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define the flux quanta and their associated field intensities, electric dipole moments, and dipole energies
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define the flux quanta and their associated field intensities, electric dipole moments, and dipole energies
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magnetic and electric dipole moments in terms of magnetic and electric charges:
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calculate energies associated with these fields, charges, and dipole moments
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0
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Forces to be considered:

Inertial

Centripetal

Gravity

Electromagnetic

Coulormb forces

Magnetic Dipole

Electric dipoles
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2
m,-obar, Abar,
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B
1
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1
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e 2 1
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mezpy Abar, T poAbat,
0 HpAoar,
e-hbar .
_ Ehbar _ 24 joul
kB g = 9274009135 107 2 1242
€ tesla
3 2 Eyib
My kg _ o By e
Finole = ———— F g ogo Moar, = 11136817579 x 107~ Me¥ —=
pole 4 pole e 4F, “Ahar,
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o
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rdot = 200703458 x 105 m o

2pp By = 102199782 « IUUMeV

E; = 26485707671 x 10
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2
m, obar, Abear,

et i
prrEpE ot B0k i ot = TUTANAENT 5 W kg s
d = —e.El d = 14144025781 = 10 " kgs™)
maotye otriclorentzl = rdot mAotygeotriclorentzl = L * 85
_h TR
mdotyeotsicL orents2 T Lo 200ty otric] orentzy = 20642736 % 10 kgs
_ ec-By _ _y 1
mdc"’magneticLorentzl iy mdD"magﬁetxcLorentzl 1.41440297281 = 10 " kgs
B
e—
il -8
mdm‘munupuleLmentzl = o mdmmunupuleLuremzl = DAOI2063017 « 10 " kg s
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Electric dipoles

inertial =
centripetal

inertial =
elecCoul

inertial =
rnagCoul

ol

=3
dpgpyg = 61869520329 « 10

B
kb -
- g_a:2 gt = 4291764 % 107
'Jﬂ me'C
edbar, ¢ A5 bl

950k

1
=6 8517000831 « 10 1 gas17o005a3 x 1E|1
o

gy

2
x Abar,

Pr2

Ey= Ep = 38623015811 » 10

2
x Abar,

Ey

Sponet Ey = 70025246458 x 10" MV

0
Hpopy Fy = 102199782 » 107 MeV

0
dpopz By = 1.02199782 x 10 MeV

o-By = 26465707671 x 10

SgomgEy = L BLTTTTT x 107 26T

plot along with electrical impedance:

hbar

92 centri =

2

Abar,

9ZgleeCoul =

ﬂZmagC oul =

[

2
i€

ez bibar-dbar,

2
my g
4n g hberibar,

-1
Fiportial = 21201367271 5 107 ' 1

procedure is to equate the given force with the inertial force = mdot % rdot = mdot % v. From earlier in this worksheet

—1m, -
0Z popyeg = 70720148907 x 10 ks

-1z,
0Z et = 31806923816 x 107 kg s

_:3 -
O agroul = FAREOLTHA X 10 kg

Ey = 26485707671 = 10

— = AESITOOOET] 1I]1
E

1

centri gives mdot ¥ rdot = m x w2 fr

or mdot = m o rdot’2f x rdot = moxrdotd
substituting rdot = h/mr

gives mdot = hir2

elec coul gives mdot x rdot = e'2/4 pi eps 12
or rdot = 82/ pi eps 2 rdot

again rdot = h/mr to give
rndot = m "2/ pieps hr

tmay coul gives mdot ¥ rdot = g"2/4 pi mu P2
or rdot = g2f4 pi mu 2 rdot

again rdot = h/mr to give
rndot = g 24 pioma b r

qE1 Larentz gives mdot x rdot = eE1
or mdot = eE1/ rdot

again rdot = h/mr to give
mdat = mr eE1/ b

ditto gE2

2
.t . 1 5471385198 « Iﬂ_3
2
An-zy Abar,
2 0
B = T2633763955 % 10 N
A pyy Aoar,

e Ey = 42402734542 x m ! N

W

2
2

2
4n - Mar, . 3
——— = 481 < 10
3

41(-:D-]bareg

LZ = 48047162812 x 10°
4
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eiec coui gives mdot x rdot = e*2/4 pi eps #Z - =L SA713R5) 28y UL by i 4 B5E 16U lu?
" . . . . . = —_ x
now calculate mechanical impedances, plot along with electrical impedance: or mdot = &72/4 pi ps 2 ot a2 A, ]
procedure is to equate the given force with the inertial force = mdot x rdot = mdot x v. From earlier in this worksheet again rdot = h/mr to give 2
mdot = m e"2/4 pi eps hr 2 Az Woa,
g _ 0
inertial = LEA— bar 0Z gapty = 70720148907 m Ing s'1 mag coul gives mdot x rdot = g*2/4 pi mu "2 = 72633763955 « W N . 5
centripetal Yhat 2 or mdat = ¢"2/4 pi mu 2 rdat An g Abar, = AEDATIEI612 % 10
® again rdot = hfmr to give 4&2
—_— dot=mgidpimuhr
inertial = Mg & -1z, -1 m
oZ = oZ = 51606953816 « 10 kg s -1
lecConl lecC oul & Ey =
elecCoul e 4-n-gp-hbar Abar, Feee gE1 Lorentz gives mdot x rdot = eE1 # B = 42402734542 % 10
2 or rdot = eE1/ rdaot
inertial = Mg & | again rdot = himr to give
magCoul Zpagiioul = prme—— OZ Gy = ZAZBILITI 2 10 kg s . rrdot = rr eE17 h
ditto gE2
inertial = 2 b B Z 14144029781 % 10 ks ! B Lorentz gives mdot x rdot = erdotB
o El =m. ar,-g— . El = 1. * =4 =
gE1Larentz qf ¢ " hhar k: or mdot = eB
inertial = Ey - 11 -1 gB Larentz gives mdot x rdot = gB
gE2Lorentz DZqEZ =y dbar, e P °ZqE2 = 20642794326 = 10 kgs o mdot = B rdot
again rdot = h/mr to give
rndot = mr gBY h
inertial = -9 -1
oZ =eB oZ, = 14144020781 % 10 " kgs
BLorentzl 1 BLorentzl E )
avLorentz ArEnrent e gvE1 Lorentz gives mdot x rdot = g rdot E1
or rdot = gE1
_— ditto gvE2
inertial = -8, -l
= m,-Abar, 0Z g = 48456031509 x 10 “kgs
aBLorentz E Zughber © & mag dipole gives mdot x rdat = mu muB2/4 pi rd B 25312807554 x 107 ofn
or mdot = mu muB*2/4 pi 4 rdot 8
inertial = 0Z -5 oz 49456031508 = 10 “kgs”] e rd?’}w;nr{mrrntﬁniwriuﬁﬂﬂ‘i pi 13 h
E1L it ElLarentz = Fllorentz = 3 - _
it Lorentz & Tng e & D IB104658 x 10
elec dipole gives mdot x rdot = mu muB*2/4 pi 4 n
= i« o
inertial = . . L i i g e U 1 . .
02 S FI orentr - ——— 92 EI] pentz — ¢ OT20LRR0T 2 18 g again rdot = hémr to-give : A B
avE2Lorent2 grisstaren 9 52 gritoten rndot = m mu muBs2 pi 3 h 430511288 x 10
Ho iesla = ——— o
PR coul-sec
X X Bpﬂme-pﬂz 13 1 3 = 10904975315 = 101
inertial = DZmangpule = 73 DZmagD1pUle = 38705230362 « 10 kg s -
maglipale 4-hbar Abar, oot
—lecboul ) aammaaans « 10°
_ 3 0 —5, *ZragDipols -13.2, 2
mlem[?\ - 9ZyteeDipate = O ypcDipols = T 2654047263 x 107 “hg s WeV = 1 A0ZIT6487 x 10~ ;™ kg5
eleclipole 425 hbar Abar 0Z
) e elecDipole s 1IJD
mechanical impedances UZmagCoul
L3 L3
= 0.0In Bl E2
1= 000.. 2000 =10 - j=y1 By = = _ _he _ 5 -
n kg, i 5 By ol ) Fasezy, = T Energy, 5,y = 30720839372 x 107 ¥ Bovotgy oy = 3161536205 » 10 14m2_kg_s-2
&1 |l i 1200
h-
Energy, = . ) Energy,., = SOT20839372 x 10 kg 5=
1602176487 % 107 - (2me],, 124077
hbar
_— har k= —
inertial = ZmeChcem“n =— ¢
centripetal ft 2 - 13 - 13
(5] 110 o4 = 32004514499 = 10 m libar, = 38613026417 % 10 m hbar
. e S ot gy = T2
inertial = e el T T T IS T T 1T T 11 2
inertial ] 110 Abar
el Zmechege ooy el T INCT T T ¢
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mechanical impedances 02 magCoul
@ 3
- 00In ) EL E1l
2= 000 2000 £ =10 = -1 = - he 3
" Ensrgy, = —— Ener = 50720839372 % 107 ¥ —14 2.2
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