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History of trigonometry functions: Two different tables in the early Edo period
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Abstract

Trigonometry and trigonometric functions are closely related to astronomy and navigation, and their proto-
types were invented as early as ancient Greece. The first appearance of trigonometric functions in Japanese
mathematics is believed to be in [/\FRZHEfFEFE (Hachisen Hyo Sanpou Kaigi)J (circa 1727) by NAKANE
Genkei (FH#RJC=E). Furthermore, the first trigonometric function table in Japan is attributed to & JEHE#
(Sanreki Zakkou)J (circa 1722?) by TAKEBE Katahiro (&BE 54). While both authors were active around
the same time and shared a teacher-student relationship, their works differ completely in terms of variables and
derivations. We report the results of an investigation into this point from the perspective of the dissemination
of trigonometry.

The definition diagram of trigonometric functions (eight lines) appearing in Nakane Genkei’s work is based on
the Chinese text [fEH 2 (Reisan Quanshu)J . This diagram can be traced back to Abii’'l Wafa’, an Islamic
mathematician in 10th century. Japan is at the end of the dissemination route of trigonometry as described in
the history of mathematics. On the other hand, Takebe Katahiro’s idea was likely motivated by research on
the #ZIR#/& (Shoushi Calendar), and aimed at improving the accuracy of the “&F3ffj (arc-length formula)” for
converting between ecliptic and equatorial coordinates. This means that mathematical cultures with different

origins met in Japan at a very close time difference.
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Figure 2.1: Definition of trigonometry functions. Copied
from the figure by Genkei Nakane (see Fig. 2 of this
article) as the angle € is from the horizontal axis which

we are using now.
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Table 2.1: Definitions of eight trigonometry functions in
Figure 2.
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Table 2.2: List of the Table of Trigonometry functions in the Mathematics of Japan Edo period. (References: [8], [[])
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Figure 22 Definitions of trigonometry functions in the

literatures.
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Figure 23: Definitions of trigonometry functions in the

literature.
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Table 2.4: Development of trigonometry in the renaissance Europe.
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Table 2.5: Development of trigonometry in Islam. Trigonometric functions that begin with a capital letter are obtained

(09, 22] ZBE I /ER. KFChak 2 =ML EZRUME (Sin 01

by multiplying them by the radius (e.g., Sin 6 is 60sin 0). References : [9, 22|
e} FAREMR - R = REEER
Th=7T—=Y X3 — 780-850  REFEDIRRAL, ﬂﬂfg FIFERZEDET. 7L Sin 0 (1° Z ¥, 34), 12 cot 0
al-Khwarizmi TV XL DR, HEED, BIRE (FXA e a0 v, DEHD
=) BREBERLIzEINE. (77—
XI—F RS ZLBHDAN] DOFEFR)
AP T ?-864tH KI5 - AOFERr KEXWKHLTZ I 73 Sind (15 Z ¥, 4 #1) ,
Habash al-Hasib THOTEMR. RTRERSIEKLEES A F Tan (30" ¥, /INK 2 #),
BEEERWSD, A Y FEEAICIBRWIRIEIS. Cot 9, Vers 0, Csc 6 (1° Z
RSP 60 EEZH VWS TS PL v F AR r 371:ﬁ) ’
RPN . ’
T e Ny R—=— 853-929 =ik - BRI =MLk D R, BEALER Sne (300 Z &, 3 i)
Al-Battani MHFT T (lela) ZRD D FIEDIER. A 12c0t0 (1° T ¥, /NI 1HT)
}é%jﬁm%ﬁ T TTEBI L, 489 o lEERME
T FA) = — 875-940 FRE=MEZEAL TX 77 %KD 3 FiE%
Abu al-‘Abbas al-Fadl HEz,
ibn Hatim al-Nayrizi
TN T 77— 7= 940-998 —AMBOE L HRE, Hondl, Blo Sne (1' Zr, 34
P _ L RBEOER. XV T REESGROR
Abii al-Wafa’ al-Biizjani AR ERZITV, R L~ A 7r;<0) r7
AT AL ORIRTEZRT =1T=
FBIRUERR. Eﬁkﬂ?‘ébﬂ(ﬁ%iﬂ'&
7 — / 2 ¥ =47 971-1029 TRIKOFEREE K= XI2BT 550500 Sing (1 :“ ¥, 3 1{?) ,
g N Tan § (1° Z &, 3 #i) ,
Kushyar ibn Labban 7 cot 0, Vers 9 (1° 2k, 3H1)
ThA=b—b—=—-7 973-1048 HE, WY, RXFICH K QR ERE Sin g (100 Tk, 441, £E2
=TT =Y X3 — GEAORY, HEE T4 VEh, BEREE M), Tan o (1° Zr, 51,
al-Biriint al- Khwarizmi AT RE, AREH T2 — K% 5o m).
!;')i% HIERDFHAL TRCFRY CIER, 60 ik
FARA4 =y T 4= 1201-1274 FREE, TEE, BEE, RoUEE. F2—2 Sin 6, Vers §,Tan 0 (1 Z
by —24— U v R o 5, éﬁﬂ(i@ﬁi ERGE ¥, 3H7)
Nasir al-Din al-Tust H, (Frv—ZX4—=1x The—XEFHho A\
DIFHR)
IV - N 1394-1449 Y~ Ah Y RIKKXAEEHKI, 1,018 DHER Sind, Tand (1’ Z¥, 5H1)
Ulug Beg YERK.
ART =L TCE=MENRELLHEEBN 20D 3,
o YENTVE. 10, ARHOBOESERTT:
T BoR nypotenuse HTH2. Mo iorT k5, HEEHOIHEC
g |p - Roesed F# (gnomon) 3. T2 b D&, BEZHZIKFEIZITH
T Reotd 6 SOF2HO0 2 EHS. Y5 oHABE AL
% direct shadow orishud, ORI ENEN coth, tand I
° 5. A AT —LTIE, BOENDHEDIIHET
N IR v, ZORIEZENEFR csch,
\\\\\ # gnomon R secH 172 %.
Ty 1=, 501, 1HICSEET 2L &5, Av
Rsect [ BB H T AMED S (Qibla, ¥7 ) %HI5
FEOR
rypotenuse RENRH -7 ThHb. BHOMNEL X v hDN
®2.4: AEOBOEX LB’ EOMEAECEEEZHNE LT, E560%7 7
Figure Z2: Length and path of a sundial’s shadow. M. Ny R—=——%, FEEFEHEDOZENSHREEL S
BERE L., 74V ==, HERERMEICEKH =



AEEEH LR ZRELTW5S. BRE =
EOLEFNENGTTH .
wMidicELNLT 77— 7= R+ (52
HDOE) )X, TPLAFRD 7T R ) @
ERFLUETRE LTollHizH > Tw a0, F
| - BRE=AEOoRR (FLEHOFERZ YY) 28
DIEMEDEREEZEATVS, LW, 777 —|Z
“ABE e MEHEG L THALL. £hnd, KET
B CE=MEAROERKTHZ (Ke3m). Z
LT, =AM EEL DML 2 U0 THR
TIEERERELE (FRBERCR SR o72 &
7). Fi, BRLIHAELE hL w44 R
DD D 60 #IET/PNEURLLT 2 MiAEY (10 #EiE
AT 5 MTHEY) DFEEZ o 7-dicxf L. I3/
RUUE 8 M1 (BARD 10 EEHE) WCHY T 2 K%
T, sin & tan DR%Z 15 7AZNATIER L TW5.
Z Ok, MBEOHETER, FADKK - HEHDORK
PRHWTWS.

77 - 77 7— [Kitab al Kamily (10c)

B 2.5: =B OERK. Mt 77 2 AEVEHE
(Identifiant: ark:/12148/btv1b100374763).

Figure 223: Definition of trigonometry functions in Abu
al-Wafa’s book.
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ARETE, “ABARROLELZINCL T, BFEX
btz B2, TTIRIBNZ LS 12, MEMEE]
BEHTHAREZONEE=ZAEDL— MNE, 42
F—n¥a—ay o] HEREHTD o720, =M
BROVEBTIEIC OV THHEL L TWS Z L ZHER
33, 2T, ThLAFR 7L F R
DD, 1~ N TOBEMENR, 2L T IEZHE
F) TOBERIERFETDOWTHEMNT 5.

31 FRLIAARTZIIT R I D%
DR

2HALDFV ¥y NRXFEEHET ML~ A 4RI,
IXF2F o272 BBERRBEENE
DL 2w EICT, B RAETHAT 2 KL
FRWES U, BEOIETHTED 2 BEOM & AR
Mz AW CEA S 2 kLSS, Zokhita —
0y X TaL= 7 A5KGHLEE 2 B 2 TR D
EBoXZFxhsziciksd. ZOHFHIIRAT—LIZ
TERaE (71 fFEnT I7a<esr 2 by 2
B2 L5 kotz. Tra~r 2 vy &, 251
X, By oLax0EENFIHINTWS. b yos
NaZF=AEBE (KoR) SIERLELEZS
NTWa2, BFELTELY, I7LV<eF Ay H
D=ABEBRIRD TV D INS.

>

o]

R 3.1: 460 L54 AB .
Figure BI: The angle 6 and the chord AB.

I7r<7 2 by OEEZ, Kenichs k5 7k,
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T, (LzWIotEe L0),
Rcrd 6 = 2Rsin(0/2) (4)
L7235, TIThHI BEIZ

Rerd 60° = R (5)
Rerd 90° = V2R (6)

ThH5.
A DS/ LIIX 60 #ETRIE T 5. 7
LA FREFEFEREGOELEZRLELTED,
Bz,

Rerd 90° = V2R = 84.85281374 - - -

_ 84+i+£+i
o 60 602 603
LI BE, 84;51,10,8 ¥ LTHRILT 3.

XT, MOERE ZFHOEMED S

+ .- (7)

Rerd (180° —60) = /(2R)2 — (Rcrd 0)2 (8)
O OEFRIE»ND. £z, PAOKR

0
Rerd -
crd 5

- V;RHW—MW@MW%RWMFM%

DENND. ORI, Byt aXpENTH
&5 7.

crd 60° & crd 90°, # L C LAk e
AORADPBEHITHIUZ, 0° 55 180° £ T 24 D
ETH$ 2% ERkDZZenTES (KE2).

0° 180°
7°1/2 — 172°1/2
15° — 165°
22°1/2 —— 157°1/2
30° — 150°
37°1/2 — 142°1/2
45° — 135°

52°1/2 127°1/2
120°
112°1/2

60°
67°1/2
> 105°
97°1/2

75°

82°1/2

90°
& 3.2: 60° & 90° DDA, #HADERE FHDRNRK
DEEHITHIUE, 24 DAEDETORKRIMERTE 3.
Figure B22: If the chord of 60° and 90°, the relationship
between supplemental angles, and the formula for
half-angles are known, then a numerical table can be
created for 24 angle values.

ThL=A A RIE, 0.5° XADKDEE KD 3 7=
¥, 36° & 54° DFEDEZRMFINIKD TV 5.
BRBEETD sinf THAT 2 [26) L XD & 5127
3.

2K

N =

3.3: sin36°,sin 54° 23K 3 X.
Figure B33: A way to obtain sin 36° and sin 54°.

sin36° 1&, RO KXHITKRDTWE. Kemd k>

%, OHDLET2EFE1OMEEZ 5. OE=1/2
B E Y, M BEMIEMRBE OREXE V5/2
TH5. HE XD, BELFRILES R omZ%
Ez25r, B2, ¥F10MANET 2 ELAE
DADEE \/(5-V5)/2 I CHELLKE. Lo
T, A0OBZ1336° 72 %5DT,

sin 36° =

(5—-+5)/8

kA, fA0ZBIE54° 2B DT, sinhd® HKD
L5,
sin30° ¥ sin36° b ol s, MEEHE
ZHWS 22T, 6 ANAD=ABKEES ZH
TE3%. X5, YACHE, SACHEEHAVWSEZL
T, 3° %A, 1.5° %A, 0.75° %A D = AR K
DBEIEMNTES. BT,

sin 0.75° < sin 1° < sin 1.5°

0.75° 1° 1.5°
DB HHD sinl® KD B EEEDIRLIT-
TWo 7z,
X5, FMBRAEICHIET 20, L=
A & A1, sixtieth & KXFEMEDHLTWSE. Z
i,

crd (0 +1)° —crd 6°
60

sixtieth ° =

(10)

ELRETHS.
Y 7 b v = 7 Mathematica % W C,
FUREZFERT 2L, REDDXDIITR5.



5 3.1: Mathematica [ CTHE L7 L~7 X M OZABEHER (E9) .
Fig. B0: Ptolemy’s table (partially), calculated using Mathematica.

degree Chord Sixties degree Chord Sixties degree Chord Sixties
0°30 0;31,25 031,250 30. 31;3,30 031,0,37 40. 41;2,33 030, 58,57
1. 1;2,50 0;1, 2,50 30°30 31:;33,49 0;1,0,33 40°30 41;32,3 030, 58,51
1°30  1;34,15 0;1,2,49 31 32:4,7 0;1,0,28  4l. 421,30 0;0,58,45
2. 255,39 0;1,2, 49 31°30 32;34,22 0;1,0,24 41°30 42;30,54 030, 58,39
2°30 2;37,4 0;1,2,49 32. 33;4,35 035;1,0,19 42. 43;0,15 030, 58,34
3. 3,8, 28 0;1,2,48 32°30 33;34,46 0;1,0,15 42°30 43;29,33 030,58, 28
3°30 3;39,53 031,2,48 33. 34;4,55 03;1,0,10 43. 43 ;58,49 030, 58,22
4. 411,17 031, 2,47 33°30 34;35,1 0;1,0,5 43°30 44;28,1 0;0,58,15
4°30 4;42,40 0;1,2,46 34. 35;5,5 0;1,0,0 44. 44 ;57,10 030, 58,9
5. 5;14,4 0;1, 2,46 34°30 35;35,6 0;0,59,55 44°30 45;26,16 0;0, 58,3
5°30 5;45,27 0;1,2,45 35. 36;5,5 0;0,59,50  45. 45;55,19 030, 57, 57
6. 6;16,49 01,2, 44 35°30 36;35,1 0;0,59,45 45°30 46;24,19 030,57, 50
6°30 6;48,11 031, 2,43 36. 37;4,55 03;0,59,40  46. 46 ;53,16 030, 57, 44
7. 7;19,33 01,2, 42 36°30 37;34,47 0;0,59,35 46°30 47;22,9 00,57, 37
7°30 7;50,54 0;1,2 41 37. 38;4,36 03;0,59,30  47. 47 ;50,60 030,57, 31
8. 8;22,15 031,2,40 37°30 38;34,22 0;0,59,24 47°30 48;19,47 0;0,57,24
830 8:;53,35 0:1,2,38 38 39;4,5 0;0,59,19  48. 48 ;48,30 00,57, 17
9. 9:24,54 0;1,2,37  38°30 39;33,46 0;0,59,14 48°30 49:17,11 00,57, 10
9°30 956,13 0:1,2,36  39. 403,25 0;0,59,8 49 49 ;45,47 00,57, 4
10. 10:;27,31 0:1,2,34  39°30 40:33,0 0:0,59,3  49°30 50:14,21 00,56, 57

32 AV RO=fE zw:%sz@ 3°4 /:z (22553\%:“2) 035%67\%3%
WLTRLTWS. Fiklde v OLax0etEFE
ZOHITIE, Xk 19, 27 ESEFIC L. ERE LM 9] THDH, Rsin90° = R, Rsin30° = R/2,
AR EEORLIR A 2SIz 0. B EERADREFRK
4 ¥ RT=MENBES 230, 6 Hidicid /A
bid. T XML, T =YK (476-7)
DEE 7 —AVYANT 4 =) (49E) b, V7 YR AR
7 —\ 3 & 7 (Varahamihira, 505-587) OFANE [¢>

Rsin(90° — ) = /R? — (Rsin 6)? (11)

.0
Fx TR —VT 4 H—]) TENIN T4 RSlng
R—N— Ty R—-—V&R)] 2HEbh, MiIET - R — Rsin(90° — 0) 2 Rsin g2 ;
Zwh, Eb6d PEK (Jyardha, Jya) ) ZHW N 2 + 2 (12)

TW5., ZhPBREF b s TER (sine
dorjya) T & 3]

T AXYNREF 7 =AY ANF 45—y 12T, M
JE#% 31416 £ L7z, 2 LT, ¥ R = 3438 4y

ZPHWE (M), 2oZkid, FUVSPxHZED
b v ol a ZORHMRO RN A ¥ Fiisb > Tz
ZeERRELTWSN, AR, 7L~ 42D
EEREDo TWVWRPo I dREL TV,

10) X<HISh 2B TEE OBKIE, ROLS5THS. A7 Uy bET %) ZEKET S ljya-ardha) 258 #idic7 7 ¥ 73EIC
BFIRE Nz &, HIRTY —7 (jiba) L Ro7e. BHEAEZHMLARVT JE7ETE, jbekbd, A ADIL, #hm) ZEk
THEEI v 4 7 (Jayb) LIRBEIZINZ X 51Xk o7, 12 Hidic 7 7 VEBICRIBR I N3 BICE, sinus (FB. BHh, 13) ~Nr#ERIH
7z, 2O sinus HEME XN, BHEDF S sin Lo 7z,

11) 360E%270FRICLT, [E%ERD 3 &, 360x60 = 21600 min 7225, ZAUTHY T 2 £21E, 21600/2/3.1416 = 3437.7 - - - ~ 3438
Y7%%. R=3438 2322 kiX, 4¥ FEEET, EHEL -7 [27).
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3438sin0 72 ¥).

(09, 27] ZBH/ER. KT THE 2 AR ERE R UM

(Sin 6 1%

Table B2: Development of trigonometry in India. Trigonometric functions that begin with a capital letter are obtained

by multiplying them by the radius (e.g., Sin 0 is 3438sin #). References : [19, 27|
£ & R RAE FRE# - R =BaRGE
7 =LY NR 476-7 F7 —)L¥ N7 4 —% (Aryabhatiya)] (499 tH). b v % Sin 6 (R = 3438, 24 &
(Aryabhata) A AR LFARDTIET, RAOKMRRLFARNK,S 24 MK, 3°45' T¥) DIEK

DY FE D IEEFE 7 R 2RI

TRV F xS R=VT 4 h—
ShENT T B—<n—-

Y75 —"3kTJ 505-587

(Varahamihira)
siddhanta)J 2354 DF5
DIFFX).

72 777 R 598665
(Brahmagupta) siddhanta)J (628).
KAHEIC R 5.
N—Z % Z 11 60076807
(Bhaskara I)

N—2%Z 21 1114-1185
(Bhaskara IT) A. ED¥H

IEEEMMS 1° 2

75 —-—7<X7S%-+> v X—r X (Brahmasphuta-
1IEK (Utkramajya) &%, FAR

=R, Pﬁﬂf\ 3.1416

(Paificasiddhantika)J T Sin 9 (R = 120 24 DA

¥y X —Y & (Paitamaha- & Z) RS
1D I (1ym)) BT (RIE ViD
Sin 6 (R = 3270, 24 O

AR, 3°45' T %)

I7 =Y NT 4 —F) OFERE TN Hh—-U ¥
(Mahabhaskariya)J, 1E5%DABEIC X 23HL105K
[ B | %’:)ﬂb“’CEB'* 1ER % FHER.

TOEHDNKT 3° Z L DIEKE
& DIEERZ MERK.

R - RR%ZE

Sin 0 (1°
tEL,

)

UMI

(a) ¥BAR+HADBEROKES & & (b) AN +#E DR

+EDEANREFES & &
0° 90° 0° 90°
3°3/4 — 86°1/4 (3° 87°
7°1/2 —— 82°1/2 6: - 84:\
11°1/4 ——~ 78°3/4 9° —— 81
15°  —— 75° 12° —— 78°% ‘*
18°3/4 —— 71°1/4 15° e T \\‘
22°1/2 ——— 67°1/2 1804' 720 ||
26°1/4 63°3/4 21°—— 69 I
30° 60° 24° > 66°
33°3/4 56°1/4 27° 63°
37°1/2 52°1/2 30° 60° ||
41°1/4 48°3/4 33° 57° “
45° | \36° 54° | ‘

B

3.4: 60° & 90° DIEK L, MADREMR, FADRKAH
BT HAUL, 24 DAEDETORENSERTE S (X
B2 L FEHIBFEIL). S 5ICEDFEDDIELERD 2R/
(cn) DSBEHITH UL, 30 DAETOBMEMMERTE 3.
AR, 27° & 15° DIERD S 6° DIEREZRDIz L ED
.

Figure B2 If the sine of 60° and 90°, the relationship
between supplemental angles, and the formula for
half-angles are known, a numerical table can be created
for 24 angle values (the principle is the same as in
Figure B2). Furthermore, if the formula for finding the
sine of half the difference [eq.(20)] is known, a numerical
table can be created for 30 angles. The figure on the
right shows an example of finding the sine of 6° from the

sine values of 27° and 15°.

T 57T TSR (598665) 13 [T 5 — 7 < 2
HuwlL
TRy R—=2R)IZT, TEXR] (versed sine,

12

Utkramajya)

Rvers § = R — R sin(90° — 6) (13)

bERLL. ERZHWVS LitEADMEICR 5.
Bz, FAn () &

+ (Rvers 6)?
4

Rsing = \/(Rsin 6)° (14)

2

L5,

N—2Z# 7 11 (600 H-680 tH) &, IELDIBIN
Re LT, EEGLGL e BIRKELDI7Y7 v 2) I
LT

46(180 — )
40500 — 0(180 — 0)
16z(m — x)
52 — da(m — x)

sin x (15)

VI REZIRRLTWVWS., EBEOMEE O L%
X, 1.8%RMORTHS. N=XIIBELDXIIC
DMK EB N OPEARATH D, BT
DWW T DikamAY GuptalZ8] R Joseph[27] 12 & - T/
INTWA.
22, N—2HhF 21 (1114-1185) A3
R ZHWTIEK - IERZERLAZRBL, A
12 T5R9%) (cosine, kotijya), Fé% (coversed sine,
koty-utkramajya) & #17z1ZE A L 7-. B3 DELE



ZHWD &,

1E5%  AB = Rsind, (16)
K% AE=BO = Rcosf = Rsin(90° — ¢), (17)
1ER BC = R vers § = R — Rcos/, (18)
4K DE =R covers § = R — Rsinf (19)
TH5.

D

A
E 7777777777
0
o) B C

8.5: N—27F 21T X% 4 DO=MBMDER.
Figure B3: Definition of the four trigonometric functions
by Bhaskara II.

A DBARIFRIL L LT sin60° = cos 30° D &
175, = FHOEHII (Rsinf)? + (Rcosh)? =
R? 7%, BBRABAMELICELNL 2 8ITR
5. N—2R 7 2MZ, AEEDFETDERESZ
LY/ASN
a—p

2
= %\/(Rsina — Rsin )2 4+ (Rcosa — Rcos 5)2

Rsin

(20)

ZRL, TNUEHAWT, 3° ZDERDFIETE S
ZeEABNRTVWS (KEa). X 5HICIEEEZE N
T1° ZEDIEFEZERL TV,

727U, MEEHIZ T TS P~ A T RADRL
TWizl, N=2h 7 DRRICIEA A7 —LTlE &
DB =ZABBEMEL N TV, Ldo>T,
A ¥ FCRYINCIERZEFR L7 2 L3 BT
HETHY, ZORIIMEBOREZR I TV L
NBbhhd.

FREBEE) O=ZBARL_EHE

Tt TR IR TV 2 = ABBEDIER
X, RDES5TH5. AR, PEFETHEON
HETH 5.

FepafddEy o TR 55 2 8, =2k —ff
BN RNADH 5.

3.3

FE— (30 AT, HAESFE 2

(BEFL) Wigoming, EomE kRS,
() MIHWT, H2MOELE X (i
®Tifisg) # RLTELZDDIX, FRO_F
R B 1) IS L. Thbb,

sin® 6 + cos? 6 =1

(21)

FEZ (0 BRI ATRIGL. SREAGNZ EX

(FZ ML) BMORIROMEE D, KL%
5 2 1EE KT,

(f@F) »2fH (1) DIEKE RILD5TH - T
W5 eI, 2D 2M50M (EARIN) OIERIE,

sin 20 = (2sin 6) cos 6. (EARDORK) (22)

EE=(F30) Sz 2% b7 AR b, EFHER

b, WAHE

(FZTFL) B0 LA, HoEY%
Dby, Ho%o by, miiersics
L.

(fEfR)

(2s5in6)? = (sin260) + (1 — cos20)?.  (23)
I, FADORREMTH 3.
$n29::1_'§E29 (24)
filiik— (R0 WIEsL 28, SN EAARESNZIE
G B
(BXFL) WERORE, ATEOEE,
5ZeFELENDIEKITEFEL.
(@)

sin(60° + A) —sin(60° — A) =sin A (25)

fiE— (30 AMIATEFZFIER. XA SRR,

13

MR IGEAEN, MR #1E5E. HERAE . —
M. —HHIR. RN, DARTIUZ IESL.  Sefil
ZERFL. DIRINZ IR, SRATILZ BR5L. & 19



B I BEE. DOERAE. Wi AR
B FR. MRE. AAREE R, G5
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Figure B70: The trigonometric function table created by
Takebe is a numerical table of angle, half-arc, arrow, and
half-chord.
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Figure E2: Arc-field problem in T[JLEHT .
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Figure E=3: Comparison of the arc-field area formula (B0) and the linear approximation (Bd) with the actual area. The

horizontal axis represents angle (radians) up to /2.
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Figure B2: Comparison of the arc-length formula (B3) and the linear approximation (84) with the actual length. The
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Figure B8: To represent the position of star S, the
equatorial coordinate system uses (ET, TS), the ecliptic
coordinate system uses (EL, LS), and the polar ecliptic
coordinate system uses (EK, KS).
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Fig. BEEI: Comparison of Takebe’s formula of half-arc length (s/2)? in terms of arrow c. ¢ = 10 indicates 6 = /2.
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