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. TRIGONOMETRIE,
OR

"THE DOCTRINE OF

TRIANGLES:
Divided into two Books.

The firft fhewing the menfuration of right lined Triangles,
the {ccond of Spherical, witn the grounds and
demonfrations thereof,

Both performed by thac late and excellent invention of
Lsgarithms, alter a more eafic and compendious man-
ner, than hath been formerly taughe.

Whereunto isannexed (chiefly for the ufe of Sea-men) A Treatife of
. theapplication thereof in the three principal
kinds of Sailing.

With exaét Tables of the Swws Declination, newly calculsted : and
Tables of the right Afcenfion and Declination of fome eminent
Fixed Stars, with the true times of the coming to the Meridian
at four of the clock in the morning, fitted for the
prefent feafon, and may {erve for many
years without any alteration.

eAlfo other meceffary Tables nfedin NN AVIG AT IO N.
By Richard Nerweod, Reader of the Machematicks,

This feurth Edition being diligently corre@ed, in divers difficul
places explained ; New Tables of the Stars right Afcenfions and
Declinations added, and the whole Work very much
enlarged, by the Authour himfelf,

—
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Printedby Robers and #illiam Leybonrn, for George Hurlock , and
areto bF fold at his (hop at Magrms Church corner,
in Thames-Screet, MPCLXI,
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TO THE RIGHT H()NO

R A B LE. Francis Earl of Bedford, Lotd Mfﬁ}f Baron J?rr ol
DfTﬁﬂnmérawiEs Lord Lieytenant of- the Cuunty
Gfﬂfft:a# and Cityof EXETE &.

Righs, Homowrable: - |
S it hath pleafed the fovercigne
.55, ~Fountain of Light to fhine up-

#2 . on the ‘World in thefe lates
W)« Times, by amore clear manis
‘1 feftation of thofe heavenly my-
. fteries 5. that concern ererpal
hfc and bleffednefle : fo he hath alfo enlrght—
ened the minds of ‘men with knowledge in hu-
mane: Arts and Sciences; and difcovered many
| profitableinventions unknown to former ages.

To fpeak of all, were a fubjelt deferviug of ie
“felf apeculiar. Tegarife, ; To {peak of thofe

that have referencei to the: Mathematicks,

would require a larger difcourfe than becomes

this place. Amongit the reft,and of the higheft
A2 ¢ I'EI]I{







WA Iy XA N T WL A OSIuw
P R N S S S O R R

TO THE READER.

NG NED O w neceffary, and of what excellent nfe the Dotlrine
D)4 of Triangles %, in Altronomy, Gzography, Navi-
aation, Fortification ;.and other parts of Archite-

&urey i all the kinds of Per(peltive; in Dialling,

and inthe prallice of other parts of the Mathema-

e ticks ¢ % fo much the better known wnto every man,

by how much he hath been more exercifed in thefe Ares. For which
canfe there hath been for mawy former ages, much time and diligence
beffowed by moft-indufPrions and learned mex, to reduceit to as grea
perfeltion asthey conld ; and much bath beew done to this purpofeef
late years. But all that bath beendone vhefe many bundred yoars, is
wot comparable to that which bath been eff (d in our times, by the
Honourable LordJobn Nepair Baven of Marchitton : who by an in-
vention of Logarithms, takes away thofe difficulries that were i the
pratticetheresf, Which invention harlybeen illnftrated and much

perfeited by the lubowrsof M, Henry Brigs. Neither is M. Edward

Wright to be forgotrensthough his endeavonrs were fooneft prevented,

eAnd thefe were the firft that communicated their laboups on this

Jubjelt to'the world; being men, as of fuﬂhr piety and incegrity of
¢

life; [oof that excellent kmowledge sn the Mathematicks,: & few ages
afford the like. Of the confirnttiom and divers applicasron of Loga-
rithmes, CMr. Brigs hath written a book, called Arithmetica Loga-
rithmica, Awd fince again began anorher excellent work, of Lkeva-
ewre, entitwled, Trigonomerria Britannica, J have onely feen(inthe
bands of 4 friend of his) a primed Copy of fomuch s be bad done,
wamely, the Tables, and fome part of the Trearsfe, touching the con~
firnttionof thofe Tables: bur whileft be was in hand with thereff,
he departed this ?}. Wherefore baving my [elf fome years paft (bne-
efpecially this laff winter) beffowed miore than ordinary pains s Cone
forming the DoGrine of Triangles, to the nature of Logarithms new.
inmfe; and yet o, as the rules might likgwife be applyed to natural
Sines, Tangents and Secants, and alfs to infrrumental operations s and .

confidering the prefemt want-of direftions, and of epdixary Td-“l:;{i :
=,
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PLAIN TRIANGLES.

CHAP. L

Of the bines wfed in.meafuring Plain and Spherical
i | Triangles,

E will noc infit upon the definitiohs
and firlt principlesof Geomety, be-
ing laretly handled by many ,\and
wherewicth every man meanly con-
verfane in the Mathemaricks is. ac-
quainted s but come to chofe :l:inEs
which more immediately concern the
Doétrsne of Troangles. Which con-
fidereth in every 'i'grianﬂlc: fix thingg,
namely, the three ides , and the three

I _ angles 3 and teacheth the anology and

ﬁfhpaﬁi{mﬂity of thefe fix, ia fuch fort, that any three of them be-

ing known, the other three may by the rule of proportion be difco-

vered, But feeing the fides of a fpherical Triangle are arches of a

Cirgle, and the angles both of plain and [pherical Trt;ng‘l:& are méa-

fu-ed by arches of a Circle, therefore thé proportions of all thefe parts
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The firt Beok, .- 3
‘Sothacproperly the fine complement of an arch is the fine of the
complement of alefferarch unto a quadrant. As the complement of
the leflez arch C E, unto a quadrant,is the arch C B, the fine whereof
is CL, wherefore C L is properly faid to be the fine of the comple-
ment of the arch C E.

Secondly, that the right fine of any arch, isa line falling from one
end of that arch perpendicularly upon the diameter drawn to the o=
ther end of thatarch, AsC G, 1s perpendicular to K E,

Thirdly, that the right fine of the complement of an arch, is equal
to that part of the diameter, which lieth between the right fine of
thatareh and the center, AsC L, the fine of the complement of CE,
iscqualto A G.

4. Thever[ed fine of an archyis thas partof the Diameter which

lieth betweenthe ri ff:t fine of ibar arch and the céircumference, Thus

G E isthe verfed fine of thearch C E : and G K the verfed fincof
thearch CBK.

s If umooncend of anarch therebe drawn adiameter, andto

. the ether end a ﬂi ht line from the center mni? the circle ; and if

from the end of the dizmeter bevaifed a perpendicular till it concur
with the line sniting the circle, that perpendicular is the tangent of
thatarch, As D E1sthe tangerit of che aich C E.
6, Theforefaid right line cutting the cipcle, isthe [ecant of that
arch. Thus A D is the {ecant of the arch CE.
7+ INow vo define or expreffe in numbers, the guantity shat thefe
vight lives have ivrefpeét of the femidiameter of the circle, it the
confErsttions of 1he tables of natural fines, tangents and [ecantss
Thus fuppofing the {cmidiameter of the circle A E to be 1000000
parts, and thearch CE tobe 30 degrees, the right fine of thatarch .
C G willbe 500000 parts, the tangene E D 577350 parts, and the
fecant AV y154707 fuch parts.  The quantities of verfed fines,
and of the chords of arches, are not ufally expreffed in the Tables,
becaufe they are eafily found by the right fines: As the verfed fine of
the arch CE, namely,G E, is found by fubfiraéting the fine com-
piement of CE, namely AG, from the femidiameérer A E+ alfo the
verled fine of the arch KB C, isfound by adding the fame A G, to
the femidiameter AKX, Alfo the chord of the arch G E F,namely CF,
18 tound, by doubling the fine of lglf that arch, namely,by doubling

G,
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" Thefirst Book. TLER
thets might be found, obferving that where numbers are in like pro=
portion, the differences of their logarithms muft be equal, :

-+ And as any of thefe three rowes may be logarithms to the firft, fo

they may be logarith. toany other numbers in continual propottion.

3 If of for numbersy the firff exceed the fecond as much 4 the
shird exceeds the fourth : thenthe (wmme of the firft and fourth is
equal to the [umme of the [econd and third; and ihe contrary.

As8,5,653, here 8 exceeds 5, as much as 6 exceeds 3, therefore
the fum of the f!lrﬂ and fourth, namely, of 8and 3 is equal to the
{um of the fecond and third, namely,of 5 and 6. And (09,18,15,24,
where the fumof the extreams is 33, and {o of the two middle ones.
Buachetss in Dio p&::ﬂ;m. < ; ’

3 If four numbers be proportiopal, the Logarithm of the fir[t (ub-
ﬁrn&:dj;rm the [um of I.I:'c Laga;irbme: a? the ftrrj;d mfijfk{rd,
leaves the Logarithmes of the four1h. :

Asif the proportion be. Aszs6t032: fo 64toa fourth numa
ber : here adding s anfd 6 the lniarithmcs of the fecond and thid,
the fumme is 11, from which Abfoluts Lﬂgaﬂth.

e

fubflradting 8, the logarithme of numbers,

the firfty the remainder is 3. the 356 - S
logarithme of:the fourth proporci= 32 5
onall 8. 64 6

For feeing ( by fuppofition ) 11
the firft number is in proporti= 8

on to the fecond, as the third is to the fourth, therefore (by the
fir® definition ‘of this {econd chapter) the logarithmes of the firlt
and fecond differ as much as the logarithmes of the third and fourth,
therefore (by the fecond prppofition) the fumme of the logarithmes of
the firlt and fourth, is equal tothe fumme of the logarithmes of the
fecond and third 5 therefore if from the fumme of the logarithmes ot
the fecond and third, betakenthe Jogarithme of the firit, there re-
mains the logarithme of the fourth.

Corollary, Hence it is cvidenty that if four numbers be proporti-
onall, the fum of the Logarithms of the firft and fourth is equalto
the fum of the Logarithms of the [zcond and third. Andif the [uns

_ g:.&; Logarithms of the firft and fourthy be equal tothe fum of the

ogarithms of the [econd and thivd, then it the firft in proportien to
the [econd, as the third is to the fourth,
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. The fir[t Book. 7
ingleafure to calculate my felfy I conferred togethek fuch as were
formerly extanty and outof themhave drawn thefe. Icis true that
the ﬁrﬂv of thele differs in form fromall others, but I have ordered
it thus, efteeming it moft convenient and ready for ordinary ufe. The
Jater (heweth the Logarithms of abfolute numbers from 1 to 10000,
and may be ufed for numbers. far greater 5 the firff (heweth the

~ Logarithms of the Sines and Tangents of every degree and minuce

of the Quadrant; and.alio the complements Arithmetical of the
Logarithm of every Siney which may ferve asa Table of Seccams,
Which Logarithms of abfolute numbers, Sines and Tangents, we
may call Logarithmetical numbers, Sincsand Tangents, or (with
cheir firlk Inventour) Artificial Sines and Tagents, as being ufed
for, and in Read of the natyral, And thus if you enter the later of
thele Tables with any abfolute number, you finde #gainft it his Lo-
garithme, if youenter the fir/t with any number of degrees and mi-
nutes, you find againft it his arcificial fine and tangent, eachunder his
proper titles As entring the Table with an arch of 30 degrees, 0o mi-
nutes, I finde the artificial fine therero an{wering tobe9,6989700,
and the tangent 9, 7614394, whichare the Logarithms of the na--
tural fine 500000, and of the natural tangent, 577350 Andcon-
srariwi(e a Logarichme beinggiven, youmay finde thearch thereto
an{wering.

Of artificial fecants we make littleule, but if youdefire the arti-
ficial fecant of an arch, {ubfiraét the artificial fin¢ of the complement
of that arch from twice radius, or 20,0200c00, the remainer 15
the fecant required, As if 1 defirethe fecant of 22 deg. 37" 1finde
the fine of hiscomplement to be 9,9652480, which fubliratted from
20, 0000000y there remains 10,0347520, the fecane of 22 deg, 375
the realon whereof is evident by the Corollary of the firft Theoreme
of Variety hereafter following, Chap. 4. n ftead of thele fecants
we have {etin the two laft columns of the {econd Table the comple- -

:mentsarithmetical of the fines, to every of whichif youadd radius

ot 10,0000080 5 they become {eeants:: thele being more neceffary
‘than the fecants, and by which the {ecant of any axchis ‘molt readi--
ly found ; for if the ine of an arch bein the firlt column, hisfe-
cantisin the lat, ‘(addingas aforelaid radius) if the fine be in the

{econds, the fecant is4n the Jaf but one. - As if I would hayethe fecant
of 1
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The first Book. 9
in thetables; and the complements arithmetics! of the tangentsare
nl;c tangents of their, complements: as'we fhall further fhew here-
areer,

7+ To fimd the Logarithme of anumber that bath a fraftion an-

nexeds a3 alfo of & proper frattion.

Reduce your pumber that hath a fraion annexed into an impro=
proper fra&ion,and fubftra&t the logarithme of the denominator from
the logaffithme of the numerator, the remainer is the logarichme of
the whole number and fraction propefed. As if I defixe the logarithm
of 13%, I reduce it incto an impro- ,
per frackion making it 4° and find- Nw#mserator 40.1,6020600
ing the logarithme of 4o o be  Dénominater 3.0,4771212
1560310600, andthc‘lagarjthmc of 3 134 1,1249388
to be 0,4771212, I{ubltrad the later .
from the former, the remainer is 1,1249388, which is the logarithme
of 13 §, required.

The reafon is, forthat every fra&ion (whether proper or impro-
per) hgnifies fome part or parts of anunite, the denominator Mhew-
ing into how many parts the unite is divided, and ths numerator
fhewing how many of thofe parts are by that fradtion fignified :
Wheretore, as the denomiinator is in propertion. to the numerator,
fo is 1 to the value of that fraion ; therefore.(by thecorr: of 3 props:
chap 2 2+) the fumme of the logarithms of the denominator and of
the fradtion, is equal to the fumme of the logarithms of the nume-
rator and of 15 butthe logarithme of 1 being o the logarithme of
the numerator alone, is equal to the {umme of the logarichmes of
the denominator and of che fraétion, Therefore if fromthe logarichm
of the numerator be fubltratted the Isgarithme of the denominatory,
the remainer is the logarithme of the fraion, - Thus in the foregoing
examples,

Logarithmes. .
‘As the Denominator 3 ~ 0,4771212
to the Numerator: 40, = 1,5020600
Sois A 0,0000000
tof":orte 135 1,1249388

And for the fame reafon we may in like manner finide the loga- -

rithme of a proper fraction, Where itis to be noted, that f2cing che

" | ¥ - = - v . "
logarithme of the unite 1, is 0, and every propes frattion isleflc than
3 44 =
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The firit Book. 11
(thatis, Tmulciply it by too) and fo iv becomes g7001 alfo I put
behind the numerator of the fraftion, namely,behind 1, two cyphers,
and {o it becomes roo, which divided by the denominator 3, the quo-
tient is 33, (omitting the fraction ) which added to s700, the fumme
is 5733 ¢ And fo muchis 574 leaguesin centefimes of aleague, If
you would have it onely initenths, you put behind the whole number,
and likewile behind the numerator of che fra&ion, onely one cypher,
and'in all chingselfe do asbefore 2 which being eafic and common, I
forbear to be large therein, '

But when more exadtnefle is required, you may attein to it by the
part proportional, aficr the formof thefe examples following.

Example 1.

Let there be required the abfelute number anfwering to this loga-
rithme 1, 9369826. Looking for this Logarithme in the Chiliads, I
find not the fame, but the neere lefle than it is, 1, 9344984, againlt
which 1find 86, which you may corre@ by the part proportional
thus.” I change the charater given, making it tobe 3, and fo it be-
comes. 3; 9369826, for this 1 look in the Chiliads, buc not finding
the fame, I find the neeret lefle than icto be 39369659, andagainit
st this ablolute number 8649 ; whenee it appears, that the number
anfwering to the logarithme propofed , is 86 43, and fomething
more.

But if you defire. more exattnetle, asto correét it cwo places fur-
ther: fubftra& 3, 9369659, the necreft
lefler logarithme, from 3,9370161, the 39369826 R differ. 167
neerelt greater, noting the difference 39369650
which is here 502 : Allo {ubftract the 3.93701 61 }d:f}r. 502

lefler 359369650, out of the logarithme

given 3.9369826, noting the difference which is' here 16 7+ -Then
Ey by the rule of proportion, - :

As the greater difference 502, isto the leffer 176::
Sois 100 to 33, (and (omewhat more,which we omit) which put
behind 8649 towards the right hand, fhews the number required to

be 862283 andfo is it vertified to 6 places.

E.rlmﬂt 2.

_Letthere betrfquirf:d the #bfolute number anfweringto this loga-
rithm §.936¢816. ¥

Becaufe the charater or charaterittick is. here 5, therefore the
| C ablolure
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The firit Book. 13
proceed: to the feventh place, feldome erring ‘one whole unite 3 the
operation is after the fame manner, {ave onely in (tead of 100 ufediin
the rule of proportion we put 1000, :

And thus much touching the part proportional in-the ufc of the
it Tableof Chiliads« Now for the fecond Table of Artificial Sines
and Tangents. = @39 s vl sod e _

19y &g oo Example qi "Shis

Let there be required the iarch anfweringto thisastificial tangene
9,6197888, ! | ;

Looking in the columne of Tangents, I finde net exadly the fame,
but the neereft leflethan itis g,6197205), beingthe-tangent of 22
degi 3777 therefore.the arch required is 22.deg. 37% and fome part of
a minute more.. Now if you. defire to know, whatpart of a miriute,
namely, how many feconds it is more, we may, find it thus, 1 find the
next greater than the tangent given tobe  ©
§,6200761 , from which fubftra&ting , 9,6197883 }ddﬁr. 633
the next lefler, namely, 9,6 197205, the | 9,6 197205
difference is 3557, alfo {ubfiracting this - ¢,6200762 % differ. 3557
Jeaft fromthe tangent given 9,6 197888 :
the difference is 68 3 : I fay therefore by the rule of proportien,

As the greater difference 3557, tothe lefler 683 ;

$0'is 60 feconds, tot 1 feconds and fomathing more.

Thetefore the arch:xequired 5 ranfwering to this tangent given
9,6197888 is 22/deg. 37 11%,and fome part ofa fecond moze ; but
thusitis verified toa fecond. = 4

And in Jike fort you may deale with any other, whether itbe fing
ortangents . . - 4y Pt -

s svarda et ocdins Lgida 2 Exsmple 5<. | |

Let there be required the artifical rangene for this arch 22 deg,
-379’y21 "% Lfind in the table the tangent 22 deg.377to be 9,6197205,
‘and the tangent of 2a deg. 38’ tobe g,62007612, the difference of
.thefe two' is 3557, for one minute or 6o feconds: therefore by the

rule of proportion, {2 8 e
=18 6o feconds to 11 feconds: (o the difference 3557, to652 3
~which added to the Jeffer19:61 97205, the lumme is 9,61978 57, the
arsificial tangenc of 22 deg. 377. 117/ - And in ike fort you may find
-the, gr;ﬁcin!ﬁnt_s or tangents of other arches conlilting of degrees,
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1o, If one number divide anothery the logarithme of the divifor

e [ubfhratted from the logarithme of the dividend,
: leaves the logarithme of the quotient,

' Logarithms.
Aslet 540 be drvided by 36, thequoticne wall be -540- 2.7323938
15: 1 faythen if thelogarithme of 36, be fub- | 36. 1.5561015
ftracted from the logarithme of 540, therewillre- 5, 1.1760913
main cthe logarithme of 15, as’is here to be feen,

For {eeing the quotient multiplied by the divifor produceth the di-
vidend, rhﬂcfdr:cL? the laft prop : the fummic of the logarithms of -
the quotient, and of the divifor, is equalto the logatithme of the
dividend : if therefore fromthe logarithmeof the dividend, be fub-
(racted the logarithme of the divifor, there remains the Jegarithme
of the quétient,,

And by the like reafon, if the firlt quotient be divided by a fecond
divifor, and the fecond quotient by a third divifor, e, the fumme
of _thelogarithmes of allthe divifors, fubftracred from the logarithme
of the firttdividend, feaves the logarithme of the laft quotient, .

As if 540 be divided by 36, the quotientis 15, which again divi-
ded by 5, the quotient 16 3 1 1 {ay theny that if the fimme of che loga- -
githmsof the divifors 36 and 'y, befubltracted from the logarithme
of the dividend ‘s 40, there will remain the logarithme nFchﬁﬁ: quo- -
‘efent 3. ' r L8 ;

. Corol: Hence it ismanifefty that the half of the logarithme of
" any nambery is the logarithme of the [quare root of that number,
and that the third part of the logarithme of any wumber, isthe

logarithme of the cubigue root of the [ame number.

| _ . Logarithms,
Thus half the Ioearithime of 64, isthelogarithme 6¢. 1.8061800
of 8, which is the fquare root of 642 and che third . 8. 0.9930900
part of the logarichme of 64415 the logarithm of 45 4. 06020600
which is the cubique rgoz of 64,as by this cxample may be [cen,
And thus much for a tafte of the nature and aflections oflegarithms,
fufficing for our prefent occafion: he that defires to be further acquain-
“uéd with ghe conltruction and diverfe applications of them, may read
Mr. Briggsin his Arithmetica Ligarithmica.
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. The ﬁrﬂ Book. S L
AXTOME 1,
of right angled Triangles.

In a plainvight angled Triangle, any of the threo fides may be put as
R adiss : and the other fides will 6¢ as Sines, Tangents or Secants

| n A \ 2
1 /4/(\
A B A YA B

AS if AD be Radius, or the fenffdiateter of the circle, or the
whole fine, (for by thefe {everal names it is called) then B D is.
the fine of the angle at A, and A B the fine of the angle at D.
If A B be Radius, (as in the {econd figure) then B D isthertan-
gentyand A D the fecant of theangle ac A~

If D Bbe Radius, (asin thethird figure) then A B is the tangent,.
and A Dche fecant of the angl: at D,

Aad what proportion the fide pur as Radius, hath unto Radius : the
fame proportion_hath the other fides, unto the fines, tangents ot {e=
cants by them reprefented.

As in the third figure,look what proportion D B-hath unto Radius?
the fame proportien hath A B, to the tangent of the angle at D, and
the fame hath A D to the fecanct of that:angls : and: the like isto be
underftood of the reft.

And from this ground are deduced the Corollaries or Cafes follow-
ing for the refolution of plain righe angled triangles, by three things:
known feveral ways, { ¢

And for diftintion fake, we call the fide fubtending therightan=-
gle, the Hypothenufal ; and one of the fides conteining the right an=

-gle, wecall the Bafe ; and the other fide the Perpendicular, As i thefe

triangles, the hypothenufal is marked with A D, the bafe with A B,
and the perpendicular with D B: and it will not beamiffe to mark
them always{o, The rightangle isalways one of the three things.
given. -
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