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Abstract

The effects on the characteristics of 20-W fluorescent lamp were studied when applying
magnetic field to its positive column. First, when the direction of the magnetic field is axial,
i.e., along the lamp, if the magnitude of the field is stronger than the critical {field, lamp
voltage is increased, lamp current decreased, luminous flux increased, starting voltage decreased,
as increasing the applied magnetic field. At the magnetic flux density is 130 gauss, luminous
flux is increased to about 6 percents and starting voltage is increased to about 45 percents.
Second, when the direction of the magnetic field is transverse to the lamp axis, as increasing
the applied magnetic field, lamp voltage is increased, lamp current decreased, Iuminous flux
increased and starting voltage is nearly constant, but the rates of increase or decrease of this
case is different from those of the first. At the magnetic flux density is 300 gauss, luminous
{lux is increased about 45 percents.

In both cases, electric power dissipated by lamps is the same as that of the lamp which
magnetic field is not applied to.

BIe) g = dele vhga 2, one,one

LEF = MBS 2 e ol BT BRA ole) ks
B e glowik®e positive column® Fz ol K& 4=HE «Awid K@ dAbe HERRE(ground
o] S5bed WS Ul M Tolel. o] positive column state)ol] A BEhiCikAB(excited state)Z L o =] #frs}
o FAgr g d o [Ho] 3l Kol 2(wmk BTl A SebrbA He (G714, B A717] 98 A F8s

o) e =z ZAFd FHAUE o] Bk F, ol BFAUAA Rostet. F, mo?/2=3kT,/244 T.
ot plasma AbEl S o] Bm  gli A o] Eh, W@, 7t F8A HAvh) o 1007~10"" 2F b4 EELH
plasmal- Z7] strongly ionized plasmast weakly BEdHewd Arse AUAULE=E,—E.=m)7

ionized plasmas Jyi=d Axd N BTF—BF & A2 VoAl == 253, Tnme] HEHE JEbi o
S} o Ee] FosAw, FAAL BF O WHRE BEBOE AL Mg z]»}w-] Yol
BT 23] Fsb Hoh. 9% plasmal Faa &  BLECI(toke's law) WRAHRE wALEr 11 2ed
gLel. 2% 63t 7 s¥ey R E b]-E}vﬂﬂ]

Positive columnell 4] ¢ Eii » BEMEL £BEE A BB T8-S of 45lm/Walv) o] Ego =
QAo 2T BEEES Jea el E9a o ol7l A% AT AL Bifiel BTEE(T)E
A sb D asA 5o 0.0 BEELe] A s} o TE g on, D e 00 -0 7 g

oﬂ YEIE \%1 Ejj(ﬁl,(ﬂ,(l&)-r(ﬁ] 7151_ 3\1__74](14),(1815 oi_"r'_

- 2 Eiii igfééigﬂﬁ%w Age a#sd WEE SlDREXE 2dE

g% E S 19814107 50 Helicoidal structure® - 71, U9 2] .« glass wool

(197



— 18— TREOE
0] _g_-%—l_ ;L] (11),(19])55 igsln
S A2 (BES N HERZAO)E M4 2
FolzAlt & A= ddeh

22 positive columndl] B2
ol X AHEez drbehe
i, KR, 9=,
o},

2. HWHMN %
BB BEol o]l A A HE gk
%4 AT 4 o 2= Boltzman equatione] gl-=d] ¢}
#}7ke] interactiono] g§li= 7 $-ol] =

,% ]%‘Tﬂ'r/}'. (57, (200 ~(25)

recombination-&

FEh s
o] EAEe] B,
EHTES zAdua @

Langevin equation

m—i;:—e(,’E: +;><§)—mv; ¢))]
m; BT HE
e; BFe WEE

vi ﬁ—f Z3F frequency
g, Bioy o %3 BHEY
; drift ve]ocity
i:zﬁz-a L BT 25, F AT drift velocity «
I 3t Heos A% 5+ ot
7—*%617 7ot BT @
Maxwell curl equation2 F’XE:-——E, VXﬁ:B—

—

no;;ﬂ- ¥ 3 traveling wavesd] 4] E, B ‘}J—Z-}z exp(ik.
F—iwl)el] wldslmz

0/0t——iw 3
# = el (linearization)t®?

§ BAAL o G AFUE Job Bl T WA

£ ?43]“}“4 4] (1)°ﬂ (3)2 7:1%- gk,
—zmwu—*—e(E+uXB) mva
0= —e(E+aX B)/m—(v—iw)m. @
aglez, 4 2% —%’—Eﬂ,
J=ne(E +u X B)/(m(v—iw)). %)
A1 (5) & W3,
J=0,E-+oquxB 6

wt, oo=ne®/ (m(v—iw)) ; A &
2 Ee 5 . = 4 @2

J=0,E —(00J /(1)) X B. @

l

i

3
—

J=0oE — {e/ (m(v—iw))) JX B. ®
= =

s, B =l e W= EE V.2

— B4/ (X(T YT ) Ae) V/em

2 gy ok F V2 Tel vd s

7] X‘] T'E_ %%HE(U,(Z),(ZO)O] \';]-,

(g)(ZJ,ESJ
Aoleh. o
3 population of

#3314 4 34%% 19824 37

6°p(Z, 253.7nme| LEH KE) 9= cl-&d 7z, @
p=n.g/g.) exp (—eV./&T,) (10)
pocexp(—K/T,). K:a+ an
agezE 4 (D= Mg T
pecexp(—K'/ V), K :ara az
2 £ 4 Uk
=3 Z&E%‘ =0 37 BE(E, BEHTE)> oo
v 8 4] & 9.z}, W
Vpos(w/v) (O id

2.A. BHAHOE WBR orists BP
23 19 @ e Fale} (b)g} e
T A e vpest 7ol )3
4] (8) 23]

2} 54 o 4

©
__B

2° z
N
0 5K REoa) -|!l«\»u-\- IDLUOo2ED

Hole for Light
transmission

L s
m 0 r—o-
(4) (b)
DB 1 WEAR B A Y 25
Fig. 1. Axial magnetic field applying deviee and
its coordinate system
J=0,E+{w./(v—iw))JX £ (8

o, w,=—eB/m ; cyclotron frequency
£ 3 2ubgF kgl vector
2 & 4 9 Tf E‘;! %% cylindrical
2w ofull e} Ao
7—Jr+7J00+J,S
E—(E,rTrEoﬁ—l—E.f)exp(—z'wt) (13)
B=(B,#+rB8-+B.2) exp (—iwt)
(o] F, exp(—iwt)i= )

coordinate 2.

4 (DL oS4 ®'F 4EUE BT (o
A4 E¢=0, B,=By=0, 28]z E,=radial potential
(2), (33, (4)01 t}.)
Jo=0oE A (o./(v—iw)ird 149
Jo= /) (w./(v—iw).(—J,) 15
J,=0,E, (16>

—00] 39(F, 0. =0t vh&3t 2ol
Jo=0,E, (14)’
Jy=0 (15)°
J=cE, (16

[

(198)



% Positive Columnel] o %t BBl 7 &)

4 1, A5HE AHger 29 otelst At

= oo/ 1+ E, an
Jo= {7/ (14 (0, /) (~a./r)E, (18)
714

a,= {go/ (1 +(w./v)]},

ce=0o(w./v)/ (1+(w./v)*)
olgtm &4, (w./v)ol W& 0,02 22 29 281
b, 28 204, 2% v #A3E] 2= 2 (oF 108~10°

order), (w./v)e 1zt ZrebA o8 A& 2433 gy

Ozl 2. 0, 2 o] w /vl AT LA =
Fig. 2. Graph of o, and o, as a function of w./v

A R@eh F, Bl ST “4-31- ?@,’?—" ﬁiﬁi&ﬂ%
Ho® 7P7<] ory oo = helical motiong <] 5
o] AaAem pi= Al J, F, A ZERE AA
A (4 A6 (16)7), 3t L d3s v HE
2 ve] A Evb =& 7hase(eritical field Bl
A el Al v, aPs e
A(16)' = He J& #AAsRg
J,=[nee?/m{yv—iw))E, exp (—iwt).
A7l A AFREnkE 4 Bw
Jo=(noe? [ m~/>* Erw?) sin (ol —g¢) E., a9
, ¢é=tan Y o/v)
o] Art. 2elm2 J¢ E,o| Lissajours ratterno.z
vE TE 5
(w/w)=00) o] AY FAT 4 A vl
moll 4w vt ZsstEE 4sH "o
2.B. il ALAHH2E BBS Avists 9>

(313 ~{33)

12

28 w7t microwavert opdH

REEE

29 39 @sh 2L A s e HARANA
J AT A% FEEH A @2 42U TE T
@t

Jo=0E . Ha/(v—iw)]s @0
Jy=60E;—(0./(v—iw)]lJ, @D
J,=60E, (22)

4 @20, QD, @HE AR skd otel st At

=
=

L S
~ o d
(a) (b)
DB 8. AESL A AEEB A W FA
Fig. 3. Transversal magnetic field applying device

and its coordinate system

Jo=(0:E/ Qo /v—io)]
+oolw./(v—io) I Ey/ {{1+ (0 /(v—iw))?)} (20)
Jy=—0olw./ (v =) E./ {1+(w./(v—iw)}

+ooEy/(1-+((0./v)—iw)] @1y’

Ji=0,E, 22)
(E., E.=radial potential)
B=0 o]
J.=0,E, 24
Jy=0.E, (25)
Ji=0,E, (22)
a2 R

Jy(BX0) <J,{(B=0), J.(BX0)>J.(B=0)
o] Hvl. g, EEBEEL, Wi 5o FdEA
(b 4) @35 sheathe} ambipolar diffusion
o ggon & W3yt g Aol <l 4Es

3. WBER U A%

3.A. BRHRSE Hig2

2% Wa)9} 22 A2 ohge Aag dglch,

(a) bl ge} dgt Aok - AFHI (g D

Tl FEl A Qs o Ak BMfiolns
ad o e Fek 4 A6), (16)'= %y L)
=J(Byl xj vk, Ji= v8] Fgelvh. J& Brl F71H
el A& Fadn Jp= AlE Srbetra( 4D,
agyg o7 2 #a), BFE L2 2 U=E5 &
olx| L FFol Eolvk vrb Frtch weld J= 3
43tA) =el. " J, F o9 ﬂ'%?f‘-% %iim Bejl
R B e B A - = R s B2 ) LGRS )
24 Brl 30 5 Bt —7P?ﬂ-/‘<l “1— “EAN &
22| A ol g3l So] oj¥ critical field B3 ol A=

(199)



e s o
REEE 1314 B 38R 198IaC 33

Y
|

40 Fh-2 Aol TATE A4S Ho|: 40~607}
/, (B),V:(0) $-& ARojdi A & A Ee 807t o] F = gubat 7
I, B),1,(0) &E Holz st}
1.

(b) Tl 3ol wlE 2=lesifiol A 7Wzl(29 5)
¥ =5 iRe] wsE EHif - BB 2% =2
A= Tk 44004, 5500A % #8 =% 80 7}~ 7x

L = wsigel AR, 80 ASa EVH FE 4
L S& olx ;am. 2% 46l BBl Bl
4Ae] ) 2 Ee 55
0.9}
0.8 b a8 iig e M ER G W 2 arle
1
0.971 * 57— ‘
..
0.96 | b
- ¢ :
| 1 1 1 \ 1 L It N .
0 20 40 60 80 100 120 140 GAUSS ;'3 7
5
a8 4 FEOTR WSS ve) whE @i - BE Ws 2
a2 : (b}
Fig. 4. Voltage and current variation graph when §
applying axial magnetic field i i
|
T 2 7kl o —
B AP 28 dol4 Y B=0~20 hSse ,J | [ |
dub mAAel B o x la(classical region) 20 M 10 ‘ [
Lo+ 2 ERS e ] B a4, (experimental 3000 - 3500 4000 4500 5000 5500 60C0 6500
region®) I8 6. HEHR BB Al (@) «h— (b) 130
VA& LI S8l @ Lob 05 o] Eolxh 20~ gaussal 9o 2AEY A 2o
Fig. 6. Spectrum distribution graph when upplying
Q(B),Q(0) axial magnetic field (a) zero and (b) 130gauss
4
Lab L(B)1{0)
13k 1.1 r
——M v
. 1.0
1.2 (2)5500A
0.9
1.1
1.0 Trena, .
e b 4400A
0.9
0.8+
1 t i P i 1 X L
0 2 40 60 80 100 120 140 GAUSS 4 1 Lt L ! i
A 0 20 40 60 8 100 120GAUSS
SR 5. EEHE B BE sg=dgel A !
7l Wg zel= I8! 7. FEVAR BBt wHE RSl ae =
Fig. 5. Spectrum line intensity variation graph Fig. 7. Lumen variation graph when applying axial
when applying axial magnetic field magnetic field

‘(200




BB Positive Columnel] wl gt Bisga 7 3

2¥ 6a)e BET 4tEA g AE Wihﬂl
6(b)= WHE 130 7h-%-29] A7 2 Qs A5
eluich AlslH o2 2 477 oF 10% Z749e. &
H =g fpfidl 4| B=0< 79} B=130 719204 5}
Z2] Shifte gleh. EEol Sriglere 430DY 2
@ 5l 4 Rot BUIEE A stelr).

(d) A sle =2 ¥FpdE(ad 7

(A 253 AAY, 2dedamd A7 A
AAez Zrisg ol #AR eld Aol

B A7 7F FoM whel KRl AAs Fvtet
I gvh. AFE]d T smooth curved] A& 4L F
dlu=  L(B)=(0.000444B+1)L (07t Hx}. 74
L(Bye ##el al7td 4 %9 XK, LO)x= BFela
7tE A & A KWeloh. B she2 =l B
REE ™. B=100 7b--2ol 4 <F 4% FXHZ/E
Bl

(e) e bl oI EHWES A3 (27 8
V.(B),V.(0)

1.0
0.9
6.8
0.7
o.s.
0.5
L " 1 ; i R
0 20 40 60 8 100 120 GAUSS
ag 8. gﬁf‘ﬁl‘-ﬂ BPA st =t EEEE Wi 2

Fig. 8. Breakdown voltage variation graph when
applying axial magnetic field

B=0~80 7}-$-2 7] Wi AgAq] zhiolA
uk 80 Jt¢2% Yo" 2 g7l o AdAd.
9 %3 ol Smooth curve A P4 E Talunl Va(B)=
(1-0.00322B) Vx(0) = % < 9itl. B=100 7}$¢~

olwl oF 32% A= EEEE] Helxlch. H(Bo2d

v EEIEEELS vol] dbulE 3] Hcol vt AABRV,
£ gtadA H& Aol
3.B. ®#ot &Izrjiréus?. BHE Avisie B9

(@) @B sl =8 Bif - BEUS (2™ 9)
B Y BE T BHd & 923 g Ga 4

Vi(B) V(0

1:.(B)1,(0)

1.04

0 40 80 120 160 200 240 280 320 GAUSS

33 9. Fiasl AZHE BBl 38 B - BE
W ad=

Fig. 9. Voltage and current variation graph when
applying transverse magnetic field

@ny). ’miie Aoz Fiada BES Fxde
2 Frttet. LBXD<L,(B=0) ¥ J(BX0)>J,
(B=0)ol22 BFE Huo= 514 ZFEid Wall
loss2 H 2 J,= B/l F71E4E 7H4dlez BE:E
#H4EA He Aov. BEL Aoz A ZF

s i1

(b) B ste] v 24 =R fge] A7\ (2Y10)

Q(B) Q(0)
2.6

2.4

2.2
2.0
1.8
1.6
1.4

1.2

1.0

9 40 80 120 160 200 240 280 320 GAUSS

agl 10, FEhsl A 23S B sl
e A7 W aE =

Fig. 10. Spectrum line intensity variation graph
when applying transverse magnetic field

2 £¥H e

€201 )



LINN A¥vydil gdv

s : 1 i ! [
4000 3500 4000 4500 5000 5500 6000
DRl 11 FEhE A A hE R AKX @B A
£ (b) 300 gaussq] A$-o] 2=y 4 2
2 =

Spectrum distribution graph when applying
transverse magnetic field (a) zero (b) 300
gauss

Fig. 11.

27 109 (a)= 4400A%, ()= 5500Age] W
Vel z gl F ) 25 AAger Zilstn gl
o}, 4400A e 160 7192 7x & 7| 2717t Sabsick
7b 160 722 E Adw4 2 71 E7E FrbEgA 2
2 94 BEe] Frletw glemz 4124 sy=E
A& Frhle Zelh

(©) WPt wlE 2dey S 4 1 A9 4
(g 1)

¥ 119 (a)e= BHE 7MekA g2 Aol x (b)e
WHE 3007h-22] A7 QAR A gl BES
Ft-#Re] A7 -9 ER A A7 Ft2 e
ek (4 A2 S QA olH 2 <+ 3)ch)B=300
Thezol A oF 30%2 258 48 5+ Ao

(d) BB st =& Xwe " (2g 12)

¥ e A7) S KRS ErlE Jehded
WHA 7 7t Zobgel ot FEHECD BB A0t
T Aeurt 43 £ JE 2 Folstn Q. (BE
A& 25 2%.) smooth curves]| 2% 24y AL
TE R L(B)=(0.0015B+1)L(0)7} == B=3007}
S25 AR 45%<] FobA & vbEbe

(e) BB 5o =& EEHEES W3l(2y 13)

28 1304 A Bl Avoh 20 shes Ao e
BEE] RAR =Hgrr A% i BEE Qv
A e wlel grem Wgkstm grh. A 0DHe=y
¥ Vet voll ubeledhal S 2l REY BTFEEST 2
obA vt gotA AR, BF HEFLR AU F
7}) Wall loss7b S71sjo] BFES 3tévt oprlgm

EREHL F31E H 39 19824 35

6500 \°

L(B),/L{0O)
1.5 F

1.4
1.3
1.2

1.1

1.0

09}

L | i i I} i i I 4
0 40 80 120 160 200 240 280 320 GAUSS
g 12, Fghsl A 4HR BEdstd =& gE st
e =
Fig. 12, Lumen variation graph when applying
transverse magnetic field

Vi B), "V, (40)
1 —/‘\——0—0\’__"_‘
1.0

0.8

| S | 1 I} 1 H 5 )

0 20 40 60 80 100 3120 140 GAUSS
27 13. EEs AAHE Bt 9 EERE
W3 o=
Breakdown voltage variation graph when
applying transverse magnetic field

=2, o] 4t Wall losse] Abeld &sbel] o A5
2 2y

4. # -]

E@Wiimes @He drtstd B.(oF 20 92 E
del x4 o 2 BEe] Frisa Bt dase 4
A2)ell &3 Kol F7HekA e 28 2, EHBE
2 w7t Srtsle R debAA vl FEsl AFo=
MHL vt 94 BEel Frbstn Bie 4t
o KWL Fohch. 2Ed 2 S0t Fad e BE
Aoz BB A7t A4 27 vt 20 EBBHR
Bl 2 Hsst get. & 7+ A= &2 2he
b gga, B 9% AegdlEd gAstnm
wash glel. BReE, FEWMAHMe: BEE At
e EEdAE 2 Fiffe] o EEEEL 49
3 ¥E F a BE AANmer E®BE Q7

Fig. 13.

(202)



858 Positive Columnol] o)} Bt &5

= EBHEE: AL Asbt dot 2ed A9 ¥
A 5 ek

g2 ® x M

'{1] W. Elenbaas; “Light sources”, philips, 1972,

(2] von Engel; “lonized gases”, 2nd ed., Oxford,
1965.

:(3) L.B. Loeb; “Fundamental processes of electrical
discharge in gases”, John Wiley & Sons, 1939.
(43 E. Nasser; “Fundamentals of gaseous ionization

and plasma electronics”, John Wiley & Sons, 1971.

«{5) B.E. Cherrington; “Gaseous electronics and gas
lasers,” Pergamon press, 1979.

(6] H.Y. Hoh, G.H. Dieke; “Fluctuations in gas
discharge.” J.0.S.A., Vol. 37, No. 10, pp. 837~
848, Oct. 1947.

J{7) IES; “IES lighting hand book”, IES of North
America, 1981,

+(8) Carl Kenty; “Production of 2537 radiation and
the role of metastable atoms in an argon-mercury
discharge”, J. of Appl. Phys., Vol. 21, pp. 1309~
1318, Dec. 1950.

(9 A A2 "2HFE", T, 1979,

‘(10) Luke Thorington, Joel Shurgan; “Fluorescent
lamps of helicoidal configuration”, IES, pp. 127~
133, Mar. 1962.

A{11) J. Hasker; “A new class of efficient low-
pressure gas discharges with high radiation output
per unit volume”, Appl. Phys. Lett., Vol. 28, No.
10, pp. 568~588, 15 May 1976.

AL12) W. Verweij; “Probe measurements in the
positive column of Jlow-pressure mercury-argon
discharges”, Physica, Vol. 25, pp. 980~987, 1959,

+{13) W. Calvin Gungle, J.F. Waymouth, H.H.
Homer; “Operating parameters of high output
fluorescent lamps,” IES, pp. 262~272, May 1957.

.{(14) J.F. Waymouth, F. Bitter, E.F. Lowry; “Fac-
tors to be considered in the design of high output
fluorescent lamps”, 1ES, pp. 257~261, May 1957.

{153 C.W. Jerome; “Effect of bulb wall temperatures
on fluorescent lamp parameters”, 1ES, pp. 205~
213, Feb. 1956.

i(16) L.E. Vrenken; “High-Output fluorescent lamps
with circular cross section—the influence of the
lamp diameters”, pp. 683~687, Oct. 1962,

£17) T. Holstein; “Imprisonment of resonance rad-
iation in gases”, Phys. Rev., Vol. 72, No. 12, pp.

— 53—

1012~1233, Dec. 15, 1947,

{18) T. Holstein; “Imprisonment of resonance
radiation in gases, [I”, Phys. Rev., Vol. 83, No.
6, pp. 1159~1168, Sept. 15, 1951.

(191 LDA; “Philips introduces experimental fluores-
cent lamp”, Lighting Design and Applications, Oct.
1976.

(20) Aldo L. Gilardini; “Low energy electron colli-
sions in gases”, John Wiley & Sons, 1972,

(213 Simon, Thompson(ed.); “Advances in plasma
physics”, Vol. 2, Interscience, 1969.

(22) C.L. Hemenway et al.; “Physical electronics”,
2nd ed., John Wiley & Sons, 1962.

(23) M. Ali Kettani, M.F. Hoyoux; “Plasma engine-
ering”, John Wiley & Sons, 1973.

(24] B.S. Tanenbaum; “Plasma physics”, McGraw-
Hill, 1969,

(25) F.F. Chen; “Introduction to plasma, Physics”
Plenum Press, 1974.

(26) D.R. Whitehous, H.B. Wollman; “Plasma
diffusion in a magnetic field”, The Phys. of Fluids,
Vol. 6, No. 10, pp. 1470~1478, Oct. 1963.

(27 C.C. Cummings, L. Tonks; “Influence of a
Iongitudinal magnetic field on an electrical ‘discha-
rge in mercury vapor at low pressure”, Phys.
Rev., Vol. 59, pp. 514~522, Mar. 15, 1941,

(28) G.A. Paulikas, R.V. Pyle; “Macroscopic insta-
bility of the positive column in a magnetic field”,
The Phys. of Fluids, Vol. 5, No. 3, pp.348~359,
Mar. 1962.

{29) F.C. Hoh, B. Lehnert; “Diffusion processes in
a plasma column in a longitudinal magnetic field",
The Phys. of Fluids, Vol. 3, No. 4, pp. 600~607,
July-Aug. 1960.

(30) F.C. Hoh; *“Plasma stability and boundary
condition”, Phys. Rev. Lett., Vol. 4, No. 11, pp.
559~561, June 1, 1960,

[(31) F. Schwirzke; “Diffusion of charged particles
across a magnetic field in short circuiting geome
try”, The Phys. of Fluids, Vol. 7, No. 2, pp. 311
~317, Feb., 1964.

(32) E.T. Karlson; “Motion of charged particles in
an inhomogeneous magnetic field”, The Phys. of
Fluids, Vol. 3, No. 4, pp. 476~486, Apr. 1962,

(33) Hideo Okuda, J.M. Dawson; “Theory and
numerical simulation on plasma diffusion across
a magnetic fleld", The Phys. of Fluids, Vol. 16,
No. 3, pp. 408~426, Mar. 1973.

(203 )



