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No.1 Recomposition of Spherical Trigonometry by Vectors

Abstract

Even though the spherical trigonometry has already been completed, the author tries to reorganize
the spherical trigonometry by finding new processes for the formulae of spherical trigonometry
with the help of the elementary algebra of vectors, using vectors and some of basic axiomatic
formulae. But the order of its system follows the conventional order of spherical trigorometry.
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cosa=cosb=cosc=(
a=b=c=90°
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5. RERE=ARK
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C'=90°7} ek wely EEA=ER ABCA FAR EFAold BRE Rtn 24 & 4B
Col FHRa Bmsle Ao #3Ke) Hikol oo I Avle REL FHY HEe (Do &
Aoldet, v &7 4% 2 Hike Reta gx BARNA B SR=fAHY %44
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olEZ a-b=00" |axb|'=1o]m. laxblz0cl22 axb=1o] =Hw oz laxb|=10]d
laxb|'=10]1 weld axb.axb=10] H3 waly
1-(a-b)'=1 ‘
Bl a-b=0c°] St 2¥ HE Yo a-b=0zt laxb|=1¢ Rffio] e},
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c=90°%1" (F)& &3 7ol X<}
b'axc--:cosA

8 o

“sinb
bxc-bxa

———=cos B
sina

| |
(
|
|

exa-cxb _ o
sina sinb
o 7] 4
- bre—(a-b)(a-e) _ . 4
sind
\ cra-(b:c)(b-a)
sina
a-b-(a-c)(c+b)
sina sinb

=cosB
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oli. a+b=00ln =7

bec _

S -84
/I era
sina
p . —(a-c)(e-b)
sina sinb

=cos B

=cos C

cosa

sinb =cos A

cos b
sina
—cosh cosa
sing sind
COSA=SIND COS A rervrrersersersnee eteesresnerattienesranns Yrerseegeeniis
COSD=SIN @ COS Breorvrrrrererrrieriariniinnieninacecasicnsisesioereseisasssd

=cos B

=cos C

, tanagtanbd cosC+1=0
- 7 BB ol EL C'=90° HA=SAK A'BCY #AAR
[sinB’ cosa’ =cos A’

sin A’ cos b’ =cos B/ ((9) page & AX—6,7,8)
cos ¢’ =cot A’ cot B/
q4 (M€ BAT &Rl
o-gol ABCOl B=fAF A'B'C'A4 C'=90%|%
a bW xe=b - .cxa=¢-a x¥=sina'sinb’
= Wi o749 (M), (D¢ &R
{ bxe  cxa  axb .z Asin(z—B)

sing sind sinc¢

cxa axb bxe . .
- = X — =sin(z—A)sin(z- B
sin b sin ¢ sina ( )sin( )
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axb bxe cxa . .
{ Tein e X o= =sin(x - A)sin(z - B)
sin ¢ sinag sin b

(N)& @Ast

/ gi:; +sin Aa =sin 4 sin B

|

\ %ba‘ + sin Bb=sinA sin B

\ ‘;i:g *sinCe=sin A4 sin B
%ﬂ(bxc~a)=sinA sin B
sin B e .
-—Smﬂ(cxa *b)=sinA sin B
sinC

anc (@axb:.¢)=sin4 sinB

bxc-a=sinasinB
exa+b=sinbsin A

axb:c= —Slg—g%i, =% sinc=sin90°=1
ut2h4 i .
* a- bxc=sinasinB=sinbsinA=ﬂE’:S‘}‘.i§g‘§_
ol o714

[sina sin C=sin A
sinb sinC=sin B
€ ded AL =92 HASAK A'BC A H
[sinA’ sin ¢/ =sina’ @ o4 A
7 e —4,5
sin B’ sin ¢/ =sin b’ (Tpagesl 43 )

o (e FAY £Ro o},
E EEE (N c=90%]9
(@xb)x (axc)

snb =sind a
( Lbxaxbxa) g p,
(exa)x(exb) _ .
" snasinp -enCe
7k s ety
laxb.c :iﬁ;c)__a_- =sind a
(bxec-a)b _ .
s =sinB b
(exa-b)e _ .
singsind =sinC ¢
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.........................................
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/ _______a?fbl-c =sin 4
1 Sin o
| “on,
b»<ca =sin B
: sina
| exa-b
| £xed e
sinasinb
o 7] 4
- a-bxe=sinb sin A=sinasin B=sina sinb sinC
7 Eg o474 (AKX 5-4), (AKX 5-5)7F FE= . ® (17) paged) #Feo| X3 it
’ sin A sin B

= -~ =sinasinb sinC
sinC

)
sin A sin B=sina sinb sin*C
7F i oA (AKX 5-4), (AKX 5-5)% & & F3I #H0) =ld =
= (bxe)yx(bxa) = _(cx@a)x(exb)

b-e= sin B sina sinC sina sinb
_ (exa)x(exb)  (axb)x(axe)
€:@= §inCsina sinb sin A sind
ol A}
bec= (bxe+a)b - (exa - b)e
~  sinBsina sin C sin @ sin b
c-a= (exa - b)e . laxb-cla
sinC sina sind sin A sind
1= (a «bxc)?
"~ %in B sinC sin*asinb
1= (a@-bxe)”
sin A sinC sinasin®b
1= sin’a sin’ B
sin B sin C sin? sin &
- - sin’ b sin* 4

sin 4 sinC sina sin*b
[sin B=sinb SINC crerrriiriiiieiiii e raras (/‘L\\ﬂ 5.—5)

SIN A=8SIN G SINC = sieerrereortesisisiiorsoarssstesssssssvasnnans (/‘&i 5~-4)

e C'=90° B=MAF ABCAAE
a V= a)- V)
d BAGRAE Ade, duld ()€ FANd

bxe  exa _ ( axb  bxe X axb cxa
sina sin b sinc sina sinc sind

T (¥ AN
—~cos C=(~cos B)(—cos A)
= c0SA COSBHCosC=0 = cerereeriininiinniiiiiiiiiniieienee (A3 5-6)
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= og, oAL =90 =MW A'BC'Y (5)pages] (AK-1) cos ¢/ =cos a’ cos b’ ¢} (V)
< FERT Rl
C'=90° =ME A'BC A4+
1 a b
{COSA,= sind sind ¢ -d e xa'|?
1 a b
cos B' = Snd snd ¢ 1 xe|?

o] Rizgeh( (6) page %), «rld W), (WDE B
bxe , cxa
N 1 sineg  sinb  axb _ bxel
cos(z—a) = sin(r—B)sin(x—C) _axb _ bxec Isinc sing !
sin ¢ sina

bxe  _exa
cos(m—b) = 1 sin @ sin b ]cxa axb [
sin(r—C)sin(x—A) _axb _exa!sinb "~ sinc

sin ¢ ‘sinb
- 1 —cosC .,
{ —Sa="g BenC  —cosB o g
________1__:-cosC &
—cosb= sinC sin 4 Zes AT A
{_Cosa=tanB cotc .............. R R R XA (/Aﬁ 5—7)
_cosb=tanA COL G +ereromrrrerentonestnitiiinantcranetsertaniens (/A\ﬁ 5_8)

99 & ARe =90 =AK A'B'C'8 AR
cos A’ =cot ¢/ tan ¥’
[ ( (6) pages] AR—2,3)

cos B/ =cot ¢ tand’

d (D& BAT KR

g E O'=90° =AY ABCAAE
sint/ a - ¥

sind ¢ a

LR SLAN

74 RIr&e( (10) page #F), 71¢ (V). (D& AR

bxe  cxa
sin{r—B) sina sin b

=cos A’

sn(z—C) axb _ _bxe =cos(z~a)
sin ¢ sina
bxe  exa

sin(x—A4) sing sin b =cos(n—b)

sin(z—C) _axb _cxa
sinc sind
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sinB_-cosC _
{ sinC —cosB ~ 8@

sinA -—cosC _

SinC CosA T Toosb
[tanB COtc=_COSG ...................................................... (/&‘i% - 9)
tan A cotC= =COSD s, (/J;\ﬁ _10)

PRI ol B C'=90° SHW ABCY AR

tand’ cot ¢/ =cos A’

tana’ cot ¢’ =cos B ( (10) page?] AR -9, 10)
A (D& @AY R o,
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S ABCAA a=b=90") #& (N)&

- ; axb.axe

exa-«exb=cosC

7F Ha wepy
b:e—(a-c)b-a)
sin ¢
cra-(b-a)c:b)
sinc
_ a-b—(c-b)(a-e) =cosC

=cos A

=cos B

@:¢=0, bec=0olmg
cos A=0
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B=90°
c=C
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BAA 4A & 5 94,

[A=90°

B

. -8 RE=ARK
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=sinAa

(axb-c)a
sinb sinc¢

| (bxc-a)b .
“sincsna ~onBP

(exa - be

smasmb —SnCe

axb.:c=sinbsinc sin A
bxc:a=sinag sinc sinB

exa-b=sing sind sinC
mk
a-bxce=b-cxa=c-axb
oAt AN EEE
a+bxc=sinb sinc sin A
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craxb=sina sinb sinC
i #-Ech B £ig A XFES 489 shA e e 22 XFY b, Kk FSL WERE
e Aold, =
sina sinb sinC=sinb sinc sin A=sin¢ sina sin B
snd. :211; 2SI (AR)

Bl sine Aol HES ek ol sine RIS
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sinb sinc sinc sina I~ sinasinb
........................ (7-2)
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b:c-(a-c)(a-b) _
sinb sinc =cs A
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sina sin ¢ =cos B
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sing sinb =cosC
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{c'a=(b‘C)(b'a)+SinC SIN@ QO Berrevosrvrnrereroransenrisaneniennance (7-3)
a-b=(c-a)(c-b)+sina sind cosC

cosb=cosc cosa+sinc sina COS Breverrvrrearsennmaatacinintiaiiniiienens (/A\ﬁ)

lcosa=cosb cosc+sinb sinc cos A
cosc=cosa cosb+sina sinb cosC
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B 55— cosine 8IS o o},

=AM ABCY E=fl ABCIA (K)e st
a'xb a'xe

- © - =cos A
sin ¢/ sin &
Uxe  bxa o
sin a’ sinc/
xa ¢ x¥

T -=cos C!

“sint " sing’
HEz dAd (D), (e @A

bxe cxa . bxe .. axb
sina " sinb  “sing  sinc

sin(r=C) " sin(z=B) =cos(n—a)
cxa axb | cxa » bxe
% sin b sin ¢ sin b sina

sin(z=4) ' sin(z=C) - oos(x—0)
axb bxe axb _ exa
: Xo—— = X —=
_sinc sing’  sinc sin b

sin(z=B) ' “sin(z=4)  ~cos@=c)
(V)& @At ‘
sinC ¢ —sinBb _
f TsinC " " snB s ¢a
sinda —sinCc _
l snd ' sinC - s b
sin Bb —sinda _ _
sinB " sind4 T~ cs¢
b.e=cos a
, a-c=cos b
. b.a=cos ¢
7b Hol4 BickE #Ro du = 99 % # A& g3 ol B
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sina sin & sina sinc
T sinC T smB = —Cosa
fexa-bja - (exa-b)e
sin b sinc sinb sing _ _ _
sin A ’ sinC_ = ~cosb
(axb-c)b —(axb-c)a
sinc sing sinc siny
sin B ’ sin 4 =Tcosc

(@a-bxe)i(b-¢) _
sin B sinC sin’a sinbsine  co°%
(@a-bxec)(a-e) _
sin A sinC sinasin’bsinc =cosb
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(@ -bxe)(b-a)
sin Asin Bsina sin b sin*¢

(a-bxe)=sinBsinC sinfasinbsinc
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(

=C0s ¢

a-bxec)=sin A sinC sinasin® bsin¢

a-bxe)=sin A sinB sin @ sin bsin’ ¢
s 5k, a-bxed e 2 sinasinbsinC, sin b sin ¢ sin 4, sin ¢ sin a sin BE fRA A

sin b sin C=sin csin B

{sincsin A=sinasinC

sinasin B=sin bsin A
4 S olAe2de sine EAll FHAS, 1AL @-bxed o= dE RAsAL sine #
Rl WaEE AL A

dod = B=AW ABCAA ()T &R

, a' xb a’ x¢

: X =sin A’ @
) sin ¢/ sin b’
b xe b xa
- X — =sin B’ &’
) sina’ sin¢’ (
L ¢ xa e/ xb .
- - =sin C’
" sin b sing o0 <
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bxcxcxa bxe axb
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sina sin b sina sin ¢ " bxe
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» | exa % axb cxa bxe
| Tsinbd sin ¢ sin b sina cxa

' sin(z— A) C sin(z—C) =sin(z—b) sinb
axbxbxc axb cxa

sinc_~ sine_ sinc___sinb _ (n—c)—ai
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()& EANS

sinCc -sinBb _
snC * sinB =bxe

sinda —sinCe _

snd . sinC =cxa
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B snd "°%?
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(23) page =1 sefe] Rl wiperm

—lbxe-a)ye -~ (bxc-a)p -
/ sinCsing sind ~ “sin B sin sina sinc " 0x¢
_ lexa-ba —(exa-bye
] sin A sind sine % sinC sing sinp <@
(@xb.c)b « ~(axb-c)a =axb

‘' sinBsinc sing sin A sinb sinc

e (a- bxc)z -1

sin B sin C sin’z sin b sinc
(a- b><c_)h o

sin A sinC sing sin?? sin ¢
{a-bxe)? -

sin A sin B sina sinb sin' e
(@-bxe) =sinB sinC sin*a sin b sin ¢
{ (@ bxe)=sin 4 sinC sina sin® b sin ¢
(@-bxe)=sinA sin B sina sin b sin® ¢
AL gl o 5 4o] o},
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sin BsinC
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\} - sin AsinC
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sinag sin ¢
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sin & sin @ cos C +sin ¢ sin b cos A cos b=cos ¢ sin* b
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sin¢ sina sin ¢ sin & sind sin ¢ sin b sina sin ¢ sin b
_ (bxe cxa )‘cxa axbr
" \sina sinb sinb ~ sinc
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bxe . cxa )!axb bxe f

sina  sinb sin ¢ sing |

bxe cxa « axb
sina sinb sin ¢

bxe . exa | bxe x @xb axb . bxe , axb _ cxa
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Sin b sinBb- (=sinda gy (=cosAsin' B
bxe sind a axb sinCe axb sinCe
sina sin¢ sin¢ n
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=} s=-;-(a+b+c)
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a-b=(b-c)(c:a)+ibxcliexale.

ol 4 cosine AL

_ & tab
a-b= =3,

( b.c= a. +b.c
|| T T b
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a +b.c =bwex(b-c)=mlexale«b:c)
» e b +ec a =caax(c-a)=mlbxclelc - a)
of § Re 88 mea
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cos-320
A+B _ 2 C
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2
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tan 3~ . a+b coty
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- R, BREEZ RERMS 28

No,2 A Study of Spherical geometry by coordinates of longitude and latitude,

Abstract
The author tries to study spherical geometry according to the style of analytic geometry by
establishing a system of rectangular coordinates consisted of the prime meridian and the equator
on the earth and als» establishing (x,y) as the coordinates of the point P which consisted of the
longitude x and the latitude y of the point P on the earth to find our herewith the distance between
the two points on the earth, the coordinates of the point which divides the arc of great circle into

the ratio m:n, the equation of the circle, the equation of the great circle, and the equation of the
locus of the points under a certain condition on the earth,

1. # §

WERE LS m9) RE REE Ly BEE St AAKERS MRELD 2T o EE
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HRE R BMs T Greenwich & 23 AMFFHS v, BLRAYE s Moz T4
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ol Hr2 QAL oA Rideh @ AMAA] Ry @& 4714 EEE A |4B|
=/PNQ ¥t 2 2717} 180°u.th Zobok sta = o= #Ms] PRII80°7F He
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. . m
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