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Theoretical Prediction of AC Characteristics
of Low Pressure Lamps
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Abstract- In order to develop a mathematical model which can predict the operating
voltage and current of a discharge lamp, the properties and the physical phenomena of a
low pressure gas discharge are investigated. Fluorescent lamp which uses a low pressure
mercury-argon gas discharge is used in the model development. In a low pressure mercury-
argon gas discharge, the continuity equation for each excited atom and electron, and the
electron energy balance equation can predict the physical quantities of discharge. By cou-
pling these equations and the circuit equation, the electrical characteristics of the discharge
lamp can be predicted. To verify the validity of the suggested model, we calculated the
voltage and current of a fluorescent lamp operating with inductor ballast for source fre-
quency of 5KHz, 8KHz, 10KHz, and 13KHz. The results show good agreements in wave
forms between the measured voltage and current, and the difference between the measured

and calculated one is less than 5[%)].



BESE W 38% 64 1989F 67

1. M

ri

oz Wl AT, PRA A, ¥
5, 4o, oY Yelef, 2 JEFE
4 59 o2 A7 A8AT g,
Moz wAFL WA AT wepel, wa
A Aol eeh, meu, %
oz wel Aol e
1 59 A7H HE4oz <
= A BF &R A7
gslolob s, AREol Aol £a¥w, W
532G 57179 AR ugel WA AFR

3 el Alolsh wed WFol ]
slel AThgThE wAel sk AT, oldd B
o mglmoz A5 AgsE FBTAY A
AW A 2Fsh AEel qY wASA ¥

FAo2 A= i, wA
dMoz »

(1) 4"~ 3lze adB=zd 34 o3z E
3 <o AojE foldA &

(2) A7l A £Adol Fojgel, WAL
22 Fx Avle $3o] Tl

(3) stg7lel 27 B FAS FolEch

() wFagol wobarh,

(5) Wef ol &A™l FoiErt

(6) =d 7A Ashe] obalch

o] % AAls EFetn WAT zFupA T
de] ALz ¢1n 9E olfF F9 v ukA
5o A7A EAol HASY FF, T= %04
b 27 W 9 Qlvb Agke 271, :}zg
5 F 249 FTiel wet A AsA %_5}
op7] w-zolth H&aﬁ%—% aF3t 587 §shod
Az} obA7] o mZEsl AY Au]E: AAF ok 3§
Edl, $AE5e ArHA %g o] 9ot o] Buig
A wWstshe RAR kA7l "W AY Aule 4
A7k ofdch

*IE & B ASK Ik BRIESH #% - 1TH
“*E & H ATEEX EFTSH Bz -1H
§IE & H:@ 2@k Tk ERTEH B
§8IE & H A&tk Lk EEXTEH Bk
# 5 H 19894 3F 20H
iE 119894 5H8 27H

MY YHE uF WS sS4 0jEY oF

HAEY A5l ASHE AHsl 9 A
o Foldt 4AE Hahad “%— 47

sdahe ol Basted $a
sde TUY 4 ok PAE
3 AY A e B 2 ma-la; 44 »a;

*é*ﬂ *é‘ﬂ 4 7&°i °é T+ At °l 35,%
Gk Al B o] Aol Ao}t mlatstaA g A zkat Hul
! °—F°ﬂ 7] ghet,

ol Ags" mda 7|1E 2l ol
ok A, 2dae] 2ol Aol EA
Az =g 2 & 2-EGMeoz 71A3lx
o, 7z sEzke] Ae] #HE A4F R4
T3k, 7] AAEL UE Aeld 9
HAbe mefdtiet, 32 Aoz y wA
2 Afe HEE x4 ot
o T+ *4° o3 Zo, £ oAe AE
WAL Aol dEe JEsHa,
AgE 24 2o A AE AR3lhe
A A3 W AA FHFES ez 19
Aol HEte FFEA, AReAMe £ =F
W& sofsiolch

AR U TR
rkir}mjzﬂ—&;ﬂérirr]or
He po oo
2 M

oo 2

o o2 e 2

(1) 9Aze FEL A
o ke A Aol EAwH, [3

@ AAE ST Whd B4 $EE ool o)
=% AAstE B4 $5¢ weh (3] [4]

(1) 29 48 F34 Baol Aol Botol
A Qojpe olee) AR AL FA@,
[3]

(4) WAL} olux ¥EE 2-EGME Aggch,

wd, AR ovix FL: A Wl

52 s}et, [5)
(5) A o4& o7 YA Use 47
Wwikez TEA HXE sHAET (6]

22 24 LHyAe 7Y

o} Aojl4 Beol o) 7}x] AA] ZAdo =z
209 o7 YUA o A=} "Yxof “H?& ‘ﬁ“—? Rl
Ak A vz FEAAL g Aol FA4E
T 3k

47



221 £29 of7] Hx} W HXQ AL WH4

s Zlale] Zb qlabel AL WAL g3
o] 2dH,

b Lo HpE=a+FFol AT o7+
%%Zo) 93 de-excitation+3Eo] 2/F o] &3+
AF Auk Hhal

29 o7l dat 3 Ao "xd Wi d%
AL gt o] FHHA} ndE L9
o7l (=2 oz FHE 6°Py, 6°Py, 6P ¥

6'P.olth, A" oA £ 2 T8 oo A
ol& zg 1dl ®eldl, ol F FHE 2 UaelA
Zt7t q,r, s 9 pE BAEH, gv 1A A=A, it
o] 2% FAIFT}, ozl T Aole 44dE
vz FRzke] el E F AR 2% AL ¥
WAlE FAlgoh El ool Mol #HEF A49
HdE =48,

6Py T4 Azt s W3t b 3o

3inq( r)=—DeVinr,)+nelr,t)
t
[Beqng+ kran (7 1)+ ksans(r,t)

~[kq§ ‘l'qu“’_kqs+ kqi]nq( V,t)]

P, F9 e A" WE A3E P.THAAS
frAreie, e AL 3A whabe] o7 £AE 1
#atodof 3= AHolrt,

é@inr(r,t)=~D,V’nr(r,t)+ne(r,t)[kgrng

+qunq(7,l)+ksrns(r,t)—[k78
+qu+krs+krz]nr(r,t)]‘

27,8
Treff
) on %
8 6P
K K xy

. e, Hyx
. 35133 py
q e
° Ground

@ Y

()

3y 1 =2 Ags ouix] #HW Y szt
o] AHolo} s

Fig. 1 Energy levels used in modeling and the
schematic diagram of the transitions
between the levels
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Tablel Values of inductances and resisters used
in experiments

Zs4[KHz] | el a[mH) | A Q]
5 12.51 9.189
8 8.249 7.466
10 6.564 7.108
13 5.461 7.940

E 2 AU AR A4x o AxxHe 4F
A9h Ao 9.3}

Table 2 Effective values and relative errors of the
calculated and measured values of the
voltage and current

ZFabs AsHV] AR [A]

[KHz], A AL |8 = 2|2 2 %] A4 xia Z e =k %

5 1 97.7196.3 | 1.45 |0.453 D.445 | 1.80

100.4 101.0 | 0.59 |0.422 p.418 0.96

10 [102.0 02.7 | 0.68 |0.429 D.413 | 3.87
13 | 98.9 101.0) 2.08 10.385 D,395 | 2,53
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