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The Derivation of Variation Equations for the Discharge Current
and the Luminous Flux of Flourescent Lamp Plasma irn a Transverse
Magnetic Field
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Abstract

In this paper, an attempt is made to derive the variation equations of the discharge current and the luminous

flux for flourescent lamp subjected to a transverse magnetic field. As the field increases, so do the electric field,

the electron temperature, and the luminous flux, while the current decreases.

The theory is in a reasonable agreement with the experimental results, taking account of many approximations

and restrictions.

1. Introduction

In the glow or arc discharge, when the positive column
is subjected to a magnetic field, plasma parameters such
as electron temperature and electren density undergo a
change. It has been shown that when the magnetic field
is transverse to the direction of the viischarge current, the
electron temperature increases, and the azimuthal elec-
tron density decreases, whereas if the magnetic field is
longitudinal the reverse effect takes place®.
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In this paper, when the plasma of fluorescent lamp (ab.:
F/L) is acted upon by a transverse magnetic field, the equa-
tions for variations of discharge current and luminous flux
are to be derived, and then compared with the experimen-
tal results.

In F/L, the positive column of a low pressure discharge
in a rare gas (Ar: 3 torr) plus mercury vapour (5x 107 torr)
produces ultra-violet radiation (253.7 or 185nm) which is
transformed into visible radiation by the thin phosphor
coating on the inside of the tube wall. The rare gas filling
is necessary to ignite the lamp at a reasonable voltage and
to a::rive at a low mean free path for the electrons during
the operation. By this addition, the electrons now follow
a zigzag path which enhances enormously the chance of
a collision with mercury atoms?®- *'.
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2. The Current Variation in a Transverse
Magnetic Field

When a homogeneous magnetic field is applied at a
right angle to the F/L axis, it deflects the column toward
the wall with the result that the total loss of electrons and
ions is increased, and then in order to compensate this loss
the axial electric field increases, thus increasing the ioniza-
tion and the electron temperatue®.

From the Langevin equation, the conduction current
density only due to the electric field E is:®

Ne ¢*

-_— (1)
m(y+ Jw) E

T =
Where N, is the electron density, e the electron
charge, m the electronic mass, v the collision frequency,
and w the source frequency.
In a low frequency discharge, we can neglect the source
frequency term, so the discharge current relation as follows
can be deduced.

NelLe
V'Te

J=C 2
Where Cs is constant, L, is the electronic mean free
path and T, the electron temperature.
The variation of electric field due to a transverse
magnetic field was approximated by Sen et al. (1973)®-
7 as follows:

2
B/E=(a+Pt
a

= (1+C,B? (3)
Where a =1, ﬁ_:_._eL, B,sz(eL" %,
mv; mv,
(4>

V. is the electron thermal velocity, and B the magnetic
field ‘strength.

Further it has been shown by Beckman (1948)* that
due to a transverse magnetic field the electron density at
a distance r from the axis is given by
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Fig. 1. The voltage increase in a transverse magnetic
field of 300 (gauss).

Where Co¥/a wE, N, is the electron density at the
axis, J, the zero-order Bessel function, D, the ambipolar
diffusion coefficient, z' the ionization frequency, , the ionic
mobility, and @ the azimuth in Fig. 2.

By the boundary condition at the tube wall with radius
of R, Ny (R)=0,

/ 42
R(Z—— L2y 9 405 (6)
Do 4D¢
and;Da: M De+ He D = KTQ
Mi + U, 8
for Te)Tl (7)

Where u, is the electron mobility.

Substituting &, g, C; and C, in Eq. (5), and considering
the electron density profile of N=Ng J, (r \/'z@ in the
absence of a magnetic field, it varies:

Ne /N =exp (— C4B ) (8)
) + ¥
Where C, = &Er_c_z cos¢ = °ErC, cos ¢
a KT,
€9)

It is well known that wnen a magnetic field acts upon
an ionized gas, the equivalent pressure concept as
developed by Blevin & Havdon (1858)* provides that the
electronic mean free puth and gas pressure F clange as
follows:

Let /Le= (1+C,B25 2 100
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Pf/P=(1+c232)* (n

Further, from the theory of positive column and assum-

ing the Maxwell-Boltzmann distribution law, Von Engel
(1965)" deduced that

Vi -4 Vi
z=CsP (21L) —
5 KT 8xXp KT )

12)
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thus, exp (—) (
us, 6xp K

e

KT g
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Where C; and C, are the constants dependent upon a
gas, k being Boltzmann constant and V; the ionization
potential.

From Egs. (4), (5), (6), (11), (12), and (13)

Da{( 2.405 )2 + Cz/fizEsz }
R 403
eVi

=C¢Ps exp (Z—
6 L't exp KT

Where T, is the electron temperature in the case of

* (14)

applying a transverse magnetic field. Hence, Egs. (11),
(13), and (14) yield the following relation:

exp{i]i_ (_.l.. — L)} (—’E—)-&
K Tet Te Ter
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Where C; =Dj (22495 )2 ang Csz(/_zfl_;_@_
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The variation of the electron temperature with the
magnetic field will be represented by Eq. (15) as follows,
for values of T, not much different from T,, T ¢/T.=

2eVi
_E’I—‘: + 1
+Ln(1+C,B% )—2Ln (C; +CgB?) + 1

(16)
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Therefore, the discharge current in a transverse
magnetic field can be deduced by Egs. (2), (3), (8), (10),
and (14), J¢/]=exp (-C,B) X

{ZGVi

KT.

2eVi

KTe

+1

A

+ Ln (1+C,B? )—2Ln(C, +C832)+1J
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3. The Variation of Luminous Flux in a
Transverse Magnetic Field

The radiation energy of a spectral line arising from the

¥
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transition between upper level u and lower level d is:»
We =Ny Ayrahvy,a (18)

Where N, is the excited atom density (u-state), A, 4
the transition probability, h Planck’s constant, and p, 4
the radiation frequency.

Suppose that the thermodynamic equilibrium is
established, then according to Boltzmann's law the atomic
density N, excited to a upper level V, volts from the
ground state is;'®

Nu=Nd<gu 0

a)exp (— % ) (19)

e

Where gy, 84 is statistical weight of the excited or
ground state, respectively.

The densities of all the particles in the discharge tube,
which consist of electrons, ions, ground state and excited
state atoms, vary with the magnetic field.

If Ny is k-level excited atom density, the total atom
density N, is: -

20

As the ion density N; is equal to N,, the following rela-
tion can be established from Eqs. (8) and (20)

Na:Nd+Ni+§zNK

Ny /Na=1+Cy{l—exp(—-C,B)}
Ni
Na"Ni"’% NK

20

Where Cy = (22)
Hence, the variation of luminous flux L, being propor-
tional to the intensities of spectral lines, can be derivied
from Egs. (16), (18), (19), and (21) as follows:
Li/L =14+ Co{1—exp (—C4B)})

X exp [.t&
28V 4 Ln(1+CsB? )—2Ln (Cy + CgB2)+1))
X{I- KT,
2eV; +1
KT.
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4. Experiments and Discussions

The discharge tube for F/L is cylindrical with the
plasma length of about 330 (mm), and the diameter of 26
(mm) consuming power 10 Watts. This is shown in Fig. 2.

The magnetic field is provided by the electromagnet
poles 140x 70 (mm) and it is applied perpendicularly to
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Fig. 2. The discharge tube in a transverse magnetic field: )
the magnetic field and the electric field are ap- 1 -00 — . . . . )
plied to it in the direction of x and z, respectively. 200 400 600
(gruss)

Fig. 4. The variation of luminous flux in a transverse

the axis of the positive column. That field will be varied .
magnetic field (10W F/L).

from 0 to about 600 (gauss) with the current being sup-

plied from d.c. source voltage. : 3;?%
Though four terms are known as the elements vary- 3

ing the discharge current, in this case only two terms, elec-

tron density and electron temperature are valid.

Therefore, the current must decrease because the elec- 2 B )

]

tron density decreases and the electron temperature in- () }
creases with a transverse magnetic field. This is repre- 1 2 : IR -,: ]

()

sented quantitatively in Fig. 3, being compared with the

experimental results. Jl) ' | . '
0 . .

J f/J : : 400 500 600 {(nm)
R—_' . . - .« . . -
T | Fig. 5. The variation of spectrum distribution for 10W
0.8 F/L in a transverse magnetic field:
i (a) zero (b) 300 gauss (c) 600 gauss
0.6 --= calculated
, measured
0.4 Table 1. Measured results & the difference between
theory and experiment for 10W F/L.
0.2 [
(%) increase (%) difference
0 i 1 I 1 1 L zero
200 400 600 e field 300 600 300 600
Fig. 3. The variation of discharge current in a transverse (gauss) | (gauss) | (gauss) | (gauss)
current (A) -55 | -12.0 2.5 49
The phenomena of voltage increase and current
decrease in a transverse magnetic field can be regarded luminous | 24.3 15.2 235 27 | -89
as an increase of the equivalent resistance in F/L circuit, flux (Lux)
which agrees with a little increase of power factor 43.9
voltage ") 10.9 217 | 121 70.3
p=——r
L COSP = R TwT, )
Further, the luminous flux, which increases according perimental result than that of the current (cf. Table 1),
as the spectral line-intensities increase with a magnetic which can be explained as follows:
field, has been observed as shown in Fig. 4. (1) Application of Boltzmann’s law assuming a ther-
This shows bigger discrepancy between theory and ex- modynamic equilibrium,
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(2) Experimental restrictions~the partiality of apply-
ing magnetic field to F/L, etc.
(3) Not considering the variation of all the densities
of excited atoms.
The spectrum distribution shows that the intensities
of spectral lines increase with a magrietic field without any
shift as shown in Fig. 5.

5. Conclusion

Taking advantage of Beckman’s expression for the
electron density distribution, Sen et al.’s approximation
for the electric field strength, and Blevin’s equivalent
pressure concept, three equations of electron temperature,
discharge curreht, and luminous flux have been derived
for the F/L plasma.

In a transverse magnetic field, as the field increases,
so do the electric field, the electron temperature, the
luminous flux, and the power factor, while the discharge
current decreases.

To test the derived equations, some measurements
have been made on 10W F/L. Theory and experiment
show fair agreement, taking account of the limits of ac-
curacy and of uncertainty in the constants and many ap-
proximations in the calculations.

However, the following problems need further at-
tention:

(1) Regarding the ionizing process as only a one-step

ionization,

(2) The application of Boltzmann’s law to obtain the

density of excited states,

(3) Neglecting the variation of electron density along

the axis.
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