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Abstract

KEH

Heron’s fountain is simple and interesting experimental device, which can be used
as a teaching material for comprehensive quality training of college and middle school
students. Different from ordinary fountains, the water jet of a Heron’s fountain can be higher
than the initial water level, which often puzzles some middle school students and college
students. In this paper, based upon a simple topological analysis, it is found that Heron’s
fountain can be equivalent to a U-tube with water separated by a certain amount of gas in prin-
ciple, which can give a concise explanation on how it works. The height of the water jet is
equal to the height of the gas in the tube under ideal condition. The actual injection height is
affected by the main factors such as initial conditions or operation process, and can also be ex-
plained concisely under the model. The application of topological ideas can also be applied to
the design and exploration of other experiments.

Key words topological idea; Heron’s fountain; U-tube model

AN X — B T R R R A B RS
JUT 3 QAL LA 2 T ARFEARAE PR, X
ol J5 AT LA S R AT 5 0 R B LA Y 3 o e AR 4
PERYAS I 1 L X TR 50 S 0 ) B oAy E R
W, FANEAR H AT B T A LR
S BB S A R IR O T R E Rk Y

Wi B, 2021-10-14; EEI B . 2021-11-25

W WA R 28 4 07 A ik 5 AL 45
N R A R I T N O R . MG
5 AL 2 S v R g PR S R e O AR AL
PRI of W) BRAS 1F 2 ] B R R, 5 ) g F
LHBRSH Ve IR TE k. AR D
Pl LUK 52 4y 4 0 22 18] AR J5 A ) B8 5C A% 1] 3 4l

EEWA . 'WEEEAFHSIREE VIR E (21LKYB03) ; i P R 2E AR E ZUEERTST (20217Y009) 52U & R 56 4: (2019]XTJOD I E .
TEE B A G B YN, FENF YIRS S SR HE R T AR, DR 5 R R T4 T W R 5 %15 2% . slhou@ouc. edu. en; 5, &,
B, BTN B G AR B FURLIE TAE B 5E O [0 A O 6 1% 2% L liying@ouc. edu. en; R 5%, 2, YRR, 3252 A= I 22 K 9y

U WFIE T I R AR R 8h F12% , shiyurong@ouc. edu. cn,

BI3cag s . BEEAR, 2250, I K 2. T 9 AR A B IR S 56 R AY AT ) ). WS TR L 2022,32(3) :110-114.
Cite this article: HOU S L, LI Y, SHI Y R. A simple topological analysis on how Heron’s fountain works[ J]. Physics and Engineering.,

2022, 32(3): 110-114. (in Chinese)



WS T Vol.32 No.3 2022

MK . A SCRT A 4D AR B A 5 S AL I 45 9 114
S I 5 AR T L A # HD J E AL E SEER A
TEJUATSNE 7 T 3 22 72 A B 6 107 B AR 0 7 L E Y
AMEARYE . T IR 25 A P 07 T A #1403 3
i By T A SR A S ] R — R AR T 4 R AR
Xof S5 TR Y g3 A LR o S8 BT K

1 BEBR

“YFEARIE SR 7 (Heron’s fountain) fE-8 2018 4F
] B 75 4F 1) B2 R AR 28 (TYPT) iy — S8
JEH T YA M E R % 4 Y e R 5 3%
(CUPT), ¥y [ P 4136 43 K Hp 24 28 BT &,
L E BRI R Y AR SR B O
TF T AH 56 S RO W5 7K 8 BE (R 52 e . VAR 88 S A A
TR, B 1 45 P Al E WA .

K o

6 "ﬁ7k I

e —
D —

(a) (b)

H1 P 1 s 49 mT A0 T A W SR IR 3 5d L B3 Or
BT 20, B AT R, AR ST , ] ] TR
RIFRFRNEZHE  SHAM CUPT L8215,
WA UE Ry — A 547 i STEM 8 STEAM (Sci-
ence, Technology, Engineering, Arts, Mathe-
matics) ZE G BB WA FRZM . WM F AL
8 Z ) — L[] PN A A OGS . AR
T L T4 M SR BRI T O B K P E
WV 2 K LAY RROSCHES . NBESTOR L S —
MY IR AN [ T 4 6 SR M S5 v JEE T oy T 00 B T,
EAR G BGE T RE RSP E . XA IR ] L
W5 IR AE 2] 2 A B R 5T 2%, 0 mT LU 1R i 4E 41
RS RAREE 7 AE R T E E
JEAE ] LAITE Bl BB ok s Pl X 4
AR A 207 WPl B R 3R 7E R OCSEE 7 3k

WISCHRE3 . 4 1R 85 0 5 fe 2R il PR T A =
TR TS » AH G PN A ] 4D 78 27 25 X I 48 5 2R B 42
EIMIESSES AUTUNE RV R (S TR 0]
TR AR AN /2o A % PR o A ERE . )R
T RE A 1) T 9 4 JELAEL SR 925 41 1% 75 T 2 SR T A
F4 7 37t A0y B T 5% () ek B ) R ity b T i
B A DR 22 TR IE o A B K 28 5 0k R R . H
HIT o 3 36 0 265 5 50 O B0 22 9 [ A T B SR B¢
R LA S B 73 A 7 3 R X IO F) Dt L i

2 HRINBEKMNA

BN R IF R BOHE S I Ho i A &
B (D)X A 52560 % B 47 AL ZRAT T
T ELULAY 52 B AR T, A S e i A 4R R Ay
B s (2) 1 Jol 28 P Bl A7 56 96 ke B kb b R AT UL
(L% 2 <R /0 5 5 O D G DR R U
FIEF MR BE LT, WELAE—ERNE
WRFR . ALEEBEEHE—)Z BN A S AR
TEBCTHE S5 A9 I

SRR AR AE RN B = I E 2y
A SEH S E P A LA AL PR i D A I G R L R
J i Bl D SR AR T A LA b B S 56 B, 3R AR
7 A Jir RTS8 X 107 A A0 BERELARL, O S iR
PRIV RSl Siig i S s X E

X TS TSR S5, S LART 1 v R o ke TR
A LB R B BEAT 0 A o T 1 v O TR A 25 S AR
AL, (b) A 24 T7E Ca) 1 BE Al B 17K F O
SRIF WA F R AT K 20 s T, S 4R () 4544
TE LR 25 8] b A7 2 3%, PRI o 87 2 RE A 72 B9 Rip
2N Xk HL A % W0 o 2 A K B AR A% A5 A
Z Y S REHK 2 45 B D) REAR A | 45 44 B — A4 T 1L
KSR R AT L 44l B S Ah AL .

N EAPE 1 Ca) BT 7 B4R AR SR AR Y Sy (51 1k 47
AN EAR Y A RS . 18 1) 52 BT LA A A
e A XUALZE /YT O, — S B = DL T 7
EA M. A BASLIER DA — A B
LB e A TR B 7 L 2 T B AN TS A A
A LA 440 J5 5 DA T AT 45 21 22 o AN ] B9 46 40 L
TR AN XRG4 o T =1 D AT 3 e
—BESE, Wi, 781X By el R 2
W AR ) R ST IR /N BEAE LA A TR 45 L (ELTS O 45
AR 22 AL ) ) B B A L AT BB 2% R . A A
ToA A HR TS T —Fh i B 1 Ca) IR A BT

N

11



7

WIS T Vol.32 No.3 2022

AR, WA 2 BT, T T TPk AT i
JEL B3 A7, A 1A 7S SR 1 TP O G rR A G B 6 L A
NS 55 VAT S YR AT A5 9 0 L DA
HELRAE TARIR . WROT R R S 2R F N  TR o

{4 & RE
BEN@ ¥
e k=
B E ,#;4"
E}ﬁ = B
KA H L
-' ——
R
e
© é%
. iy
@R T4
Si5iE é B
& E 41 i
1 fE] I
#5 L&
e ] -}
—
() ()]
B2 I AR I R ST 00 e B A I Ak R R R
C.D.E T & J8 28 i i 28 br 10 1 i 25 2% 08 T R 5 M 55 A 980 T 47

B2 Xy Ak s B R L AR R E R 1 ()
B T S o S N (RS 2 BN A R R N T TR |
X5 BE 2R, W) B X S 45 0 7 B E AT RS O
1 152 2(b) s X & 2(b) {9534 k47 R ik
KIFGHESFRENKEZWIREEE N E . 155
& 2 (o) Db Aoy 9 A0 1T v R 2 AT PR i AN A 5 At
TEARAR X 2 Co) i O T %% f 58 25 47 6] — A4
1 A5 2(d) ., B 2Cd) H R R AN i S,
AT LT B8 K 19 35 o AR IR AT F F R . DA
NI ERZ (LR &brs) A, & A SR
B IRAAR 5y 1 A5 A TR SE RS N B R AR,
AR T2 AR RE . 3X — At n] LIR30 0 T g
o HL 34 2k AT B4 0 43 o B A R 4 ok A
T KU =)L D RE R X AR i AT, 2 T
TR F PR VRS 5 A 00 A ke RO L A ) T A
WA, XFE 2(D R fiifk ly 2Ce) . N T SR
&1 %) 2 T B AE — 20, & 2 Co) I S 5 WA R
R TR AR B — R 2. EE] 2(e) 3k
Tilt b XoF 2 i B E AT JL AR T R A9 0 F AR 4R, o] A5 )
MM U B S5 2 (0, 32 1B BV A8 158 58 52 )
N E 1) et S AR B S T AR B Y B AT i
e 158 SR ) 58 B F P TR TR . 3 L ARS8 £k B 4 B
A S R 2 AR i A A AR R iR T 4 (8] 40 A 1Y)
JT. FAT UL TR AR SR N R SRR T an ] 2D
ST 7 B4 P BB AR v 0] i) B — 38 0 A AR 114 B 3 45 4
S5 T BT IR ST R T8 2 (D 3 40 7 16 48 155 08 T4
4 JE B DL R A O 465 ) 2 800 W0 Y s T ) S T

K3 s T U B R 2T A8 5 SR T AR A D
H O T I8 )R T AR 6 I B 0 AR R PLR . X
LR e B F g JC fE AR B BHLARL 2% 1 R o
SYRE R B U IR B ), 200 o AR
Cli =bD) A O SR K 1, O Jg s A Gs gE 0y, Bk
0 5 98 e IR o A e B R R AR A
FEXNF G IR B AR RN o, SR IESR N po s
SR 8RB 5 FoF BECRE B 00 86 K
ho IV FE g o 100 AT IE K A g B S
T8I R TR TR S N TR R R T Y R R 2, AT 3 (D
M 3Ce i b M a R,

8h=5h, h=h d=d' h=h'=l
=
=g
=]
[ 1
/
lo —_&
t::-i' c- Sl TR ACH
(a) (b) (© (d) (©
K 3 IRBURA TAEVLI KM XS H LR S BER

WIHEARZS WA 3 () FRANFESIERN pos A
KESEKE N L FEBR IR E T U BB IR,
VRS T 7K - 5 R e T s 3 2o 28 2% % i AR U
T4 22 0 SO . SR A5 T po + pg Ohy - HHF
M5 Z5 A AT 0, U TR A 22 N it R A Y = B oh, AF
T AR AE U A W00 A - R R 2%
Shy AN (H) FT7R 5 120 72— B HR 22 B W0 0030 AT: 5
FEE B by =h, A0 i, BAR (b)) ~ (o) By AE
fE kB Hp, OSSR G R 7 3 3 4 KL 7E (o) 35 F
B RAB . T R D 0 JES B 48 a2 B (o) bR 2 X6 1 i
38 S 5 A RS B S, bl T AR R 58 AR ) (o) R AS X
NS 25 S AT . 7E (o) SRR L 4k 2238 n 42
0] 7 s Y A ) i, D) ) R 1 8 U TR B IR,
FEHEAATO 35 B 40 () B 7R 00 - 465 i e e R 2
CADARAS 2o A7 T THT 5 B 22 1S B b E 0F 1 36 fie  E
PR . AkeRyg I A M AR =K 0L AR E e
(D~ (I FBPE NSRS RFEARAE, () XN
I V5 A DAY R TR 22 220 by BV A2 5% SR BT 7K )
IS E, hERXERARE h FEFHT M
BT RE 150 FTRLR T Ay, BUH TSR W o i 1Y Kk
AN BT SRR T RAER, (DR £ A
W 22 b5 (MR, K B P AR AR



WS T Vol.32 No.3 2022

fRTBASIEA G0 R <& 3(0) ~ () IR A B A [R5
p=pghytpoo P 34 3 i i E R AR R 5 A AT
S ATHVSAE B0 5 TR O T ) R R AR AR TR
SR . X T (D, AT AR A 0 i A T A
A [ w2 B A7 B )RR R 5L BD p = pgh, +po =
pg(U+d )+ poF 1l +d =h ;X FEH p=
pg (L+d)+po, Al1F I +d=h,; WS d=d’.
d I d " 3506 07 TR R T YT W AR R R T
2%, BHWMEFRILMER, AIB A==,
H T AR R A A B A o B SO Y KRR
Wt d=d’ . h=h"FE4 MR T i R e B o7
XA KRR Ty B W e 52 30 ok A 5. il
ARG A USRS A0 0 S 48 T R A S 52 5

IS5 B TR U L S T A PN RS v
T UG R R B R AR B R SR T VTR
AR P B, DUV WBE 11 PN YR T 4 00 2 3, B 2R
MR 7 B TR A TR S L B R AR 1 B
WE KT (o dai kBB nl AL xR i)
B v BE R 4, . BRRD R IR S B A8 NS s . BT LU
I S B B VR AR T 1 e 1

ARE L R A HE R Ak 2 v K D)X R
T TSR O, K B VR T R R IR AN S
WK E . T UL, 3 NS B A U TR
TRURT DL O A 8 T A W05 SR T ™ A ) S 50 B 42 X
B AR B, P AR S SR A A BT DX 1 AE T A TR
AR 1 B2 L 3K — AR 5 5 38 3 LB AR 5

] DA B, 25 H A 2% R A 78, B AR S B s 7K
F1R A B R AL AR BB 7 6 OC 28 AT DA filE S B i
PRARAT — 2 ) R 5 0 A 4 /N K 1 AR, AT LA
AR E AR O, AT E S
AR T B R B T BN BE 5 B S T R IE
P G AT A O AR A AR R R AR 1,
IR 32 oK 1 0 A%, B O o VR AR B BB AR
JERA n® f . X R 04 fe K S B AR O ROk
W) n® i, SCBRAAET 45 Fh A8 AR S 5 B0ms 5
AR TS T .

3 itig

BT U AR BT, A K )
AU I T BB W S R BRI e R R . AN IR
HhmE S v B R B TR 5 RN IR A IR 0 R R
X BRI O U B AR B X N 3 - A A A2 A
SH P A T R A e R R DG IR B < s i

FVRRE B Bt WA I R A B TR R R, X
AR DA b A WK e B PR AR . T
PR PR AT A R O T R AR K ER TR RO
B RTT 5 WK AT T SR R M . XA 25 T — Y f
B U B A, 55 24 SO T P 3 O 1 9 A R0 R AT AR
B DX 0 . %k T — i A U B A TE K 8 4
T A 8 3 R R R L T B RO v
JEBEAT R 2 5 3T UM 5 MR 22 18] (9 587K T 56
I T MR R R, S R R 32 Y TR T R
PAISE HE 1 3o B8 AR B A, DR I BB S A T i . X RE A
PRI B 0 TR T S U R E TSGR
KT AR R, H U A 5 3118 0] 45 i
JKC e E M R R AR R OGRS U B
AR B B R &R BT A TIF 5C A I 48 W
IR WK Z T S8 B K XA T R A
SRR Ty MR R B2, AT R A B9 RE
% . TEWURIBAT IR, 23K fr et i, SO
JI T Bl By e 22 A A B Jim T HE Y 9IS SR AT B B
AE R A, X 52 56 B4 b AT DLW 4% 3 W 1 VAR 1) itk
GF . TEEACKRBUA TR E SRS 00T 0B B MR e
AT LIGE B 22 vh AR T 2 R BUR AR E TAE. il

2k A R R AR TW = [pav =

mRTIn(V,/V) =mRTIn(p/p,) fti% 0l 50, 16
i A RSO0, B KLY ) i o 1T LU AL
WUAR SR RE Y 1

& F IR G2 4T 0 Rk ) A, R IR 3Ca) ~ (e) 1]
LU A IS0 AR 3% A T K O R R 45
AR ERIBK I m . K 3 F (b))~ (e it
BT AT, TR T )R T A A N AR R 1
% PR B AL T M T A RE . IR B (o R
BOJF S HE— 25 1 K T S, 57 a0 (D s
S 5 WS VE K U (D T Ced B 25 A7 T T ) A5 1
T o T2 XF N A W K R R R K R, R
I ) K B T A T KT S AT AR I 1 (b
iR BT E A A 5 A2 454 . X B DI 25 ) BN R
I, A —EHEH N, AR T &AL T e H
SEASR L 3Ce) Wil B WL . BT TR PR A T A
ANFESE, T AR [ ST, B
FR K IS 52 L A6 387 it A 3h 25 o S 2k Bh L.
UL T D 6 F 40 F A A A B A0 ORS fRT A AL, A Bh T
N b il P S 2% 5 AR T Ok B RO TR K

TESZYG BT 5 1. 3 T 4 4D AR AT DL AR s
B2 B, 0] LIRS B A S5 4 L R 5 e G T A R
B, ] DUZEFF D REAS AR B F R B in ) = A%

N

113



7

WIS T Vol.32 No.3 2022

BEER Tk IR R VROE VTR E S R LU T
TS 5 B 45 T8 & AR Y . X AR R
X U T AR 5 Ak i B A 3 L BRI 2(D) W%
A NE 1), LR R 245 R B . XA ad
T T 184 o GV 7S P B LA B S m ) e L mT
— R ) R B A R (L T BB S A W A R R
PR A D DRI L PR, T E B 4D G &R Y 3
Bilt 1 87 37 ) R B BT 5 A 2% ) S B o TR A X
JE ORI RO LB 25 5 T Bk . X S A
& L HEAT T RE A IR L 45 F A [R] A 350 2 A 45 A R 4 )
2 By PRAG AP RE S . WK B 3 T K ORAC R
DEBSAS R B AR B TE AN A 7 B AT AL TF
A, XT3 B Tt M O, 95 29 i As , [m) i
WA B Zh A g e S B () R BE T . 53 Ak, 2B
BeAEL R X2 R A T 2 I SR & AR
FH . QS22 B e i L AR PR VR G
I UA S 56 4% 4 R I 3 ) 5 %o It B 75 3 M RE R AT
AR BRI, DRI S 00 B 0 3 T e e A
Bl F AR S SR 38 W] DLUR AR I AR,

FeF 4N B G BY TR RS TR L P
JEn) i b e, JE R4y SR IRl B, A0 YA IR A
SR ERNREG AR B s g e
% 5% AR AT S LT 2 () B o B TR
PR B2 16 3 B 17 O 4 SR AT o e SR A
FE AR L B AAT A e A AR L 7R R T
FRAR BN DL L AR 7T 58 7= A 20 I w7 i B
%, AL R TR U RS RE A B TRk
i P S R 4 B () 0 ) B30 LG L R 2R A S EE R
B R PR I L

BT U BRI fa] 68 M, L SC AR B b B
AR A R L N8 T S PR AR, R
B ] SRR AR A /N () 35 BH R4S b an 5 TR
C AR ML R 25 5 T8 1 &t 45 5 5 300 3 43 T
FEZ I A . X TR W EE A ok O
A 7K R O 386 n 4 ) I 56 DU F 445 . SE R
S EDVE KK RN R IR R N, B
AT RE NS HOMCE A E.

PLEVHE AT, — A A 3E B /N S8 5 R A AT LA
BN A 1 S 56 5 VR 68 7, 55 )1 55 56 48 M i
TS T 0 s FHBe 5 B T b B AR iR
B F 55 352 A R 05 38 A0 BB R84 L B
P HL Uk Wy B n) R RE 7, 2 TE 2% 4 STEM 5§
STEAM ZiG &, X — & 5% d/h2z 4 By BT
JE STEM L5 XM AT His A T2 ab, X

e H AT 22 RO AR KR A A B Rk L A Ry 55 0 8%
FrH)— I E BELE G R

A AR R S0 P ] A R R AR B A
B o AR it 1k 52 56 A0 F B R B AR MR T
FIRE R Al T /22 B R o 9 R ] 2 B LA
[ AR S Ak 1) 280F X 42 A Bl T 8 R A A A A S
Bt T B NN R T
TE A T SR SIS B T A AR 1 ] A BT A4 7 1)
PR ME AL AT K 2 ol 45 K R T 3R T A2 5 R
S AL B B A U OB A R, DT T A
rh B T SR A B D L A T O o R e O
N ANELIE BRAE . AE S AR ) FE AL L i S
AT RE A 4 5 i At T DU R O 2 R ALK
G5 R 1% S92 56 2 B PR A T IR K e A Y A )
MSEBWAE . X F A ETHIPDREALT
A8 LAy 7 fft o Ao 0 e BB A T i 2 2R
(Y S 96 e T 5 Hee TAE .

Z % x #

(1] F&Pe. EWIRFAIMI. bt dbstF v k2% Ak, 2010.
[2] BALCOMBE J, BYLAND S, CHERNIKOV N,
Problems for the 31st IYPT 2018 [ Z/OLJ. (2017-07-13)

et al.

[2021-03-01]. https://www. iypt. org/problems/problems-
for-the-31st-iypt-2018/

[3] BRICHEE. 24, 20K, 5. B RmHR
#©3%,2019,13:276-277.
CHEN W Y, LIX, LIX T, etal. The experimental explo-

TR BRIELI]. BT

ration of Heron’s fountain[]]. Education Teaching Forum,
2019, 13: 276-277. (in Chinese)

(4] 52V, Wels Wk, & P Wl = irl)]. KRy,
2020,39(2) :56-61.
PENG L T, CHEN T, YAO Z Y. Dynamics analysis of
Heron’s fountain[ J]. College Physics, 2020, 39(2): 56-61.
(in Chinese)

(5] Hesidh, (bh, BeaidF . 4. STEM #(& #£ CUPT v i A8 K
B R T 8 SRR R T, YS9, 2018, 38(5) : 32-36.
BI'Y J, BAI H, DUAN R M, et al. Embodiment of STEM ed-
ucation in CUPT and the training mode of innovation ability[ ]].
Physics Experimentation, 2018, 38(5): 32-36. (in Chinese)

[6] YAAKOB Y, IBRAHIM D, AWALLUDIN M A, et al.
Solar-powered cooling system for residential building[]].
1OP Conlf. Ser. : Earth Environ. Sci. ,» 2019,268: 012165.

(7] ®GEF. REWFEECI) ML b0 05T le d K 2% W ke,
2006.



