HHOIOT Why are mest materials charge Neutral
The Short answer 16 this quextion o - Hum,
rot realy. [he Corger answer invclves Ao
o eshmate the Strergth of Coullomb interaction .

Lel w»> extirale the gravihoral ferce befween
Jock andl T8 who are | m apart

Suppose. their bodly mass e the xame,

m= 60Kg. The G Rrca between them

AL
- S Gm e e P /m

W%mcwehey Ex o N o= very weak @O

The Coullorb tBrce betwesn Two charaedd obyjects fokes

he simitar 3rm, Fef 2% - _9%
- I, s
r g e
T where R= e = 899x10" L8R
[s/@Q, Tt > rot foo bod o arsune ot we.

ale made of water motculed .
VA
&o 6,228 = 333 X 103 — (o mole Cz
Suppose. €ach water mokacule. Just €ooses 1€ . Then,

Jack [/ TieQ wrilh cary Some Wg@

=
Q= /‘6></oqx Io = 6xr023m /og(c)
T T EEE

The Coulynb ferce Can be exhmatedd easify, .

2 8 |
Fz%%_gqc?wq (o) ~foon Y8 \(BE
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Page 2
Even i we gust &am/@w‘n 1€ #5r each
Composing mokkcule., we will be cloomed -

-
Fa~ 1o N, F~10% N a—oaE:

1 To avoid the strong Coulomb inferochon, most
Stable. materals are chasge Neutra®.

Tt (s al=o tan To corpare g and Fe af atomic scabs.

. 2
@' Fs G m;/loam& e G M m,
P Fe 20 8 / 39
—b = = o 1" 10 = lo
G —_—

Because the above ratio ¢ hyge, We dont- Need o consider
Sravifational interaction when explorirg the Sfructere of
atons & II & importent fo emphasize that the above.
edimates are_rot merely fom the ratio of Coulont
and Newten constnts  K/G_beaause g not dipensionbess,

D Urdlerstardling electromagretic. inferactions. Tt fums
aout e fiefd theory IS fhe mother anguage To dkxcribe
EM inferachons

§‘§=_6% TB =0
"_\_—A-‘:‘—_?g 2 —A:: — _L@E
VxE S5t VXB = M+ o 5E

Thexe cre the famares @%m o] 3&’

Department of Physics National Tsing Hua University



pa&e -
1o dexcribe the EM inferactions, 2 vector
Felds are negded S

E"' (E;,Ey,52> and §=(8 JB}’,B£>

Each comporent oy deperclon Xy, 2. €.
OEx 9E¢ oE OE &

Ec=g(xyzt) ¥ axx # eyx 7 az}(’ ST Md@v‘mﬁu@
Wow, (3+3)x 4 = 24 frstdenvatived in fofal. Yow
may guesd 2% SQuationd afe NEeSSary f&r a Complele
dexcription. Nope oo Count ogain andl you shoald
find owt thal there are onky 1+3+/+3 = § Maxwell egs.
Think about 1his interexting mismotch @

Don't be Sawredd by the Scary notations.
B ok o
D —_ LV-E = OEx , OBy _ 9Ez |p— Scalar

3X oy ' 3%

The above definitin Can be wunderstood an

S=/8 2 2.\ o T & - 2 o o
Ve OX, By + D2 S X EX+©>/ y Toz bz

=L T Iz oEy OEx OEx OEy OoF )
o = —_— — -
CLLP'Q o [VKE = éy 82 2 az (9)( 2 ax ay

S:‘w‘@w@y, the above definition Qen be 1 wector

understoos! as the vector preduct of T8 E. T

= . « S

c 3 R
i e (852_ OEy OFx 0OFs OEy OFx
3% 3y 53 Sy "3z - 32 3X ’ OX oY

Ex £ £ h
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PaBR
The Maxwell equations contain two importent

Structuren s (1) _Scurce ferms (2) felels
ed throuah fime derivatives.
C/ar@Q denxity O(Ft) —Ww E(ﬁt)
Cuurent dendity T(Et) — B (Rt)

The comections between the Sources ardl the comexponding
flels Seamn ve/y reasonable. But, Ut Gan be confasing.

L\@@@@—j p*o SICEGIGHOR gj‘z_g
: J+0 el e
Ii% ! B0 — i B=023
= aﬁ% TieQ. E+0
HHTH- fE*O' TITTTTTT

Bock o the Jack-and-Jil0 problem. Becawse P+0 T+0
Jock Shoullel observe. Non-vanishing E and B fells.
But, in TIR& ffame, 1he Current density cs zero. Doed.

this mean #at the maoanetc el vanishes here 2

Now we feun to the Cowp@/ﬁ betweon E & B ey . IF
the fields are stabc, .. 8E_O 9B _ s

ot -~ 2t
e R R AT T
77>e Maxwell equations decouple into two groups. 77)6 E
*‘““‘z_Q_ Befd and the B
v E eo d‘*‘g V E) 2
sl = e == O’Ofﬁofftﬂpkibeaczﬂ
V)(E = O VXB —/UOO- 07%6/\ Qﬂ)/mofe

Of Course, f&r consistency, the Sources p=pa~)
T=T) Should be stahc an welf . ﬁ%ﬁ
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page >
Most of the time, E 2B s vary Wtth time,
From the Maxwell equations,
B =  BE T s
It brirgs out the intereating consequence ~%
can CGive withaed™ the Sawuce terms.

__ 28 Y e E - _invaniant.
TxE=-22 UxB=-5£E

77)6 Symmetry between the electnc end the magnebic
ffels becomes manifeat in the ffee space (0=6,T=0).

It e olso inferesting & observe how the principle of
Superpesition emerges - Suprose Two Sefs of ludion
(E.B,) and (5, B,) Satisty the Maxwell equations
in the free Space. Tt > eany To Shows thal

A e e P — N _Aa_\___a N~
Ux (ErE)) = UxE ~ x5, =~ -5 = -2 33E)

The same holdls 1B+ the other cquations. Thus, Cinear
Superposition & 5\*“5\'2 éj+52> also Satisfey +he Maxuwel
Squations. Notfe that 1hig prirciple of Superposifion

No Conger Works when the Sowrces are present.
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