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Abstract

Sun-shadow observation was a core component of ancient Chinese astronomy and calendar system,
featuring multiple attributes including astronomical significance and social order. Taking scholarly
writings of the Ming Dynasty as its research subject, this paper combs relevant documents on sun-
shadow observation and time-keeping instruments such as sundials and water clocks from the Chi-
nese Basic Ancient Books Database, categorizes their authorship and textual types, and explores the
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technological evolution of sun-shadow observation and time-keeping instruments, the innovative
value of the five-wheel sand clocks in the Ming Dynasty, the evolution of the construction and insti-
tutional-cultural connotations of bell towers, as well as the practical forms of folk shadow-measur-
ing and time-keeping devices such as field clepsydras. Sun-shadow observation and time-keeping
instruments appear in literati works as an image of the passage of time, and serve as a carrier of
humanistic connotations such as the cosmic view of the unity of Heaven and humanity. These docu-
ments preserve ancient sun-shadow observation techniques and knowledge, reflecting the pro-
found integration of ancient Chinese astronomical observation technology with order construction,
people’s livelihood activities, and literati thought.

Keywords

Ming Dynasty, Sun-Shadow Observation, Sundials and Water Clocks, Astronomical Literature

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 53|

W], AAEFH b 2 B8, — MRS H 2 ARk, X2 fE S TR S8 AR s . BEE R
R, HEEWMREEAWY K FARNES R, SO thH TR H 52002 [
RRICFAMBEIENZ, N NIRRT S IE R SO P E R, ERMEEARNE HEHE
HEAR. RICHEAR, RIEFAIRSCEBEE TS, (AR REA MBS SRR AT BIAL st 3 DL
IEZRLE AR . AR RAE RS, SCNBHARLE KIATR &R AN B = AR B B R SCE AR S ERE, X 63 A X AE B
PEETIZIE £ AR B([1],p. 30).  “HIEWM” 2 EHRRSOEL BT ONE L —, &
RICJ@ M2 A S B AL AR E 2 AR T I SO RIA Th RS . ASC I Ge b Bl AR ST i “ HSZ
A, AR A SR O 2 BRSO A] MR AR SR, 454 ARt 2
A SR B JE AT, GRS &% R¥PEZEMM, ARCEEXN “B. RSN
H7 SCHRBEATARER, VM AR AT AL S IS B A S 5 S . B SC AT RS, AR
Ak B AR DSk, TR AR E S AL G Sy St B R S HEOR AT 2 AT B O RS S A
P — Rk 77 2.

2. ARE . RFUITEHMUF RS T 5 5 Ktk
2.1. CEEE

KPR SCRIES S 206, AE R, 28 LA RSCERE, X BGEHRN “ XN .
W R SONBES R ) SCE P CANERL, 17 RSN BN AR, e B SO se Bk
FRTEBIE, SR TRRS T W K POUISCAMNESE “ff” “L7 dhopfl, REd “EdisE
Z17 WS, SRR, BOC AN REIER (2] ASCPRISCAES, BT SCRISCN . SRR 3
R T MR E SISO, MBI 4, SR AL, AR AR A R,
CAAL) SBREHONI, 62 K SRR U E 5 2B . FE AR B AR SO 18 &
HASCANTFF RN RS BE A S, B AR P AURBE R HOR SRR AR R, 1w R
WK AN EARIE SR . SCHREZARE T
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Tk 22 (1436~1480) FF R (FH), S, BN R\, —EES. 522, RITATS DY
, RMAAWOUREBERCER, F QRMFRE) [3].

R, FTs, SHIE, WHLEKME N Q40T R 2 IEEEN, 2%, MR, FEXR.
i (=4 &) 2ERE KA EEREHZ 4]

MI4ELL(1497~1574) 7540, SAds, MEFHHN. 508 ZFdt, & CREFw) [5].

FIr(1530~1615), ¥4, FAH. Gy, 7R, S, LA BEE AN 525G =4
#F 2, WHEF#t, 5FEBLEERD (4B [6].

MEAE(1549~1615)F B4, XNFEM, Sikr. BREL. HREN. TKE AN, IEHET, T
E SIS B LN RS ST DI REUE M SO 5K, BRI R R (R ) 2
(71

H AR (1574~1646) RS, FHERE, X5 A afEL, mEEs St 2 (SHEMtiK)N. Bh=+=
SEHEE, MENREFR KR, FREE, ik CAe+AREREY KRk TR, 2 S0sER], 76 (3
W) ARl TR CREERD (8]

iktS, FRF, NFAN, S, A HHEAT I, SRIOWHTIHMY . & CARER) id
ST BRI B 2 K 8 A A 9 73 52 [9]

MR FI8(1608~1646) =20 4FERE £ K 58, SRR, RP@S % (FHEH ) , HAplat 7RIk
(HECV I FZENL CERFIFZR&IL) [10].

2.2. ERS

s AR T ARG, BEE RS IEMBOR e, BTN 1T 2 FOWIAGE, )\
G BAZ . 53R WUSCRaE, FERCDINERME . #IRAEhE . 277 4 8 55 77 Th e 21 7 B 2 A
Ao Xt HSR AR, AT DU E 15 UK, $-TT P RRE AL, RISt m] DAy — b
TR THEARSE S AR, e TRevbie . eSS, TF i R0 o -5 B AT R AR 25 &
R “BIR . B M AMER, LR R T AR R &R . 0 T IR TN 0k b A e
HHINE, BFERE SR ON B RSN ERAE ).

Table 1. Literature on time-measurement by sun-shadow observation

= 1. MRSk

=23 SCHR R 44 H & e 4 SCHR AR
FRAEFN R CAeT ARRRL)
EYr(H. £ “His” (=AE&)
FR “ RV (U e
FEH “CERHITIZ I (R BIZACG)
et MR IRR (PN T HEIRFED
HKAY “ERSHBERNERE. 2K CRILAR D
f e B “ZR” CR S22 )
K2 EEGIPAN=PAE 2lne G TR e= et GEME)
ETTEE “HIKFS S B (EFRAEE)
R “MEESEEFE” CHEEIBHE 2E)
R “ AN RS A (=AT7ED
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3. 8. REFNRTEHU B THR 747
3.1. HEHYEBRARIE

DFE 28 5 TE I G2 BEAT RSCUIN 5 I )T A TR, MR, A% b B AU R AR I A%
gt BERMEEARKARE R, ML BOVIAET . MEE. R AR, thdEaR
Wis AT 5 NI FREhE (PERSCE L) RE SR GTNA T RN S, Hha
WER. BERR B2, ZUHE. WEMRZIEWMAE[11]. R (=A47T7&) gk 7R —L®
MR, AR/ R TS, BiR. WRG. BREE. 558G KREE12]. £ (EiEm
AE)EZD) AT RIS PC R T 2 AR IR AR, 0 MRS R “HREIET “lEREAL” AF[13].
FRAS CARVUARD) 1038 1 E3RS H IR IR LA 2 (8 3t -

REBELZNY, FFERE, FAEUHRT G FTFBAZR, AW ELA, AR, REREASE, AN
Wy f b, RAEMGE “MWAX 235, BEiE 5. [14]

FRRE T EMLG RS O TR, AUH THE7 AL MG IR, B S 20 BUA M
YoM AR gt T B SRR SRR, AR L E A AT BRI E. ARG A EEA R
5, WEE AR T B 1 H S A FEANTT [ AR AR SR ) 577 . A FHRIE R “ORHE” Rz —Ffuk
SPRAET L, WJE TR KR, FEREA R H 2 T

ZIR AR USSR, BRI R R 2 AR T . 2005 I IE AR a1t A H i
e RS 228, HEMEEAR. BIRERRPMCTELSN, ZIWUAZ . B KRR
i, REESERES, PR EE Fd. RARSERTHN R, HEATRES2KIER . KA KIFDERE . 8% 5K
JEROM, AP AR IREE, TovA HAEAGHE . 2L AEENAHE, ZIRI “ 217 “BHR” . AR
RICIS [ A — i o

JERME Bt 1 IEALIR K, AT R 2R RE Sk B R R AR, TR 2 DL 2 R 2215 S
Kt e R TS R BE, A ABASL T RUR TLAE TR, ALY sostic =k 178 ANFK. K,
XorBi. B, iR EE2R0E 4, HRAREENRE A EEIE. BRI AR 5Z)
RS, PRl G, SRR T e R R R [15]. RARMHE S, HIE LW R I Eis K
L, PRIy 7 — AR R IIE R, BRI O B IF) i N o EEREAT O, TR T ARAR R B R
ME RS MR CRFEE) Bik: “TRAFN, BURIRALEZGEIT 8, HZBA, =
“EIRANE. 77 [16]

MARZE )£ R BIHGH AEAETR, A ST 2R B AR KA A B R, o A A I 58 K R IR 44
SersE 5L . X T RIGHBIA PR MR, B NRRTH . WERRFNRAL. XL THEK
T, B B AR IR R, tARBL T AR I R A SR BIE R, IX S F 23 1 Sk
FREOTHINE ST, BIRT4ERRAE CREBER) Thicsk 1 21 AE RACH it

KA, 1E. BRZA, B35, AREEEZ, FIRAERI L, EERATREAR, FARE. FEEF, 4
AEE. RENF, BN ELERRE, BILFHA, 2T A FHEORTEA, BX. FHALF, HE2B5HIEEN
B, F6RE, MmTARAAESTR, AHFTREZRBAHEL, 2#m, GFHRMFERELNR, ARARE, BFK
o LT, HRE B EEEY TERM. ABEN. ERXZEZEXI, XEZ R, —aF5K, —afm, =
HilHk, WO RER, SNEEIMEE, ABRRH, 5REATE, WEFZIAMEALEL, BT, Lz Hw
B, HAEBEAMAZE, B CETER . BRETATHARERTE, FHRAASGRE, LBRARTUSHE, R7T
AEH=. [17]
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SCHRBREE 1R HOR B LU 08T, R2E/\EE, #HOR b “SEAEIeiE” , EALB%E “ 00E H A
Rp3”, BIRIRANTT RS smticsE, MR BMEESeilE L, (2T U8 “AHATH” , e it
s BM), BT NEARMZIE, M TKRRENME, 2T 7RISR, Juttith, JRARHE TR AR
e ViR A IR R ZIE 53 RCEERES), K2R S R G, AT 5 R GOW AR LR HE
BT RN, LR (BT RN YOI AR S 2R B IR S IRAA IR, JCioR VL C RARIS AT A
R R T MBS RN, M LLEN ST R AL, X B SBUS X ARACZ A AR AE
—ERRIR, HW S 7 ARAR A IR GBI QU LA 5, RN, XA 3R R AR L& R
. WREORE, I T ARG KRB A

3.2. AREIHET: ARIWIRHZARRAXMNE

R TCIN 152 v [ o AROR ST )34 ) e U, (2T — I AN B 07 2 4R 3 ) R TR R ST s R
HITH IS A B 7 RINA A S . RSP TT BRI BT I, AR SCREAE T DIRA KB N i fe R 4t
R HORBEEAES) T AR EH A SR B 1], p.29).  (EMIEM ) # T RINER T
g AT AR CTuigtibiesh) -

WiRZA, T, miE T, LBANE, L, K _RA=Z, BTA LS, #EX, @A,
BE RA=FAS, LEFR+x4, FAy, Bl ki, KR, Blow, NEZ, BZBARF LT, BH =1
N, AR CEA, SR, ZRZE. . FE, SRR, L, TMESES, wikEz, ot =
W, REL MR, BTSN EY, PikZ. PiHewid, 2Nk, PHIETR, HERAST, I RE
W, #ALE, RFAFE L7+, 22BF, HFAABK, RUAX, mTHT. ZRXNTHAN, RFZE
R, PHREFE—R, SHEL, Wi AMEATZ L, REESABWE, FHUNE. £500FFIUL, £ELE.
FRAEFRET=, —FH, —B4&, FEPEZ. F#E, NI —ME. LR,

w, ERAKER, BREBKD, TRAR. HLEEHL, BIHIHE, AKX BR, ARAFRELER, &
Z TR, E U m AGE, BRELRF? HEEBEK, SAHALHERIF, Beidif, BasZ, #4644
([18], pp. 10b-11b)

w ARG TR LUKV E, (BAE7IX A Z560%, 0 “PRFIKEIK” , BE “S0iikz” thafE DL
WERIKGEIK, FEINZIRA Aot “HHEEE” , DA BAUK, R TRWIE, MR T KIR&Z=4E50K
FRT R o o AR K AE ST T T VD IR R BRER, 9 2 O], I RS

a: FEABAAK, B HZ O e KFBIEY L, —0 —F5 KM, HBEZHEE, HHE S RN
£, ([18], pp. 11b-12a)

IHIREEE S RIS AT B AR R G, KRBT N “ERITET RS AR S
WZMTETSE, AT RRRSOWN, ¥l SRS EEALG SRR “ IR 2" F bR
DA NGRH 3 B 7 BHE ™ e B A) S T 28 B A e POIRANUL “ S5 203K B8 5 —, — g4,
ARG T NSV S G E . TR NRIBSL I 8AE, K BE R NG — 5 B A S ek
MIASCGESR . AKIEEIDIRINE R, MERBIER AT, AR LRI 7 B 5 NSO

3.3. BB RN ERIIFARNEZELESHREN

WEREIRAREIR T LA TR R ks, BERLUS 2 8E T e B T2 b, #RlAT, #Eik
WZI 5, MR DIRE. WV I 2 9 S, A58 S AT @ B Stk 19]. BRRE. MRS (5
Py TR ED Wk 7RSS CEMEHREAIFF) o REENE, BFESMmEEE, ik TG X L,
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HoRAE GEERREIFE) » OB MG

2Rl AE, FELTER, RAERA, TRAZHKERMR. £E, EXTESF, EIMNAAITFHEEFE ALK,
DAFEAFE, $MERE, BIREZ. P LR, FRMBS, BAESEAY, LEBR, KNAKL, ZAHKRA, KRETH.
AEZ BT, KRR, T6TE. 22, ®KERTXIMEER, ARLEFALETE S, RAKRK, BlodF.
mikP, AT, FE. k. AR ZTEEUARKZ, XrE, ANEE, RRELF, A5 Ak, E—4T%
. WA, &Ta: FARY, HERAZ. ZEAK, RRIEH. REKY, mEEE. KEFST, AHEAE. =
Teg, BREL. ARAE, HMET BT, BIRTR. F#Z=, ZH%2E. LEMNF, ALEW. £A
Mdh, KA EAR.

CHAEZ R WITEIL, BT, FHHIR, BoEP. HEBHE, REANK. XATN, MELF.

KBB4 BN, 5R—Hi. FRM KA, FIRXEAIE, [20]

FeoCHaa i 7R R R, BT LA, LR Tar AR DAY, ISR B TR,
PR DBt 7, SUFARE RIS B RVESE 5, MORTTE RSO RE R g s, i
Bt mEs, R . JORE L E, WHBER TR TINNR %, Boa ek, K
NEREEEK, DED KNSR “ RS, DS Rl AR AN I T A, MEARMH
IBATHIREE, R R A R S I A O LN SR A H 5, AU 7 bR ETTREOR, MR T
IR SOWIM S 4E 2 ALBISCHII ORI, ARBL 1l NWSE B 28R, DARSCENF R . ke
e, EEAE (Sakzlintn) (HEZ8) ik,

AMERRL, R it PSR ORER . R, AT EREE. 7F, IR I0Hk. X8, &
JEBRA=ARFE T So KARTH, FHAAMETRERF, €. ERTIA, St ICBEM & A 4408 # H B IT YL
RE)e THLE, filEBRGEOOH BRA4HEFET L), [21]

NG, BRI Z TS EE, HabEAR, By vRJLE 2):

Table 2. The evolution of the construction and establishment of watchtowers in the Ming Dynasty

=2 OERAERKHEERLE

HiE ESE g TG
WREI(373) B [ 5 e B MR 7P DS SR AR I, R B P
BRRE(378) BRI XHE R 160 “TMBEE , LIRT I .
N SUHERIE I 1L GRF4 76 75 ).
PREWA393) A RN FUOTAEHERS, DK BTG TLE R T MR R S AL
Aoken(ao) #s LEER XHEREIE T T 1.

XHEAEHEAT SO, R LA E R R TTIERS XSO S T AR TR RS SR
BN JE IR “A87 Tl JREHEIRIENIBE SOy “EHMAE "

PR, SRl e R R (RIS Pric At A IR . TR E 22 1)
PR EIFIES M, 5022 7 B e SRR R

F4TH(1447) BRI

Iz (1575) B HIRF

PR EARTT SORL, AhTE TESRIR RS S OGN A, AR, BIMIAERE . EiE, Kk
WA [ IR ST 7 RTINS L ST . OSSR B D RE RN
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3.4. RIESERENRIER

B TR 5 AR SR DD RE IR AL, RIAIB S P R CE S v I g 2, ek« = B 1
I, AGEENT (ERDHFREE) FMEE22], KRB AR5 REHEIHMTIIE RS
PRt (A EE) SRR T 20 CRAS) g “His 7 (23], B —F R TR S,
ARG IE LWL 2 GRS 2 TE 2 TR, (H BRI LRI 2, W R EAE BN MINERERICAEN, ok
R E 55 BRI ). TR 0 AR BB 5 e AR AL, R i R e 4R, Bam— RN
oK, TAEHDIR S AR . 2K A A TR ZI SR, BEE 2K KA BTt f RtbEz L7,
M AT EAE H I (8] [24] 0 488 A BRI N, 75 ZE50 000 H R EAT K, ERIINZ15S BT, §5 R4 T BAEH] .
RFIEFHFEGE GG, HEE TR SRR M AR FFRRERL, PR AR K
I TR B TR, CRPY “HIE” fiaH:

MmEMFE BEZEWRY, REFLCRE. WELER, TETKp. THKMLHE, FHEAES. ELERLT, &
A at. [25]

EFRIZEVIAME ST E, MREZAR (MEaRRRFT1E - HIF) [20], HREHEH
IRARESC A AP 5257 R R =15« BHR) -

REEZR, BEiER. FAMBR, ARTEE. FHAEZE, MHALAGB. BIUALE, —E2RT L,
[27]

B 1 BRI SS TARFESINERSS, SAUE T B, WRmET 288 . R, FIWTR
FA TRAVE S, FIRABL T RSO 5 RAESLEIEE & -

3.5. M SRR AAHE

£ER. HE. ZIRERSBEEAAEA LA DIRE, BT B RERRDEE . BRI E TR
AT . MESRAE (HIRKAE SlEh) A “IS=EAE” (291 L H 2RO ALE e 1 I e, k% CHIRT
J\E RBIRAFFAKE ) - “SATEURIE AN, LRNEEAZ [30], HIRZIFH AR T ZET
FISEE . MR CHERD -

EWR e GANRA, P LGHEES, WS ELH, BREMIFIZ RS, HECER LM, KALFRLHD
WMo BIBEDRIFL, LK AR, B TH Ay, MHIEEFE B, WA EEIHAE, FILE R A A, %
EZ RPRAL, FAKRELER, HRT=KA®, 2PREEANL, EHBRILAIME, ERERMK T, K0 AK
FRE, M EEmE R, RRE GWHGA, MALEEE R, RBEEFLT, AEARAEXL. FATELHE
E, BESM AR, WREFHASL, ARG EZEFR. =PRI E, & LALE W, EEEEaam, &
AKBEREET, OABMALR, RA—TMED, 2ETHAR XS, MK HH. [31]

PLAZ s A R ARG TR R, A 2R 2 R Al 2 i, KIS TR AR B, B S
TGP FIE R 2O, JREd “A Bibess KT i HA, K H e A S ThRE S I 2 1)
PINAEREE S, I T RisARF, NENABRAE—FHNL.

4. B4
TS5 VR AR 2 LRI A, PARAE Z O B LB VDI I R B Aok 1 A6 77 7K IR

ZEUKIOBORMERE, SCBL T B T R A RIASEA, RHAR 5 A SCRE . BIAGREMSR N 2 DT &
B, ARKGRFE ORI L [R] ATARRR SR, ARBL T R SCE I AL A (B 5 055 S Th g . HR A
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RIE S E N, B 7 AE RV RIIFAT . BE4h, BIASCRIRE TS RS A 61,
8 B8 5 BCARBR NG — F RO SRS o WA v SRR A B o B AR S 5 AL
EER . RN A RIE IR R

S 3k
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