FLE) 715 SRR

FhE HEEES

Cheng-Zong Ruan

chzruan@mail.bnu.edu.cn

Department of Astronomy, BNU
December 5, 2018

ElectroDynamics, exercise class chzruan 1/23



FRER

> B8 171 I (Fp B AR T aYiEsi ThRM A1) . 58 179
B (BB A TN RIRAELTS)

> BMEAESH 4, 6-13

ElectroDynamics, exercise class chzruan 2/23



S 5.4 ({E3ZMRF)

» EEFRE Az, t) B RA:
Az, t) = Z [ak(t) ek 4 ay,(1) e‘ik'“’} , (1)

k
AR Az t) BEEEE, Bl A*=A, M\NiE ak = a}.
» &1 2% (Lorenz) FISE THYE S d'Alembert F72:
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K12 H.A.Lorentz v.s. L.V.Lorenz

» David Griffiths, Introduction to Electrodynamics, 4th ed., 441 T1, ¥ 2:

Until recently, it was spelled “Lorentz,” in honor of the Dutch physicist H. A. Lorentz, but it is
now attributed to L. V. Lorenz, the Dane. See J. Van Bladel, IEEE Antennas and Propagation
Magazine 33(2), 69 (1991); J.D. Jackson and L. B. Okun, Rev. Mod. Phys. 73, 663 (2001).

Luavig Lorenz Lorenz gauge!
From Wikipedia, the free encyclopedia L Iol RIEIN!IZ!

Not to be confused with Hendrik Lorentz or Edward Norton Lorenz.

Ludvig Valentin Lorenz (/'lorants/; January 18, 1829 - June 9, 1891) was a Danish physig -
udvij orenz
mathematician. He developed mathematical formulae to describe phenomena such as thpsflation between G

the refraction of light and the density of a pure transparent substance, and € relation between a
metal's electrical and thermal conductivity and temperature (Wiedemann_p##nz-Lorenz law).

Biography | edit )

Lorenz was born in Helsinggr and studied at the Te
Fpeff 1887, his research was funded by the Carlsberg
51 description for light propagation through a single

Cal University in C . He became professor

at the Military Academy in Copenhagen 1876.
Foundation. He investigated the mathemati
homogeneous medium and described the”passage of light between different media. The formula for the
mathematical relationship betweén the refractive index and the density of a medium was published by
Lorenz in 1869 and by ik Lorentz (who discovered it independently) in 1878 and is therefore called

the Lorentz-Lorenz-€quation. Using his electromagnetic theory of light he stated what is known as the

Lorenz gauge condition,|and was able to derive a correct value for the velocity of light. He also
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SIER 5.4 (VA BYiHE)

(V2A), = 07 A0+ 0 Ay + 02 A, (3)

3 3
=3 FA =) 0{(0A) (xEAERBEMELE) (4)

=1 =1
0jA = 0; {Z [(ar)e(t) €%® + (ar); (1) e 7] } (5)

k
= [(ar)ee™®ik;+ (ar);e**(—ik;)] (6)
k
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SIER 5.4 (VA BYiHE)

DA =" [(ar)ee™ ik + (ar)je ™ “(—ik)] (7)

k
07 Ay = 0(940) = Z [(ar)ee™®ikyik;+ (ar)ie ™ *(—iky)(—ik)] (8)
—— Z ar) o™k + (ar); e * k7] (9)
(V2A), = Z 07 Ay (10)

:_Z ar)ee™® (12 + K+ k2) +(aw)s e ® (K2 + k2 + I2)
*,_/

—_——
:k2 :]{;2
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SIER 5.4 (VA BYiHE)

(V2A), = — Z (ag)ee™® 12 + (ap) e *® k2] (12)
koL

ViA = - Z a1 4 aje* k2] (13)
kL
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SRR 5.4 (0°A/0f HITE)

242 {Z w0

k
-3 [ e T e &
k
d’Alembert equation VZA — ig 86215;4 = 0 becomes
S aet R age ke Z Talt) o, LG s _
- b 2 dt2 e
(16)
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150 5.4(1)

1024
d'Alembert equation VZA — 2z = = 0 becomes

1 Aag(t) 4., d2ai(t)
ik-x —ik-x k ik-x k ik-x
— E [ake K+ ae k2] ~ 2 Ek [ 12 et 4 a2 e =0

: 1 d%ag(?) & 1 d%aj(t)
kx| 12 kx| *x72 k
E {e {k aj, + 2 ag ] +e [akk, + 24z =0

k
(17)

1 d? ak(t)

= Pap+ —
FT 2T de

—0 (18)
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150 5.4(1)

L N o 10%4
- AFSENREMEARE VA 5 =0

N -~ =1 L] ! d2 ¢
- SRR, BIIR P ;’;()
. AARE AR TR — BRI

» V= —ik, V2 — -2, ...

=0
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S150 5.4(2)

»V-A=0..
V-A= ZaA _23:2 [(ar);e™ik;+ (ap);e ®*(—ik)]  (19)

= Z {“’mk— ie” " k- a’é] =0 (20)

—>kI:- ax =0 (21)
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SJ& 5.4(3)

0A

B=VxA (23)
Bm = EmjlajAE (24)
= et Y [(ar)o® ik + (ar);e ¥ (—iky)] (25)
k

= ZZ lé‘mjgk’j(ak)g €ik‘w — €mjgkj<ak)z €_ik'$‘| (26)

k
—iy l(k X ap)m €™ — (kX @) e_“”’} (27)

k
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SJ& 5.4(3)

(kX ap)m e™® — (kx a}), e ™ (28)
| |

[(k x ay) €*® — (k x a}) e—i’m] (29)
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» —MRABARE: o = {2, ¢/, 7}, IR RE R WADRF LARCE 7, b,
MR FEITAEMN RS (FFRALFRS) BB (center of mass, cm)

ARFRA
;) m"ll + m7/2 L, /
Tem = = o 5("‘1+7‘2) )
» FUDBERR D r={z,y, 2}, N—RREHRR ¥ THRERORABLIRT R
AR R R A $k 4
'r'—T‘/ ’[JCHI”U_’U—'Ucm,
HbEE v= %r.
> BUO R AR AR
1 /

=1 —7

1
cm:§(71,1_r2)7 TQZTIQ_T,cng(_Tll—’—”JQ)
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BubFEA:
» NFRENESNELNT:

(o1 + v2) = m(V] — gy + 0 — V) = M) + V5~ 20,) =0

- R TR SRERRE—ARNS r— 1, v=—v.
- BATRTOHEAS, FIHT RO BIEHE RN

1

p=q(ri+m) =0, m=§[ﬁ><(qv1)+rz><(qu)} =0

> XHH/HIBRES W

ElectroDynamics, exercise chzruan 15/23



> Bif ARTRE BB/ TEN/FEANLIRR (KRBERUER)
TTE, BB TLRRANER: BLEFREXNN, FSE e
RANEMEL
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SRR 5.7 (BRIREBHARA N FE)

> R

A(w, t) _ Ho J(a’lv tj)

— dv'.
A ) |x— &

- BRI p = p(r)
- BERE SRNRETHEDRER: o = o1

> B ETBERRENTERBIERS » %
J=pv = p(r') v 7', J(r') = —J(—r'). HEHBERDH, G- 7
—r B T B, A AT
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SRR 5.7 (BRIREBHARA N FE)

» BRINFEHRIEE (REIRT) . RWUFRBEDM (R UERERR
sz, flmzaks) B (EZZ B AENKRNIRE) HA
Bl (CREHBES)

> N RRERES (BRIIRE ) !

> [ XAEXFE HH) Birkhoff BIR: EZ=E RETIE AKX FRE wmTir
FREESERERRNENT AL ESEN) D ESERSH

» ARSI QRSS! (HSBWRsINEFEATFE)
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SRR 5.8 (BEETHHEZE)

> SREHMITHFRN R, BEFDPAENEEL, KEBERES -
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SIRE 5.9 GEIEZEZ=NHFATE)

5.9 FURIHLSE ST, 0 UE A R g 0 HE 2 S0 J2 16 22 2 1
(iE] Ao iR W

A(x,1) :“—"f "%(x”tl)dV’

¢(x,;) i J'p(x’ L’)
1T€o v
Hep ' =t—r/c. BVt = -Vi/c, U RBEHFRMERV > -V, B
J(x',t") =V - J(x',¢) o + a‘,(#l el

= VORI SN I S
V/ 4 Mzivl s J(x’,l,) +V!Lr 'J(x',t’)
Lot J(x! s =¥« I 1) =¥+ JE)
=—r—V - J(x,t vRE - p : r

A it
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SJR% 5.9 GEIRZERINHFIE)
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SJER 5.10 (R FHEENPTFERE ceawenm )

» BBRGRSY: W (Bt (4.9) 30) . REE (Ff (411) RK)
> SR w BRI Mo NERRIREEE KL

m = mg cos(wt) @+ mosin(wt)y , FHFme=—RM, ,

> THEIFRBFRR

m = moe_i“’t’Li‘P(sin OR + cos 00 + ip), m=—wm.

> A BRES AT
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J@ 5.11 (EBEsFEATFRES)

» BiBREES: #p (B (3.17) ). SREE (B4 (3.19) I)
> EEAI%*&%E D= 8&(@—{- 7’@) e_Wt 7? - _Mp 7? - _w2p
> HABRBIRES AR

» (RFIEHEE v=wae < ¢, Bl o < N RIET EBF B BRIEBH A
x)
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