5 7 H Electromagnetic Induction (FERETHE)
7.1 Faraday’s Discovery (Faraday ®¥&H)

1. The power which electricity of tension possesses of causing an opposite electri-
cal state in its vicinity has been expressed by the general term. Induction; which, as it
has been received into scientific language, may also, with propriety, be used in the same
general sense to express the power which electrical currents may possess of inducing any
particular state upon matter in their immediate neighbourhood, otherwise indifferent. It
is with this meaning that I purpose using it in the present paper.

2. Certain effects of the induction of electrical currents have already been recognized
and described: as those of magnetization; Ampere’s experiments of bringing a copper disc
near to a flat spiral; his repetition with electromagnets of Arago’s extraordinary exper-
iments, and perhaps a few others.Still it appeared unlikely that these could be all the
effects which induction by currents could produce; especially as, upon dispensing with
iron, almost the whole of them disappear, whilst yet as infinity of bodies, exhibiting defi-
nite phenomena of induction with electricity of tension, still remain to be acted upon by
the unduction of electricity in motion.

3. Further: Whether Ampere’s beautiful theory were adopted, or any other, or what-
ever reservation were mentally made, still it appeared very extraordinary, that as every
electric current was accompanied by a corresponding intensity of magnetic action at rught
angles to the current, good conductors of electricity, when placed within the sphere of
this action, should not have any current induced through them, or some sensible effect
produced equivalent in force to such a current.

4. These considerations, with their consequence, the hope of obtaining electricity from
ordinary magnetism, have stimulated me at various times to investigate experimentally
the inductive effect of electric currents. I lately arrived at positive results; and not only
had my hopes fulfilled, but obtained a key which appeared to me to open out a full ex-
planation of Arago’s magnetic phenomena, and also to discover a new state, which may
probably have great influence in some of the most important effects of electric currents.

5. These results I purpose describing, not as they were obtained, but such a manner
as to give the most concise view of the whole.
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of the inducing one with the battery made when the inductive effect was required; but
as the particular action might be supposed to be exerted only at the moments of making
and breaking contact, the induction was produced in another way. Several feet of cupper
wire were stretched in wide zigzag forms, representing the letter W, on one surface of
broad board; a second wire was stretched in precisely similar forms on a second board, so
that when brought near the first, the wires should everywhere touch, except tha a sheet of
thick paper was interposed. One of these wires was connected with yhe galvanometer, and
the other with a voltaic battery. The first wire was moved towards the second, and as it
approached, the needle was deflected. Being the removed, the needle was deflected in the
opposite direction. By first making the wiresapproach and then recede, simultaneously
with the bibration of the needle, the latter soonbecame very extensive; but whe the wires
ceased to move from or towards each other, the galvanometer needle soon come to its
usual position.

As the wires approximated, the induce current was in the contrary direction to the
inducing current. As the wires receded, the induced current was in the same direction as
the inducing current. When the wires remained stationary, there was no induced current.
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7.3 A Loop Moving through A Nonuniform Magnetic Field (JF—AkBEGNZ B) <)V —7)
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*0?%$®—%K%b<ﬁofwé %®%ﬁfmotﬁﬂﬁfmw T RS L
Ly,

ORI INETCoOL ZAKMRICIEHCH D, B B, t & ¢ S0ELEFERL
THATEREDOES v < clZOWTHIZT S, bL v < b 0¥/ ITEHTET B 1T
FHEEBIZELLIA DL, te ! DELEEHTE S,

7.5 Universal Law of Induction (@Y7 FEREEE D YEHY)

FIGURE 7.1513RL 72d@E 2 > T3 DDERZIT D,
FHEL0BBBHEICO > THTHEICEN T Z N TE S, ZEICHLELN UM —
TIREDO RORIREITRER SN TS, N RRERTIEHORESGL P TELR0no
T, ERBRICITY 5 EWEDBIREND L LR,

EER [ aANVICEREZRL 2B 11EEIES ., HAXCEHS o TH22HNT, oL X
mimstDetTiRN 5., AIEICINZ ML 12,

KRN A2%2FIESETE, aANVCEREERL 2R 128 o TEMESITEHN»T, 2
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D & RO IEIRN 5.
BORIDGENE Z1THEERT & FER 11 Ol % Lorentz RO —Hl& L Tkl 7=,
= D 2> DER TR OSAURN 575 = UL —7 235 B Ic & 5 RoRO (LA B
BRTBHZ LT oTNA,

EER 2 2DEMEHIEL TS IRYVEHOBESEKZ IR TCaANOERI
AED, ZOEINCL NV —THEED BOREOBRDERNERI L [ CORDRL L
LLTBHZEMTED, WRstDetEirh 25,

B2 FON—TF T E R T AEHIEDZ OB ORHRBER B L MBS L
THI> TR ZIFERIL NI L T ZXJTERY, ZDEE 200K MR THYI -
T UL K 9. 11 & 1 OHBEREBLGOBEICII/NS LENDH Y 5 508 — ANOEH
ZD SN B # il TS 7210 TR DA D TN B I 5 T Eb 6RO T,
EDEERZIT > TWHEDITHRD SN0,

WIS, B LRI ER NI CTHU & IIIRNBTNIED 5 H8 CORREES L O EY
WIE S BEN 7= RAEROMEITIRE T 52 LTk 5,

REMNRITEERRL 2 0 OBGREEIT—FH T § E-ds £ 07 5ESE LM, f
FTCEHEbRWwZ I >TL 5,

EERNNLT & 1T 2ICHEiTH B, RIEFTOSHIIFELC 2T Z 2 ThiRM 5,
Faraday D17 - 72§l 2 DEERT Z ORI FHEELRL LHEHOLDOTH -7, BllEh b
emfld B ODVELRER DB RIZELRIZFIC LY, o b Dlcid & 64wy, R iR
& L C Faraday DEBHEFEDERZIRD L DICBRLZ MW TE S,
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CMx—y— 2 EEERNCERIEL THAPAMIRET. SIEC%2RDLHE. B(x,y,2) MSKHlt
T (1,y,2) TGN IHMREETHL LT 5,

d dd
Ssz-ds:——/Bwla:—— (7.25)
g dt /s dt

PERT- vector T 5 curl Z D & (7.25) AN TLE7Z& < TE T Faraday O ElGAHE
OFRIEEERE S, b LR

fE-ds:—i/B-da (7.26)
c dt Js
MEBOHRC & I EIRLE SICTOWTIEL Wb, ERDOET
dB
curl E = — (7.27)

THoLLEERTHI LIRS,

(7.26) RS (7271 REEAF C R 1 A0 EDLVICIHHESE TN LW IHEDOR Y
ZEATTNIERY; 20 1 QI B ORRATIIRWAZ L 5, ZOMWRT C2ikd
M a D/Nr LD B OZAUTERT & REAFEMIHIZ B-allli S <, B22ETHELZH
W curl ZEERL 7203, Thz 05 E/NADATIT & & § CE - ds 3D < MRl
a -cullETH 5,

o CHBfRE L C ; B
a-curlE:—%(B-a,):a-(—%) (7.28)
2155,
ZhIFEABER/NalZ DN TERRILT DT
curl E = —% (7.29)

1272 6 2 U nid e,
BUIIBFRIC O MEBEEIC O IRET A2 e 2 Mo CnbDTAB/dt DE Z AT OB/t & &
Z 9.

Z 2L T L FH MR BRFEOIEN D 2 D ofmdEn /o .

fCE-ds = —%fsB‘da
(7.30)

_ oB
curl £ = o

BOR [ B-da OB T-m* THLH. ZN%E weber(V z—/8—) &5, 1 weber = 1
ETm?2CTH b,
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WHTEN cwrl E = —0B /0t 72 550 B %E A 5 L iR L 2 /pmEc>v» -
SDIFBHZENTE LD,
B OB ERDZDETD curl E # DY DI LS5 TRLICHEDTLED., bH
AHh. ZOBBRAN EZZRICEDTL I TlERL, cullE =0 &R LB
BT EREDTZLIETES,

Bpkfle LT FIGURE 7.13 D & 9722 A JVICEIRCLlE% < 60Hz(488 60 %A 7 )V) D
RHEBERETRL 722 L & 5 (FIGURE 7.16),

BIRB LORGHRHENL sin(27-60t) = sin 377t & L CZAL T 5, BIROIRIEITH.OEK T
RERBE B OBRAAEDS 50 gauss = 0.005 TISET L2 boTHLE L &5, FIGURE
7161 RL 72 & D72 10 em O A EICHE SN 5 EBE B LU emf Z3RD 720y,
COMBEOHFTITNDY BB—KTHDLEREL &I,

B = 0.005sin 377t (7.32)
W—"T C %@ AR
® = 7mr?B =7 x 0.12 x 0.005sin 377t = 1.57 x 10~*sin 377¢ [T - m?] (7.33)
emf Z3KkD 5 &
£ = —%’ — —377 x 1.57 x 10™* cos 377t = —0.059 cos 377t [V] (7.34)

EDFHAEIT 59 mV TH 5, FHld Lenz DFERINSEE 5,
o ¥ £ DWEZ{ % FIGURE 7.171Z5RL 72,

FBHITE O TWBEEAID, curl ERET» 6L Eldb»r oy, L2rL4S0
B ClIRoPOEKLMETH S, MELIIE»ORERIC L EBENZ2TNE, E
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FIGURE 7.17

FIGURE 7.18

Tha alecinic Rkl on the circular padh © 1d) & the
absenca of sources othst (han s Synwmaeirical,
cecilyting carmant. (b) ichading i mlectrratic el of
o changes on s axls

24



FHOE IO S>TWT, ZOREIIIFE—ETH D,

DX § E-ds=2mrE=ETEFL IRDTBONNSB/BEORE SITHPIL LD,
SoE. MALOBEITIH 2HEICIE FIGURE 7.18a D L IR 5Z eNH 5,

b L ESOREFBMMICHE., BRI Z 225, #HlxiE FIGURE 7.18b TrRL 7z
IO BFICIFADEMRH 5 & D7 & SITHBmLDESTZ 0 2 DDEMIC & 58S
BrHusn-E8oEh&bichd,

7.6 Mutual Inductance (FHAFHE)

20D, TbbIV—T O & CodFE S MEICEE SN T5 (FIGURE 7.19),

FEHX A TR SOFAMTEH2E/BR L VEEE O ITHENTW 5,
CLITHN T SERN L & WD) —EDEDOE T D & SESNIREGOKRFEES B, (2,1, 2)
95, TL IR C, 285 B, DFRE Oy ERZ D,

(I)Ql = Bl : daz (735)
S2

ST SIIN—T C,ZiRAHE T 5,
o 1T LICHPT B, ZOREUIFEESNTZ 2 D0DEERDOIE L MIETHRE 5,
(I)Ql

—— = const (7.36)
I

LR E HICED B & & TOZEMIEFFEITD > K YRS Oy fEDE AR KT
LB G, OBRL EITEFEROBALAL LOKRERTLEAD (XHLTIAR
IR BRI B0 % A BITIE, C & Oy 28 10m BN TV T, 10ns b OGRS C) T
BIROMEN 2 b 72 D & O AR OGE LR RE K., ). BER &y OZLRIT I,
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DZALIICEHNT 5, Mg Cy ISHE SN D emf IE

dr
&y = _ConStd_tl (7.37)
THD, ZD constid (7.36) D const EE—TH S, TNE My &EKT & (7.37) FIK

DEICET B I
Eo1 = _M21d—751 (7.38)

Z DER Moy % Mutual Inductance MEA VTV BV R) &S, Z o)V —T[H
TOFNOKMETCHRES, BAIHANYU-)THY, H=V/A=QsThHb., 1A/s
TERRVET DL & C, TOFGREN IV CHNTHAEA LS 7 F 2 AT IHTH
%,

BIEE L C. NESRV T Oy & RKERY VY O E—FmE EicHOz AL T
FIGURE 7.20 Ol %= %% 5,

FIGURE 7.20 |
Cutrent |, in ring C, causes a feid B, which is

approximately uniform aver the region of ha small ring

BIR L BN TS O RO HFIODRERBE B, DKE ST

gl

B, =
'™ 9R,

(7.39)

THREAL D,
Ry < Ry ZREL T, INEWU T CodNITTD B, OB L2 HTEHLT5, 2D
& & Cy &l DR

/J,()Il . Moﬂle%

P = (7R;) 9R, 2R,

(7.40)
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Lixb,
FoTZDBITD (7.36) D" const” 1& puor I} R2 /2R, 72 B8EFFD, ColliHE SN D emfld:

_ _umr}%@
En = SR di (7.41)
Lixb,
FHAVE 282 AL gy =41 x 1077 H/m Z2 6
271'2R% d]l
= — 10T =[[H- A 42
S T I ENTE (7.42)
J:OT Mgl %f H\ R1 Z RQ %f m"fi%?@"(
2 -7 2
My = w (743)

Ry

TH b,

RAF RGBT TUINED, 22 FTOBRBETIIITFRRIFHCH 501 TldZevy, emf
M CLICHET LBRDOAIE 2 HERT 5L X3 Lenz DEANC L 2 DN —FROHETH
5,

Cy—EDY 7T, N BZOERTELNTHIE., BRLVBHEALN
THHUTO B E N, 58705, BRRIC Oy MR T Ny BEEDOXFE R, OV T ET
TTWNE, BV VT D emf DFIBLERD emf 725D T—EFEXD L XD Ny fZD emf
NESNS,

Fo>T 22D AN Multiple Turns(ZEEE) IR > T LGEOMEA LV F 75

VX

212 x 10_7N1N2R%
Ry

My = (7.44)

THABND,

(7.44) ITIE, 22D A AN DB ZIRUIEITENN T TCESMOMHEIT T A )V DF
FRICHANTE THO/NSVERESN TS,
LU 200N Z OREZ NS TY, MHEA VT 7 F VA My \ZBENRE D
AL EINTNDS,
Moy VEEIE 1 OZALT BRI [ 1S & > TET BEIEE 2 D emf [V] & [ ORHEZELE [A/s]
DETHB, 2F

Moy [H] = (7.45)

MEHKRTH D,

7.7 A Reciprocity Theorem (FHERE)
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PAMIE C, & Co¥H V. Co IR LT 2R LSRN 5 & X, |k O 1I27HE
BENELMWET L, COLXMHEA LTIV A Myl
My = % (7.46)
(@)
CEERIND,
Any(EATR)2 DDEFRIZDONTH
M12 - M21 (747)

EVIIERHITREFERBEEND,

Z DFERITA L ARTFMED & 15 5N 501 Tldk/evy, FIGURE 7.20 @ & 9 ¢ Hifli
BT EZ 2 DDEBRIC OO TRFMEIZEIEL 220, My ~ND Ry & Ry DAV FHHED,
(7.47) A6 Z DMER HEFRICONT,

272 x 1077 Ny Ny R?

Moy —
21 Rl

Aoy )
272 x 10~7N; N, R

Ry
LAY 5, WF 1L 22 T NTESPRA D OITITHELHL,

M12 =

TR (7.47) REFEH T S 720121, [\ Cy LOER [ OFERE L T O, Z @ AR Oy
Mk C) LD T DREREL L T Oy ZaBAOBER $oy MWEFEL WZ L ZIRERITIUTARS 22
Uy,

Stokes DEHIC L 5 & B D Vector Potential ¥ A, 2 ¥V B=curl A TH b & &

fA-ds:/B-da:(IDS (7.49)
c s

2155,

That is, the line integral of the vector potential around a loop is equal to the flux of B
through the loop. (& %IV—7 EMDVector Potential D AERFHENE Z DIV —T 2B 58
RICELLWLY, )

63 TRz & 91T Vector Potential 1£Z DERIC L BFREIRE RD & HITERL T
Wb

A, — /%f ds1

™ Ch T21

Ay VEEAMNEE C) 2T 58I 112 & > TESG NS KL (22, 2, 20) I BT B Vector Potential
TH5b; ds) \FEAEIE C, DM/IMERTH 5; £72 1y V& dsy DEDS H (29,92, 20) ETD

(7.50)
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HEECTH 5,

FIGURE 72113 22D)V—7 O, & Cy 7L T 5,

FIGURE T.21
Caloulation of the fu ¢y which passes through G as
& resull o) current | fiowing i G

(xQ,yQ,ZQ) %}I/"jj Cgi@ﬁ)é,‘ﬂ‘ic‘:bii ;@Z%Clio)%ﬁ ‘D‘('ﬂzghé 02
% 38 5 BRI

(I)gl = Agl . d82 = %dSQ A21 = — ds 8o - % @ (751)
Co Cs c; T2
TH 5,
FRRIC Co LOBRIICE > TESEN D O @ HREHRIT
(I)12 = — dSl % d82 (752)
Ch cy T12

TH 5,

T12 %) 21 %)EE%E?C‘%J)B 12 = T21 Tﬁ)éo Lﬁ@ﬁﬁﬁ@%%bi%?@i@@ Tﬁ)é %‘
W—"T LIZ—D2 3 D208UuMEHRE & > Tl L. AVORUNMNRER Y7 MIVONTEE Z DRk
HRE Ot ot e Zx . V—7 LOME NI DNTRL 2fEZ BKRL T b,

(7.52) & (7.51) ADZENIME—Z DEANEZ LITT 5 order(IBF) TH->T. ZDJEFZZE
A TCHREMRT I EZZEZIEL 20, #US Oy = §y 270 DHD T, EHHBIT My, = My b
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AR

CDEBD BT T Mg & My DEJETHMEIRL 0D, Lo TINUBKRIIEED
2ODERDIEA LV F 7 7 A M EEZEZNUL L,

Z DD FEHIE UL L IE” Reciprocity” (IR & B WIEHH) B L HHIN S, 22T
DREEL IR O R BRI O ERIIMIC b H 5, 22 TCHEITEH RSN
Problem3.27 THON /BRI C)p = O ZEOHL ZABWSEEA 5, M (W) i
HllE R D BT OREEICED N RS S —RAVEFME DL Z R T 5,

7.8 Self-Induction (HT. A & 7 & )

Mg Cy _EICHN 5 Ei L RIS T 2 & &, O A Z @R VAL T
DFER emf DHEEN D, WROFEFDAITH > T, RO EREFHEDERAN ALY 5

dt

27T Oy [l O TOERR 1 IS K ARREE By O C ZE SRR TH 5, FFHIE emf
WIS EBIIC £ D change(ZAL) &3 oppose(RA) L7225 K DITBZ % L™ Lenz Dk
Azl Tna,

Oy 1 L ITHBIT 0T

En=—

(7.53)

dl,
En=—Li— 7.54
11 L (7.54)

rEF 5,
ER L X Z DR D Self-Inductance(BBA VF D BV R) & kidh b,

L, 3R & 5MEEEOH & L C FIGURE 7.22 T/RL 7= (Problem 6.14 @) Wi&h &5
OO AREZZ LD, NEZOAALNEHRNLEGR LT AV F0EI & O FEEE -
DETREEN

B— polN 1
- 2mr
LHIAONLIMHEEELES,
AANDO—HBELBAMKRIIZ OMREEZ A ANVOME CHIL2bDTH 5:
b
X B poNI . pNIh b
(1 %:X) _h/a 00 g = 10 () (7.55)
N [EPSEE DR ZE D DT SHRITZ O N fFRE 0.
. /LoNQIh b
o = o ln(a) (7.56)

HICFHERES £1%
d®  pNh b dl

=g =% Oy

(7.57)

30



FIGURE 7.22
A orokdal coll of reciengulsr cross sechion, Only o lew
urns ane show .

XoT, baAfRFoHCA V¥ 7 &> AT

N2
N07rhln(2) (7.58)

I —

ThHlAbhb,
HOQAVE 72V ADBEMNY HTHD, he m TlEND L (7.58) R LI

Luﬂ:2x1wHWhmé) (7.59)

AR

%K%kk—¢®§ﬁmﬂmmﬁﬁaa4yﬁﬁ9zz®ﬁ§maLfﬁﬁﬂa%k
L, LL, Shzitid 2 b WEICHA S, SRoEFEEZYL T8 /M
ESHHICIR) T O THLEM, ®>THL &S ﬁn@ﬂﬁ BTN S &V —T
2l ORI ER RIS S TL ED 2805, EOL T ) LHFREEDOKE S
BI3ERY» S Oz r £ T5& 1/r D& DI, BxEHEOEY [dr/rkr=0%
THET L RT206TH D,

& AR 2ITIEERO B YR TII R WAROEICT 2 2 & THEA, ZTho B
ToLHENTH L, 2575 LEENDL MR L0 B ANRODLOET 51213 H 7
SRANAN

ARHITHEL ORETEIE T N5 S RROERDER T ER SRR TR T 25l 4 Dl & 7 > T
%, Bl Z BLSBIREIIMPBVITIRET >V L 5T 5, FHE, Rz 5EIL
Iz )V — T BHRT emf BWEZR D06, Bt QEICET 5 BIRVRN 5 & BIRE
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BEOBREENRBZ 62 TMIR6RY, KoTREOA U F 75 0 A0 T OZELDOHSIC
FoTUL FW, (7.54) KTHAEL 72 L 2ITFE—ETIER LR B LN,

CZTIHhaAR ORESHROMEDS % BHL T2 OREZ AL 72, BERIZEHR
ORI RN I TH- THREBL TORRRITEIETIT RN,
7.9 A Circuit Containing Self-Inductance (HG. A > ¥ 7 ¥ > 2% &{s[AlEk)

FIGURE 7.23a D K ICHCA Y E 2 Z VAL DA A)>F Y Inductor(A > ¥ 7 & —)
Zemf ke HIzA DB OBRVWELL L5,

FIGURE 7.23
# sample cacust with mducisnce (&) and resistancs {b).

IANHERE FLBHIALMO»OEN L D, ZoEhiz—F DIl THEM R
L. EBPICE IDHL Lo e RICL ez 21295, FIGURE 7.23b 13S0 2 T
EH R ZMERBNCEL 1=, AV F 752 AT HOERBDOEADEINTL B2 eDHY 9 5;
Iy LBEATHSEE TS, FIGURE 7.23b I3 EWWN R 5 & WHMEIR O HAAN T H
L. AVEIE VA LITEIZ RV B RE AV F 77 AERZI0n, Zhbb
ST DX DL ICHBL I N TH 5.

AR DEG I WS dI /dt DEIENTEALT B & &, emf Ldl/dt D3 DAL & GHT 5 T
ICHEINS, B ED emf & 2 HA TS,
B ERRNTHITME 2 BROEDOME LT 5 L, [LEOLTDIERD emf 1% & —
LdIJdtT&H %, ZDemf IZL VIR ZER I Wiwhd, 2%
dI

€ — L = RI (7.60)

ZORWMEZ OV ENVRINS:
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A L BOMDOENZE (A ANV OGO EE) 1% I 2% increasing(¥EY) & &, 2 A D Ll
DFYVARFEELT DL LdI/dt THDH, Be CORDOENZE EHOMED TEE) 13K
POLM>EY BZIEE L CRITHDL, koTaA N eEoBEOFNE Ldl/dt + RI
THY., INPEHOUTRIEE & L AL TH 5 (HAL I T2 o TR NN
Yz, i

dl

Ey=L— + RI 7.61
0 It + ( )

70, (7.60) ROFRLOPALBEONS,

(7.60) REBEMNHR S BNC, AL v FAt = 0ICEAL Nz & EEBKITMRBZ 5

WEZ LD,
ALy FBFOTOHIUIHAR T =0TH 5, AL v FAEHD SN T 6 REFFEBRICIIATEE
MOEFIRBICELE S, BRIE—EOMHE ISR D72H 5, ZobE dl/dt # 070
5 (7.60) Rl

& = RI (7.62)
IZ7->CL ¥ 9,
I =025 EHEEBRME [ NOBATIZZRt =0TBZI L2 EHVERN, 2WnHDbH T
DTCTHIUE dI/dt WERKICR > TL IS THD, EBE t =0 DHEBALTIIER 11T
INEWDS (7.60) AAGLE 2 THITHEH T &

a_ &

dt L
DA, AVEIE AL TERDLE LAY TEZHIRL Tha,

(7.63)

INETON-7/2Z 8% FIGURE 7.24allf & X D,

"'I:F;: "ﬁ- |
.._.:__r_...._-l——l
.*;I." |
d_ &y
i
(] =5
FIGURE 7.24 '
L) " i
(i} Mo Thee cuirment miust ehaiee ity snd @t i
yory long Time has alapzad (1) The compEets v dfelilg
ol Pt il Linsd [ S c Gt of e i&)

FEHoTNE I LT RERDENE HYBZ 20 ERDLIETHD, t=0TI=07%
BRAGAM% 723 (7.60) Rofpz EE T

I= %(1 — e (/D) (7.64)
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FIGURE 7.24b @7 5 7 X BHASHNIAE I, \ICHEBIBIMICIES < Z e 2R Tnb, &
DER D" BER 1L L/Re2ETHL, LWH, RPQTCHSLND L E L/RiTsDH
fiC7 b, LI Db H=(V/A)s TQ=V/AEPSLTH D,

B IDIEL TH AL v F2Y)D, EREEAREQITE T LY SRDBEAH, 2
RETICT B WD Z LIE Ldl/dt 7 5TEE < A F ZERAICL CLESZ &ick b, 3
Bz MBI VES, MALDABIN T CHFBERRDO AL v F 2oz Emk
%L TCW5b,

FEFICEWTHEEENBIT SN2 A A v FOMF RN KIEE T 7 — 7 kB2 EL &85
DT, ERERIIERMICENS, TO9LRWTAD VI FIGURE 7.25alcL oL 7= &
9 7% LR BRI L D MRERZ AL C. MRS EBEHEZ Y0 KZ D,

FIGURE T7.25

Sl 9 mirrt, (5 Exponendial decay of ouren] 0 the
L ooyt

(b)

Z 99 5 e mEgkiT A o
0= Lo+ RI (7.65)
Tk Eh 5,
t) RAHEEIBRDSEHC SN BHL e T 5L t =, T 1 = I, R DKL ESN D, fi#
V3 B IR BT
I = Tye~E/DE-t) (7.66)

ThHY. BERIIRIERC K L/ RTH D,

7.10 Energy Stored in The Magnetic Field (B5ICITA 6N 2 TRV ¥ —)

FIGURE 7.25b & t = t; T I = I, 72 D HIHIGAED 3 & N =R
I = [je~(B/D)(t=t)

ICKVEIR SN B2 BRI ET AR RV =2 HT R TIHE SN 5,
KOS dt DRNTIHE SN DT RIVX — dU VX RIZAt 206, BHl ¢, TREEIRD A A v
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FEHU B THBE SN DT X VF —IT

U:/‘Rﬂﬁ:/mRﬁﬁmMW%wt (7.67)
t

1 t1

TH D,
r=2R(t —t)/L DEZHATZOFEMIITITKE 5!

> 1
U:Rﬁ/ €Wx:5Ug (7.68)
0

COTRNVEX —RIIREELZET AN THo, TTEMBEOBREIEY D
T 2D DEDAFELBINCIT-> 72, SNV TFOIZRILE =Dt =005t =t DRI
BB SN, SR o 2V F —bEMPEEL b0 Th 5,

IR BIRE L TN T 52 L 2 RA70IC, aA VOB REEMI L X
B E S Ldl/dt L CEREZ M T 2 OIIIMEENLEICR 5 2 LIHERE XL,
FFfE dt Cle SN AT

dl 1
@V:[Ja@szMIzidu% (7.69)

e 1
U=3Lr (7.70)

DIZRNE —Z2EBERIDBHEN T LI A)NICHE-E6N 5,
BEDRELY>TLEI L, COTRXNVEF—ERNE Il ZAICEHDLNLZDTH
5,

HELLAVYT UV -z VT -NEHICIFAONZbD e L Ttk 72 & 91,
COAALNDEODTINTE — 2 IANDOFORBFICIHFLSNEZZINE - B To
THATH 5,

BNEZV ETRESINAVT U —DZXNT T CV2/2 TH SN, ZhE2ELD
MRE F OB OMUMEREEZRD o F2dv/2 P TR NX — 2 o> Tnb e 3Lz, £
LFELBHES A ANWVICIFA SN T INF —CHRNIT A2 e 8bn 5, ZHITAEBAWS
& TCTHAHIMAEETIT R,

BRI FAE T DN T NV T — 8 B? 2u0 2 DO Z LAURYE, 2OZR)NVF —%
EhkEEMIChl o TRTEZINVE — LI 222052 b0 TH 5,

BARPI CRIT-0OIETHEIE AT IV ALZHELIENBARIZREA D

:/mAﬂhhmé) (7.71)

21 a

L

THdHZ bz,
B IDWEND & BREEOKRE S

po NI
2rr

B =

(7.72)
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"6%97":0
B2 /240 DARTERE D % KD 5 72912 FIGURE 7.261C A% w F- L 7 4KFE 2mrhdr O FIAE D
B 578 B E V& D,

FIGURE 7.28
Calcudation of enargy stored in the magnetc fisld of S
fovokdsd ool of Fag T.22.

P b= bETI OBMENS L | ROREENEET R MEE S 2 LR (B
DEDICEIEL. h—FADIMUTIFLEZTL B=0TH %),

1 1 poNT poN2hI% b
— [ Bfdv=— [ (=—)%2 = ———In(- :
o dv 2 /( oy )*2mrhdr g n(a) (7.73)
ZORERE (1.71) REHNRB & HENIC
1 2 _ 1 2
o B*dv = S LI (7.74)

THLZ DN 5B,

BIETOFELGOTZRXNT —HEOMEBEIHIGL TL Y —BRNTIENDE &, & AR
REE B(r,y,2) LT, O3 VF— UL

1

U=—
210 J e

B?dv (7.75)

=
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