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Electromagnetism is an important subject in physics, especially for the students majoring in science and technology. It is,
however, much more difficult than Mechanics. One of the reasons is that there are several concepts in Electromagnetism
which have not appeared in Mechanics. To make matters worse, there are confusions even in the textbooks. In this paper,
we concentrate on the concept of “electromotive force” (emf) as one of such examples and point out the confusions in the
literature on the basis of the proper treatment. In conclusion, we point out that it is possible to make a clear explanation
about emf at the elementary level.
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Z OFFEEILFINHESE American Journal of Physics (ZHg# S V=Rt E & FOINS, BHEMNELOKIEE
JRSHD ATV DR CTHEFEICET 5, ZDOARTIX “There are really two forces involved in driving
current around a circuit: the source f, which is ordinarily confined to one portion of the loop (a battery, say)
and an electrostatic force, which serves to smooth out the flow and communicate the influence of the source

to distant parts of the circuit:
f=f +E. .

The physical agency responsible for f; can be many different things: in a battery it’s a chemical force: in a
piezoelectric crystal mechanical pressure is converted into an electrical impulse: in a thermocouple it’s a
temperature gradient that does the job; in a photoelectric cell it’s light; and in a Van de Graaff generator the
electrons a literally loaded onto a conveyer belt and swept along. Whatever the mechanism, its net effect is

determined by the line integral of f around the circuit:

8E§I§f-d1:§l€fs-dl.
(7.9)

(Because $E - dl=0 for electrostatic fields, it doesn’t matter whether you use f or f;.) € is called
electromotive force, or emf, of the circuit.” O X H IZHEESTEZHEAL TV 5DH, ZORTIEZ OFRG ORI
2 f ZHLEMICIEONEERLTWDLOT, X (7.9 134G i@ﬁ(l)kﬁb%@?%
%)o ZOHMATITEE N 2 AL D BAERNREREICED Y < BEADITNX (79) ITL-TEHERZBR
D 2 ENHREICRE LN TN D
IHRRELRRE LD & 25 ik & Lfﬁ LENTE T Purcell OZFE X, BIfEIX Morin OUGET
ICE o TH T ABMLRND SHICET S, S BICHE < OMEN én @H% LD,
DOARTIFRITIRINTWARWD AT “The origin of the electromotive force in a direct-current circuit

is some mechanism that transports charge carriers in a direction opposite to that in which the electric field is
trying to move them.” LR _XTh6, Uy 7 77 7 REMO AR E B O A Z MR L
RN, BEBNDONNIELNDLNZHIIL TWDH, hEBM OB D% T “The open-circuit
potential difference is established “automatically” by the chemical interaction of the constituents. This is the
electromotive force of the cell” & BN A THEMDEE N ZHHA L THD, LL, 1ZLOIC—KAYZR
ZEEBRR Uy T 7OMbEFTNAHDOT, ZORE TR 25 1T RNWES S,
AL~V OB OHELE DRI TH D Halliday, Resnik, and Walker> (HRW) TiE, 7,

B X 5 72 emfdevice DWNEBIZIZMI D ZRAF—ERH Y | TN EMEZEMOENE Z A
MWL ZANEALTWND EIRRD, ZDi%, emfdevice 25 dqg DEMIZKT LT, dW 72T Dt
FE2 L TCZOBEZITS & &, emfdevice DL

dW
=27
dgq 27-1)

To 5 ELEF L, “In other word, the emf of an emf device is the work per unit charge that the device does
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in moving charge from its low-potential terminal to its high-potential terminal.” & &iH L T\ 5, Z iU
A (1) 2o ks, A (5) 1Ty,

WRREE MR IEDSE | DO AL~ O R P FOEFRE L 130720 Bilp o7 fied THE
Do HHFETH %S Chabay and Sherwood® (CS) Tlx, Uy 7 7 T 7HLEMK AL L7 “mechanical
battery” &) BE&AE A LTV 5, mechanical battery WNHEHZIX (UMEF) B K- CEHS =2
Y— UL ERHY . T I EFE—FH ORI M OMRICBEI S ¥ 5, EENEZHATD
BRIZIE, 1% L&)W*}iﬂﬂéﬁ L TW W& LT, mechanical battery NHERD =2 R —~UL MZ L - T
TN DEFITTT-H < —ED “non-Coulomb” force Fye & . MMNHET BITHE-> TRE S 44
+ “Coulomb” force Fp MMEEANZIZTOV & 9T Z2H LT\ 5, Zd X 912 L T, “non-Coulomb”
force DT HHEAEMHIZY OEFL L TERSNDEENN, £H LTEMO (BRI T
2N EED) W THEMAEIZE LWL HH SN TND, SHICF AL E LT, “It is important
to keep in mind that although the units of emf are volts, the emf is not a potential difference.” & 7-~<Tu>
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(electromotive force) &V 9, EEIIDEFR E LT, BN EMAEIREZ —ET 25 & &%) D5,
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M UEWA, EERICET 550l 3 8 E CHRAIM 2 EFRIE L L CEFOH 5 G 1° Tlik, Ohm Dk
IO TEEICERD IR D DIX, ZOPIZRIIOEREZET RN LORH LN TH
%o TEHT0E (BIREFHEICH L) WOEFHN, HOLNL-TETLHLI LD TH
HEEZ, BREETDHNEEES (electromotive force BEL T emf) M| &, BEHLE
WHNTIXEYSTEA S0, [1] &0 9 SEEEZ VD TR ﬁ#%éﬁf@‘ﬂ\uﬁﬁﬁ%bfb\é ZDH%D
O T TEBICRHANZER AN D &V D 2 EiE, &7 Coulomb D 71721 7> 61k
0y kx| TZHTC, Volta FEHLIC ‘Téiﬁiﬁﬁ%)’] (DEVEREZRE S LT 257))
(I, BIEEDE NP TERINUNDO N ER (B SGLMERF) (O TWDTZDIZE S DO TR
72 6720, L 2D I113IERTES] (non-conservative force) T7ZaiFAUX., FrgehIIZ BN LU
5z kif%@wjkbfwé B Th 2 B> TV a0, @EHERTFENTH DY
—a U R DEMAEL EFXB LTS, LavL, EeZ VB L 7B RICB T bRtk ¢
f:ﬂﬂi%%ﬁ%b‘a (F 4w Tk, BENEZEMNMATHEIFENELL, f_r‘:zi Tsammw\éb\&%@é@
M OEN2E (RI=E) NZOBEMOEEBI ThH L] LT, KES) L BN KR A BHIC
TWn5 7,

BRI AT 2 VO HFRRRE R L E TR UIE Tk, a7 3255 2 450
ICFE L, BHREFLOBEAZHATLACEENEZHA L WD, THEREEZ D OMWE M%ﬂ
EBIR CHELIERT RN —2ZDOEIROEET) (electromotive force) WV, ZDRKEX X% I
T LT 5] Ll EEBNORX ZL, BEWRPIEAVE 72V IREE COMIRE OEEIC J:OVC%
DY) LTS, ZOERZRICAEGOHAGH Y | MBI LF—HE LTOERE, Z0
BEINZOWTITRRE A T RWIEA 9,

RFELVSVOHRETH, BENETFEMICRS720 20 TREMEZEZEE L LTS
HOIEZ, EEYFHEN S 1 OFBFRETIE, TEREALFERANROY H ol & X Ok

DOENFZEEBHMOEE VD) L LT, %hu%@jﬂfﬁj}@nﬁﬁz})fﬁb\ JIAT 2013 bR D
MAZE—BHYB L, £z IZNENOEMCENR S5 L7k, 2o E2BE LT, Eil
Z, BENE CHREER r ICLo TR, EoOBEEZWFRABE V o) L, X (9)
ER%EDORERT, TN TITERENBEROBAZ 5 2 Thisw, Eithd E & r TRI7A—2{kL
T ThD, A M IMeEER S LIRS T rfﬁ{ﬁODELE)EﬁU%%t 51 LFEATW D, Hi
B 20 TS s i~ L IEEME (DD W RS ICAEME) HESBEROKRE S
) PEELTWD ] B X, [ZofRE L Clifiiic i$u##$inéJkL« JHE T
RS Av) DME S L TRFEX D L3 b o) T, MREATT B2 Ltk T 5, ZZFETIE
Eﬁﬁ?‘iﬁi‘ faﬁfﬂlﬁ%’ﬁ@ M ENEE BEH) LS & BiiA=EENE L TLE>TWTHE
LUy, EFERENICOVWTOMETY [TEES ) BT o7eo LRI, TFHER
CEVAN %7’7? Eewn, BZETH D, K0 EMCIE, THEAERSEENZ —E LRI S5
] ThDH, | &, FEEBN=EMELBRITND, 2T [X 0 IEMIZIE, TEAER 2 EE
Nz —E LIZRHC SN DHEF ] ITR 2 DONHEETE 220,

LUV DO EWEMKFEOBFRE L L TEOH D001 P11, #FEEE L OFRRIT /20,



KR ERE (Vol. 7)

4. ¢

FIET, BHRETOHNICHENDE DN TV D DEFEMCHRE Lz, T CHEERVAZTT
STWHHERELH LN, FHEICEENEZBMNAZLF LY, BEHZELDERICITEE~
RHEDRHLHITHED LT, LB iTLTO)J%EJZ‘Q4Onﬂnib7b)f£b\%>®%>3%>5o N6 DR
WIS EENOBETIT, FEEENZFSERICEELRDIEAD,
tﬁ @M%@VNme\ﬁ(l)@io@ﬁ?%%%wt FlIN—RKABEVDOHLFEFET

o WHTRENCOWTEERFWNEIIZEFET D &,

t ENTEMAIERAICOBELZD . BIRICERZRL (Fid) 2HRRERD2 D THD,

FLENIORAES ) FRICEESR T L IERRA R,

FENIBALZETIERY, LA, (EFENRGEAIC )$u¥%$béﬁl1%é

T OB ZL, (BRATFIALTHE I DWEWD) EFBNOFETH - T, LTI

W, (M rMEMAEZMD Z LIk TRENZMD Z &#T%éjkw9®iﬁbw)
ThV., ZNUHIEFHENR LV THHaiRETh 5, BICEEM TR E LT
® EJl (HRW? D emfdevice, k"D EHEJR]) 2WEM q 2T 24EFEE2 weToHrE, £0OE

HOEES € 1%

e=2

q (11)
THALND, PIFNRLLTIEINTRESSEAS S, THIEHRWRH L 5 Tfbit T g
HLOT, WEBRESOETHRLIEZbO, X (1) X (5) THDH, CS*D mechanical battery %
AT, fEF W 1T “non-Coulomb” force DR X S Fye EMAEIEERE d 2 HWT W = Fyed
tEbTZEnTED,

U bkoXoic, BENZEMAEERXBIL, EMEICTERT S 2 EI3mEREPEZ EATT L
HLUVERN R LV THORRETH D, Fox OFF 0 ITIHLFEMIZNY T, KBEh, v
RICL DB N L, e REBNIDRTFET D, £, FEEBNEZELEBET L7212,
BN EBMNAENELOBMETHDL L EEDBALBZDILERD D,

P

V5 B 22 TP SRR S AR D BRI SE 2 2 1. B O NERRHUINE O EBR DO B, P ElE~0
hé@%%_owf_ﬁm@wkoit\thiﬁﬁﬁﬁ%®m%@k%@ﬁﬁmﬁﬁ%%ﬁh
Ta A v hEEZ, ARBFSEIL ISPS BHafFE JP20K03210 DB 221 T7-H D TH 5,

BERB LU

VEE N OWRITITENM EF LT MLTT Th b, HORITIE MLT?, EHORITIE LMT? THH1H, £
<HMWTH B,
’D. Halliday, R. Resnick, and J. Walker, Fundamentals of Physics, 9" Ed. Wiley 2011. ZDOKRIZT A U B DORKFED A
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MEHBEOBEREL L TR EISHOENATNDEEDOD—D2Th D, ZORDEEZEANL TV &

(p-705)IZ1% “The term emf comes from the outdated phrase electromotive force, which was adopted before scientists
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