



























































































































































































































































































































































TIDE AND MOON PIASES PREDICTIONS

studies of the Drake Navigator's Guild. -It is believed that moss of the
queslicns can be answered bent ‘m, refe r"ence o these pr (,rhchcm

The tides at the entrance 10 Drakes Egter o"ﬁrc about ttie same as
in Drakes Bay, but inside Drakes Estero ’Lhﬂ} are probah?y 30me~what
later ang smalleyr,

We regret th 3{ we Lave no chescrvational dala relative 1o the cur-
rents in Drakes Bay. It is estimated, however, that except for the en-
trance te Drakes Estero the currenis are weak

The approximate dates {new gtyle} of the phases of the moon for

the period specified in 1579 are as follows: new moon Juna 7, first guar-
ter June 14, full moon June 21, last qhartal June 28, new moon July B,
full moen July /O new moon August 5, If any additional information rel-
ative to the moon is required reference should be made ‘o the Neutical
Almanac Oifice, U S, Naval Observatory, Washinglon 25, I.

Very truly yours,

signed: Hoberi W, Kroy

Acting Director

Enclesure

Note: In the following tuble, the tides are given according to the Gre-
gorian calendar {new siyle), Ed. ‘
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TiDE PREDICTIONS
GRAKES DAY, CAl LFGRNIA, 1579
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APPENDIN IX
CLIMATOLOGICAL DATA
Extracts from the United States Coast Pilot, Pacific Coast, California,

Oregon, and Washington, U, S, Departinent of Commerce, Coast ar_nd
G\,Odetlc Survey.

Ninth (1963) Editio'n._., pp. 88-91

'Gcneral - The Pacific coastal region of the United States and the
adjacent ocean areas are lecated along the eastern portion of the Pacific
high pressure system. This HIGH, when well developed, forms the prin-
cipal circulation control forcing most of the LOWS thatl develop to follow
a course northward of the United States. This action damps out weather
changes that -might otherwise occur and bring {o'the weather along the -
coasl a stability factor that would not otherwise exist. Air which reaches’
the coast as a result of the prevailing westerly winds has acquired much
water vapor during its passage over the ocean with resultant hkigh humidi-
ties over the coastal regions. The marine influence is also evidenced in
a cooling effect in summer and warming influence in winter,

"Pressure and annual changes in weather pattern. - During the sum-
mer the North Pacific HIGH reaches its greatest development., In July the
center, with highest pressure about 1, 025 millibars, is located in the lati-
fude of San Francisco near 150° W, Average pressure in excess of 1,015
millibars prevails over most of the ocean area nerth of 209 N.- almost ta
Alaska and west from the Pacific Coast to about 160° E. At this. scamq of
the year the Aleutian LOVV is almo‘st nonexistent.

"By October the HIGH has contracted, particularly on the north in
the direction of the Aleutian LOW which has formed over Alaska and the
Bering Sea with pressure of 1,002, 5 millibars and below prevallmcr over
southwestern Alaska mc]udlng the Aleutian Islands. This low-pressure
area which appears as a permanent system on the charts is actually the
resuit of frequent migratory lows that move through the area during the
winter season. ‘ - '

"In Qctober, the Pacific HIGH extends from the U, S, coast across
the Pacific -Ocean and into the Asiatic Continent and reaches a maximum
of 1, 020 millibars in the vicinity of 30° - 350 N, and 1350 - 1400 W,
Weakemng of the HIGH continues with the approach of the winter season
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CLIMATOLOGICAL DATA

and by November it is litile more than a weak belt of high pressure lying
between the Aleutian LOW and the equatorial belt of low pressurc. Lows
continue to form along the polar front and tend to make their path through
the area covered by the Aleutian LOW, In winter these traveling depres-

-sions movmg eastward cause considerable day-to-day variation in pres-

sure, particularly in the area north of 40° N,

"During the Spring months there is a'gradual return to the summer
pattern with the HIGY spreading northward and the LOW becoming further
contracted, Migratory LOWS become less frequent and enter the contin-
ent férther north. Day-to~day fluctuations in pressure are much smaller
than in the winter maths.

"Winds. - Over the northern portion of the Pacific HIGH north of
40° N., andincluding the Oregon and Washington coasts, the prevailing
direction’of the wind is westerly. There is a tendency for the winds to
© ghift to the north of west during the summer when pressure over the Uni-
ted States is lower than that over the Pacific Ocean, and to the south of
‘west during winter when pressure over the continent is higher than it is
over the ocean, These prevailing westerly winds north of the HIGH ex-
tend westward across the entire North Pacific and reach northward
throughout the area of this summary and on toward the Arctic Circle.

"Along the California coast south of 40° N. the prevailing wind dur-
ing the greater part of the year is from the northwest, a direction that
brings it nearly parallel to the coast, The average veloc¢ity of these winds
off the ocean is generally low during the greater part of the year. There
are, however, occasions when warm dry descending winds from the north-
east and east come roaring throurfh the major passes of the coastal moun-
tains, These winds, often accompanied by desiccating temperatures, may
exceed 45 knots and.at times carry considerable dust.

"Gales. -~ There is considerable difference in frequency of gales be-
tween the northern and southern portions of the coast. Gales are most
frequent in the winter, averaging 5 to 8 percent of observations along the
Wasghington coast and only about 1 percent along the southern California
coast. In summer, the coastal area of Washington averages less than one
percent of observations with gales while the coast of Oregon gsouthward to
ceniral California averages 1 to 2 percent. Galesareveryinfrequentalong
the southern California coast in summer, :
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CLIMATOLOCICAL DATA

"The direstion from which gales blow shows a marked seasonal
variation. In winler they may occur from any direction bui more blow
from the southeast, south, or southwest than all other directions com-
bined., Few or none come {rom the northeast or east, In summer gales
are almost exclusively from the norihwest and north.

"Along the coast of Washington (45° to 500 N.} the season of maxi-
mum gales extends from early October until April, This is the period
when differing air masses and fronts address the coast. The factl that
most gales during this period are from the southeast, south or south-
west indicates that they occur in the warm sector of the LOW, During
June, July, and August,” gales from any direction are rare. ¥From nor-

thern Oregon to Northern California (400 to 45° N, } the season of maxi-

mum gales along the coast lasts from November through February. Dur-
ing these months most of the gales blow from the southeast and south
with a few {rom the north and northwest, March and October are trans-
ition months. ¥rom April through Seplember gales are fewer and those
that do occur are usually from the northwest or north.”

"Farther south along the California coast (350 to 400 N. ), north-
west gales are more frequent and cccur at all seasons although they dre
most frequent from March through July. Nerthwest gales are as fre-

- quent or more frequent than gales from any cther direction in-all monihs,

There is a secondary maximum of southeast and south gales from Novem-
ber through March. ' ' '

"Fog. - Both summer- and winter-type fogs are common along the
Pacific coast, with the summer type being more frequent and extensive.
The generally light anticyclonic winde which prevail during the warm
months, when the North Pacific HIGH reéinains stable, are conducive to
both the formation and maintenance of fog. o '

"During most.of the year the temperature of the water off the coast

'is lower than that of the ocean farther to the west, the greatest differences

occurring in July, August, and September. The coolivg effect of these
coastal waters upon the easterly moving air above it is a pr:mary factor
in the prevalence of summer fogs. Under these conditions the warm,
moist air from the westward easily attaing its de ‘Wpomt and ihe 1*esu1tmp
fog drifts toward the coast and moves inland. :
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CCLIMATOLOGICAL DATA

4.

“In winter fog is much less prevalent than during the summer. It
is more local in character and, although it may extend over a consider-
able rangeé in latitude, it seldom extends eny gr@at distance to sea, How-
ever, when the so-called summer or advection iype of fog, which may
also occur in winter, unites with fog which has formed over the land, a
sheet of fog may extend a considerable distance to sea,

"The seaward extent of fog varies greatly. The band of densest and
most frequent fog occurs over the narrow stream of colder water just off
the coast and is frequently hmlted to a band of 50 miles or les At other
times fog covers large areas both in latitude and in longitude, and may
extend for hundreds of miles o sea.-

"The months of maximum occurrence of fog off the Pacific coast

- vary somewhat with the different localities and, of course, with the indi-
vidual year. . . . Along the coast proper, from Tatoosh Island to the
lower California coast, the period of most frequent fog is from July to
October, and that of least frequent from December to May.

"The maximum frequency of fog along the coast of Washingion and
Oregon is 16 percent at Tatoosh Igland, occurring in Augusi. Between
Tatoosh Island and Brookings, Oreg., where 14.5 percent of observations

“in July record fog, smaller frequencies are encountered. From Brook-

~ ings to north of the Golden Gate the maximum percentage frequency is
reached near Blunts Reef. In-the vicinity of Eureka, where there are
coastal plains, maximum frequency of fog is in the fall, and is of the ra-~
diation type. Humboldt Bay, the harbor of Fureka, however, is an area
of dense sea fog, and the shoals near there are daigerous 1o vessels in
thick weather. Between Blunts Reef and San Francisco are two of the
nost foggy spots on the Pacific coast: Point Arena and Point Reyes,
‘Point Reyes is often spoken of gs being the actual center of heaviesi and
nmost frequent.fogs on the Pacific coast; this is true when 2n average cver
a long period of record is considered. Owi‘ng {0 the persistency of the
-fog cover, through which it-is said the sun's rays sometimes fail to pene-
irate for 3 or even 4 Weeku at-a time, Point Reyes has close to the lowest
midsummer temperature of any observing station in the "Umt d States.

”Golden Gate, the entrance to San Francisco Bay, is a region of

frequent fog,' and shipwrecks have been numerous there. Often a sheet
of fog forms in early forenoon off the bold headlands on either side of the
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CLIMATOLOGICAL DATA

Golden Gate and becomes more formidable in size as the day wears on.
"Asthe temperaturé rises in the warm inland valleys, a steadily increas-
ing indraft takes place. Then tlie fog, perhaps 15500 or more feet in
height, approaches the shore and enshrouds a good portion of all of Sau
Francisco Bay. Under favorable temperature conditions, the fog will
overspread the shore and rise up the more than hah‘ mile he 1011# of

M ount l‘amalpals

”There are-several well-marked types of fog in the viciniiy of San
Francisco. TFirst and most prominent is the summer afternoon sea fog
described ahove which moves inland at an average rate of 14 knots., Tha
gecond type, a low-lying dense land or river fog, forms during winter
mornings and drains slowly seaward at the rate of perhaps a knot. It ig
essentially a valley fog and is most-marked in the lowlands,, . . .

"In summer the afternoon sea fog varies in depth from 100 to about
1,500 feet, the depth decreasing as-the distance inland increases. Qo
summer afternoons the velocity of the wind at-San Francisco with almost
clocklike regularity rises to over 19 knots, and a solid wall of fog comes
through the Golden Gate, causing a fall in iemperature,

"Precipitation. - Along the Pacific coast of the United States most
of the precipitation falls during ihe winter with the summer being gene-
raliy dry, While this pattern prevails along the entire coast the amount
of rainfall and the length of the season increases gradually from south to
north, + . ." o

Woather, San Franc.iséo Bay, p. 126.

"In common with.the more northerly section of the Pacitic coast of
the United States, the San Francisco Bay éntrance experiences fog more
frequently during the summer than during other seasens., Fog is gener-
ally brought in from seaward by wes sterly winds about sundown, and ordi-
narily continues until about noon of the following day. In winiter, morning
cr tule fogs frequently occur, these forming over the Iowl anas of the ceqn-

tral valley and over the bay.

E
i

"During sum'rnel_" the fog often drifts in only as far as the Golden




CLIMATOLOGICAL DATA

Gate, partially cbscuring ithe bridge and sho‘relinb,‘ while the renmin'd;.r
of the bay is comparitively clear. Sausalito and Richardson Bay hd
much less fog than the Golden Gate

"Westerly winds 'pre'vail in this section of the Pacific coast through -
out the greater part of the year; northerly winds are most prevalent dur-
ing Deccember and January. Southerly gales occur in the winter., The
wind normally attains its greatest velocity abm 4: 30 p.m, and iis least
veloclity about 6 a.m.

"During certain times of the year especially in May and June, the
northwesterly winds attain high velocily. This is alsc true regarding the
rnorth-northeasterly windse of Novembher, December, and occasionally
Jandary. In the winter the most prevalent high wind is from the south-
easl and is followed by a southwesterly wind. ‘

"The San Francisco Bay region has compdratively feW storme,
Except in the winicr, very few low-~pressure aveas move from the fiﬁc"m
across California; nearly all the storms that enfer the Um*ed States from
‘the west pass far northward of ceniral California,™ '

The tahle‘s of weather datz on the followitig. pages for the mouthq of
June and July, compiled by the U, S, Weather Bureau, were exiracted from
the Third Bdition (1917) of the Tl, S, Coast R‘;?f Pacific Coast, as it in-

cludes Pcint Reyes as well as ofhor Sialions on the cowst. Poiat Reyes is
not listed in late editions,
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MONTH OF JUNE"

A
* O
E: & w Y,
e g i 2]
< b o
=< K i
M < £ <
F e ~ £
57 5 H Fe
1 ] £ g =z
C - O <
_ O 3 £ &
Air temperature in degrees F,
Mean for month : 55,0 54,6 52,8 57.0
Mean, maximum . : 59.5 59,1 57,9 65,0 a
Mean, minimum ' 50,5 49,8 47.7 52.0 5
Highest ' : 96 85 . 87 100
- Lowest : 44 40. 38 46
Average relative humidity, % 86 86 - 85 80
Average amount of clouds, 0 - 10 E 7 5 5 4
Frecipitation ' ' '

Average fall _ 1.77  1.06 .26 17
Number of doys 0. 01l inch or more 14 - 6 1 2
 Maximum fall in 24 hours 1,76 1.99 1,53 1.23

Wind
Average velocity in statute miles 16. 6 8.0 26,9 12.9
Highest velocity iu statute miles 74 47 94 48
Average number of times {observations
at 8 a.m., and 8 p. m. ) from:
N 4 18 4 0
NI 1 Z 0 0
E 2 1 o 0
S 5 5 0 -0
s 5 4 2 2
SW 5 7 2 14
W & 6 1 38
NW 32 16 21 5
: CALM 0 1 0 !
Number of days with wind 40 miles or over 3 G 16 0
Number of days with dense fog 2 3 13 1

Norih Head {Columbia River Xntrance), Washington.

o
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MONTH OF JULY

;x;.
F O
5 0 2
SR =] =
<% . n 2
B a o <
2 b N > o
=a v Z o
= o - Z
O ) O <
0 23] A .0
Air teraperature in degrees F. ;
Mean for month . ' 57.7 53.3 53,5 57.3
Mean, maximum : ' 7 62,2 B9, 8 BB.H 64,5
- Mean, minimum 53,4 51,5 48,3 52.5
Highest - 97 73 g1 98
Lowest T ' ' 46 43 40 47
Averape relative himidity, % ' 88 88 g8 84
Average amount of clouds; 0 - 10 _ 6 6 7 4
Precipitation 7 _
Average fall , .54 L1l L1z .01
Number of days 0. 01 inch or more ' 8 S 2 a 1 i
Maximuim {21l in 24 hours | 82 .75 .39 .23 3
Wind ' :
Average velocity, in statute miles : 15,8 6.4 22.0 13.4
Highest velocity in statute rniles 62 47 90 41
Average number of times (observations
at 8 a.m. and 8 p.m. } from:
N - | 6 15 6 0
NE G 2 0 Q
B 1 1 0 0
5E 3 2 J 0
S 6 6 3 1
SW 3 9 2 i9
W 4 7 1 41
NW 39 1¢ 19 1
CALM a 1 G 0
Nuroher of days with wind 40 miles or over 1 G 10 0
Nuimber of days with dense fog b & 23 3
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APPENDIX X

A SUMMARY OF STATEMENTSE CONTAINED IN
THE SOURCE ACCOUNTS RELATIVE TO DRAKE
"ON THE NORTHWEST COAST
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Ri<i]Alamim|&HlniminlalojaAaE 2a
Higheot point reached: 429 o ixp o= ¥ [x
. 430 2 ! e —
440 _iEkx i |4 g
450 ' R
46° . B % 1
4770 B T TR T NS A I e
_ 480 : EAE AN %1 XX
Landing and Encampment at 38° xlzix] 1 lxlx x! ix ]
' 389230 ; B S N B P
390 xix _
449 4 _ |
. 480 (x> g -
Variation 89 East ' L . o T 1 : )
A bay, bad oy o i 1 o I, 2
A bay, fair and good, etc, : E4 %]
A bay ! o .l S T SO _Ix2
A commodious rode , x —_
A Harborow _ =] ] B i
A convenient and fit harborough o] %l o4

—————— ety e 1

1. Hughes annotation, 1595, See p. 122, supra.
. 2. Shovn on Dudley's maps, -
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SUMMARY OF STATEMENTS
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g H olo| 8 N1 0= || d| 9O ot 3
Mgl 2 [s(mix|a[D@ajojnin{Eiaa
i1 PortcBonissimo {very best 01 f ports) X
Porto di I\uo\a. Albion X
Portus MNovae Albionis i = ]
Depths of waier in port shown - X
California (Caliphurnia) x x |
Shin's Land b e y
On the backside of Newfoundland - i _ X R
On the backside of Labrador x ‘
Nova Albion ‘ ) x X [x NES X | i . x
Albion ) ' R BENEATN
New Xngland x| 11 . 1
Limits of Nova Albion dCflﬂLd x R B
Spaniards not in Nova.Albion _ x XX %
June 5, course changed and made
landfall . _ X1 . x Call S
June 10, turned south 1 4=t 1 ] N
June 17, arrived NMova Albion X xh NN
June 21, ship moved nearer toshore - A
June 26, many Indians visit
_ encampment S A bl S
July 23, departed Nova A’blon A 4 I
b4 J x

July 25, departed Nova Albion

1, Skown on New York Public Library copy, a revised edition.
Z. In California excerpt of Famous Voyage, see p.J27, supra.
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Iind of August, departed Nova S T I .
Albion : b e o ; b
Remained month and a hall ] o gxx =il
July 24, 25, at Isles of S5t. James b I 1
Storms at sca RN |
Clouds at sea b x| i B i
Misis at sea . e 1
Cold atl seca e ¥ b o jx | ) [ X x 2
Cold at Nova Albion RN T L T T O O O T O O O P O O - 4 e
Fog alung shore g o=y b I
Fog af Nova Albion o1 - o 1 IESERE
MNeo sight of sun in 14 days, , : ' '
Nova Albion - o] e B
Snow along shore B A % ~
North winds at Nova Albion ] i
Northwest winds at Nova Albion _ o . :
Northwesi winds at sea . s R
Sailirg on the powline {closehnvled) _ 11X ] B
Good wind to enter a bay e B x| 1 :
Indinns scck shelter under lee bank || | ) - S
Temperale climate, more celd
_ than hot I T . b, F T N S O S A ] ;
Grounded Golden Hind for repairs,
eic, B . i b b lb
Breamed (Ooldern Hind 1 x - .
| Llotder T 2 - o
Graved Golden iliud SO B SN S .5 R i B ,!, ,,,,,,,,,,,, i H




SUMMARY OF STATENENTS
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MBI IR BRI R R G L Y 21815
nldimiAlZla|slkdb|Dnoloainizi2| 4
Repaired Golden Hind | 3 XX ‘ :
Caulked Golden Hind b X . AR
Graved and Trimmed Golden Hind | { S ' .
Trimmed Golden Hind _ X : _ x|
Leak at ser o o : B %l
Sought water o R
Watered ship : X x '
Landed men and provisions ' ' x
Took in wood ; X RN
Two vessels at Nova Albion : x ;1 i
Fort ) j_ x dtx] ]
Bulwarks, also field works, etc. - x R ® .
YFenced place - ' : e x X
Walls of sione i
Hute. ' p,4 SO
Tents . x 1> x ~
Istands off shore - X |.x X Ky
St. Bartholomew, Island of || x _ A I
St. James, Island of X xi=! 1
Movae Albion, an Island L 2 X i ]
Isles of St. James not far without - X
s ) . ’) .
Whiie banks and clifis b3 I x1 =y
Clilfs _ % %

1. Implied in two illusiraticens in fext,
2. In text on borders of map,




SUMOARY O STATE

Mountains

Hills

Indians at top of hill

Fort, or tents, at foot of bill

Indians came down from hill

Squzlidiiess of country

Darrenncss of counfry

Facc of earth appeared deiormed

Trees without leaves

Ground without greenness

Birds staved in nests -

Journey up into land, or country

Uplond countries ™ -

Inlaand far different from shore

Goodly country and fruitfal soll

Riches and trezsure in upland
counfries

Indian Village 3/4 mile away

Several Indian ".-'i].i.;'.gc—;s seen

cscrived

foR

Indian houses
Cilts to Indians

Tndians retirn gifts
Indiar wards guoted
Sacrifices

Indians, unuszuzl strength

1, In text on borders of map.
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AVPRENDIN 1

COMPARISON OF LATTTUDES RECORDED IN ACCOUNTS
OF RRAKIE'S VOYAGE O ‘I ICUMNAVIGATION

In the Msting thai fcllows this commentary, latitudes of various
places vigited on Drake's voyage of circumnavigation ave extracted
from World Encompassed and other accounts and compared with the
true latitudes of those places as near as they can be ascertaianed to com-
pare their degree of accuracy. In the absence of his log,, ihere is 1o
way Gf ‘:no~v1ng how many 0¥ which of the- sta ted latitudes were computed
by Drake; but it is probable that most given in World Encompasgsed were
his. Latitudes given by Edward Cliffe and John Cooke, both of whom re-
turned to England in the Elizdbeth, may be from thcn" own nuvwatlon or
the log of the Ehvabe:,h T :

The latitudes of Cape Kantin and Mogador, and possibly also Cape
Blanco, on the wesl coast of Africa may have been derived from charts
or a rutier nsed by Drake, This part of the African coast was known
to bim and other English navigators and had been long 7mowu to the Por-
fuguese. Mogador was designated as a rendezvous for Drake's flect in

ase of separation and its latitude undoubtedly known; Mal_o Island’s
latitude in the Cape Verde Islands may also have been taken from charts.
Drake had been in these islands in 1567 in the employ of the Hawkins
brothers., These are given here, hovrever because they illusiraie the
degree of accuracy that COUH he attained in the 1abt quarter of the six-
teenth century. '

After leaving the Cape Verde Islands it is most probable that
Drale verified charted positions by his own observations, as Nulio da
Silva recorded that "He caused a chart of the coast of Brazil{o be trans-
leted into English from the Poriuguese, and as we went along the coast
he kept on ‘vemfymg it down to 540 which is as far as the Portuguese
c‘nm& reach.'

Many latitudes in the East Indies are given in World Encompassed,
and most of them could not have come from charts. One possible éxcep-
tion may he the Island of Ternate whose latitude in the account shows :

relatively large errvor of 21,5 minutes where one might expect a smail
error. The position of thiz island would certainly have been shewn on
the large chart of the world that Drake had made in Lisbon before start-
ing the voyage as the Portuguese had long had a special interest in the
Moluccas. With the exception of Ternate and Java, the latitudes given
for this part of the voyage are necessarily compared with latitudes de-
rived from a reconsiruction of Drake's track in the East Indies,
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Consideration must be given to several circumstances when com-
paring the latitudes from ihe Drake accounts. The first of thesc is
whether the observations were made on shipboard or al sea or whether
they were made on shore, Latitudes obtained at sea were apt to be dess
accurate than those obtained on shore because of the errors introduced
by ship's motion, particularly when using an astrolabe. For that rea-
son, when it was impovtant to estahlish an accurate geographical posi-
tion, the observation for latitude was made on shore ‘whenever possiblc,

Secondly, it is ifmportant to consider by Wl‘.tat instrument the ol-
servations were made, as the errors resuliing from them could be dif-
ferent, In the latter half of the sixteenth century the instruments uscd

for measuring the height of the sun or stars (usually the pole star) for
 determination of latitude were the astrolabe and cross-staff, The astio-
labe consisted of a heavy brass ring six or geven inches in diameter,
graduated in degrees on the perimeter and provided with an alidade pi-
voied at the cenfer, On each side of the cenier of the alidade, sighi vanos
were provided,and at the euter ends a pointer indicated the angle being
measured in degrees. In use, it was necessary to suspend the astro
lsbe by a ring so that the 90° point would align by gravity to the irue ver-
tical, oi the zenith point of the heavens: At sea the asirolabe could only
be h'mq ‘held to keep it 510"-f1y, and at the same time, for obbervatlona
of the sun, it was necessary {6 pase a ray through a pin hole in the upper
sight vene of the alidade into a hole in the lower sight vane {stars were
sighted through the peep holes hy an assistant). It was necessary o con-
tinve this procedure for a number of minutes until the highest aliitude
was reached al transit, after which the altitude decreased, It may be
readily appreciated that this was not an eagily accomplished feat when
comuvlicated by ship's motion, L

The cross-staff worked on an entirely different "pnnmple ins ten

of measuring the angle subtended between a celestial body and the trup
vertieal or horizontal, the cross-staff measured the angle subtended be-
tween the body and the horizon which for practical purposes was assumed
to be a true horizontal plane though in reality it is not,  The instrument
congizted simply of a straight, squared wood staff and a sliding cross-
picce, In use, one end of the ztafl was held at the corner or the eye while
the user slid the cross toward or away from him until he sighted the low-

edge of the cross on the horizon and,simultaneously, the center of the
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sun al the upper edge of the cross. (1) The degrees of arc sublended
were then read off a scale en one edge of the staff at the point where the
cross intersccted it, With practice and skiil the cross-staif eliminated
the difficulty of attempting 1o sizhilize the asirolabe at sea while mes~
suring the altilude of celestial bodies, but il too had its lmitations. Tis
graduations ended at 20° and therefore it could not be used for altitudes
lower than that, Then, although it was graduated to 909, it was physi-
cally Lipractical, if not impessible, to use it for altitudes much over
L09, Waters points out that roughly bétween 209N and 20° 5, the crosé-
slaff could not be used at any season of the year because tlw‘ sun's alti-
fude is too g -eat between those latitudes, (2)

In addition to the problems entailed in its use, the cross-staff in-
troduced a parallax error caused by the impossibility of miaking the
“sighling end of the staff, or apex of the altitude angle subtended by the
cross-staff, coincide with the center of the eye's lens through which the
altitude was observed, This error varied from one individual to ancther
and occurred no matter how carefully the end of the staff was positioned
in relation o the eye. Edward Wright, in the latier part of the sixteenth
century, reckoned that this might cause an error of from 10" tomore
than 10, pariicularly for high altitudes and small staffs, (3) Furt iy, it
is very unlikely that a correction for dip of ihe horizon was applied {o
aliitudes obtained with the cross-staff at the time of Drake’s voyage,
and this cmission introduced an ervor of 4' to 5%, depending on the height
of the ship's deck from which the altitude was taken. Thus, considering
cases where the cross-staff was prob ab‘ty used at sc,a by Drake, those
latitudes frequently show errors of 20' io 30%,

Il must be considered also thai, with either instrument, chseérva-
tions were taken by open sight methods, as the telescope was not devel-
oped until 1608, Angular calibration of the astrolabe and the staff ap-
pears to have been limited to even degrees, and fractions thereof de-
vended on interpolation, the accuracy of which depended upon the judge-

1. See William Bourne's instructions for the cross-staff (¢, 1574) in
B, G, R, Taylor, cd., A Reglmbnt for the Sea, pp. 207-208,

2. See D. W, Waters, The Art of Navigation, pp. 54- 55,

3. Ibid., p. 222,
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ment of the individual navigator as there were no veraniers.

: Corrections Tor atmuospheric refraction and parillax of the sun,
which are taken into account in modern navigation, are relatively insig-
nificant, For an altitude of 20° the combined correciion is on the order
of 2' 31" and decreases to 0' at 90°. These corrections are appliceable
to either the astrolabe or cross-staff..

Aypother source of error that must be taken into consideraiion,
whether with respect to the astrolabe or the cross-staif, is the decli~
nation of the celestial body observed, Declination is the angular distance
of the body north or south of the equator or equinoctiai,and this,combincd
with the altitude of the body at the time of {ransit,gives latitude., From
tables of declination of the sun for each day of the year, one can deter-
mine approximately what the altitude was for each of Drake's latitudes,
assuming that they were based on sun sights. With the best navigators
of the time, Drake probably used an almanac for the sun with four de-
~clination tables to take account of leap years., Waters states that the
order of accuracy: of these tables was within 5% to. 10',. which for prac-
iical purposes wa qmte sufficient. (1) S

A further So'u'rce of error resulling from ithe declination tables
was the correction for longitude. The tabulations were made for decli-
nation at the time of transit of ithe prime meridian, which at this time
in-England was that which passed through the-Azores and for all other
meridians an interpolation correction had to be made for whether the sun
transited east or west of the prime meridian., For the ordinary naviga-
tion on the Furopean and West African coasts and even as far as the -
West Indies the correction could be ignored for practical purpoges. TFor
places more than six hours east or west of the prime meridisn a signifi-
cant error could résult when the daily rate of change was as much as
23'. In turn, the acciracy of the correction depended upon the accuracy
of the longitude, though generally the errors rQC:uhmg from longitude
errors Would be small. :

With respect to the declination 't-ables, we are faced with the qﬁes~
tion of how Drake handled the dates and longitude correction in the

1. See D, W, Waters,. Tiﬂe Art of l\uw_gdtlon D, 52

[NV
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Western Pacific and the East Indies and ihe effect that his manner of
using the tables had on his latitudes, Sailing west across the 1800
meridian, the date must be advanced one day. Drake evidently did not
take this principle into account, as his shipboard date was one day be-
hind upon his return to Plymouth. The latitudes in the Far East sug-
gest thal some correction was made, but at the same time there seems
10 be a small error that is common to most of them. In that region, all
of the latitudes were necessarily obtained from observations made with
the astrolabe because of the high altitude of the sun.

In the listing below, the latitudes of places visited by Drake are
derived from charts, sailing directions, or maritime positions listed in
American Practical Navigator: Bowditch, published by the Hydrographic
Office, U.S. Navy Department., To simplify comparison, seconds of
latitude are rounded off to the nearest minute, and quoted references {o-
latitudes are converted to the modern equivalent of degrees and minutes.

Latitude - Difference

29 December, 1577

Cape Kaniin, West Coast of Africa. - 320 32'N
World Encompassed 320 30' N 2!
1

Cliffe account ' 329 30" N
The Cape was sighted in the morning; no landing is mentioned.

o1

26-31 Decembear, 1577

Mogador Island, West Coast of Africa - 319 30" N
World Sncompassed ‘ 31940' N - 10!

Cliffe account 31°30' N 0
Drake landed on the isiand and set up a pinﬁace.

7 January, 1578

Cape Ghir, West Coast of Africa, 30038 N
World Fncompassed, 'cape De Guerre," 300 N 38’
Cliffe account 300 N 38!

No landing is mentioned. World Encompassed leaves the position
open, it being given as ''30 deg. [ 1min.", as though the figure
was uncompleled or uncertain,
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Latitude - Difference
16 January, 1578 _ :
Cape Blanco, West Coast of Africa. 200 46' N
World Bncompassed 20030' N 16
Cliffe account 20° 30" N 16"

World Encompassed indicates that the Cape was reached at night
and reference 10-the Crogiers, or Southern Crass, in this account
and in Cliffe's makes it evident that the latitude was obtained
from an observation of this constellation., Cliffe gives the method
of calculation in detail which reads in part: "And the Crociers,
being the guards of the South pole, he raised 9 degrees 30 min.
The gaid Crociers be four starres, representing the form of.a
crosse, and be 30 degrees in latitude from the South pole: and
the lowest starre of the sayd Crociers is tobe taken when it is ©
directly under the uppermost; and being so taken, as many degrees
as it wanteth of 30, s0 many you are to the Northwards of the
Equinoctiall.,' Thus, 30C minus 99 30' equals 20° 30' N. Latitude.

The rule of thumb was certsin to be inexact, and its application
in other instances in low northern latitudes and southern latitudes
may have contributed to Idrge errors :

28-30 January, 1578

Maio Island, Cape Verde Islands, 159 14' N
World Encompassed 150 ' N 147

‘Cliffe account - 159 0 147

Drake anchored at a2 landing on the west side of the igland and
spent some time ashore here.

31 January, 1578
PPogo Island {center), C. Verde Islands. i49 53" N
World Encompassed 14° 30' N 23!

T'his island was observed in passing and the position given is’
probably esiimnated.
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Latitude Difference

14 April, 1578 . _ |

Lobos Island (Punta del Este) Rio de la Plata. - 350 G2' S . X
World Encompassed - : ' 359 - 8 2!
Cliffe account 350 -8 a

“World Encompassed mentions only the Cape {"'Cape Saint Mary'')
at the mouth of the river, but Cliffe specifically describes the
island and locates it "being in 35 degrees of Southerly latitude,"
Drake landed & few leagues within the estuary and remained two
days, during which time he probably verified his latitude from
an observation ashore,

26 April, 1578 . . _
Point Medano, Fast Coast of S. America, 369 53" S
World Encompassed 369 20's . 33

The accounts do not name this point, butl positive identificaiion
can be made from the descriptions given in World Encompassed
and by Cliffe. The latitude given in World Encompassed is given
as an approximation as "ahout 26 deg. 20 min., and somewhat
beiter South latitude." A shoal is mentioned lying three or four
teagues off the point, which would be Medano Bank.

12 Way, 1578 .
(*abo Blanco, Bast Coast of S, America. 470 12' S

World Encornpassed 47° - s . 12
Cliffe account 479 - 8 127
Cooks ancount 472 04' S 8!

Drake spent a couple of days here in a small cove on the south
side of the Cape and spent some timme ashore., He gave the name
"Cape Ilope" to this Cape.

17 May - 3 June, 1578 _
Bahia de lgs Nodzales, Fast Coepst of 5, America,
assuimned anchorage. 47957 8
World Encompassed 47° 30t 8 27!

World Encompassed indicates that the anchorage was found in
the northern part of the bay, named by Drake "Seal Bay, " and
somea time spent aghore on 2 swall island close by the mainland.
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was browen up and burnt here for ironwork and

firewood,

Latitude Difference

— —— aen pemt et e

17-18 June, 1578

Porio Sauta Cruz {entrance), East Coast of . ;

Scuth America 50° 08' S |
World Encompassed 50° 20' S 127 :

Temporary anchorage was made in the bay outside the mouth of
the river here, which is alluded {0 by PFletcher in his account,
- but in World Imcomipassed only the outer bay is mentiioned,

20 June - 17 August, 1578 . :

Port St. Julian, ¥ast Coagt of South America = 49917 S
World Bncompassed : 490 30' S 131
CGliffe account 8 : 490 30' 8 13!

o The {rue latitude given here is for the island on which Drake
encamped. It should be noted that the time of year is the dead
of winier, and the altitude of the sun would have been in the
neighborhood of 209,

2Q Au;_?;uStJ 1278
=

trait of Magellan, eastern enirance {center) 520 27'.8
World Encompassed 520 - 8 27!

Cliffe Account ' 520 30'-8 3!

World Encompassed qualified this and the following latitudes
relative to the sirait that they were concluded "by all our men's
obseruations. o

( 7)) August, 1578
Cape Freward, Sirait of Magellan

(middle of gtrait) 539 56' 8
- World Encompassed 530 15" 8 41!
é' Cliffe account 539 20' 8 36!
-

Sttt . bt i il

World Encompassed gave the latitude for the "middest" part of the
strait, but Cliffe makes it clear that what he considered to be
eere about the midet” was the hend al Cape Froward,
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Latitude Difiference
6 Seplember, 1578
Straii of Mago}..}_-ﬁ, weegtern entrance (center) 520 37 8
World Encompassed 520 30' 3 7

Drake had intended 1o land on Cape Deseado to sef up a monument
for Elizabetih but could not because of the force of the wind,

24-28 October,__1_578
Cape Iorn ' 550 58' 3
World Encompassed 569 0'S 2!

Though there are some who dispute whether Diake saw Cape Horn,
the weight of evidence is in favor of the probability that he did.

He spent a couple of days in the region, went ashore, and was
blessed with fair weather. The time of year was approuching
summer, and the nights were but {wo hours long,

.5 December, 1578

Valpavaiso, West Coast Soulth America. 530 0253 :
World Encompassed 350405 20 38!

This latitude in World Encompasged may be a typographical error
as Drake had come south from a bay only 6 leagues distant which
the account placed in ""32 deg. or thereabout, ' possibly Quintero
RBay, 7The posilion should probably read 320 40', '

1820 December, 15785
Port Iervadura, West Coast of South America 28° 57' 5
World FEncompassed ‘ 29° 30' 8 27!

A landing party weni ashore here for water in the morning of the
19th, but the English were digcovered by the Spaniards and
driven off in the afternoon. Drake apparently did not go ashore
himself, ' -

2% Dec,, 1578 - 19 Jan., 1579
Salada Bay {careenage), West Coast of

South America. 970 41' §
World Encompassed \ 27% 55" 8 14!
Nuno da Silva's log . 209 10' 8 19 29
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Laliiude Difference

The Golden Hind was careened here, probabiy in the cove ingids
Pta. Cachos, Chasco Cove, and a pinnace was _qs&c,m}.}leq:h WNinho
da Silva's log records that he observed the sun & Jan. and found

9 1/6 degrees of latitude, The sun's altitude in this pericd was
over 809, which makes a dlf‘flcu]t observaticn. ‘

26 Jauvary, 1579
Babia de Mejillones, West Coast of

South America. ' 23°08' S
World Encompassed . -220 30 8 36!

Anchor was cast off an Indian fishing town here called "Mormorena'
in World Encompasged probably corresponding to the present town
0f Mejitlones. The latitude was probably not taken on shore herve

7 February, 1579

~Arica, West Cozst of Sourh -America. : 18° 29 8

World Encompassed 26° - 5 1931

The very large difference from the true latitude here and the coniexi
in “which it was used In World Encompassed-makes it seem unlikely
that the position was derived from Drake's navigation.

15-16 Rehruary, 1579
-Caliao de Lima, West Coast of South America., 129 04" 8
World Encompassed 2?3008 g

T

R 0]

Drake entered ihe roadstiead of Callao at night and departed in-the
mworning, '

20 ebruary, 1579
Pgitd West Cosat of South America, 59 05' S
World Encompassed 4% 40" 8 357

The accomt merely states that Drake "fell" with this port.
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f.atitude - Differcnce
1 March, 1579
Cape San Francisco, Pla. Galera, West Coast :
of South America, : 0° 51" N
World Bncompassed : 1 - N o
Y. .. the firet of March wee Tell with' cape Francisco, " At mid-

day f;“e Caca:uego was gighted, The sun would have beon nearly
overhead here. '
'i ~-24 March, 1579 : : -
sland of Calio. Wesgt Coast of C‘entral America. 7°43'N
R. Hakluyt, Voyages, 1600 edition. 8% - N 17°

A position for this island is given only by Hakluyt in his special
account of Drake in California. A Spanish prisoner of Drake's
velated that at departure, Drake "went to the Island of Cafio,
where, with the compass, he tcok observations of the land ’md
ihe sun, wrote notes and tock his course fowards C,fabo Blanco
See Nuttall, New Light on Drake, p. 186.

i3-16 April, 1579

Guatuico, West Coast of Mexico, 150 45" N
World Encompassed 150 40' N Gk
Ylakluyt, Voyages, 1600 edition. - 159 50' N a

The town was feken and heid by the English during the entire
siay here.

{?) June, 1579

Cape Mendeeino, coast of California. 40 26'' N
Blundeville account 409 - N 26!
Dudiey account ' 400 - N 258"

Dudley stated that Drake and the Spanish pilots found Cape 7
Mendocino at 40°, It was probably only seen in passing at sea as
no landings were said toc have been made by Drake.
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