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Lens action of a magnetic field is ascribed to the nature of a central force field existing in the
Lorentz force. This function is revealed under a rotating coordinate system, i.e., the Larmor frame,
which enables us to interpret an axially symmetric magnetic field as an electron lens. In this chapter,
dynamics in a rotating coordinate system is described, and the characteristics of the Lorentz force

are studied in detail.
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Fig. 1: Electron trajectories drawn on a meridional

plane.
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Fig. 2: Meridional and skew trajectories joining the object P, and image P;.
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Fig. 3: Electron motion projected on an object plane
obeys the equation of a two-dimensional harmonic oscil-

lator.
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Fig. 4: Cyclotron motion of electrons in a uniform mag-

netic field.
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Fig. 5: (a) Cyclotron motion of an electron viewed from
a moving frame with relative velocity w.(b) Trajectory
of an electron becomes cycloid when w is equal to the

initial velocity of the particle.
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FITY. 90° ElEE%E 2 Bl KT &7 MO & A
RET 20T, J? = -1, ZZTIXEMTIITT

ET, 150 =wJOZAND L, R=0@ +
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TL%&. (10)iEmA=0TdhY, ZhicEXD A D
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i(a+1ib) = —b+ia 72V, zy ¥l ETIX90° [ElEx,
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(23) X520 Dt OBBEKD L 5 1T THZ LR T
EET. Thbb, de“t)/dt = ivet THY , L
oo TU = uet +iwuet DL HICHETEXET.
E OIS TIISINEE U BB 6h, BREEELD
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R ERA. e, fifio (12) 0k 5 RHE
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LI BRIEELDBNS L, BEHEVILOD
DE%E, 1 REM L BEEMT CEETHZ LN TX
9. ZAICBELTUTTRRTEE 7.
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L, (a+ib)(z +1iy) = ax — by + i(bz + ay) TTH
5, ZHit (z,y) &V IRY MUCKROITFIRER &
¥5 1 REBIZHELET.
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TTCERDL —TIZBENPXDHZ LT, BRIIWVOTH
zl +yJ ORICEITET.

Thbb, cl+yJ OB TETB LD BRITIOES
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THEE w CRETIEERS 2525 L, SR
B LERDOEEGENTL, §6.4D (22), T72bb,

ma = —2mwJv + mw’r (30)
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I<H-oTWBDT, 2V A HOWEIZREIRAT
T, VA IR FOEESZ Lo ITERLE
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- 422 -



Journal of Surface Analysis Vol.12 No. 4 (2005) pp. 413 - 434

W BFOEFEAM —

NEFRLTWEZ L2 RTHE, FBDHITE
EDOHERBIBO>EERFA.
ThRbLEMNIOH L X, Eisk S TEAIINS
RFOEBZHAT A0, BHER S 28T 5E
B2 20 AT 00| ETT.
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B2 2mww'r' BECET. 728 (33) DALDOE
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1. (34) X+ bbb, v—L Y ARRLAICRR
58 BWEERNFET DL NI LT, ZOHEE
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6.6.1 FAEBEREFRA

aYF VAR, O ELEEEZERCBZFOLN
DEITRZD, LWVHIDOMRRIEORERET L., —
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Fig. 6: Cyclotron motion of electrons viewed from rotation coordinate systems with different angle velocities.
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Fig. 7: The Larmor frame follows cyclotron motion of

electrons in a uniform magnetic field.
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Fig. 8: (a) Motion of electrons in a non-uniform mag-
netic field. (b) Electron trajectories viewed from the

Larmor frame.
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W BFOEFEAM —

ITEERA. 22T, RAMEOHELZEELEL LD
LWV ONTEEROBETHY, T XD IT—KD
RS ARICTNT 27— T EERNRERI AT
HbiF T

T —& 7 EEER D b K72 EE A Fig.8(b) TF. =
OROBEFEEIE, T—ETEERIIB->THRERIC
LB ENTIBINSESOIEAEZRL
TWET. T7bb (72) OBKREOHFSTY

ST, MDOBEFIIT—ETHEERN LB TIHNL
HbOD, TRTOHMBERFEA O IR TWET. &
X §6.7.1 OE&L TOER L FLR, B OHEELE
TR AR & T

TP, BEIES AR TR THRFR] (67) BIFEEL
FT. (67) BV TCr=0¢8BFIEC =0 Thbd
bREAYBEATHIEFICWVWLTIEC =0T
—%, BRI THIHED r 2L TO
EEHFERUL, (64) DABIZE HIZ r OEKRED
S/ D £, BOLAMEEIRIEEY C =0 Tk
0WZRVET. LEN-T, RAREHEETFIXSE
VHFEAICR-STL DI EMREmShEd.
WEDBE, BBOERBBEEICPFLIDE I
RADEERIITFELETA. LER-T, FAEZH
BEFRFEAICESD EWVWHEHD, §6.7.11CB1F5 X
D HEBAZEBENPE L RoTVET.

6.8 WEMRIEIFTT

ARETIY, BEFOEEY oy FRICHELTEXT,
B0V o AERZ T 2Rk ~NE Lz, &
% OFITILEEEER L I E ST A SRR E
LA, ZHTERE L X e LTOERICIFR-> T
FHA.

Ly X LTCOFMD 72 DI2iE, MIr IR
t TR, HENCHR T 2 EEE TR SR Y 8
Ao t & 2 DBNEMIZHBIT D OGRIEDH D EHAN,
— I ZAVIIERIERER E 2D, ZOFEETED
RTEREARITE T EHA.

BT, BB oy Wil EOSARTIET R DT
1372<, 2z FMOBLETEZRITNIERY $HA.
Lb I bid, BBEOA T _REFERICL->TEH
WICEE LTV ET

AEOFHATIX, —HRBESHIEBORIERL HO
ZLIZRVETE, Eok )RR EERY AL,
—REHEO LV U RN EE O LIV ET. AE
DREREHRERELT, ThH6DEE8E ML TITL

B PHLEBEDIRED 1= 051> (4 6[6]) —

T EIXFRETT A, THEIEEIZIT D OIIBRENT
EHVEHA. BEICERADEHIEZHEL, RFTIT
TR RO FREEN K TT

T, INEEHRYEBMTLEDITE, IR
WP CTE DRI L 2FBIRITBLINETYT. The
BHRFERTLLHHTIE, BHCIERKE TR L
DELDIXRETIEDHY THA. KRICBWVWTZO
BREZITXTETOLVIEIH AN, NENA
ERZ IR RN EE X TWET.

B, RETIIMEP COBFOEBIZNLT
DRTERI (67) ¥ X F LA, EEFERL T TIX
COBRIOAREEB R CTEEHA. T L) RRTE
A% b DR IIFHNRE®RZ LI TTR, Zhit
EHFEBEOL E THLNE R E1.

KENIZ DL D e@EimEITV, EREEEL L
IAETERREZFETT.

6.9 F&H

ARETIE, aVFVHOrEd LIZ LT, BRI
Xzv—v oY hoUmBEEBRLELE. BREE
LHBERDODES TR ET

(1) VUX{ER Ltz m» > P L% TS
5. ZTOERADOGL & T, oy FEICHE LB FOHE
B 2 RTFAMRE L 25, u—L Y HiZiddd
FBE LTOERPRIEL, ZOFEEIZL-> THRED
LR LLTOIRELENHHAEINS.

(2) B—V Y NTEEIRTFT 572018, EH)
THHERICBD L BRIZL D HMITMb5. HL
EEREERICB D20, ERIIEEROSREZML.

(3) BHZEMIZBIT 2 ESFENE EEGEER
IEBTDHE, ANTohELToaY A4 HEE
DABBND. BEHEOFET 2R % BEERE TE#
T25ZLT, v—LvrYhEaV AV, FLTER
WEBDFLHEBEBLIBEWVCEERELEINS.

(4) BEBOEABRFLABLELTRADL IR
BlEER, T72bbLT — T EBERNGEETS. 20
BAERDG LT, a—L o YhARalFY Hicko
THLHHESN, R, PLHFROBHIELHZIT
HETZLIZL Y, BEEROICROHRSBEEND.

(5) v—VLrYHob L TIIAESRIIMREFEL
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ABRLINCRZD X 5 REEROFEE, ZOR
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R W BT FAM] — EFRCEEEDPRED 012 (56 [7])

(6) FE—BRBSHOESL, F7—F7EER
BB LT, HEEROLRFOLASEFOEM L
D, ZHELVXELTO L RERICKHEL, B
A TEN D EREINEIHIET .

6.10 XHEREAIT

BRI OIEELHRITIZ K OHBER R > TVET
DB, TWTUWNIHE RS DA TY. FEFEXRI R
MHIXLHTVAE LD E LTIE, HEXEROLOD
BHvET.
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(1) Fig.1iX Az(z) BADHEEHOTVET
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(2) Fig.8 BT, tangential & sagittal D =
AV EBHTLE.
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