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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 [/\##R B LMK (Hachisen Hyo Sanpou Kaigi)l (circa 1727) by Genkei
Nakane (HHARJCE). Furthermore, the first trigonometric function table in Japan is attributed to B JEHEE
(Sanreki Zakko)J (circa 1722?) by Katahiro Takebe (B HFE 5A). 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 Genkei Nakane’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, Katahiro Takebe’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. P22 of this
article) as the angle 6 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], [[])

RE, o0& HA

Mg TIEE 23 (1723)

=1726 FA SN2 FARTTED IR Z T, BEEELL

i?ﬁ@}ii{ﬁ?%, JNRBRIZE | e E E 1733 FICHFICH L

W TEEBE (1634)
PEFED R, RED D

= 1727 A S 5 B \RREHEK
FRTCE [\BRRREMSR) (1727 H)

PG TREEPURERIEL (-1780) 1 E=60 %
IR, TRBHEE L (FRAH) HARgo=MEKR FE/ K/ P
MUK ELBTEIFA +5r4 (1736) 1 EE=100 4
RAERI T(EE) BEHED (1760s) 1 =60 %
VESRE L 1 =60 77, 157=607%)
SRR EET
AEEH /RREERNT (1823)
HOEE TEREMHRL (1742) = [LFETER, 2K F(ER) BEHEL (1838) 1 =60 %
R EET
BN FAE, BIET THEBEEHiR) (1844) 1 =609
fR R FHIESER (1855) 1E=1004%, 1032
YIEW, 1B

HTEUEM FEIMR) (1857)

Pibo Steenstra, Grondbeginsels der | = Wi A 4, BFEE - HHERREL (1787-1847) DSFTEL L 7=
Meetkunst, Amsterdam, 1803 [8]. TBEA®E) U =AEKERNDGD 5.

2.2 [MFwEESHE ¢ TBRELE)

Xk B, 7] ¥ EBEI, ILFHMEICBY 2=
AR 2 KBRSk Z £ 22 1R 7.

HIEA Y, OB T THBHMITER, FES
EORBIIHTB2EBICISZ B0, FE»5D
JBEEDRGICHEbD > T\, ZOBRET IER
2FEL 1726 FiTEA SNz, 2 L THRITER
rEREeE) ONERZITY, EEHEILNFXE DT
T 1733 S ICALEE IS Ik Bz, 2ok,
R T/UREREEMTRD 12, K2Rl TV 5.
IO, HRICEZABEBEZEHEN LD TDOD D,
Exnb.

Rt EORNE, TRHEBED (1634) & NBEHES
) (1723) KBH ATV DR THZ (X
). WASINLIEL BRE2E OFHBED LD
7MW, I TR _EFERREINLIECH TS <.

PEAE R e, IR AR (1562-1633) -
%?%m&u&m%ﬁ4ifzéﬁﬂ%7ﬁA-
¥ % — L (Johann Adam Schall von Bell, & % 2,
1591-1666) & DWHIID D L ITHHE LTz, FEERIED
fgaiEcH 5. RNF BRI, TEHDTEH
Al LTAo7~7 A4 « Vv F (Matteo Ricci,
58, 1552-1610) OB X FTH 3 0. f TXZARD

EE LT & R E TSV O B EMEDERER E AT
72B8, Uy FIIFEHERIE OB E R T 2 THH
PHED D EHLDERELL I L TEEEE]
1 1631-1634 FITHHMICHER X 7223, D HIEA
P ZED-oTHRBEDO Y =7 NIkl o h,
1644 FICHRFEREICQBE SN Z ik b, ZD&,
TRt EH) 3 THEHEEE) c Mz L2 Tw

RS
ol

N e
,

™
\

¥

S g Yo

/
A

PIRTTE TARERERE) (172768) O TER2E (1723) AR TREER (1634)

B 2.2: =ABKOERK VKD, 8 R+
FEMEHAFEEMET — AX—2. BE2E) 1XEE
T —AN—=XR|. TEiEEE) BENSGERE.

Figure I22: Definitions of trigonometry functions in the

literature.
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Figure 223: 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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Ny P v =Y 2 BBIE), =27V v FO TEGERA
M1 BRI ZOEHIGREATWS., 77— X3 —
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Table 2.5: Development of trigonometry in Islam. Trigonometric functions that begin with a capital letter are obtained

19, 0] 2 BE M. KT CHE 3 =ML SR U7 (Sin 013

by multiplying them by the radius (e.g., Sin 6 is 60sin #). References : [, 20]
Eaxiii| FREM - FHE =ABEBGE
TN=7T7—YX3I— 780-850 ﬁﬁ%@%ﬁm ML EEONET. 70 Sin 0 (1° Z &, 3#), 12 cot 6
al-Khwarizmi 2 X ADERE. Hiar, BIRE (72t (1° Zr, D1
‘—«)&t%@&bttéh& (7v—1
XI—F RS ZLBHDAN] DOFEFR)
YA ERPAC S ? 864 tH KF5 - HOWEEE KESICELT7Z 7873 Sing (15 Z &, 4 i)
Habash al-Hasib THOTEMR. RTRERSIEKLEES A F Tan (30" ¥, /INK 2 #),
?ﬁ?%ﬂﬂb‘é‘iﬁ, 4 Féﬂ;?&di&hﬂ?ﬁ: Cot 0, Vers 0, Csc 6 (1° Z
RSP 60 EEZH VWS TS PL v F AR r 371:ﬁ) ’
FrRHNTT 5. ’
VR T 853-929 =ik - BREI = AIRORE. BV KXE%#K Sno (300 Z ¥, 3 ),
Al-Battani UCEIRIL, 489 fEDEERIERK. 12cotf (1° Z &, /NI 1HT)
TIN VT 7= T— 040-998 ZMABKOBE L RE, Hoa%, A¥o sne 1k, 31
XYy —=— _ o, RIRBEOEE. ¥ V> 7 RE RO B
Abii al-Wafa’ al-Biizjani R EIT, %K7hvv4ﬁxwﬁ7
LT A L] OBRTZERYT. R=1T=
FBRCES. 5L 5 I .
7~/zﬁnﬂvzv7 971-1029 TRIKDFEREYL K& XI2BI¥ 55500 &nou’: &:;ﬁ),
v IN— Tan 6 (1° &, 3 M)
Kushyar ibn Labban 7 cot 0, Vers 6 (1°Z¢k,3 HT)
T=E—)L—=— -7 973-1048 BUE, WM, RXAICE DFME. JERE Sine (100 Z, 4, KE2
N=TT—YXI— XD B, HEE T1 2 KR35, ALY E),EmOOO’X 5 7,
al-Birint al-Khwarizmi A RS, AREH (VAT — K 2o ).
gy, HEROFHHI. TR3CEED ITIER, 60 #ik
DEEH
FTA4 =y T 4= 1201-1274  fPEEHE, WEH, BHH, KXFHE. JE2—2 Sing, Vers,Tang (1'
No— 24— Vo FSFPEDERE, ~MAROMN. FRE v, 34)
Nasir al-Din al-Tist B, (Fy—2 14— by —2EFEHDAN]
DIFHR)
IIVT e R 1394-1449 Y =LA ¥ RICKXBEEZH, 1,018 DIHER Sin 0, Tan 0 (1’ Tk, 5H7)
Ulug Beg TR,
DIFLbOD 2D L. 55 AGE RIALH
.\\\\ 03X, ORI ENEN coth, tand I
T BoR nypotenuse BB, A RT— LT, BOLEDSHOLEM
# - Resch IO v, FORIZEENFR csch,
snemer Reotf \9\7\ secO 272 5.
# direct shadow 5 —0iF, 1HIZSEHEFET 2 X2, XAvd
° WHBHTANMHEOA (Qibla, ¥77) 2HIS
g WENDH -7 ThHb. AIOMNEBEL X v H DN
SN & gomon B BOWEL L REZEZHAIL LT, YEo6HFT7 T
Te—— % . - ;
g — . Ny R—= =&, FEEHED A 5 1710 % < T
Rsecd o BERIRE LTz, 74V —T— (875-940) 1%, HIERE

FOR
hypotenuse

& 2.4: HRFIOZOR S L DTt
Figure E2: Length and path of a sundial’s shadow.

ARG =LA TCEZAENPRELLHEBDN 20D 3,
LINTWVS. 120F, HEGIOFEOREIZELTL
H»TH5. Kealrd ko, HREHIIEMEZ
F& (gnomon) ZZ T2 b D&, BEIHEZIKFEIZITS

AN ERTA = AR E @A L2 A HRD EREL T
3. BRE=AED LFNEWSTH 5.

10 iticErNEZY 77— T L7 2 (5
O X, TPL=A 2D 7 AL<F A M) D
FREFBSPHETRE LTOME 2> TW3 25, F
M - BRE = AEoR R (EREEOERZY) 28
DEHEDEREEATVS, WS, 77 7—IF
AR 6 EMEG L THALL. £h, RKET



B L TE=ARKOERNTH S (Kesm). £
LT, ZABEEEELOMIHIET 2 U0 THR
T RRRELE (FRETERICR SRk
12N, Fie, MELHELL. LA F R
DILD D 60 HEIET/NMIGRLIT 2 MY (10 ik
PAE T 5 MTHHY) DREEE o> 7-diexf L, H1i3/MK
RULT 8 M1 (BRD 10 EER) 1THY T 28 E
T, sin & tan DRZ 15 TAHZNATIER L TW5.
Z O, MEOWNESR, FAOAK - FADOAK
ZRHWTWS.

77« 77 7— [Kitab al Kamily (10c)

2.5: —ARAKOERN. Hl 177 > AENXEHE.
Figure P3: Definition of trigonometry functions in Abu
al-Wafa’s book.

ZDXS51TLT, PIRILED/\BUERKD, Z0D
FHRIBES N4 25— BT TUNRD Z 2T
7.

3 BFICHAThI-=AREHE

ARETE, “APARROLELENCL T, BFEX
ftomHER2. TTIBNZ X512, TEHEEE
BHTHARKEZON=ZAFEDIL— MNE, 42
Z—u¥I—na vy - HEREHTH > 705, =ME
BRDOVERITIEICOWTH ML TV 5 Z & 2 HER
5.

BHET 2 EVABRKREREE, T~ 4R
I7Vv=7 2] OFEORTH 5. RIZE, 41V F
BEEIZOWTHHETT 2D T, AETIE, {1V e
FEtEBEL] TO=ABMERERICOVTHENT

5.

3.1 FRLIAFRTPILIT A ) DX

DR

2MHALDF Vv ARXEET L~ A 4R,
IXXZAT PRI (RDBERBEFNE
O WS EICT, B e R THIAT 2 KX
YRR UTe. BEONEATHTES) 2 B OM L AR
Mz AW TEA S 2 IBERPLENIE, Zokdtta —
0y ST a~ L= AR GH0E 2 I8 2 TR
EAXFHEhsZickhs. ZOFEEA AT —LIC
TERF 70 PFENT 77 A by &I
BhaE51kotz. 7L< r 2 by &F 02, 23] 12
X, By oLaRDEFEMFIHINTVS. kvt
NaRF=AEAER GZoR) BIEKLELLEZS
NTWEH, HIFLTELT, 7Ly Ay H
DMK ROV DL TN 5.

7= 2 by OFFEEZ, Menichsd k57,
A 0 % (chord) AB ORfR% 60 EIEIC TR L
7boTHhD. BREKLICTNE, FEEREL
T, (ReEXrEe L0),

Rcrd 6 = 2Rsin(0/2) (4)
5. TIThyAHEIE

Rcrd 60° = R (5)
Rerd 90° = V2R (6)

ThH3.

>

@

R 3.1: ffZ60 L5% AB .
Figure BI: The angle 6 and the chord AB.

AEHES/NUELITNIX 60 EIETRELET 3. 7
LA ARBF¥EEREGOELZERELTED,


https://gallica.bnf.fr/ark:/12148/btv1b100374763

Bz,

V2R = 84.85281374

60 602 603

Rerd 90° =

(7)

L2556, 84:51,10,8 ¥ LTHRILT 5.
XT, BOERE = FHOEMPS

Rerd (180° —6) = +/(2R)2 — (Rcrd )2 (8)
O ORI E»rND. £z, PAOKR

0
Rerd 3

- %;ﬁmw223¢@m2mad@4w)

MEMNDL. ZOBRIEZ, by ooraXdENTH
7=&o57.

crd 60° & crd 90°, Z LT Lidofifs 0Bk e
ADRNKPBEHITHIUK, 0° 205 180° £ T 24 D
ETH$ 2% ERkDZZenTES (KE2).

0° 180°
712 — 172°1/2
15° — 165°
22°1/2 — 157°1/2
30°
37°1/2 —— 142°1/2
45° — 135°

52°1/2 127°1/2
120°

112°1/2
> 105°

60°
97°1/2

— 150°

67°1/2
75°
82°1/2
90°
3.2: 60° & 90° DILDMEY, #ifgDRIfR L FADRK
DEHITHAIUE, 24 DAEDETORRIERTE .
Figure B2: 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=AFRIE, 0.5° XADLDEZ KD 5 7=
B, 36° & 54° DL DOEZ FRMAFHNIKD TV 5.
BFRBUATO sind THAT 2 [2d] L XD & 5127
5.

10

2|

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

sin36° 1&, RO LHITKRHDTVWS. KIeEmd &>

7, OxHDeT5¥RE10OMEEZS. OE=1/2
LB E Y, MBEMIEMBE OEXE V5/2
TH5. HE XD, BELFRILES R omRZ%
Ez25r, B2, ¥F10oMANET 2 EAAE
DHDEEX \/(5-V5)/21CFLLKD. Liho
T, fA0BZ1336° 72 %5DT,

sin 36° =

(5-+5)/8

Y75, HOZBIE B4 B DT, sinhd® KD
b,
sin30° ¥ sin36° Bbhhol=Z s, IEEHE

EHW2 22T, 6° AAD=MPEAKEIES Z LD
TZ 5. 26T, FACH, FACHEZHWSZ,
T, 3° %A, 1.5° %A, 0.75° XA O =M BEEE K
DHDEZEMTESE. 61T,

sin 0.75° sin 1.5°

0.75° 1.5°
DEZRDP HRID sin1° ZRD LR EEEDIRLIT-
TWo 7.

sin 1°
10

X5, FMAEICHINT A2, L ~w
A A R1Z, sixtieth & KXMEMBEIHLTVWS. Z
g,

crd (0 +1)° —crd 6°

ixtieth 6° =
sixtie 50

(10)

ELETHS.
ALY 7 7 = 7 Mathematica % Fi W C,
FUREZIERT 2L, REDDESITRKRS.



5K 3.1: Mathematica IS THIR L7115 X O=ABEE GF)

degree Chord Sixties degree Chord Sixties degree Chord Sixties
0°30 0;31,25 031,250 30. 31;3,30 0;1,0,37 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 0;0,58,51
1°30  1;34,15 0;1,2,49 31 32;4,7 0;1,0,28 4l 421,30 030, 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 0;0,58,34
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;26,16 030, 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 0;1,2,43 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
8°30 8;583,35 031,2,38 38. 39;4,5 0;0,59,19  48. 48 ;48,30 030,57, 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

WS Z 2T 24 DABIZOWTHEEEZERL 2

3.2 'f/ I‘@:ﬁ?ﬁ (¥ B3). :@3:57;@(2%&;, b vora XDFiE

ZOHEITIE, XHR (7] 2BEIT L.

A Y FPOBEET=MECMNALZED H WX
BkiX, ¥ 7 2 —->"3 & F (Varahamihira, 505-587)
DIRg 2—=<n—"+ v X— X (Paitamaha-
siddhanta)] & &N d. A YV FTWE, TOENH
TTIZ, ROERZPLTITL K 5L (Jyardha,
Jya)] ZHWE. ZhBBRREECEDLA S TE
5% (sine, dorjya) ThH 20

7 —)L¥ N & (Aryabhata, 476-) %, EFZE 77—
¥ NT 4 —% (Aryabhatiya)) 12T, ¥ R = 3438
Y LEERFEERLTWS. kv LaXoatEs
KX FEMET, Rsin90° = R, Rsin30° = R/2 BX U
A D REfR

EEEULTWS [ WS, ZoZkid, ¥y

BFoe v S aXoRROBRDA ~ Fifabo

TV (LA FROEFIIED > TV -5
7o) TeERRRLTWVWS.

72 7 <2 7 & (Brahmagupta, 598-665) i& I'7

7 —I7XASR v X— & (Brahmasphuta-

siddhanta)J 2T, FE‘E%J (versed sine, Utkramajya)

Rvers § = R — R sin(90° — ) (13)

bEF L. EREHVS LEAELASHEICRS.
Bz, FARK () X

0 \/(Rsin 0)% + (Rvers 0)2
Rsin g = 14
Rsin(90° — 0) = \/R2 — (Rsin )2 (11) sin 1 (14)
LA .
0 12 f#idicke s, N—=2%F 2 (Bhaskara II,
Rsin —

2

_ V(R—Rﬂ?%P—@>2+<R?w>2um

1114-1185) 25 M) ZHWTIE - IER%Z €5
LU

LAEBL, FFIC TSR] (cosine, kotijya), [sRK

(coversed sine, koty-utkramajya) Z#17-1ICEA L 7.

7 BRI Yy bEET ) REKT % Tjya-ardha) 238 ALY 7 © 7EBICHER I N 2 &, BRTY -7 (jiba) L o7z, BH
BREZLEE LRV T ZE7FETIE, jb kb, A ADIL, il ZEWKIT2S5HEI v ( 7 (jayb) LiRFAIZN 3 k5o,
12 HA2IC T 7 VEBRICRIRR X N B BRI, sinus (B, TBHA. 18) N2 FERINZ. 2O sinus VA I N, BEDKE sin 2o 7z,



B2 DRsE W2 &,

IE%  AB = Rsind, (15)
R AE = BO = Rcosf = Rsin(90° — 0), (16)
IER BC =R vers § = R — Rcos/, (17)
ENN DE = R covers § = R — Rsinf (18)
TH5.
D
A
E 7777777777
0
O B C

B 3.4: N—2%F 21Tk B 4 DD =MBIMDER.
Figure BA: Definition of the four trigonometric functions
by Bhaskara II.

(a) ¥BAX+HADOBROKES &= (b) FAN+HEA DR

+EOEAAREES & E
0° 90° 0° 90°
3°75 —— 86°1/4 3 8r°

7°1/2 —— 82°1/2
11°1/4 — 78°3/4
156° — 75°

18°3/4 — 71°1/4
22°1/2 — 67°1/2

26°1/4 63°3/4
30° 60°
33°3/4 56°1/4

37°1/2 «—— 52°1/2
41°1/4 48°3/4
45°

30° 60°
\ 33° 57° ||

\ \aee 54° ||
89t 51°
42° 4%’
45° /

3.5: 60° & 90° DIEK L, MiADOME, FADRAN
AT HHUL, 24 DAEDETORENERTE S (X
B2 JFHIIEL). EHICEZDETDIEL R KD 50K
(m9) BRI THIUZ, 30 DAL TORKRIERTE .
GRIE, 27° & 15° DIEZDR S 6° DIEKERD I D
.

Figure B3: 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.(d)] 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°.

RADPIRIZRIKL & IE5X T sin60° = cos 30° D X
21272 %. = FHDOEMII (Rsind)? + (Rcosh)? =
R? 7%, BEABRKIMIMEL S ELNSL Z L IT7R
. N—=R7Z 21, AKEOFETDIERES X
Y/ASRN
a—pf

2
= %\/(Rsina — Rsin8)2 + (Rcosa — Rcos 3)2

Rsin

(19)

ZRL, ZNEHWVWT, 3° ZJ DIERMVFETE S
ZeERARTWS (XBE). X HICHEEHZEN
T1° T DIEEREZERL TV 3.

727U, MEEHZ T TS b~ A T RDRL
TWil, N=2h 7DRRICIEA A7 —L4TIE &
DREELR=ZABBENMESN TV, Ledo T,
A Y FCRYINCIERZER L7 Z L35 1T
HETHH, ZORIMEHOEELZRITWIZL
MNbhhrd.

3.3 TR#EEE O=BEERLZ/HE

B E) THA STV 2 ZABBEROIFERK
&, ROES5TH5. ERINZ, FEFETHDNL
HETH 5.

FEEtafEEs o TR 85 2 81X, =2ke —ff
REMIRK DD 5.

FE— (30 AT AR TH1%

(BEFL) MBOMYE, HOBIRERIISEL.
FizBWT, H2MDIER &% (Fifg %)
PORERLTELEZDDEZ, FRO-FE (HAH
25 1) IZFELWL. ThbDE,

sin? 0 4+ cos? 0 = 1 (20)

LR (S0 BRI AR MIGER 5 AL IR

(FE ML) BMOFIROMGLHE D T, K%
59 2 1Bz K

H5A () DIEREREDITH>TVWD L E
2, ZD2M50f (EARIN) DIEKII,

sin 20 = (2sin 6) cos 6. (EARDORK) (21)

A= (0 AFINZ TR MR G AN 1E54

(F=TFL) HMoeZo Ehix. HoF¥5
rd b
DOrr., Hoxobrizfichy, MiAHETH



FE L,

(2sin0)? = (sin20)% 4 (1 — cos20)>.  (22)
I, FADRKEFMTHS.
sin? @ = 1= (:205 26 (23)

fliiiE— (30 Wiz 8, SN AR ESEIZ IR

s -
(BxTFL) MEKOEL. ATEOLEAICHE
L OELICEL,

sin(60° + A) —sin(60° — A) =sin A (24)

A (R3O AT 25 I, XA HS 8%

MR sZAH, M2 & 1Es%, HiEAE =, —
. —HHI. AN, LETNZIER. FEIN
2R MURINZIE, AT Z R, &15
B, HeRE, DAERATE, Mi— [rylEm
FiEgl.2 IE5%. MIE, MAIRTERE R, 5%
B, tH. BRAE, DUEEAE, AMmyHEREER
ZIE
EE2TFL) AER2AMOFEZLED, X
HORRIAE D, [ LCHEAGIIZ ., A
T 2IMOBIERE KR, HOKEIIZAHAD, —I
OIS 2, —IZHWET 2%,
WIS 2%, B0 EL %2 L THIO R
ZRL, RIMDIEZRZLLTHIIMDO RLE ET,
BARBES, 2B THE AT, FREELT
Fe &AL T, 223U, milEwnz T
Feol & 2 % DI %15,
VT 213, AETEOMIC HNICRLE, &4
D EH, HOLC., RO Z2HE BT, LR
DTk X, M WE S 2D IEK & 2
%
ZAUSIMEEHE Z AL T\ 5.
sin(A + B) =sin A cos B+ cos A sin B (25)
L7zh3o T, 54 - FAORNKXSLIEEHZ Huv
ZHEMEZ BN TV Ehbh b,

4 BEEEICKLZ=AAHR

EERD = AR

%2 OFYT, BEEL (1664-1739) 1%, THEEM
%) GEERRDECT, HATHD TO=MBEK
EER LT, ¥ Tw3. EHEBRICLS .,
THBHE ) 3FXOWNED» HE 2T, TRIfiHEE
iRV (1722 FH1R) TERVWD, EDZETH
5. Pl pa) i, EEFESADY 1722 FLETICE W
TENH ICTTTIHHRREPLERNDH L Z L &M
MALTV3.

4.1

B 4.1: BERHAMERL L7 MBI, ML R,
FLD 3 ODEDBETH 5.
Figure ET: The trigonometric function table created by

¥N

Takebe is a numerical table of angle, yarrow, and
half-chord.

Menko k5, HiEdOMEEZ, LE»6
Kedr A THHIMBASMEM GlEL L) s
FHB. s DENELE 2 v L, ZORLfAE 0
¥ 5. BEEAER L -=MERERZ, AE LE
Hs/2, Ke, P (a/22F3) DIODEDOHE
Ths. BRI BEREd=10~T2L, 0E»5 90
FEofml1EZricwl, 300&% 11 i Tit#
L7eREER LTV S.

BEHOMBEREZ, KcOEXE52-L E1,
M s 3V BIZREH. BBV, skEHGxL
W2V BIRDD, L0 D7 B

8) ik [ou] KRR L H 2. £/, B FILEIC S EAND 5. [FHFRHK.
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DR T, AEZ 0 [radian] & FTHUT,

wae S d

s -z 9
e 5 50, (26)
¥ ¢ = r(1—-cosh) = dsin® g, (27)
gy 0 _ 4
SEhA 5 5 sin 6 (28)

5. HRARICEZ L6, ROKX D25
0 = 2sin~!\/c/d TH 205, c/d NI VD
De L TH =Mz REMT 2 iTk5.

BRI, (s/2)2 OEMKX ((sin™!0)2 0EMK) %
GATWS. (1o §mic, MAEHEE) Tl
3 oDRMA (23] ORI B ZR) £, [ i
FE1 (1722) BRI BB L0 3 DD ERMK
(p9) DFICH 2) ZELE L. BEICEML
ety sy, b BVWAT, 7T XROEMED
FEET—HL T3,

W=/ OEMXOERIZ, 3—1 v 3T,
#* 4 2 — (Leonhard Euler) & 3Ny « X)L X —A
1 1 (Johann I Bernoulli) @ 1737 4E D E 12 &Y
550 bDTHD, HFARANC 15 FiFPWV. T,

ZO &S BERFECRIL SN H DL IiTD
VT, TR I CERE R B, An

HH ] BCIIREZHDERERVDBDOED S
Pa) OEWZELL TS,

EZAT, ZOX5LEmROEMKTHEEDMEDL
Bohze LTd, MENKERE ZATIELTUL
RENEL K2 (KED). BZ 5L Z0RICEES
ROV DIES S 0. TRHIBEME) TBREREERK
TAHBE, s oD, AEEHIC
L7zt 20 ROBFHR MER (EAoRID),
FAZFHALUZBEGZRK THrfi, 3fFomiconT
7D Jeo T=X0k G EAORRK), 2 L TIEE
HNCHY T2 [P ZBA¥L, —=MBBER (%
gT) ZAERCL 7.

D XS BAHEEHBROEMEII O SR, ZoH
DRRERHT X oI TEMEEE) Iciiilish
EtREEEZNEHHATEZ 20, 257230
X, TEBHEE) ORI, 17271 ELEr WS 2
1274 5.

F4.1:
MEZICLTRRLEZDD.

TREME ) o2 =MBIKER (AE 0 L ¥E s/2, Ke, FiK (a/28F2) D3DODEOHE) DIEE DI,
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Figure E2: Arc-field problem in T[JLEHT .
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Figure E3: Comparison of the arc-field area formula (29)
and the linear approximation (B3) with the actual area.

The horizontal axis represents angle (radians) up to m/2.
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Figure B Comparison of the arc-length formula (32)
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and the linear approximation (BH) with the actual
length. The result of Tomoaki Imamura’s formula is also
shown. The horizontal axis represents angle (radians) up
to m/2.
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Figure B3: Comparison of the arc-length formula by
Katahiro Takebe with the actual length. The horizontal
axis represents angle (radians) up to /2.
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Figure B8G: 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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