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Title

- With the Aid of 3D Simulation and Animation -

Electromagnetic Radiation
Revisited

Shizuo Mizushina
Mwe Senior Association
Professor Emeritus, Shizuoka University
Seminar at APMC Exhibition

13 December 2006

Objective

To help beginners understand physical
concepts underlying electromagnetic
radiation with the aid of 3D simulation
and animation. & U7z, SBREGESIZ A
bArMEEHE> L&, LITLIE, EFXRFR
ICUBIRSTEZBLBIIHELNDS, £
@OKF, #EH D beginner &7 5. Radiation
D% Longman Contemporary English
Dictionary T38| < &,

1. a form of energy that comes especially
from nuclear reactions, which in large
amounts is very harmful to living
things

2. energy in the form of heat or Lght
that is sent out as waves that we
cannot see

Ll e &
A #R

Lind, EsHI=FA¥—LEBO 2 2O
HaxFMULES CEULYHEESTHA,

Introduction

Maxwell
Hertz
Planck

Penzias and Wilson
OREMER S,

[EEIZHEVy, EEOESHGEE LEIED
%, EREH T 1864 4 Maxwell [1] 23EERE
M EFOfFEEH TS L. 1888 4F Hertz [2]

AIFERE L 7=,
Electromagnetic Waves
Prediction Demonstration
q.

James Clerk Maxwel, 1831=1875.
Mavwsil's (20) wquatons, 1884

Herrich Here, 16471894,

Haertz gensated slectrls waves in 1588,
Mmowsll shawad 1518t ths e5URtioRT Ha demanilr abad thal ths velozity of redic
praict wawes of ascilatng alactic wavas was acual i the valosty of light
nnad magnatic fslés thal iravel #irsugh  Aad how ks make te sleciic and
magnet: Eelds detach Bamuslues from
(v wires to go fros as Marssils waves.

From sparenussum.oam (7]

smply space st & speed of
340, 740, 600m s

2T Mawvend irom Wikioeada [1]

51

Maxwell D3 & : A Treatise on Electricity
and Magnetism, Vol. 1 and Vol. 1T, Oxford
at the Clarendon Press, 1904, [3] @&
PRBN—E S 3 TR,

‘ L TREATISY
LB Tlen ATY kb MAUNTTISN [
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& T, Hertzid\WREF # 7 7 & e
L. 77+ CRITAERIZARSILE. E

BT 7 bl EhdET <

#E Matter)n» b b id &3, Planckiz
BEETEK)O®WE (Blackbody) 76 ik &
NAHEH W, BRENHE (B -
AZOBERELAHAVTSLE, EHx

NF— IR L IR o THAY FTHERBRERLT,

1901 £z BikEsd A 28 =, [6] @
(£) & HEE (e ) & BH = F ¥ —#EE(Br)
ERIT(h) L IRE(T, B\ RjNAF—4T ) ©
Ba%® 1 KOXZERL-ETHES, X
FohEwA2EThS. PlanckilBAEFRE ik
Az -TETMOCRAEMIILE, —0
ERIzE b, 1918 4|z Nobel Prize in
Physics # % B L 7=, B (k5 8 =0

Cosmology (FHiR) OLHLbz>TW
65

BREHEN T 2512 Planck 23 -
IZET N EBHIERG6] & S6 IR,

Steps Leading to Radiation Law
Cavity Enclosad
by Blackhndy
(Vasuum) I Modes of electromagnatic fakd
4 - Made density
Average anergy of mode

.. Duantizaton E= ki

In the ety

P
e

‘ Radiation | |
E

Energy ahsorbed = Energy emiled

; Planck's Blackbody
| 1 Radiation Law
TT;::-:;!:r Important Concept;
Detachment of the radiation

Maodel used to darive

P f matter (blackbo
the radiation law. (8] bl (bl o)

6

Planck ®5H, [7] #i shi-BiFEHO
L 6] 20 s57[8] #8Tiowd.

Planck’s Blackbody Radiation Law

M Planck, 1858-1047,
Raciabion Ly 1901,
Mobal Pres in Plysies 1918

w1
B, = _1:-{_[ [T ]
et
H"!!fl (. “ e
fr= 66261762107 Ta . - i ¥

W Plgnck from Wisigedia [7) A0 Kraus REd Asirenss g i

Brightness 8, WmHz s
= . A . 5% LN L

=7

Hertz 127 5L BREEN 26500 B
T HIE®EW L, Planck 2 E - ERE
FHREDEES N A BRI S K L,

Detachment of Radiation from:
Antenna Matter

Heinrich Harlz Max Planck
Maxwollswaves  ToMinology  flaskbody radislion
Elacine waves Thermal radiatian
Elacirormagneiic waves
Radle waves

&8

19656 4=, Penzias & Wilson [I5FHE B
BMEHAZREL. 0] BHF—-2 X 3BR0
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(underpinning) % T #14=¢ Big Bang Z
micE A2, 1978 4 Nobel Prize in
Physics #H L1z,

2006 = Nobel Prize in Physics #%E L=,
[13] S-10 iz 1992 40 Sky Map, Mather
L Smoot @5 E X COBE 0EH%F7,

Cosmic Microwave Background Radiation (CMB)
A Blackbady Spectrum of about K was discovered by Amo
Penzias and Robert Wikon of Bell Labs in 1564-1965. [8]
Mobe| Prize in Physics 1878

Hom artenna at Ball
Labs. Holmdel, K4

L e Al

’:I:hl'
P T

Bab-labs comfiserapen oasmobsl mmi [10]
58

Penzias & Wilson (1if{S {82 Telstar DiE
HEZ(E> A7 L(A080MHz) &Y L Tl
o _ABERLEM ERFB—T 77
# 89 |iRT, h—2TorTFTrERKEOY
OFIZATTL, # 3K OSBRI
Ehd, F—rTrTTtoRELE it ¥
S99 AFH) et ~&@A%t 1964 25
1965 (T4 T 1601 71278 3K OBMES
(TR A2 aTe, RENLOBMET ML L
nhnEoEZ(Zi# L, R.Dicke (Prof of
Cosmology, Princeton Univ)lZ#ZE L, ##
O R, Astrophysical Journal Letters,
July 1, 1965, IR X # % F L7=, The New
York Times 1 ZORB* Fy F=a—3A
L LTEARE. 10]

NASAIL 1989 4 Cosmic Background
Explorer Satellite (COBE)#4TH Fif,
1990 fFiz 1 FEMOBRAIR R L LT, FEHE
BEVMESIREIL 2.726K T, £ ich-5
—BEEIE 105 THhDERF L, BHTE
4JFiX. Big Bang/» & 30-40 HFHEEHDTE
ZHOETIZIEWEK T, TOIRETM
000K T 5, I ORI A | ZITL iR
ETHERM LRI Mo TA®, HiBkLE
TEMEh 3227 Fd#FEHEBRed
Shift) &5 11T 2.726K& 12 5.

NASA {2 1992 £#£{Z COBE iz L % 4 &[4
OB T — 7 OFFMle TR A= L,
BREAMTREIILFMNT-RTHRL,
AT = 18uK OEBBHBZ LmlLiz, 2@
WL EWMITOMFTEOMEE (LD RME
FLTWALEEZGNTWA, [11,12]

J.C.Mather & (3. Smoot |I- DEF T,

Map of Universe: Nobel Prize in Physics 2008

~ AT = 18uK
2 ' 1982

it ivmap gate Pess
FOWM 1 L e
1 hied

Jtn T Mltee, 1848 Mobe
Pricw n Phywos 208

Cowni Bpoground Exipns Goarge Smock 1 843 Nobel

Frize inFhyscs 008 =10

ICOSE] Seieite

COBE @ pkZh# & & 2. NASA &
Wilkinson Microwave Anisotropy Probe
(WMAP) #4756 L, Blll&#ET T3,
NASA 2 ez LTv5 Sky Map OEEFES
S-11 e/, [12-14]

History of Sky Map

hrpimap gefe.nase govim_igig_universa | htmi 11

mIEOFHEFNAE S- 12 1275, [14]

Universe : Matter + Radiation (15,19
Radiation permits the obsarvation of the Universe.

v -2

/

Singuladly Temperaboe ange: 200K
Age of the Universe' (13.7+0 21107 years
The radiaticn decoupled from matter at about 300,000 years
The Linverse s expanding wath the speed of hight at around

the edge
Drawsnigs g Hang rom Wikpsaa (1] 242

THEBEEMD LT, BREE, 247 <,
vA 7R RERREEZREZLTVS,



PDF Compressor Free Version

Vacuum

Big Bangii#$i - C5 ¥ G 7=Space &
Bl o7=. Space (Universe) |I@sE - Yk
Ee - TREELTWS, hkdife 2 LT,
Space!ZTimed 1 5 X7z, 30-40 FH4H,
hF e £ OFE T (Matter) 2326 & 71, Space
NORERF (FIZETF) BERAE K

F L@ Space B CTE S L 5/ b,

Space® H® B LItk o, [1516] &
HOERE) B EEEe TEIET Sspace®
Vacuum > E|/4HZ LA TES, Livl,
(IR A3 e = 2.99792458%108 m/sTHh
BEOMHOEAOERIISH LR,

Hertz's Experiment

Let us focus on:

Experimental Demonstration
by Hertz

* Hertz generated electric waves in his
physics class room at the
Karlsruhe Polytechnic in Berlin in
1888,

* Hertz was first to send and receive
Radio Waves.

513

Hertz ERERZ S-14 (2577, [17]

Original apparabus used by Herz (-1 S0MHy trarmmittar spsrk gap with
lesded dpalo andannas. From DM Pozer. Aicravive Sagmasnng Jobn Wiley &
Sorm 2005 [11] Phatograph courtesy of J HBrant, Univarsity of Michigsn 4

Hertz #° 1888 FOEE({#E - /= Hertzian
dipole antenna : @—@ X Spark gap :
KH, EnfEEBES - 12 50MHz,

Spark Museum &R Hertz Table [2]
* 815 & ¥, Hertz iz & &

"ELECTRIC WAVES' (18] ogT, [E#
BE10E<snWmTaL, LoFarsE
BERVHRELND. ) =TV, ZO =
&5, Hertz Table (X 500MHz € 5T
DEBRICHAVWONEEBER TCHD LBD
ha, (BEOHRL,) Z0F—7 8o,

Hertz Table

3. Ebchomagnetc wavas
creale slach= sument in 2. Spark produces shecrnmagrstic weces

raaambsr produces smal f
apars in spark gap o =~
YO N

1. InckcSon cof praducas
high vialtage
|

™)

From sparenuseun.com{2]

515

Hertzian dipole (F3tiR3gL 7 7+ 2E
Hani-iET, KFERTIEE Hertz @
mEBM-57 /54 A TS,

Maxwell's Waves from
Hertzian Dipole

Hertz M EHE

1888 BN ORLE L FORBRMIZE
LLTHhE b &%, ThETOMRRES
#h T, Hertz (2 "FLECTRIC WAVES "
Macmillan and Company, 1893 #¥FbL
fo. 1962 Eiz, ZOXRDEZRKS Dover
Publications 7 & i Eh 7=, [18] Fo
WA S-16 lT7d,

HLECTHR WAVES

vt Pussbeatin 3] (0 pristy gl b
Wit wa) Cormpnpn 1023 (1] 518

TIOFEDE | ET, Hertz (I ZOWEICR
DElTrZ Lzl E E22RRTINVE,
FLT, 1888 FEDERBERIZHOWT, BT
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&5 Prof. von Helmholtz & Bista B,
EMNERSEAZFET LIEREREZH
BATEZSLOBRICHELAZE, ELT,
£ OIRFE T Maxwel| B OFEEF -7 2
& BPATL, BENBROBSIIEE
Maxwell iZ L > THpN TV Z & 245>
e LB~<T1 3,

Hertz OEREBOYUT= 0 |2 LIoFE4EMR
BEL. EERRKXLEAL LIzOTRLZ
Wh? EARZEIZEZDZON?)] LD
7=. Modest 72 A Hertz ®E 213 :

“It's of no use whatsoever.....this Is just
an experiment that proves Maestro
Maxwell was right — we just have these
mysterious electromagnetic waves that
we cannot see with the naked eve. But
they are there. [19]

LirL, RAOBBEIILNIEBZ T,
ZORAOERSIEBEONDRDD L
ALY 3% % . Radio Waves
everywhere LW AR L o1z,

RED pp.144-145 |2 S 1T 127 +TEEH
5., Maxwell OEEFHIZIE - T Hertz 73318
LcBRhEsfHmERLEETHS,

Lines of Electric Force Calculated by Hertz According
to Maxweil's Theory

o

t=or el 1 -1

t=1TM
IR |

T: a half cycla

t=3TH

oty ERctor Wiavas, o P08-15 Dowed 1367 Ongeals Micmilan a0 Company 1333 517

BERDBo A ORFRER RO Y 2R
ENRTWND, BLo/h SRR dipole
antenna ¥ #&7, SMUOERO LR L0EM £
EHIZKREL ST S, 0<t<T OFH
T, HMUDEAOERH#BIT dipole 706 H
Tdipole A>T 5. T<t TERHIHIT
TNBEETRAL TS, BARA antenna 12 6
detach §¥AHZELERLTWD, LIEDER
DEEFIZ. BEAROMEEREELENSL
BMYVEFTITEVWE Here B~ Ta, &5
2. AFp14a7 TRODLHIZE-TW S :

“The best way of picturing the play of the
forces would be by making drawings for still
shorter intervals of time and attaching these to a
stroboscopic disk.”

Hertz (X, EBEROEIB V2B TIHF
BELT, (HEHFEFEREZ) HiIZLT
animation ERTAO0ORFHTHAZ LA
1893 EIZRm2 LT 5,

3D Simulation and Animation
Hertz @ 7~ W {2 5€ V. short dipole

antenna 7> 6 O E R E B H % 3D
simulation THETAHZ L42H L5,

Representation of 3D EM Fields
by Means of Animation
as Suggested by Hertz
Method:
Finite Integration Time Domain (FITD)
An Advantage of FITD

FITD and FDTD methods among other
numerical methods are best suited for 3D
animation.

518

¥ a b—=i 3 IZiX Finite Integration
Time Domain (FITD) &#{E -7, [20,21]
Yial—YarilffoTFAE S5-19
IORT, FA4R—ATF o7 olh% x dhk
L. Tr7TERER— OO EERA
£+ 5, 777 £ L id Hertzian dipole
OFEF#IETLA=012L L, i,
Ei{EEE % 1.0GHz & U=,

Model for FITD Simulation

BOem

Blcm
|
e A=3EE
#em L Sho Dipale A
= «  Aplenna F = T
LodN
e o
// e Dipois Denanmions
Damain of
Compulalion
I'= 1.0GHz , A = 30cm
LA =3600=042
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FITDTIX, HREEAZE (Zoflci
8.48x10°) O T A(Mesheells) |7 4581 L,
B2 L TMaxwell 524 {755
IZER L, FNEFMOTEBRZEH T2,
BTreEnLSBokFES-20 27T,

Meshcell
View
_-,-.L___L__J‘;,.a""'--...b The domain of
R o HL compulation |s
M ber of v surrounded by
meshzalls - Parfectly Matched
B.48 x {00 Layars to simusle
PRIL the open boundarise:
r/' ,.\\‘
| l s
| * i g T t
Rk Brd'seys view |- ]
. will ba l |
| maintained |
througheut I |
prasantatisn.
b

B EM oA Perfectly Matched
Layers (PML)ZHCE L. AMSERIEORH
PMALH, BREKICHONTEAE. PML
{% Planck ®RBE—-HEHERGE FSHTH
D,
BRERIZSKRTHHE Lo, IEWTHM
ERATLEENZFRIT, BT 534
ALMiEm A 2 RmaAEER L, Rz A
EFNHEBEBOPCERL CIRTIAEA
A =24 5, 3RTA A—VEEELE
Bzt ok, BYRRTE4RANE
Bhsd,

FROEFAEES T, M ERREDH
AHHE L, &R % graphics * animation
THETFT D,

Physical Concepts Pertaining
to Radiation Presented in
Graphics and Animation

With emphasis on the roles of
Electro- and Magneto-static Effects

Animation e
Presenled in shides with CST loga.  ['3)

&

Synchronized Swimming it 5 3% F
(2006 #F9 HiiK) »—HE (NHK TV
Eif) # S-22 oEMzRT,

Making Waves

-
_, Bl

i e
:

S-22 & LR, BFEOEPSTFEOATEIZA
PLRAEEZBERTEY. ETEHIIAAEICE
ZbhizA b LARMEE R TR ~EHR
THERFE2TT., ZOEFAITHIE LT,
REOMBIZAATR—NTorFHEEE,
R ENDERR (77 FIcRELEN
ot 2ERT bv) # 8-22 ohEl:
AT, ZOXIi, BICRXAEEHETL
FRIZARZRWEMBERIZHATEDT, £
D|LBNEFHFELL S & TH5HRASE
HIRBRERFITIENE B,

3D ¥R al—alTCEST T
EME S23 07T,

Antenna Driving Port

r_l"

T ht, Driing Voltags
8 (o T A A
| A v |
"j-_—.._ fe = | |
|\_ v b
el A== A | Gausman fulto
Antsnna V- Driving voitaga |/ 110500 1500
r; 1 Sourcs resistance Tims (ns}

¥y Radialion impadance

b

ERENEETE | #@T &, 7T Emic |
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ftEk  Vintage Guide

&

Vintage 2005 2004 2003 2002 2001 2000 1999 1998
France
Bordeaux
St. Julien/Pauillac St. a3 88 a5 88 88 96 88 87
Margaux 98 87 88 88 B9 94 89 86
Graves 96 a8 88 B7 88 g7 88 94
Pomerol 95 e 84 85 90 85 B8 96
St. Emilion 96 88 90 87 90 86 88 96
Barsac/Sauternes 96 82 85 85 98 88 88 87
Burgundy
Cote de Nuites (Red) 86 83 93 B4 85 91 83
Code de Beaune (Red) 79 88 80 77 80 93 82
White 87 B4 92 86 88 89 B4
Other Regions
North-Cote Rotie 85 36 78 89 a7 95 890
South-Chateauneuf de Pap 90 a0 58 96 a8 90 98
Beaujolais 81 95 86 76 91 89 84
Alsace 89 91 80 97 80 97 87
Loire Valley (White) 94 82 82 80 B2 84 84 84
Chanmapane 80 B3 87 87 86
Italy
Piedmont 84 89 75 93 92 92 04
Tuscany 87 86 75 94 as 94 86
Gemany
Mosel-Sarr a3 a1 92 95 16 86 92
Austria
Gruner Veltliner 91 a 89 &8 85 95
Spain
Rioja 92 a7 16 84 86 86 B2
Ribera del Duero 91 88 78 85 87 88 88
Portugal
Vintage Port 90 g2
Australla
Mclaren Vale/Barossa 95 N 90 95 85 88 88 93
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Western Australia
New Zealand
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