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12th Physics 10 Electromagnetic Induction

Gravitational acceleration rate &R g =9.80 m/s?

Universal Gravitational Constant TAESITIE# G=6.67x 1011 N + m?kg?
Elementary Charge BREE e=1.60x101C

Electron Mass B OE R me=9.11x 1031 kg

Proton Mass K1 D & mp =1.673 x 10727 kg
Coulomb’s Law Constant 7 —uarOEMOFER k=8.99x 109N - m?/C?
Permittivity of free space B ES € 0=8.85x 10712 C%(N - m?)
Magnetic Permeability of Free Space BLZEDFHREER po=4n x107T - m/A
Speed of Light in vacuum BLZ9 T D Y c¢=3.00x 108 m/s

1. Electromagnetic Induction BT S (125, 11149)
[Q1-1] T LBy OBMRORE,

[Q1-2] EREFFE LT LD X S 2B, EREREE 273 B2 R 2 71,

2. Magnetic Flux X ®=(Bcos@)S=BScos® 1T -m>=lweber=1Wb (1)

(Q2-1] THEHR ] DiER & Bzl &,

(Q2-2] TEmaHE) & [RER) & OBFR TEMAICHR~ L,

Top view

Top view

[Q2-3] Consider a rectangular coil of 6.0 cm high and 5.0 cm wide in a uniform — .
Norma

0=30.0°

magnetic field of 2.0 x 102T. Find the magnetic flux through this coil when =~ — ——————

its normal makes an angle of (8 0° , (b) 30.0° , (c) 60.0° , and (d) 90.0°

with the direction of the magnetic field B.
SAOFEEH6.0cm & 5.0cm DEHFEDO A VA, 2.0x 102 T O—HeBREEOHIC

Top view

Top view

BNz, A VIR OERDESS & 72 T AERIROEE OB A RD K, (207 | () 30.0° |

(c) 60.0° . (d)90.0° (II-149) e

6=190.0°

Py

T
|
T

[Q2-4] Which diagram in Fig. 4 correctly shows a magnetic field

DYV A RN ZEBEDBAHRITNL B2, (1-149)

configuration?
1.0m 729 200 FEW 24 10em O Y L/ A FIZ5.0A DKE SOERERT L&, = O))))))))))D):D

[Q2-5] The three loops of wire shown in the figure are all in a region of space

with a uniform, constant magnetic field. The three loops move in the
manners shown. Which loop or loops have a magnetic flux that changes with ®© ©
time?

BT 3 DA~k T EBEDBGOP TR L REE %2 LTV D, EDORODRBEHRDEF
ML Z R 2y, (W803)
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12th Physics 10 Electromagnetic Induction

3. Lenz’s Law LYY oDiEH|

[Q3-1] Describe the Lenz’s Law in terms of “induced emf,” “induced current” and
“magnetic flux.” LY OiERIZ, FEEEES) . FHEER BLO [#HR) o
3MEDMFEZ VTR~ &,

(a)

[Q3-2] When the magnet is moved as shown, does the galvanometer show
a positive current or negative current? XD XL 5 IZBEANENN TV D, IR

DFHFEITIRN D 5 2 ATIRILD 9 2

(b)

[Q3-4] . HERETZS L H b FIC B = 2B ORI 70> TH B TV 5, HOR 1v lv
IR ARH D, EAEDHLORBADE FIHEENKE VD, (W807)

[Q3-5] HFOXT, EERENERD L—)L EE2BEIT D EEBEBANELD, TOHEB L
TR O & 2k~ X, [Motional emf] (W810)
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4. Faraday’s Law of Induction 7775 —DEBRFEDEAH

AD o' - @ @)

[Q4-1] A?D X 5 1c, Wik S=4.0 x 10m2, % X% n=1000 D =1 A /LR —KE/R s
U2 B BEREE B A 7.0 x 102T 225 —EDOHIE T LT 0.50 #7412 2.0 x 102T
2727z, ZOMICABRICELAFERENOKRE S L& akw L, (I-151)

[Q4-2] WriEifE 1.0 x 103m2, & X% 500 8], $KHT 0.20 Q O = A L O Wi 12 TE 72 A &
B T D, aA VO EEAESE, AROT T T70 XD _Eﬁxﬁfﬁf;%%{mé
HoH L&, AN DER (| #ZEETD) FEDOIHIITENT D0,

[Q4-3] The flexible wire loop in the figure has an area of 80 cm2 and is in a
magnetic field of 0.70 mT. By grasping the loop at m and n and pulling radially
outward, a student collapses it to a straight line in 0.15 s. Find the induced emf
in the loop as is collapsed.
BUCRT & 212, M TH L LER OO L 80 cm2 T 0.70 mT OBFITx L
AL LTV 5, H5AEENZNE m & n OFE TEAS & 5O CEA L
(1 Lf:o ETICELH RN 0.16 s Th D, ZOMICHESNIHFEETORKS
S&RD L,

[Q4-4] SHEICHETE LR af Vet nra—7 b L, ZOPEBEMAZE T

SHILIA, 7oV VEIKO L ) REIEAG LN, ZOKIT, BT 2t

L= A WVZECERENEZRLTND, ROBGEHIAE L,

1) HEOFPEOLORmS LY bHEORDEIS DI NRRE,

(2) #ilh & AR CHEN IR, AL RETELLY,

(3 AN EEET D & X OEREA OFE TEB O ML DK E X%, HEANEE
DRESLDAE,
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5.

[Q4-1] 77 77 —DBEHFEDOEZIGH LI b DL LTRBFT b, LD

Electromagnetic Induction

Applications of Induction

&9 B ATES S I,

(a)

(b)

(©

(@

(e)

®

Dynamic Microphone and Dynamic Speaker

BAFIvr~AraTxr, FAFI v T A —T—

Seismograph (Seismometer) H1FEF;

Electric guitar —lL ¥ ¥ ¥ —

Magnetic tape recording

Computer disk drives, credit card readers at grocery stores, audio tape

players, ATM machines

Betatron ~X—% bl

(g) FEfilA IC #— F  Contactless IC card

5
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R—H fa

MEf 284, BUEEREEZ RV TINEY 5 5EE LT, 52X 5MB0EIC L 5
BEHEANVDLN—F ha LN EBENDH D, ZORBICONWTEZXTAHL D,
DX 5z, BRITEro R—F VIREEF 2 — 7N EIT 5, BHORBIEHE T
3%, MIHMIOBIEORBAKEEIIB [T]T, L& EIOLEDOME) 32, E1FOMEER
DI ENSRT (1.) Thb, $72. FOLEOHESIT, Q). BT 3.) &ET 5,
(1)

)

3)

COBAENETDH-DICMRBEZKE LTI EN, B—IcB 3D EfuEPmwn
AL TF 2a—TWICHERF T2 Z LR TERY, ZDOH. HUEPERO - ORE 5 B 4B,
Bl FOBREEZBr& L TEORMELROBRERD D Z LI2T 5,

77 7T —DBEHFEDIER], V = |AD/At|D S BRI D EMETEE X EE N E O R
OBEALIZHKIE L TR Z 5, BuaMAENEOBK O [(Wlix 4.) TH20 T, ME LoFHEk
BAVIVI E (5.) EET D, HUEME LI ZICHIST D EEEr [V/n] BNEUEE BT
ZENTE, GHEANT (6.) LRITENRTED, ZOBENOLZITDHNICEH->TCE
DIEEE D, EHHFRERXNS, ZTOMEEL (7.) THD,

(4)
(5)
(6)

(M
—J7, BFOHESv [m/s] LLE EOBIHRBEEBr (Wi (2.) THV ., BEFOMBFEEa [m/s*]

IFBrDIFZEIIZH L TR.) TRENDIVENRH D, (7.) L B )N —BT 25X b, BEBr
DEFHZALIZSWT, BRI B3 G615,

®)
9

DFEY ., B OMEAPLE ORI EBr OZEALS, FEUEN O ORERE FE DL D1/2
DEZEFIFACHPUE ETIETE 2, 25 LT, N—=% b Tid, FLEORRZEL
DREIDE L VRSN 5 X5 R R —R 8552 0T 5.

LoOROERZ S LT, EEOR—F o OBBOWEFRE LT3 D@A), b)DELE

PN T o 2 S, [T OBERRR O RENIREIRROMME T 2, Bh I8k D % L 3R
DRESITHIEL TN Do
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6. #WEHK Eddy Current

1) 77 3—0MiK  Arago’s Disk
SO PAED T Tl 2B 23 & PR Eh < BRh &7
&,

2) =4 > A kv /3— Coin Stopper

A one yen coin slides down onto a magnet
where the N pole directs upside. When the
coin passes through the upper edge and lower
edge, a current flows inside the coin. Predict
the directions. Answer two directions from
A to D.

—HEIBHEHBAOLIZBVEY D, BAD
N RITEE O LEEZRWTWD, aA AEAD
L ToEmBT L& EIZas r ORICER
BN D, ZOREOEGOME 2 THIE &, &
ZILA~D 726 Z o g,

3) U A 7k

4) HEFT® Induction Stove FERLTHEEZS.

Coin

%5

Magnet

(]
R

7
Keio ‘Acaaﬁamy of New York

413012016

By Tohei Moritani



12th Physics 10 Electromagnetic Induction

5) it —4— Induction Motor
[FEET—F—) OFILZORMEDIE X,

Rotation
of Magnets

(a)

6) Metal detector 4 BIFEHE

6) T Ofh

RTHDZINTWDEHO PRI A D
NWERITI<, MBBITED X HICEIK 7,

A%
. —
e LN |

4 (]
%
9D
7 \
—
& o
N— S °

H-FAMNLLRRARREAL T, BEERES TS
* HE
WV 4y s N Y Y Ty saq

ER/FY-F210
DEHEICESIC L,

Ly
ey Y ORAR
XYL EREQ ARR
Bagw
por oIt 3

H1 @RFENBORE

413012016 By Tohei Moritani

8
Keio ‘Acaaﬁamy of New York



12th Physics 10 Electromagnetic Induction

Mechanical Work and Electrical Energy B35 0 H % E &) % Ei#R

V = vBl 3 E = Bv (4)

[Q5-3] R X 5 icE S [ 0 ab 75 2 KD de & of IZH LTV T abed 13 U7z
EEE & E-> TV D, s B NEMRICEEICH Y . Z OB & EROMITICEE 27
WiE - EOHS v TEINT, KERD L,

@
2
(3
@
(5)
()]
(N

BAPOEFIMH v— Ly b BEKICAE T SFHEET,
PR abed 2 B < BORDZLA b, HIRICAEL 2FERES,
BRBRBS N DZT D IORE S L,

ATDRE S LmE,

SHTIHF DAL,

BHPHET DEER (V=2—n B

[Q5-4] Fig. 27 D fRHEA 0.445 T OREHE L OREIFT 28 < & X 0.668 V/im OFEE
BaE U, BOES TN 505,

[Q5-5] Fig. 27 OEHUIT 12Q 0PI Z A L, 5.0W OEHE2HET 5, EREITIE S 1.25
m T, 3.1m/s DX TEHNTWD,

(a)
()]
(@)
(@

WA E DR E STV By,

EiREE —EOHS TENI AN OKRE ST B,
0.58 FHIZA 1 DT DEFITNL B,

Z ORFICHRPIAEE T 5 =R F — 130 < B,

[Q5-1] BEREER B QBT T, KBS 1 OERPEEFICRE RS AIGEE v THL &
EEHOW I ab (CE L DEBEHORE S ZUTONEFTRD X,

@

2
(3

@

HEBETOBBE L, SREOB AXICHES v 2o, BHETOZIT5u—
LYY HORESEmMEERD &,

a—L Y Y NICEST, aBlUbIZBENIERIZ, EHLONET, EHL0REMDN,

HEETOBEBMNAIEE s & BEPOEMORMVICEIBEHOKEZSZE L L,
AHETRZOERNOZITEHn—L oY oo H0nWoR47-TT, E %K
&,

ab [HlOBAMZEVIVIZ E &/ THEL, QDHEERALTV 2k L, 11-179)

[Q5-2] MBS DENE 1A X DRy DR E &8 4.0X 10°T THH 2% MEOMIHDOE
EAN30m DY = v MEN 900 km/h(=250 m/s) TAFRITLTWD, ZDE X, WERD
W IE, ERETOREANELTVDD, KESLEADOMEEZRD X,
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12th Physics 10 Electromagnetic Induction

8. Mutual Inductance #HH 3HiE

V=-n AA—T = -M % M: Mutual InductancelH]

[Q8-1al The instance the current is applied in the coil at the left, the
galvanometer shows a swing to the positive or negative side. Answer
“positive” (+) or “negative” (-).

LA O = A JAZ B2 i L 72BN, MR O SHIIEITIRN 2 20 2 AlZIRN
B2 TIE] (O T8 OTEx X,

[Q8-1b] The instance the current is switched off in the coil at the left, the
galvanometer shows a swing to the positive or negative side. Answer
“positive” (+) or “negative” (-).

LA D 2 A VOB A G- 2B, Biias OFHIEIZRN 2 2> 2 AR
B2 TIE] (O T8 OTEx X,

[Q8-2] DX Hic2fHDaA NV TEFEREZTET LN TE D,

[Q8-3] KD 1k =A &N DERN L O IZER 3.0 A DEIETHEMT S & X,
2 AN 6.0V OFFERE N4 U,

(@) FRHEA &7 &2 AT Bh,

®) a,b [ TEH A EITERMDFD D,

10
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[Q8-4] ghirizaA 1, 2ZBVWTHOEREIT 72, #HEOLE, 1KR=aA

JZEIRBRNTZ & ZICTEDMHRZIZTEAELR ST, 2aA L5 EH)
THEEET D,
(1) MTEMRL 22, a/ V1 2HENIERE2EMNSEL L&, o ] "
AN 2DOWIHP & QIZORBNTEFIR2 2L 2 EIRIL E D L& D, P 10
IAN 1 OEFRERD SED EXILE b, [j SS=Z LT
Q) aAM N1 ZHENIBHRILZKOT T 7O LIS LEE afL K HH 08
QWELDIHEEENTIEDOLIICENT DD, 2120, HAEA X 06
5 A% M=010H & L. SMBERKICH LT P UAERDOE (+) e =]
LT b &5 R RENZELT 5, JL S=CC LTI
02
o 0 5 10 15
x107 [s]
[Q8-5] In the figure shown, a long solenoid (Coil 1) with length / and cross-section S
is closely wound with Ni turns of wire. A coil (Coil 2) with N> turns surrounds it < / >

at its center, as shown in the figure. Find the mutual inductance. ;
BiE, &L WmfiS, BEXHNOYL /A K (LkaAN) OFRIZEZHE N D Coil 2 N,
QWAL NNEXAFTTHD, MAA L F I Z U AERDE, 1 IRZANVE2R=A ‘

T
N B RS LN b0 b5, (7 317) ( % OS

[Q8-6] RIPRIE T, I=0.50m, S=10cm?, N;=1000, No=10 & L THAEA ¥
TR RAERD L,

11 4/30/2016 By Tohei Moritani
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9. Self-inductance HCOHE

V=-n % = —L % L: Self-inductancel[H]

[9-1a] %A T TFEHOEDITITSOVULOBEBENLETHDH DT, A
A v FERANTZEZITEIALRNRE, A v TF 2o mEBIT—BHE <
BE, ZTAUT 7w,

[Q9-1b] XA v T FHKBLEDHITIZTSOVULOBENLETH S, HD
L OMABEDETYAYOREEE TITHEIVEMTRA LT T %
HRANC SRS D Z LN TE D, ZHIEIRED,

[-]:4w%mn5 BB 2.0 A DEIETHINT A L&, aA1IT5.0
WHREBNNRE LIZ, aANVOHCA VX7 XA F%50, (X311

[Q9-3] BMRAEBIZENTZHDITENWY LA FRBHD, 2O VDB
% N, Wrimf§z S, E&&# L &35,

(@) aANVZHETDOBRNVFENTWVWDLE, oA/ VBB RO 2R X,
b) A NVEHERNDERNS At ORI AT 723 EBL Lz, a4 Vg ET 5
FHEEEV E2RD L,

© ZoafVOHBA v F 74 AL ek L, (& 311)

[Q9-4] 060 H DHCA VXU # v ADaA VIZHNDEFRN. 1.0x 1028
M —HEIZ 5.0 A BN L7z, BMLCWAR, a4 McAEL 235 E
FoREx T 59, (1159)
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[Q9-5] 29 mH DA v X7 Z 2 AT HEBAD—EBRNTEND
IANERETLIEROAD DD, A v T 2RI ST 2 A,
FEWEERT At OFIZERS 0 IZ T -7z, Z ORFEOMOFE
EESIOFEHIEN T3V THDHETHE, AT Bh,
(W817)

[Q9-6] & 8.0cm THOOEXD YL /A KT, 0.35 DI
LAY 0775 2.5 AICHI LFFEEE /1% 0.012V Th o7z,
(@) A&7 2ERDL, () YL /A ROWRMBERD X,
(W818)

[Q9-7] WwHIT (R F—4—K) DFITD AT =X L% FHHE L,

Ballast (Coil)

AC 100~ 240V (:
D= 0000,
- J

Filament Fluorescent Tube

— @) Hg, Ar, Ne Xe, Kr Gas @ —

4

Fluorescent

Glow Bulb
(Bi-metallic Switch)

(1)

= i,
Filament heated up

=3 (=

Connect

(3)

13
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(2)

Switch on [ — ;

C eH

Discharge

Self-Induced Current

NW\—I>

(4)

— K@ &% Discharge <L g @1 -

Cool down - Switch Off
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[Q9-8] A v &7 araqnid, 10VREDHTER (NUoE
IIART) oI VOEEEREZIEY HTEETHDL, TOAH=X
L HHE L,

[Q9-91H Y Vv DB % kT 5ICiE, #8yT Y —d 12V
DEEEZE IV ETHETIVNERNH D, ZOFREEZARRIZLTWVD
DINA T = arafrThd, FOAN=ALETAE L,

1. AL v F LTV AT A | BA Vb
2. AV =yvarvafin

4. T4 AN Ea—H

5. A= F57

AT =yara i

(http://8speed.net/ishikawa/2010/10/post-5/)

‘ Spark Plug

g

40,000V Secondary Coil
N, (Solenoid)

Ignition
Coil S
12V
N
= Battery Points

413012016 By Tohei Moritani
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9. Energy Stored in a Magnetic Field IANVDBREOG DO T RN X—

Wes D = %L ¥ — U=%LF [J]
B R B 72 0 ORES O 3% — Uy = i B2 =~ poH? [/l
0

[Q9-1] Hififk X dv7=,

aA ), BB LIRS v F L7200 57 50K Fig. 44) TaA MiEx bbb
FNX—EROIATERD L, (11-159)

(@) AANDALH s B A L, B AT [sICBEHE L 2 I (cHin

(b) FHEREH,V

(© FHOEWM, L
(@ FHEENL->THONDFEDOET, Pa

(e) HEHICEDENE (R FLX—) U

[Qo-2] HEA v &7 %A 15H, i 5.0 A— LD A NIC, 2.0 A DLELER
BN TND, ZDLE, aAMIEXDLNTVHT R ALF— TN b, £z, =
A NVOEPFLER Sy & A WS THBE SN TV AENZEETAWL By, [T-161)

[Q9-3] =AM 2.5 A DERPHENLTNT0.10J D= FAX—%2E LTS, D=
ANDA U E 7 EZ AT By, (W821)

[Q9-4] HMDEED AL »F %L THARRIAREST2th, 2 VIZEZ bz
F—123.11x103J TH 5, IR OKE JIN L B, (W821)

[9-5] The coil of a certain solenoid is wound uniformly on a wooden rod in such a
way that the interior of the solenoid has a volume of 20 cm®.  When there is a
current of 0.30 A in the solenoid, the field within it is 0.060 T. (a) Find the energy
per unit volume of the magnetic field.

(b) What is the inductance of the solenoid?

bV L/ A FIH—ICAROBTEE ST THY . TONAERIT 20 cm?
Thd, YL /A KIZ030 ADERI N D & E OREHFEFEIL 0.060 T TH
5,

@) BB ORNAEEH 2D DT HAF 1IN By,

b) 2DV VA RDAUETZ AT BD,

15
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1 0. Generating Alternating Current RIEDHKE
[Q10-1] The Figures show the principle of a DC and AC generators. Explain. KIZEFiE L ORHEEHOFHEZ R LT3,
RN

DC Generator

a b ‘ Time

AC Generator

413012016 By Tohei Moritani
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12th Physics 10 Electromagnetic Induction

[Q10-2] The figures show generators. The coil rotates around the
rotating rod in the direction shown. Does the galvanometer show a
positive current or negative current? XIIFHEHEZ KL TWD, A /MWL
[BREH OV 2R Sz HFRNCE > TV D, REROFHIEIZEN D 0?2 A

IR D D2

[Q10-3] K a & b iIs i EMOFIE LR, HABEEEZRHMOBEE LTIz
ko J,

Mechanical

Metal slip
rings

\

\

(S
2 .

PN Electrical

Brushes output
a

[Q10-4] BTORIBE T, WIS OBEREEN—FET BIT], 24 Vv OmfEZ S [m2]
LT, TO—BEOaAANEEHRI TR E &, BRETIRIRELE
DOfKRE VIVIZEE,
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12th Physics 10 Electromagnetic Induction

Breakdown of Electricity Generation by Energy Source
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12th Physics 10 Electromagnetic Induction

1 1. Resistance in AC Circuits Bz i b 2
[Q11-1] ZWBEIR & HEHI D 22 D AE (a) TP 02D EBIE U,
HEH 2 o B T 4 5 & ORI I SR p OBSTIZEL % (b)
2R L7,

SRR O N - AT AR O FE Lo\ TR L

(@)

KIO"P' A p=vi

S

(b)

[Q11-2] 20 Q DIEHTLIZ ELNE 100 V ORZHEBIEEL M T2, =
DOEPUZE T D OEEE TN 6h, Fiz, HEbtich vy
MBHEBEEB LI OHEN D BHROBEKKEIZNL 2>, 11165)

100V
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12th Physics 10 Electromagnetic Induction

12. Transformers and Transmission BEZR EEE

[Q12-1] A neon sign that requires a voltage of 11,000 V is plugged into a
120-V wall outlet. What turn ratio (secondary / primary) must a
transformer have to power up the sign.

11,000 V OBEEEZES D24 A Vo 3d » FREF O 120-V TEA L7z,
BT AEEROBES KO (2R, 1K) ZRD L,

[Q12-2] 1= A NVDFEEHD 100 [8], 2K A NADFEEHD 500 [EOZEEaD 1 A Primary
12100 V ORWERZ 27202l & 2WANCBEN 2B EEFTW b, Flo, 2R=A

Secondary
/ Coil

MZ20QDEHTEZ ORI L, 1T RIA NN DERITNL B2y, 72720, BEROE ( )

KT LTS, [I1-172)

AC Generator

[Q12-3] An alternating EMF of 240 V is applied to a transformer having primary
3000 turns on its primary and 750 turns on its secondary. On the Coil

Secondary
Coil

Core

secondary side, a heater for 120V and 800W is connected. Find the
followings assuming no losses.

g (KT A) O 1RIA LN 3000 %HEX, 2R aA A 750 K& T,
—W A VT 240V OZWREE N D ER I N TVWD, 2R a4 VAIZ 120V H AC Generator

Heater

L
AN

800W DEHG AR LTz, T U AICHRIIRVWH D L LTIRICEZ K,

(1) What is the resistance of the heater? BEZFDIPUEIT < B,

(2) What is the voltage of the secondary part? 2 RMDBEEIZNL S22

(3) What is the secondary current? 2 IO EITIT H72

(4) What is the primary current? 1 XKMDOFBEFHITNL S ?

(5) What is the power consumed by the heater? FEZER CHETHE T
< B,

Fig. 49

[Q12-4] There are two kinds of currents, direct current and alternative, and
the former is commonly used for most electrical tools at home. In spite of
that, alternating current is broadly produced in electric plants. Explain
why?

BRI IXE N & A > THBOFEEA BRI EICHETREAE LI TWD,
ZNCH PP DL TRIEBRDPHEE SN TN D OEREN? BT X,
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12th Physics 10 Electromagnetic Induction

13. Capacitance in AC Circuits

aryFr—%iih s ER

[Q13-1] X(a) TITEMREIFIC, Kb) TIELWERIC, 2Tt —&
BERZ AN R LTz, BERITAUT T DRI & D & 912 D 7,

[Q13-2] ZIRERE 2T = bR BEFK T, 2T U —Xhd
BEEV, AT —AMNIER I BLIOa LT F—THEE S
NBEN p OWHE(LE 7 T 7R LI

U 4, pRTOLD BRBERITIRD T L ERE,

[Q13-3] = F v —EIE & BIROFMEDBERZ R,

[Q13-4] 2o F o P —DU T 7 & X L3 h, L Bt LT
ED L5 KA ER B D

[Q13-5] 50 u F » =25 4 —% 50 Hz & 60 Hz D& THW 2 H4E
DOEE)T 7 X ATERZNL B, (11-168)

[Q12-6] 50 u F ® =7 ¥ —IT, FELhE 100 V O 50 Hz DA % i
FTEE, MNHEROFEHMEITNL B, FEHME 100V O 60 Hz D2
WTRE I D, (11-168)

[Q12-7] Suppose that an AC voltmeter across the voltage source in
the figure reads 80.0 V and that the frequency of the AC voltage is
2.0 x 106 Hz. The capacitance of the capacitor is C=0.40 u F.

(13) Find the rms current in the circuit.

(14) What is the equation for the voltage furnished by the source?
(15) What is the equation for the voltage across the capacitor?

JE 345 2.0 x 106 Hz O #EE B LHAEEF 2272 <& 80.0 VAR L,
arF U —0FREIEIC=040 uF ThD,

(13) [ 2 fiedL 5 I O TRV < B,

(14) EHE»HHHG SN D2 BEEEE R TN EHT,

(15) =T v —oRiROBIEE L E R~ EE T

=

=0

- frd C@ w =C
(a) DC — Capacitor (b) AC — Capacitor
w C
Ui
L.
_IO
-K
V4
K1,
0 T
N LIV
- Kln
1<
11
A
&
V=Vsin 2711 ft
413012016 By Tohei Moritani
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12th Physics 10 Electromagnetic Induction

14. Coils (Inductors) in AC Circuits
aA VERNDER

[Q14-1] K(a) TITEMRAEIRIC, Kb) TITAMMEIRIZ, =1 L& EEK
ZEINCHER L, BEKIZRTT 2T LD & 5 ITE D 7,

[Q14-2] B L A VISR BB T, A MDD D EBIE U,
A NEFNDER I BEIOaA L THBSNLES p ORFIZ(L
%77 7R LT,

U 6, pRZOL D RBURIC D 2 L AT,

[Q14-3] = A VOB & EBIROFNEDBEFRE R,

[Q14-4] 24 VDV T2 2 R EIHTD, A F 7 Z R &R
IZX L TED LD RIKFEDR B D0,

[Q14-5] B A ¥ 2 %> %2200mH ® =21 V% 50Hz & 60 Hz ®
RIRBFIZDRNTHAT D L&, af DT 72 A 3ZhT
< 52y, I1-171)

[Q14-6] BT A > &2 %2200 mH O = A V%, FWME 100 V,
50 Hz DR WEIRICDRNTHMAT 2 & &, aA LIiin 2 EiRD
FHEIT N By, Fi2, EENE 100V, 60 Hz ORRHERD & 1%
W< B, [I-171]

[14-7] Suppose that an AC voltmeter across the voltage source in
the figure reads 80.0 V and that the frequency of the AC voltage is
2.0 x 106 Hz. The inductance of the inductor is L = 15 mH.

(13) Find the rms current in the circuit.

(14) What is the equation for the voltage furnished by the source?
(15) What is the equation for the voltage across the inductor?

JE % 2.0 x 106 Hz OFBEERIZAZFB LR 2572 <& 80.0V 2R
L. A7 2—DA X7 52T 15mH Th D,

(13) [ 2 fiedL 5 I O TRV < B,

(14) EHE»HHHG SN D2 BEE LA R TN EHT,

(15) A v &7 & —DORmOBIEE L E R~ T XA H T

=

=

() DC - Coil

(b) AC - Coil

Qo
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12th Physics 10

R —

1) arF oI —%2RnbEH

Electromagnetic Induction

AT —eHNLRGE, AN (L F7 7)) 2N bR

Capacitance

[ F]

Frequency
[Hz]

104

108

102

10 2.2

0.1

10

50

100

500

1k

5k

10k

50k

100k

2) A VE T X ERNDER

Inductance

[H]

Frequency
[Hz]

2m

10m

1m

100

100

1p

10

50

100

500

1k

5k

10k

50k

100k

3) aAf NVEHRN DA

Turns

Frequency
[Hz]

200

200

core

400

400

core

800

800

core

1600

1600

core

3200

3200

core

10

50

100

500

1k

5k

10k

50k

100k
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12th Physics 10 Electromagnetic Induction

[Q14-7] (a) What kind of effect is expected on iPod music when a capacitor is connected —
L

between an amplifier and an audio speaker? Explain the reason. (b) How about when
—_ Y Y Y |

using a coil instead of the capacitor? C

@iPod &7 v AE—H—FHNWTEREBLT LET VLAY —0fMica v T O _”_

T —FEINCDRNEL EED X I BRHREND D0, ZOEBIIMD, b) 22T o —IT Oo O 1

RTCaANVEHER LIz & &3 E 9 D, iPod Ampliﬁer Speaker
4/3012016 By Tohei Moritani
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15. RLC Circuits RLC [E ¥ I 40A

L

[[Q15-1] M FEIETRERD X,

(a) [EDA = A

b)) 2T oY=V T I H AL BRER
© EIBOHIE 100 v@

50 Hz R
15Q

[Q15-2] MDEIFE T, AL L 50 Hz DARICHT DY 77 4 28 120Q |, =
VTP —C I 50 Hz ORI KIT 2V T 7 2 AN 80QTH D,

@ aAaANDHCA VX I BV A, avFory—DBBRERLYFNFNRD X, 3 L
) BIEEEKDOA =L R & BIFRE TN D EIROFENEE KD K,
(0 B|HL, AN, aUF o F—IChnDEEDOFEDEL ZNLENRD L,

(@) EIFECHEBESNDENERD L, (K347) @

0V e C
50 Hz
R 30Q
[Q15-3] FM fi%k o> 88.5 MHz i /&2 L 7= #REE (L ClHIE) &21/EV 7=\, 1.50
pHOaANVEERTL5E6, 20T —OFRBEITNW BIZLIZH RV, (W861)
4/30/12016 By Tohei Moritani
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12th Physics 10 Electromagnetic Induction

16. Vibration in LC Circuits EB)[E K

[Q16-1] HFDO LS REIET, arT oI —%2TBRIZAL >

Magnetic
field lines

FEWIC D & EHACRMICHE 2R D & 5 AlET 5 S = Faea AR e ]
WA U D, - OB EBRIRD & IHLR, BRI S iiiiig e
B RHER & VD, ZOBGIIITROER & BTy < _ Maximum 2 .
%, UL, —
i s
Maximum
o Speed "o
- | - I
im0 N

(a) Maximum charge
©2010 easson Ecucatn, o

[Q16-2] Fig.2 T, A4 vF% 1 ORBICL CEFER 100V Ca T o —2FKETH, K
WTC, AL v TFE2OKREIZTDHEBEBRIEHZEZT, 2O L XOEKREITIN BN, £,
PIOIZEEEICE 2 bz L F— 130 < 52y, (11-175)

[Q16-3] HOA v X2 Z AN 10HDaf e a L F o —%& - - E#E K T, 400 Hz
DOBXKIEHZ L SEL, v T rh—0BXIEFREEZ N BICLEL X0,

[Q16-4] Fig. 4 D= o F o H—ITKMIC 10V OBETHEBEENTND, AL v FHHLD &
BREBNEE 5, (@) A VITHNDER I OFEELE RT 27T 742E T, Ob) EBET
WL B, (o) IREVEFORKMEZRD L. (11-180)
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(b) Maximum current

TWOV

(&) Maximum (opposite) charge

8.0uUF

§S.OH

Fig. 2
0.10H
2228
s —10uF
Fig. 4
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Q

O e 0 T

Q
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12th Physics 10 Electromagnetic Induction

1. Production of Electromagnetic Waves EREOFKLE
[Q1-1] TERE RS

1864 James Clerk Maxwell (Scotland)

1887 Heinrich Hertz (Germany) Hertz O EBR
1896 Guglielmo Marconi (Italy)

1901

(Q1-2] BRI DFA-1 BRMEEIC L 5 EBILOFRAE L ZIE

D) —XOMEVERN D25 2 7 o —ICETEREZ SR < L, Bl

Current
AL, EHESEINT 5, WIS TV A MRS B ET 5, o . —
CEIESETER eI Fig.1 T —le e
= — ——
Current
2) HWERBCOa LTV —% ®ENV = V,sinot OXFERICEHRTHLE,. Q=CV Th
YIS N
— 40 _ av _ A~
I=— = C— =wlV coswt @w =
DEIRITRANFENT Do Fig.2

3) WRZHWTHECSL T DORT T ThH D,

LHRO X ST T FERPLICHEND EBHOME (BRIMORE) X FER &, BSGITHE

oz 5 M@z <,
Fig.3

4) MBI HSL LT=T > 7 T OBLIFIRE) L TEM AW L 7> Tab D,

+ t=0 t=T/4
=+ + /
"
+p YpoQ P
& ¢ @ . @ .
:1E 71 lE \uﬁ
_ T — —
(a) (b) (c)

t=3T/4

+ o+
(«—
m
I
[ ——
i
[—
m
=

(d) (e (€3]

Fig.4
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) BT T OMECIEEFMERFOBH O

Propagation
Direction

o Fig.5
6) RETUTFICEHEAAX IR FAZFEOMBOR

Antenna

@ /7(./ /Z/ =

Fig.6

7 ZOXHe, BRLEEPRABICEE L L TR 2 ORERE Electromagnetic Waves Th 5,
EBHE. MG B, T FMOMEZIAEWVWCEET (FFHFA] TRO>ONE, BREIIMIE Transverse Waves TH

60
Z

E

il

X i
Propagation Propagatlon Flg' 7
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8) EREOZERIIERBEORRBLALEELZ LTS, BEREOCER ORI, ZEHOT VT FHOEFICHE

RiEL, RWHEL B, 707 FTICLCHEZERE L CTERBEORBERICHBITE LIV REVERPELS, ZhX
SOARLT VEDRE Tuning DRETH 5,

Antenna I : :
Variable capacitor

1) Incoming Electromagnetic wave..... N\ "
C

|| To radio

W — L amplifier

Fig. 8
2) ....produces alternating current I
inan antenna ..... 3) ... which resonates with an LC circuit.

(Q1-3] BRI DFEAE-—2 PLIFT o7 HICRDBHEOFELTIA LR, —RIITRO L HITEF 2D,
""" B FIMEST S L ERBENIREET S, ----- Accelerated charges radiate electromagnetic waves.

TR T A S5 &
BB 5 T, RIS RBIRE £ i
BREDRES L BREE T X 0 BBV 2
IREYT 5 M S RS E TR LEMERIR LTS, SBR[ Ze
<5, e

TR S U7 BRI DR S UE ., TR T O NS ) & TR AR A X TR, IS & (R i
L& TCliEaeTthd, !

radiation

Fig. 9

A

Maximum
radiation

2. Speed of Electromagnetic Waves TEREOES (ObEE)

[Q2-1] ERZE: & Bk ERITEER 2GR T 5, TS0 O MBI T D IR R LT 2O LB TH 5,
[Q2-2] BRI DHEE FTRTOEBENPELET 2 EREI IR —Tcec TH D,
Speed of Light in a Vacuum ¢ = 3.00 x 108 m/s

- . o N Light takes about 16 minutes
(Q2-3] Hupk & KEHOHEEL 1.50 x 101" m ThH 5, Z OREEEZ EAETe R 2K X,

to travel extra distance 2

. ]upit{r
[Q2-4] Yeie it I st .
(1) Galileo Galilei (1564-1642, ft) _{HOLT K ZHEMH, SLHIZZ b THK, ‘ “Earth close
(2) Ole Romer (1644-1710, 7) A& Jupiter DHENAKEICEN TV DI to Jupiter
RIS HIBR DT o C 16 495725 = & v BEIE, 2.25 x 108 m/s Earth far

from Jupiter

Fig.10
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(3) Armand Fizeau (1819-1896. {A)
3.13 x 108 m/s

(4) James Clerk Maxwell (1831-1879, % =) Pl

w=35rev/s

- N
C; X ‘
§it |
Light ¢ \—-j-(;d:9500:114.1
source \‘ :T‘\
b

Mirror

WCHEERZNE TN TN TZYEREN RO HNDHZ L&

LTz,
1 1 —
€= Jeoko - /(8.85 x 10-12¢2/(N-m2) (4w x 10~"T-m/A) =3.00x 10° m/s
[Q2-5] FEREZE D X2 T
() s B IR ICREICE S v CEIC BT q [i3725< A F = qvB 1
ZHuE, v CEIKBEGICHEIE L TWAER qIZiZe b1, &b F A D,
S E= F/q @) iaa
(@ @e@ £y, = vB (3) B o
UV €— S
(3) OEBE RIS BRI EEICES v TEI & &, T EET 2RI VBOESEERT D, |
T T I b B BIEE ZICE = DEZEERT D,
Gv) < &S GERICREL, B—IHEBELZERNHIZ v TEHINTN D)

+H—>» v

BRIIBRL PzHEI v CTEET D, b
E Tr
(+ + + +++ + ++ + + ++ +
(v) EAf LB p: ELES b0 OB
I= pv (4)
(i) AR % LR T S = fl_ kopy »)
2nr 2w T
(viD) EVWVERMBIED B E = 1 i 6)
ZT[EOT
(viil) (@) & B) LV p ZWE
B = eyuovE (1)
(1X) (3)&(7)4: D EgUoV = %
_ 1
T €)
€ = 885x 10712 yuy = 4w x 1077 EHAWT
v = 2998 x 10% m/s
413012016
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3. The EM Spectrum EBEREFE DL

Frequency (Hz) 108 1010 1012 1014 1016 1018 1020 1022

Microwave

.

108 10710 10712

Wavelength (m) ](I)2 1 l(; 2 1()I 4 ](; 6
JEW L Hz BE m
Radio Waves EAN TR SN BN ORET D
B (7 U4 106 ~ 10° 300 m ~ 0.3 m FIVF, TUVERLEDBEI AT ATHBIND
Microwaves BIETRAEASN, L= =R bbb
~A 7 a 109 ~ 1012 0.3m~03mm | KpFOEE « FHLERZ RS20 T, BdMOMEILEDIL S
Infrared Waves Gy DIEE)RIER D B RAERIER I L v BET S
RO 1012~ 4.3x1014 0.3 mm ~ 700 nm | FIRMENPGFHEEL, WEDRINT 5 LBV —IZEDD
Visible Light JEA s 3 OBEFIREMOEZICL VAT D,
AR 4.3x1014 ~ 7.5x104 | 700 nm ~ 400 nm
Ultraviolet Light A - S OEFIREMOEBERBIC LV BET S,
EZAN 7.5x1014 ~ 1017 400 nm ~ 3 nm
X-rays BT RX—DOEF 2 BENICHEE S, SBCBEHIE D & &I
X R 7 1020 N FET D,
107 ~10 Snm~0.003nm | b o 8 oo J - RIEEME 2.1 nm B2 HE—5 S HEERRAT I 6 F S5,
EEA O X BREBESCHAFIREIC A bND
Gamma Rays 0.003 nm and JRFERHRILF DR X— BB R ETHRAET D
y R (Fr~fp) 1020 and Higher ’ smaller
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