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9, Obfcrvanons of a folar, echpfc Otober 27, 1780, rmde
" .. ,on'the eai’t fide of ng-{ﬂmd i Pt’:zae‘éfcaz‘-Ba}

,A total echpfc of the fun is 2 curious and uncommon, phe-
_'nomenon. From the prmcxples of aﬁronomy it is certain “that
a cemmllcchpfe will happcn, in fome part of' the earthy; in the
courfe of-cvcry year : But it is but feldom that a total eclipfe of

" the fun is feen in any partlcular place. A favourable ‘oppor-

?tumty -prefenting for: viewing: one-of ' thefe eclipfes on O&ober
" 27, 1780, the American &cademy:of'ﬂrfs'and&icieﬁce's, and the
Umverﬁt}r at Cambridge, were defirous to have it properly ot
ferved in thc eaftern parts of the State, where, by calculatmn, it
.-was expe&cd it would be total. Wsth thls view they folicited
‘the govemment of the Commonwealth) that a veflel mivht
bq prepared to convey propes: obfe:vex:s o Peméﬁoz‘-szy s and
. that. pplicanon might be made to the officer who commanded
- gth& Britifb g oamfon there, for lcave to.take a {ituation comzem-
ent fo: thzs purpofc.

Though mvolved. in all the cal:munes and d1i'freﬁEs of 2
_' fevers's war, “the: govemm&nt‘ d‘,lf?:o“fcre& all ‘the attention .and

IréaBmcfs to promote the caufe” 6F fcience, which could have

_'“'béen expc&ed in the moft peaceablc and profperous times ; and
paﬁ'cd a. rcfolve, dire&mg the Board of War to ﬁt out the
" Lincoln
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“Observations of a solar eclipse, October 27, 1780, made
on the east side of Long Island, in Penobscot-Bay.”

“A total eclipse of the sun is a curious and uncommon
phenomenon. ...”

“A favourable opportunity presenting for viewing one of
these eclipses on October 27, 1780, the American Academy
of Arts and Sciences, and the University at Cambridge, were
desirous to have it properly observed in the eastern parts of the
State, where, by calculation, it was expected to be total. With
this view they solicited the government of the Commonwealth,
that a vessel might be prepared to convey proper observers to
Penobscot-Bay; and that application might be made to the
officer who commanded the British garrison there, for leave to
take a situation convenient for this purpose.”

“... the center of the moon” would pass over Fort Halifax,
the St. George River, and Penobscot Bay.”
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“Though involved in all the calamaties and distresses of
a severe war, the government discovered all the attention and
readiness to promote the cause of science, which could have
been expected in the most peaceable and prosperous times;
and passed a resolve, directing the Board of War to fit out
the Lincoln galley to convey me to Penobscot, or any other
port at the eastward, with such assistants as I should judge
necessary.”

“Accordingly, I embarked October 9, with ... [assistants
and instruments] ...”

“On the 17th we arrived ... And on the 19th we put our in-
struments on shore, set up the clock and quandrant in a build-
ing facing towards the south, near the house of Mr. Shubael
Williams, where the following observations were made.”



Cast of Characters

Samuel Williams  Harvard Prof.; Expedition Leader
Shubael Williams Mainiac House Owner

Ted Williams Red Sox Immortal

Roy Williams Longhorn Wide Receiver
Jefferys, William  UT Poobah Astrologer
Joseph Willard Harvard President

Nevil Maskelyne  Astronomer Royal

Robert Rothschild Harvard Alum.; Summertime Mainiac

Owen Gingerich ~ Harvard Prof.

Charles Klupfel  calculator from Mayer’s Tables
Al Fiala USNO eclipse expert




“October 20.

Time by the clock

Eastern Az. Western az.
gh 15> 44m  3h 542 43"
21 58 48 928
28 48 41 34
31 30 38 57

Mean
Equation of Altitudes

®’s center on the meridian

Clock too fast

October 21

®’s center on the meridian

Clock gains in 24 hours,

Meridian
12" 5> 13.5"
13

11
135
12 9 12.75
17.50
12 & 30.25
5 a0.2h
12 ¥ 2.0

1 32.25



October 22.

Thick fog all day. No astronomical observations.

At 8" 15, A.M. I put the clock back 15’,
and lengthened the pendulum.

Why?7??

October 23.
Thick fog all day. No astronomical observations.




October 24
g 10 47v 3k 14» 58"
G".s' center on the meridian
Clock too slow

October 25

G)-’.s' center on the meridian
Clock too slow

Clock gains in 24 hours,
October 26

®-’-S- center on the meridian
Clock too slow

Clock gains in 24 hours,
October 27

®’s center on the meridian
Clock too slow

Clock gains in 24 hours,

i |

11

11

11

53’

93

o4

99

56

22.5"

41.35
58.65

32.29
2711
50.94

21.53
38.47
49.24

10.73
49.27
49.20

Clock good again



October 27.
Corresponding altitudes of the sun, ...

8 7 18 3 44 30 11 55 54

8 32 43 15 53.5
... [6 obs’ns. omitted]
19 23 32 25 54
20 56 30 48 02
... [7 obs’ns. omitted]

36 27 15 26 956.9
Mean 11 55" 54.33
Equation of Altitudes 16.40
®’s center on the meridian 11 56 10.73
Clock too slow 3 49.27
Clock gains in 24 hours 49.20

At 8" 20°, A.M. with an object-glass micrometer applied
to a reflecting telescope of twelve inches focus, made by Short,
I measured the sun’s diameter parallel to the horizon, and by
a mean of ten observations, I found it 32’ 17!'33.”



Williams’ 1780 Micrometer Measurements

time microm angle
L s & R
v S v
s s
11 27 58 111 16 25 12.8
11 29 01 110 16 24 31.8
11 30 12 108 12 23 42.5
11 33 38 1 08 07 22 51.0
11 35 49 1 07 18 22 32.6
ﬁ 22 ;i 1 82 {1)2 fg f;g “Immediately after the last observation, the sun’s limb became
11 45 24 1 01 06 18 01.92 so small as to appear like a circular thread, or rather like a
11 49 36 0 23 15 16 16.3 fine horn. Both ends lost their acuteness, and seemed to break
11 51 53 0 22 07 15 18.8 off in the form of small drops or stars; ...
11 54 33 0 21 18 15 00.3
11 56 16 0 19 13 13 27.8
11 58 35 0 18 07 12 34.4 This appearance remained about a minute, when one of my
12 00 48 017 19 12 17.9 assistants, who was looking at the sun with his naked eye,
t2 0¢: Od 0 16 10 11 18.3 observed that the light was increasing.
12 06 52 0 13 07 9 08.8
12 09 03 0 12 02 8 17.4
12 12 48 0 10 15 7 21.9
12 1.3 38 0 09 16 6 42.8
12 17 26 0 07 02 4 51.9
12 19 36 0 06 17 4 41.5
12 21 24 0 05 14 3 54.3
12 22 51 0 04 18 3 21.4
12 25 13 0 02 10 1 42.7 !!!
12 26 50 0 01 13 1 07.8
12 28 48 0 00 12 0 24.7




Missed Totality. Why?
SW map error
RR Map is OK; SW’s calculation or Mayer’s Tables

OG map survey = map error

“I first examined a copy of Mitchell’s Map in the
Library of the American Philosophical Society -
and quite a distinguished copy it was, being the
very one used by John Jay at the 1782 peace
conference in Paris for negotiating the boundaries
of the United States.”

“I’'m surprised that RR didn’t notice the error.”

“Oops! RR’s version had no error.”

(grid lines shifted)




RR

CK

RR

“No map error; dozens of error-free maps”

“Mayer’s tables are about 20 miles too far southwest.”
[but still show center line far to the east]

“He would have gone further east.”
laccording to Mayer’s Tables]

(...“had to be SW goof, and possibly Table error.”)

“Incidentally, it is [the map referenced in my
article], and not the one cited by Gingerich,
that is the famous John Jay copy; it now
resides in the New York Historical Society.”
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AF, CK :

EMS :
0G:

EMS :
AF .

EMS :
oG :

EMS :
RR :

EMS :

(1982) “actual southern limit far to the east”
“observations don’t match ephemerides : ‘baffling”
(1983) “I agree with CK and AF”

“Williams was eventually driven out of Harvard
because he tried to falsify some documents
pertaining to a debt.”

“SW was too far away to see Bailey’s Beads”
“EMS is wrong; Bailey’s Beads

can be seen many miles from eclipse path”

“can fit with observing site — northeast”
“Wrong again, Turkey;

we know exactly where the site was.”

“SW fabricated data using wrong latitude?”

“Strike three: SW was previously at site (!)”

(1997) : “SW not cheating?”

“ephemerides can be adjusted to match ...”
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Converting Williams’ measurements

“Proper direction”

micrometer * f — [7]

no value of f works for all observations

“Reverse direction”
[”] / £ — micrometer

The range, f = 2.055 ... f = 2.056, works exactly
for all observations.




1780 Eclipse : Pre—Fit Micrometer Residuals
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12

Easy to mix up the hands,
let’s assume that this is
what happened




1780 Eclipse : Pre—Fit Micrometer Residuals
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&5 1780 Eclipse : Post—Fit Micrometer Residuals with the rest?
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Adjusted Parameters

ET-UT

A A‘i’l’LOO‘?’L
APmoon

Clock Error
Clock Rate Error

Micrometer Offset
Micrometer Scale Error

Longitude
Latitude

Rsun

Rearth
Rmoon
Lmoon

1775

0!'6
-0:'003

276
0433 /day

-4"5
0.00013

291707
44232

696000 km
6378.137 km
1737.7 km
1737.8 km

+2°

:I: 1"
s cll 4 LM

=+ 3°
+ 2%/day

I 09
+ 0.00075

+ 0.6 km
+ 0.6 km
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DE405; std. values 1087  12:30:07

Full Ephemeris Adjustment

to Williams’ observations 819 12:30:01
Willard 8" 12:30:22
2 straight lines: center mean 12:29:57
2 straight lines: contacts mean 12:30:09

Simple Function
[ = o Bsiin. — Fsmaon ; P2 = d% + Vz(t"‘t(})z

[l - (Rsun - I%f:rnoo'n,)}2 = KO + Klt + Kztz

V = VKs
lg = —K1/2K2

dy = VKo — V282
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A Letter from Joseph Willard to the Rev. Dr.
Maskelyne, Astronomer Royal, concerning the Longi-
tude of Cambridge in New England.

“I hope, Sir, no umbrage will be taken at my writ-
ing to you, on account of the political light in which
America is now viewed by Great Britain. I think po-
litical disputes should not prevent communications in
matters of mere science; nor can I see how any one can
be injured by such an intercourse.

I am, &c.

Beverly in Massachusetts,
February 16, 1781.”



