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PREFACE. 

In 18\18 the first edition of Special Pu blieation No. ] , entitl<•d: 
"California, Bay of San Francisco, Magnetic Ranges for Determining 
the Deviation of the Compass, with Short Explanations of How to 
Find the Deviation and Error of thn Compass," wns published by 
the Coast and Geodetic Survey. 

'!'he earthquake and fire of rnon destroyed nearly all the range 
objects which had been determined in 1898, and rendered the originnl 
publication of little or no value. Accordingly it was suggested that 
a nnw edition be prepared, and the work of determining the posi­
tions of the new range objects and preparing the text of the proposecl 
new edition was assigned to Fremont Morse, hydrographic and geo­
detic engineer, inspector of the San Francisco field station. 

In 1920 special observations for magnetic declination, or variation, 
were mnde at 10 stations on the bay shore and the islands in the bay 
for the value of the variation to be used in computing the magnetic 
bearings of the ranges after their true bearings had been deduced from 
the triangulation observations. The resulting variation used in the 
computations was 18° 22' cast. 

The ranges are located principally for the use of shipmasters in 
testing their compasses while under way, either in entering or lnaving­
port. 

ID. L:1<:s·.nrn ,JoNE8, 
Dirfftor. 



MAGNETIC RANGES ABOUT THE BAY OF SAN FRANCISCO, 
CALIF., FOR DETERMINING THE DEVIATION OF THE COMPASS. 

Tht>se rnnges compriso s1wh obj Pets its cnn lw sl'l'll in ell' a 1· Wl':t llwr. 
un<l m;pd by vPssels und('l' wny, npprnxirnntPly in mid-<'hnnnPI, eillwr 
l'1tfrring or leaving port, lwt W<'<'ll tlw ('ntrnnce to tlw hay nnd ::\[ission 
Hoek: tog<'tlwr with n frw lornt<'d for use in eompnss adjusting in 
tlw nrens of littlo tmffic soulh<'11sl.w11rd from .Mission Hock iwd to 
tlw <>nstwnrd of Angel I slancl. 

Good photogrnphs of distant obj Pets a1·1· diflicult to obtain: hut it 
is hoped that tlH' phologTn phs sPcured of t lw rnng<'s, takPn in con­

j unction with llw necompnnying nmp, nnd tlw elos<> Yi<'ws of tlw 
rnng<' ohj<>cts, ns shown on tlH' pages opposill> the pict111·p~; of tlw 
rnng<'s, will PnnblP th<' navigator to n•ndily identify tht>111. 

Tn onl<>r to sho\\' t1w rnng<' ohjP<'ts morP l'l0nrly tlw photogrnphs 
were in most cnst>s tnkmt with th<' rnng<' opPn. 'J'hP,V should, of 
cours<', he closl'd nnd the objects nr1·11rntnly in rnnge whPn the ohsPr­
vntions for dP\'intion :ti'!' tnken. 

HOW TO FIND THE DEVlATION OF THE COMPASS. 

ThP V<'ssl'i should be steadiPd for two or three minutes on th<' com­
pass course whose deviation is r<'quired before arriving 011 the ntngP 

select.Pd. 
'!'he difference between the magnetic hearing of the ru11ge and tltP 

h<>nring of the rnnge by compass will h<> th<' 1kvintion of the cornpnss 
for tlw point on which the ship hPnds, keeping in mind thnt if ihP 
mag1wtic hci1ring of tlw rnnge is t.o tlH' right of tlw lwnring of lh<' 
rung<' hy compass th<' dPviation will lw Past, nncl, if to tlw kft, WPst. 

EXAMl'LER. 

I. ,>;hip's heud, wh"" <'IOS.~ing rang<', 11orl.h\1·<·HI )'<'I' c·ompass: 
:\fag!ICtic hP:ll'ingofn\11)!<' i\o. fi ........ ·····-----·-----··· S. ifl 0 :{'2 1 

\\'_ 

Bearing of rHng<> by <·ompaHH .... _ •. ______ ... ____ .. ____ ... _. _ s. 7'2° 30' W. 

llp\·i:it.ion of l'Olllj>:IHB for Hhip'ti head 11ort.hw<•Ri. ___ . _. ____ . _ ·1° O:>.' E. 
:>.. ship's head, when <'ros.Yiug rn1•g<·. Houth\\'(•Ht. Jl<'l' <'<1lllpas.~: 

Magnetic hnaring of rang<' \"o. I .. _ .. _ .... ___ . __ . _______ . _ . _ .\. (i;i 0
;; I'\\'. 

Bearing of ~ango by <'ornp:!B>i ... _ ...... _. _. __________________ X. <i0°:m'\\'. 

Dcvfa1.inn of c:ompaAH for ship's head southwest.. ... ____ ... _. r.o 21' \\'. 

sOOJ-20 



4 U. S. COAST AND GEODETIC SURVEY. 

3. Ship's head, when crossing range, southeast per compass: 
:Magnetic bearing of range No. 4 ............................ N. 43° 23' E. 
Bearing of range by compass.... . . . • . . . . . . . . . . . . . . . . . . . . . . . . N. 40° 00' E. 

Deviation of compass for ship's head, southeast............ 3° 231 E. 
4. Ship's head, when crossing range, northeast, per compass: 

Magnetic bearing of range No. 11. .........................• S. 62° 48' E. 
Bearing of range by compass..... . . . . . . . . . . . . . . . . . . . . . . • . . • • S. 60° 301 E. 

Deviation of compass for ship's head northeast.............. 2° 18' W. 

If the vessel is equipped with compasses graduated clockwise 
from 0° to 360°, the rule given above for determining whether the 
deviation is east or west can be simplified to read: If the magnetic 
bearing of the range is greater than the hearing of the range hy com­
pass the deviation will he east; if less, west. 

EXAMPLES. 

5. Ship's head, when crossing range, northwest per compass: 
Magnetic bearing of range No. 6 ............................... 256° 32' 
Bearing of range by compass ................................. 252° 30' 

Deviation of compass for ship's head northwest.................. 4° 021 E. 
6. Ship's head, when crossing range, southwest per compass: 

Magnetic bearing of range No. 1. .............................. 294° 09' 
Bearing of range hy compass . .' ............................... 299° 30' 

Deviation of compass for ship's head southwest.. . . . . . . . . . . . . . . . . 5° 2F W. 
7. Ship's head, when crossing range, southeast per compass: 

·Magnetic bearing of range No. 4................................. 43° 23' 
Bearing of range by compass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40° 001 

Deviation of compass for ship's head southeast......... . . . . . . . . . . 3° 23' E .. 
8. Ship's head, when crossing range, northeast per compass: 

Magnetic liearing of range No. 11. ............................. 117° 12' 
Bearing of range by compass ................................. 119° 30' 

Deviation of compaBs for ship's head n~rtheast................. .. . 2° 18' W. 

HOW TO FIND THE COMPASS ERROR. 

If it is desired to find the compass error on any course after the 
deviation on that course has been determined as above, it may he 
obtained hy adding, algehrnically, the variation and the deviation. 

Bearing in mind that easterly variation and deviation arc positive, 
or +, and that westerly variation and deviation are negative, or ,. 
quantities; and that the formula for error is: 

e=v+d, in which 
e represents compass error, 
v represents variation, and 
d represents deviation, we have, for the exampleii given above: 

9. Ship's head northwest per compass: 
v=+l8° 22' (easterly variation). 
d=+ 4° 02/ (easterly deviation). 

~=+22° 24', or the error on northwest is 22° 24/ E. 



MAGNETIC RANGES, SAN FRANCISCO BAY. 

lO. Ship's head southwest per compass: 
v=+l8° 22' (easterly variation). 
d= - 5° 21' (westerly deviation). 

e=+l3° 011 , or the enor on southwest is 13° Ol' E. 
11. Ship's head southeast per compass: 

v=+l8° 22' (easterly variation). 
d=+ 3° 23' (easterly deviation). 

e=+21° 45', or the error on southeast is 21° 45' E. 
12. Ship's head northeast per compass: 

v=+l8° 22' (easterly variation). 
d= - 2° 09' (westerly deviation). 

e=+l6° 13', or the etTor on northeast is 16° 13' E. 

5 

For the benefit of those not familiar with the use of algebraic signs 
the following rules are given for finding the compass error when the 
variation and de via ti on are known: 

(1) If the names of the variation and deviation are alike-that is, 
both east or both west-add the variation and deviation and to the 
sum give the common name, east or west, as the case may be. 

(2) If the names of the variation and deviation are different­
that is, one east and the other west--subtract the less from the greater, 
and to the result give the name of the greater. 

EXAMPLES. 

13. Ship's head northwest per compass: 
v= 18° 22' E. 
d= 4° 02' E. 
e=22° 24' E. on NW. 

14. Ship's head southwest per compass: 
v=l8° 22' E. 
d= 5° 21' W. 

t=l3° 01' E. on SW. 
15. Ship's head southeast per compass: 

v=l8° 22° E. 
d= 3° 23' K 

e=21° 45' E. on SE. 
16. Ship's head northeast per compass: 

v=l8° 221 E. 
d= 2° 091 W. 

e=l6° 13' E. on NE. 
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6 U. S. COAST AND GEODETIC SURVEY. 

Form for range,q in Son F'rancisco Bay for determining the deviation of the compass. 

Description and location of ranges. 

Front. Back. 

Frrry tow{~!'- . ... _ ....... 11ount Tarnalpais,caHt 
peak. 

2 Left tangent, Goat Isluncl Southampton Shoal 
Lighthouse. 

South power tower ... .. Oakland <'it:.• Hall .. 

North vower tower .... ..... clo ............... 

Pier 44 (outer galliP) .. City Hall dome, San 

Francisco. 
6 Blacktunk ......... Humboldt Bank 

Building. 
Y crha Buena Lighthouse U. C. Campanile ..... 

Southern Pacific cupola. Hobart Building ... 

9 Light tower, l'ipr 41. •... l'ort Point Lighthouse 

10 Merchants' 1~:xchangc . .. Sprcckels Building .... 

11 High hlack tank ........ :Ferry tower ....... 

12 l•'ort Mason stack ..... Rquare cupola ..... 

13 Point Blunt rock ........ Southampton Shoal 
Lighthouse. 

14 J<'ort Point Lighthouse .. Alcatraz Lighthouse .. 

1.5 North Dutch windmill. . J,one M onntain Cross. 

~fugnctic 
bearing 

0 j 
range. 

294° 09' or 

N.65°5l'W. 
324° 35' or 

N.35°25'W. 
39° 47' or 

N. 39° 47' E. 
4:J 0 23' or 
N. 43° 23' E. 

250° 23' or 
s. 70° 2:l' w. 
250° 32' or 
S.7u 0 32' W. 
33° 34' or 
N. 33° 34' E. 
211° :39' or 
s. 31° 39' \\'. 

251°00' or 
s. 71° 00' ¥l. 
173°00' or 

s. 7° 00' E. 

117° 12' or 

S.62° 48' R 
179° 18' or 

S.00° 42' E. 

7° 3W or 
N. 7° 33' E. 
51°53' or 
N. 51° 53' E. 
no 0 33' or 
N. 60° 33' E. 

16 Prayer Hook C'ross ........... do ................. 52°0I'or 
N.52°01' E. 

17 Point lllnnt rock........ l"ori Point Lighthouse 209° 45' or 

s. 29° 45 1 w. 
18 ..... clo ....... Alcatra,. J,ighlhm1s". . Hi8° 23' or 

S. 11° 37' E. 

Bearing of 
range per Deviation. 

compass. 

Ship's head 
per 

·compass. 

.. ..................... '!' .......... . 
! I 



MAGNE1']Q RANGES, SAN FRANCISCO BAY. 7 

RANGE NO. 1: FERRY T OWER AND MOUNT TAMALPAIS. 

East Peak, Obse rvatory. 

FERRY TOWER. 

Front ra nge . 
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RA N G E NO. 2: L EFT TAN GENT GOAT I SLA ND AND SOU THAMPTON SHOAL LI GH T ­
H O USE. 

SOUTHAMPTON S H OA L LI G HTHOUSE. 

Rea r range. 
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RANGE N O. 3: SOUTH POWER TOWER AND OAKLAND C IT Y HALL. 

RA NGE NO. 4: NORTH POWER TOWER AND OAKLAND C ITY HALL. 

ELECTR IC POWER T OWERS , OA KLAND 
CREEK. 

Front ran ges . 

8001 °- 20- -2 

.. i 
,.. 

~&-..ii. ~ 11 1iw .. •• .. ' II II II co .. .. cc co II II ii ru .. • ii 
ti~ · 

OAK LAND CITY HALL. 

Rear range . 

9 
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10 U . S. COAST AND GEODETIC SURVEY. 

RANGE NO. 5: P I ER 44 (OU TER GABLE) AND C ITY HALL DOME. 

Only the t op of the dome is visible. T he high tank and smokestack are good gu ides fo r pi ck ing up 
the range . 

PIER 44 . C ITY HALL, SAN FRANCISCO . 

Front range. Rear ran ge. 



MAGNETIC RANGES, SAN l?RANCISCO BAY. 

RANGE NO. 6: BLAC K TANK AND HUM BOLDT BA NK BUILDING. 

BLACK T ANK. 

Front range. 

HUMBOLDT BANK 
BUI L D IN G. 

Rear range. 

11 



12 U. S . COAST AKD GEODETIC SURVEY. 

RANGE N O. 7: YE RBA BUENA LI GHTHOUSE AND THE CAMPAN I LE, UN IVER SITY OF 
CALIFORN IA. 

The Campani le i s a white granite shaft ove r 300feet high and is the most prominent ob j ect in Berkeley. 

YERBA BUENA L IGH TH OUSE. 

Front range. 

THE CAMPANILE , UN IVER SITY 
OF CA LIFORM IA. 

Rear range. 



MAGNETIC RANGES, SAN FRANCISCO BAY. 13 

RANGE NO. 8: SOU TH ERN PAC IFIC CUPO LA A ND HOBART BU ILD I NG. 

. SOUTHERN PAC IFIC CUPO LA. HOBART BU ILDIN G . 

Fron t ra nge. Rea r range. 
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RANGE NO. 9 : L IG HT TOWER, PIER 41, AND FORT PO INT LI G HTHOU SE. 

LIGHT TOWER, P I ER 41 . FORT PO I NT LIGHTHOUSE. 

Front range. Rear ran ge . 



MAGNETIC RANGES, SAN :FRANCISCO BAY. 

RA NGE NO. 10: MERCHANTS EXC HAN GE AND SPRECKELS BU ILDING. 

MERC HANTS 
EXC H A NGE.' 

Front ra nge. 

SPRECKELS 
BU ILD IN G. 

Rear ran ge. 

15 



16 U . S. COAST AND GEODETIC SURVEY. 

RANGE NO. 11: HIGH BLACK TANK AND FERRY T OWER. 

All but the top of the tower and the flagstaff surmounti ng it are hidden by the neare r building. 

HI G H BLACK TANK. FERRY T OWER. 

Front range . Rear range. 
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RANGE N O. 12 : FORT MASON STACK AND SQUARE CUPOLA . 

FORT MASON STACK. SQ UARE CUPOLA. 

Front ra nge. Rear range. 
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RANGE NO. I ~: PO!NT BLUNT ROC K AND SOU THAMPTON SHOA L LIGH THOU SE. 

SOUTHAMPTON SHOAL LIGHTHOUSE. 

Rea r range. 
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RAN G E N O . 14: FO RT PO I NT LI G HTH OUSE AND A LCAT RAZ LI GH TH O U SE. 

Owing to th e diff iculty of getti ng a clea r photograph ot"th is range from outs ide the head s th is pi cture 
was taken close under th e fo rt, a nd w ith the range well open, so as not to obscure a ny porti on of 
Alca tra z Island. 

ALC ATRA Z LI G HTHOU SE . 

Rear ra nge. 



:r. 

RANGE NO. 14: FORT POINT LIGHTHOUSE AND ALCATRAZ LIGHTHOUSE. 

There is a tall white stack on the north, or left hand, end of Alcatraz Islan d.as seen from seaward , that must not be mistaken f or the li gh t tower. 
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RA NGE NO . 15: NORTH D.UT C H W IN DM I LL AND LONE M OU NTA IN CROSS. 

T his picture also shows the range "Prayer Book Cross and Lone M ountain Cross" well open. 

NORTH DUTCH WINDMILL, 
GOLDEN GATE PARK . 

Front range . 

LONE MOUNTAIN CROSS. 

Rea r ran ge . 
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RA NG E N O. 16 : P RA YER BOO K , O R DRAKE, CRO SS AND LO NE. MOUNT A IN C ROSS , 
IN RANGE . 

. I n pass ing out the South Channe l the summit of Lone M ounta in i s obscu red by the trees on the 
hi ll i n Golden Gate Par k on wh ich the Praye r Book Cross stands . When th is range i s on, the 
cross on Lone Mountain is visib le above the tree tops . 

PRAYER BOOK, OR DRAKE, CROSS . LO NE M OUN TAIN CROSS. 

Front rangP. . Rea r range. 
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RA NGE NO. 17: POINT BLUNT ROC K A N D FO RT PO INT LI G HTH OUS E. 

FO RT PO INT LI G HTHOUSE. 

Rea r range. 
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RANGE NO. 18: PO INT BLUNT ROCK AND A LCATRAZ LIGHTHOUSE. 

The I ighthouse shows projected against a grove of trees In San Francisco. 
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