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Electromagnetic Induction

ST YUl

A 1. 93 (a) & (1) ¥ I feafedt & fog e o A w N wgfea
(predict) QY

(e

il

N

b

\{

(

CW@FATEIRFTAF (d) o e &1 SR 9Ke §Y
R feafa
LCCCOOOCy L
x y .
i
—il-—}\— - g(%mwm
TE Foit WieW &
T ar # feafa
(e) (U]
A1 & FromrER, IRa a)1 3 fean wa 39 FRo &1 Ry w2 R
R0 78 T Iea= et 2

iy

(@ 7d Rh ga IR A IR M R @ I S FEwER @ R
I ga 71 S ? (IRl ga A R} ofredn R Aw ¥g) IO TR A
RS Aglali s eanamipIg A RWMARI

®) 3= pg g M WS g3 ¢ AR A IR Fmm R a9 78 RN g
P TR T4 I &l gR1 A R TEed R Iwiq p Vg A IR RN qa
TARAIR TR I BRAARA@EAMadwm e (R s
R FA RQ) xy TN # S g7 Wa ¥ ? (9= F Fawgar) qen am
ARWMxI yN AR B
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(c) 5@ PN D 9= faran wren B, 99 PSR A g1 F A9 F gy M R o
T FaqE AR AT &7 N q5a1 g, Aoy & W 79 & Pamger
RO &3 A fRen <fionad § o wdlivad greeh d IRa ar1 & R
T USR A ¢ & g 83 @) 9 A B AN R @ an [Hivad
P W gRT IEEd R F AN R Aewdd & W 7 & Frawger WRa
a1 3 fm <fromacdt @ srafa xyz 9@

(d) RarRe wreE @ wRaffa o W art o gRafia ekt R Aemda &
T FramgER, gedE & R T ik § Tl ok A s A
IRT g1 3 fRen 39 TR § 5 39 g 9w g &9 T R A
Bl @ g1 A R arfl pose F v A gl & R R A R

(e) R & T P fIR oXa E, v A FEA F Reda Ran # 7@ areht a®1
Hedl § I ARG aRT 39 WoR SG= B & & Il ok A gveelt &
PRV IA- TN & 9341 8, I A AR DN FrSA F FRY TIA
&3 3l fRen ¥ 2@ afke @ ARG av v & gEEl & RAeda e A

(f) IR TR & TRY FIANT 91 TGN ¥ & GHAA A & I @ A IS
IR a1 7@ Bt (FiF qu A 9= 0)

e 2. fa % affa fferdt & fore, o & fraw =t 3@ #xa ge WRa faega
a1 F e @ Fifw)
(a) V= HFrafia HR 1 R FAFER U F €7 W

(b) 9 T IR o7 T Y T R farefya fomar sn @ an

....l.'..

Fg )

(@ & W g & N R FHad $ T_I@ A=Y P AR B AR Ifafw
IR B AR THT PR A I7A AN R T IS AAGA 98 Ih & (TS
TG U B AR F AHA A IS QA R) I FHAT T A @
® 99 IO IRT aR1 At R 39 WIR § 5 aw gIAw &7 B W IR
B g a™1 v A Al & Reda R A R
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(b) 518 T T MY TR ¥ RFA A1 R 79 THN WHEG AT & A gear @
T IREdT & IRU IGH WG R T WRadw A = @ fRm
TR Bl 3 98 WA g1 gfRyonad fm A wafk @ s a'd'c’b’a’ &
IRA TN ST TP §F FHAA S MR N AR AW

e 3. T ot qRARAE & 3 Qe wrar & 15 ¥ &) 39 A
2.0 cm? %1 U BIT-H1 T URARTH! Y 7a7 % whvere 7@l 7 ) 9f aRAfea
T 9% aTel O H A 2.0 A 7 4.0 A ¥ 0.1 5 57 Y qW RadTF T
e ferega ames e faan Gm?

T R R, IR & W A I n=15/cm=1500m
Bl U & TP A=2cm?2=2x10"*m?

aRioRadm =42 _2 _xoas
& o1 o1

Hr e WRE R ga R

W & Framar,
e=2_9 g (6= BA)
ar o
=A% _ad
JFgq e_Adt Adt(u"nl)
(- aRAfaE & == T=T &3 B=pnl)
Sos e=Ap.on%

e=2x10"* x 4% 3.14x 10”7 x 1500 x 20
(2 po=4mx1077)
e=75x108V
¥a: WRa faar sa 7.5x 108 R

e 4. T AFAHR 9 R 9 8 cm W 2 om €, T WA W 911 F

TN }1 T U A O & SPErEd 0.3 T ¥ WA TART 9 ¥ IR A

AR P W R AR W HF TR PFR F AT 1 em s A F T F A W

I e A e e €, 5 S5 # fd fyenaed & (a) U F =it

m@)qvﬁﬁagwmmmﬁmmww
?
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T RUR WH TS /1=8cm=8x102m x  x ¥ x  x

2cm
PWHR DS b=2cm=2x102m . x T . &
@ B ¥ =1cm/s = 001m/s 8 om

TG &3 B=03T x oo x :
(@ <@ ¥ R o F Fwq R ((=8cm=8x10"2m)
nfeEE . 99 H Rafa 3

e=Blv=03x8x10"2x 001=24x10"%V

m_{ﬁ_uﬁ'&gﬁm

_2x107?

x x x x

t =2s
001

b v ¥ O g ¥ T=Eq R * VZG’:“ x
(l=2cm=2x10"2m) x x x x

T s ¥ SO A 99 8cm
e=Blv=03x2 x 102 x 001 y B o
e=06x10"%V x x x x

g < TR R g 8 x 1072
T 0.01

t=8s

¥ 5. 1.0 T Tft Gy F T3 IH T R ¥ 91 I sifreras s F ot
400 rad/s F PF SR ¥ oA T W@ 21 5T F g7/A 7O & afeas 99 @
FEfEa 1 e ¥ FFR G SR 0.5 T H THYHAFA TEHIG 7 I9ReTd €1 I
g1 g F A @i faga aRs 99 9t TvEr FIR)

T B A wEE (=17 2
B P T A w = 400rad/s

TH 43 B=05T .
FRRFITI ™ IM=0

IR AT =lo (v =ro)

ara g v=.0+ Iu)=_l?o) 0

R @R Raym
e=Bv1=T-l iR (@) W)
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_05x1x400x1
2

e

e =100V
I I AT T S €1 G .91, 99 100V R

WY 6. TF TR 9o Rraa s 8.0 Ao @ HI it g 20 &
FAR AW F IRA: 50 rad/s F NG JEA F 3.0x102 T F THEIH
g 8 ¥ ¥ @ ?) geeh ¥ 3= ftrwan aan st ARG frga as 7@
H HF G FHRY AR FuEeh 10Q TG F G < U ¢ A FISH ¥ g1
F Aferan 7 F TE R @ FHA F FRO G aa ow@ Fiowoe
A= ofr Fel J W Aed 22

&1 fean R, greeht &t w1 =8cm=0.08 m

TR F B & T =20
T] U F 9foRE =10 Q
HfT ¥ @ = 50rad/s

TEH &4 B=3x1072T
Pl A RT R T8 e = NBAwsinat
Iy R 9a &g sinot =1
-, feraaw fA. 91, 99 ey = NBA® =20x 3 x 1072 x 314 (0.08)% x 50
e, =0.603V
Mﬁmw%:%&:%‘% = 0.0603A
Jirwa oG faar s«
e =1J'2“edt=1I2"NBAmsinmtdt
T Jo TJo
2r
e =1.NABm[°°smt]
T w 0
=—N$A [cos2x —cos 0°]
NBA
=2 [1-1=0
e T (-1

i 9% &g WRa R s@e =0
a9 & SR g afew &g

Eglp _ 0603 x 00603 _ ¢ 10y
2 2
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oA § TN P w9 H g 9 B @ W @ deR @l Fesal § R am
FUSH W A AP IAS R 8 O FrSn & gl @ fake R B I 9
rex 34 Rafd 3 9fdd 9e@ wva g vd9TH goF @ g 3@ B

WeH 7. 1@ A viaw fewn 3 frga @ 10 W T RS W1 AR 030 x 10 Whim?
o A get & TEHE A F Ao gZF A T=aq 5.0 m/s B T Q X

W
(a) TR ¥ e faga TRF 90 T A T =7 A

(b) forega ares v@ = fewm &2

(c) AR 1 HA-J1 ey I farega R w2
T Rad M ar & 31 =5ms w Toim E

@ IR & gAY & l

B8=030x10"* Wh/m? v=5mis
R & T I=10m
(@) IR ¥ I WG Ra. 9 e =Blvsin®
T, 0= 90°

sin6=1
(- OR A & g &3 & e veT & Ine Afiaaag R § AR @
)
=03x107*x10x5=15x10"3V
(b) TP & T T & PrawgeR, AR @ R N IR @I A a. 77
# R ofEm @ @d i 3

() 4f% IR R.a. g0 @1 a1 A X REw ¥ @@ A AR B, @ fFh K
vgad fAva w2l

(a1 g 9= fawa A e Ry A 3R 98 R)

We 8. frdt WReT H 0.1 5 H TR 6.0 A ¥ 0.0 A 7 it B1 3R sihwa M@
forga A ¥ 200 V R @ 99 T @iEwE i A S

Bl grid wRadq d/=5-0=5A
R IRad= A foran = wag at=01s

WRa haa Ra. T e =200V
oRee ¥ 3Ra R, 79 e=L%

200=L[3] @ L=20_4H
01 50
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WY 9. TH-9I9 @ FSl & TF TH B = W 1.5 H 81 R @&
Foset ¥ 0.5 s 7 /T 0 | 20 A WRafia B, & T Freah F v, =@ F
oo gRad= grm?
& R R, ool &1 IRw i

M=15H
Fsell A ar1 wRad dl =20 - 0=20A
wRad #§ fo T ¥ dt =055

st # IR R sme=mL -9
eV T

Fer do = M.dl
=15x%x20
6 = 30Wb
Id: Foag qRada 30 Wb 2l
W 10.TF ¥ & IREH | 3R 1800 kv/h 9 ¥ TR #1 @ ¥ U@

25 m T €1 9% RIT T a1 v 3= Q2 get & gradid 8 1 9H
3G WM W 5x 10~ T q91 A N (dip angle) 30° 21

& v’izzzmar&w:wookm/h:woox%:soOm/s

=@ F RN A =25m
IO & B=5x107*T
A 301 § = 30°
R g At 7 & @ YW A W
e =Byl
e =Bsind v/
(Sit, B, ol & g9 &3 T FeA HeF § - B, =Bsing)
e=5x10"*sin 30° x 500 x25 =3.1V
Ia: R & 99 Sa= ek 3.1V Rl
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3faRed uge

T 11,97 #iferg fF WA 4 3 sfeeraa o fer @ feg Taaia & 3= 73
R faga T o g7 1 AA S fwar w81 el e 8 1 AE o9
RS A 0.3 T ¥ 0.02 Ts™! # &  ZaT §1 3 i 9 T Tl 90 NS 3
o W 9 o9 1 YR 1.6 @ B O 39 o F I F w9 F viw g9 =
2?2 3 v =1 & = 82

T U & §9%d =8x2=16cm? =16x107* m? (W 4 H)
WW%W&&?%:QOWS

W H ARG R =16Q

Wa R adge=2-9 _9 gy (-6 =BA)
da o o
_ 498
dt
e=16x10"*x002 =032 x107*V
T ¥ aRa g™
1282032 x107% _ g5 5404 A
R 16
A A ufed (F5F & w9 H)

P=PR=(02 x107%° x16 =64 x 100"°W
P=64x10""W
3 Fored IEd A €X 39 ufd @ 91 Wi §)

WY 12.12 cm O 16l SiHR o9 e g X w6 v ot ¥ §Ee €,
e 3 8 em/s F T | T 1 w1 ) U W IS T H RAQ G
2fem & g & F R) gEHE 49 T @ EeE € R T @ v % 9
fraa 21 39 8 3 ToneTs fow ¥ Wavrar 107 Tiem € (3mafa HOTE »-3781 F1
R soE TN AR F A H10° Tem R FE AR L), T v &
A 107 T/ Fe0d Tt it & W& 81 AR Fosoh F WA 4.50 m B & Ma
R1 = IR T R 3@ Fif)

Tl RAR, W T =12cm
L0 W ATGA A=a® = (122 =144cm? = 144 x107* m?
(-, T &1 8B = qo0?)

¥ v=8cm/s=8x10"2m (x-318)
TN & ANE gRA &7 WRad A W
%:10’3T!cm (~ x-31E)
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-+ X
T F ANy g &7 WRadT A R
B 102 s
dt
PR IR R=45mQ=45x1073Q
WY & ANE Fored IRadT A )
dp _d(BA) _(dB
at o (dt)
=10"% x144x107*
=144 x 10" ° Wb/s (-6 =BA)
W A I F IR Fordw IRTdT B R
90 _9B A K103 x144x 107 x 8 (-.-3= ]
dt ox o dt

= 1152 x 10~5 Whb/s
A TR 238 A TS R F FRA T B gend B
@ ¥ oo WRa R 7@
e=144x10"% + 1152 x 1075
e=1296x10"%V

. -5
qu#ﬂﬁaam:%:%.:aesmo-%
D X

@ A NG a1 A R +2 R N w9 & 991 gfg A Y

W¥ 13. & ufEmuneh assefisk & g=F & gal & &9 =g & ot fwa
F YR TG RFAT ST T 5 g T St 992t 2 cm? {ARS F F
FIET (search coil) FT WA Rl T 31 W FUeeh F Tr-UrT e 25 W E
TN T THHT /T ¥ qHEd qeRgd N T R A R AT F
wmmélw:wmﬁﬁzﬁmmﬁw%ﬁ%?ﬁ
¥ ) Foeeh #1 T TRIT FF F TR & WY 37 A FZA=_ T FoA
7.5mC FAY H VAR oW ¢ (R Ryw ¥ WY qRER (ballistic
galvanometer] TS I FFAT <1 Tl €1 FIST qGT SRIATR 1 WY W
050Q B TS F FF A H AT I
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B U H AFBA A=2cm? =2 x 1074 m?
TR F IR B F& N=25
A A A AN Q=75mC=75x10"2C
Frsell 1 ok R = 05Q
g IS DI AT & W gel forgn o & 79 ¢, = 0.
Fosen # ARG gt
_ Nd¢/dt
R

1=
R

N
Idt =~ —.d
A o

Fos § an o=jrdz=j;'-gd¢=-g(¢i-¢i)

=N -oy=No,
Q-E(‘h ) R¢'

N
Q=—=(BA
R( )
preell § g &
g QR _75x10"° x 05
NA 25x2x10°°

Ia: oSl ¥ T 43 0.757T Bl

=075T

(1mC=10"%C)

(-¢=0

(-¢;=BA)

U= 4.~ d a@ﬁegpqahmw%shvzﬁﬁwmwﬂ%w

T Wt 9% % gal F 74 fRga ) =R, 98 w

AT TWER

Ffrerad st # 1 @@ @Ariet (qRmEm) ¢ B 2R A @ Raw K @
TerM ¥ WA fFa T ST Hr e = 15cm, B = 050 T 991 eRkEl, 8%
T R Y Y 9= 9 FIRRG = 90 mQ {1 A F WA 9H A

ar A

S

(a) AT Tt K Gl (open) § T B 12 cm/s F 1 ¥ IR E feww
TR 1 IRA FIa aeS ¥ 1 °F T G (polarity) T
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b) T F1 K Gelt A WS ¥ Rl | saw = snfaea & smem? w41 &
9% F=l K < (close) T & WM

(©) T TR K e 1 71 T THEH A A 7Ry F B 7w o g WA
qitomdt w6 Frd Tl A Faf T R BT F AW F FRO TG I T
T &) FRO e Ffg

@) F=0 < A7 F ey ¥ 98 W o 9@ FAUT 9 N TH T EM?

(e)gawqwﬁm%mﬁmmmﬂmwsﬁammw
?

() foreit nftveiter B3 & Wt farega e o 7 S Ak gERE & =i &
TFEQ B F T TR 82
T R g, 88 &t ¥ /1=15cm=15%x10"2m
T &3 B=050T,
BS & G T U o "Ry
R=9mQ=9x103Q
BS AT v=12cm/s=12x 102 m/s
(a) fam= 9RT a3
e=Bvi=050x12x1072 x 15 x 1072
e=9x10"%Vv
T & N T & FINER, iR @ A R [ =-e( x ) RgPA
Q 9 3R B IG: P YA ARG BT TN Q FHOTHS IR Bl
(b) &, S & TN @l A B P IR G99 T Q W I & HOAY IqH
B T Bl 9 PN 9] A o §@ ARG aR1 SO B R R S
IS R @@ R
(c) 91T TN TN TR R 79 AT W g A I T8 a1 @ FfS P I Q
W IG IRV YA &7 I IR ® R gy 99 Aga 99 g
Agfard B @ 3: AT 9 4 A B
(d) 19 TN I B RN R, I F URT T ® TN AR N JTHSF g9 AT ©

(T &= #)

-3 -2
aa:B/l:B.%l:o's"g";O 10’_‘3‘5"10 =75x10°2N
X
(e) B3 & WAH A | TH TR @A 'Y TS I
= T T x AT
=75%x102 x12x 1072
=9x 107w
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() ITER $ FRU IR § g v

=IPR = (E)Z x R = e’ _(@x 107°)°
R R 9x10°°

=9x1073W
79 If¥ &1 v 9eg 9Ee 2

(0) 99 & ¥ H TEIE F IHIN & 0=0 99 ARG fA.91. 9 e = Bvisin® T
T ¥ fRE B 9 Y@Ri B @ Pl 3: T yRadH I R e
WRa Ra. 3o A = &

WL 15, Tg-HRS TRANRAFH F) T8 30 cm 2 701 WS 1 ATGSA 25 cm 281
gffeTaRT 3 9K % JAHHS 500 | 991 G0 2.5 A B GO AW 103 s H
s & writ 1
@ Freg ¥ fra fagda WA faar. I 3= afe wiafasr & Rl ®
FEHG 8 % REdT HI 109 TES g
T R @, aRTfa & a=E /=30cm=30x10"2m
IRBT o1 &7 A=25cm? =25 x 1074 m?
IR & BRI D I N =500

ORI |, =25A,1,=0

ARG =103 s
gRTfeE & I<x WRa a1 99

“9_9d g =
e = (BA) (-6=BA

| a1 arel RAIfe & IR &) fag R gadm &3
B=pgnl (ﬂﬁn:vﬁm@ﬁm%ﬁﬁﬁ@:g)

e=NAZB - 22 (poﬂ/)= ABN o
at at ! ! dt

e=500x25x10™% x 4x 314 x 1077 x — 900, 25
30x10°2 1073

e=65V

124



e 16. (a) FANTER AR TG o T F T % 6 H=AI= I/ H F T
A H:A?

(b) AT W8 AR 50 A TR R 991 Y T 3R v =10 m/s F AT TR €
x=02m R 9 A IR for.ar. oo I : N2

a=01m ¥ 91 T8 9 g€ % o7 1 Whdw <gd st 81

FITYA @ & e WM F AT § JEREg TIDI FAaE I F 8q
FHIFA PR B

el Iy

(@)¥FT / 1 & AR | x T W ok A c=b g
IUTEA R A g o B AR A x A s P v
W gEHT &3 Y

i X
B= %3?% )y [

(mwé%w@m%gwﬂuéamqawquB:i_z.?_;)

I I8 A IR [ORA qTH FRA TATH

do=Baa="0 2 o
4an x
[+ dA = 9S8 & &F%d = adx T () 9

d¢=u_0-.’§dx
4t x

& ¢ Qs F IR G A W

=Ko/ (“a)ldx=ﬁ--la Inx)x+a
¢ ar Jx X ax fin X0,

o=H0 . fafin(x+ a)-ln(x)]:*b’_aln(“ a)
4n 2n X

_Mola,.(a .

o= 2Lﬂ.ln (;+ 1) ()}

W o § & o=M ...(ii)
e, M 3G ARV oIS B
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A (i) @ i) &

MI:“LIam(E*. 1)
2n X

M =12 |og, (?.+1)
2n X

IQ: TE AR T THR <@ H HA J=AY IR0 B w=_ R
(b) @ B, a1/ =50A
Eal v=10m/s

x=0.2m3Ra=0.1m

Ra A, 7= e=-@=-d[ﬁloge (a:x)]

gt dt|2n

=—H08 9 1155 (x+ a)-log x
2n dt[ 9 )=log x]

= - hodl) 1 i(x+a)-li(x)
2n |(x+a)at x at
Kol

(x+a)dt xat

i 1 o 1dx]

n [(x+a) x

2n
Woal [ v V]
e=Ho. alv
2n x(a+ x)
b - 4nx 1077 < (0,1)2 x (50) x (10)
27 02 x (01+0.2)
_2x107"x50x10"2 x 10
0.2 x 0.3

=167 x107%V

W 17. M F=AH o R foom & f & Wdig smaw a
THETH & QA faafa ¢ ou F v oo 33 € @
el % FTEY T T A P FOFwA ¢ (IR)
T 4 3 T G T 4 fof 1 et
B=-Byk[r<a,a<R]

=0 (3Tgan)
TR §F ITH TR R {7 F1 Hofta 31 7 A2
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T R 2, vl e e A 3099 Q 0

=-B, (rsaa<R)
=0 (3==n)
TMET AN aE

Wa R 7a e=_ddr_¢

I Yga & A1 A T IRET A R S T F_H
e=-] a=-%
dt

TEH T | WRIdT F IR E, o A ok & sgRke safem R
ej'dl=-%(na28)

Ex2na=—na2@

dt

f=_2a98

2 at
naldB
at

do _d (mv) av
ﬁﬁ Fl="—= =m
kK ) at at at

INT RIS F=QE= (2naxl)( adB)

mﬂ» =- na’ @B
at at

aB

mR [dw) = - na’A — 7 (v =Ro)

do=- Tt gp
mR
BT AR IR A T
ra\8
mA
Hf Bofa a1 A R sl F sgRa R
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