-2-V-1a is from a pre-war aircraft, 
therefore, 2-2-V-1 is also from a pre-war aircraft. 
Debates about whether 2-2-V-1 is from a WWII 
aircraft are moot.

 E NR16020 was the only prewar aircraft that 
came to grief anywhere near Niku. Therefore, 
2-2-V-1 is a piece of Earhart’s Electra.

 E The entangled wire effectively eliminates the 
possibility 2-2-V-1 was salvaged and used for 
some purpose by an islander. 

 E At least one and probably two edges of 2-2-V-1 
were removed from the aircraft by human work. 
The metal was not removed by an islander, so it 
was removed by Earhart and/or Noonan.

 E The coral growth and worn edges on 2-2-V-1 
show it spent a long time in shallow saltwater 
and scrubbed around on an abrasive surface 
(such as the reef flat). To become entangled, 
one or both objects had to have been in 
motion. In all likelihood, 2-2-V-1 picked up the 
wire as it passed through other Electra debris.
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Further research is needed to confirm 
and validate the identification of 
Artifact 2-2-V-1a. In the coming 

months we’ll be devoting all available 
resources to that end. As always, we’ll 

be relying on you, the members of 
TIGHAR, for your help and support.

Hypothetical Odyssey of 
2-2-V-1 and 2-2-V-1a.

Earhart and/or Noonan remove part of 
the patch from the aircraft to improve 
ventilation in the sweltering cabin. 
The removed piece is left on the reef 
surface. The aircraft is later washed 
over the reef edge and breaks up in 
the surf. 
Lightweight debris from the aircraft 
washes up on the reef surface and 
migrates southward in successive 
storms.  
Somewhere along the way, a length 
of antenna fairlead wire becomes 
entangled in the removed section of 
the patch.
Some lightweight aircraft debris 
washes into the yellow shaded area 
where it is visible in 1953 aerial 
mapping photos. There are also 
several accounts of aircraft debris 
seen along the shore of the lagoon 
passage.
The piece of the patch with the 
entangled wire continues southward 
until washed ashore in the storm that 
hit the island in February 1990.
TIGHAR discovers the artifacts in the 
wash-up from the storm in 1991.
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The wire entangled with Artifact 2-2-V-1 
could be the piece that completes the 
puzzle –
– but only if we can confirm and validate that it is, 
indeed, pre-war aviation wire as identified by the 
NTSB Lab in 1992, and that there is no rational 
explanation for its presence on Nikumaroro other than 
that it came from NR16020.

Research is expensive and time consuming in the best of times, and more 
so in times like these, when in-person visits to archives and museums are out 
of the question. As always, our success depends upon your participation and 
support.

Please contribute to the 2020 Artifact Research Fund. 
In appreciation for a $25 or more donation we’ll send 
you a bi-weekly email update for the rest of the year.

Help With Research
TIGHAR’s online Amelia Earhart Search Forum is a great place for anyone 

to keep up to date on the latest discussions. As a TIGHAR member you can 
register on the Forum and post your questions, observations, and ideas.

Together we can continue to move forward even in 
these trying times.

https://tighar.wisdomfilters.com
https://tighar.org/smf/index.php

