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On the Radio Noises and Oscillations Caused

by Fluorescent Lamps

By
Chozaburo MATSUDA, Yasuyuki OTANI and Ryohei ITADANI

Department of Electrical Engineering

Abstract

The radio noises caused by fluorescent lamps were investigated in connection
with high frequency oscillations in fluorescent lamps, and the mechanisms of
oscillations were considered with some experimental results.

Reignition oscillation, the waveform of which is irregular and consists of train
of fine pulses, is sensitive to external heating of the filament and magnetic field
near the cathode. Its frequency spectrum is nearly flat in broadcast band, and its
noise level is 62 db (20W lamp) and 50 db (40W lamp) respectively in mean
value of symetric quasi-peak voltage at IMC, and is reduced by 30 db with 0.005
uF capacitor conncted between lamp terminals.

The twin oscillation, the waveform of which is regular and. nearly sinusoidal,
has the frequency spectrum which is similar to the resonance curve, and in many
cases the peak of its spectrum is found in broadcast band.

The high frequency oscillation is ‘observed also in DC discharge, and its
characteristics are just the same with those of the twin oscillation. The frequencies
of these oscillations vary nearly in proportion to the square root of the lamp
current, and are affected by interterminal capacitor.

The cause of reignition oscillation is the fluctuation of ionization in increasing
and decreasing period of space charge during transient time on reversing of the
lamp current.

The origin of twin oscillation is the oscillatory behavior of ionized medium
with suitable accelerating field at the cathode surface, and for generation of the
oscillation it is necessary that some conditions of the feedback from the boundary
of the medium to the cathode are satisfied.

1. Introdution

As a consequence of the remarkable popularization of the fluorescent lamp,
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the resulting radio-frequency noise, especially one in the broadcast band, is rapidly
increasing. In many field measures have been taken up against the noise, while
extensive studies are being carried on its mechanism of generation.(0@® The
present authors have investigated problems ranging from approaches against the
radio interference to its mechanism of generation.®~( In the course of our
study, we were able to clarify, among others, the relations between the high
frequency oscillation of the fluorescent lamp and the corresponding noise, and
further to know several characteristics of
the oscillation. In this report, the authors
will classify the noises appearing on the
broadcast band with regard to the causes
of their oscillation, thus defining their

characteristics as oscillations; on the

other hand, we will describe experimental m"FR 13002
results on the nature of the oscillation, R;IQOOQ.
along with the considerations upon its
mechanism. SYMa—sASYM.

The principal oscillation phenomena R P

' P TONOEMETER ]
in the fluorescent lamp are the anode and B A
BN '
cathode oscillations, about the former of R ! 18—
which great deal of stude bas been already J,p., lp‘,
made®@®® ; but as to the latter, few
investigations have been done, without
sufficient outcome. In the higher frequ- pC
ency band than about 500kc, however, (b) "y
the fluorescent lamp noise is practically
produced by the cathode oscillation; the
anode oscillation takes part very trivially. ¢
As this fact can be readily confirmed |
experimentally we will treat the cathode ﬁ_
oscillation only. A = R
2

Cathode oscillations can be generally A % . ?_T C
lassifi to: t lation®
classified into: reignition oscillation® or ’3] _ IE__O
breakdown oscillation®, and twin oscilla- A o = 7"% i § ¢
tion® or hollow cathode oscillation.(® R

TO VALVE V.M.

Fig. 1 Experimental arrangement

(a) for AC discharge
tion oscillation.® These oscillations can (b) for DC discharge

Furthermore, in most cases, the reignition
oscillation is accompanied by the extinc-
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be easily observed by means of the wide-Band oscillograph. Wave-forms shown in
Photo 1 (b) are generally obtained by applying to C-R differential circuit the
voltage wave form at the terminal of a fluorescent lamp.

The authors used in these experiments .an NHK type 4 radio-noisemeter and
a Heath Brown-tube oscillograph, along with that combination of a valve voltmeter
and a L-C resonance circuit couppled with a fluorescent lamp, which works as a
sort of wave-meter. Fluorescent lamps to be tested, when not specified, are 20W
T12 lamps. In addition to these test pieces, we prepared those with probe inserted
near the electrodes, and those with indirect heated cathode (both. of. them are of
20W). Fig. 1 shows the measuring circuits; (a) for AC discharge and (b) for
DC discharge respectively. As for the noise voltage, we measured quasi-peak
values of the symmetric and asymmetric voltage, in compliance with the measuring
method, and by means of the above-mentioned measuring apparatus, (NHK type 4)
based upon the written reply to the Radio Technical Investigation Committee of
Japanese Government. The unit adopted for the measurement is 1,V=0db. \

2. Reignition Oscillation

The reighition oscillation is necessarily generated in the AC discharge of the
fluorescent lamp at the early period of every half cycle, and is mostly accompanied
by the extinction oscillation at the end of the same half cycle. W. Culp,® R.
Miura,® and others have made studies upon this type of oscillation, but no
conclusion has been thus far reached. Culp attributes the reignition oscillation
to the rapid building up of ionic space charge in front of the cathode; Miura holds
that it is a regular relaxation oscillation which is essentially a kind of intermittent
discharge, with it generating conditions being satisfied in the transient state of
the discharge. The results obtained by us, to the contrary, show that the reigni-
tion oscillation consists substantially of train of irregular pulses. Our results will
be explained in the following articles.

2.1. Wave Form

By comparing the terminal voltage wave form of a fluorescent lamp and its
differentiated wave form with each other, we observe that the reignition and
extinction oscillation are generally the train of fine pulses, which individually
change always in width, hight, and position. Photo. 1 (a) and (b) represent the
voltage wave form at the terminal and its differentiated wave form, respectively ;
and (¢) and (d) the enlargemént of the reignition oscillation in (a) and (b).

There are, however, such remarkably regular wave forms as are composed of
saw-teeth wave forms shown by Photo. 2, (2)-(d). Photo. 2 (e)-(h) show the wave
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forms produced when the lamp tube is turned by 180° around its cylindrical axis:
that is, when A and B are respectively replaced by A’ and B’ in Fig. 1, (a).

Though on the same fluorescent lamp, completely different wave forms are
obtained. The difference just mentioned is brought forth by that of the conditions
of cathode spot: (a)-(d) show the cathode spot moved towards the middle of the
filament still in lighted condition after about 3,000 hours of continuous lighting;
(e)-(h) the cathode spot still remaining on the tip of the filament, just in the
same condition with brand-new fluorescent lamps. These examples denote that
wave forms of, and in the vicinity of the reignition oscillation vary prominentiy
with the lamps used and their lighted time thus far.

In appearance, these changes occur correspdnding to conditions of the cathode
spot, with those to be influenced by time proceeding on in a similar manner. To
expatiate upon the matter, the voltage wave forms around the turn of the current
direction hence around the reignition oscillation, at the early period of lighting
are generally smooth as shown in Photo. 2, (g), and the oscillation is wholly
irregular. The oscillation at the midway period produces steps (to be called
discontinuity hence forth) in the wave forms, becoming saw-teeth-shaped Photo.
2, (¢)). Lastly at the final stage, the discontiunity develops itself remarkably and
the saw-teeth waves disappear in many cases Photo. 1, (¢)).

It is evident from the facts explained above that the reignition oscillation and
its near by wave forms depend upon the cathode spot. Further to say, the reginition
oscillation, which is engendered with A-A’ filament as the cathode, does change
when replacement is made between A and A’ with B unexchanged in Fig. 1, (a);
but not with B-B’ glament as cathode. This shows that the reignition oscillation
is an attribute to the cathode spot, the electron emission of which controls the

former.

2,2. Effect by Filament Heating

When the filament is heated by direct current during the lighting, the oscil-
lation conditions vary with respect to the direction and the intensity of the heating
current. When so heated as to add the cathode-phase current (A is positive), the
oscillation diminishes at first with the current increase and the wave form in that
period becomes smooth. Heating current up to about 0.3A shows this tendency,
while sometimes the oscillation becomes hardly noticeable in the voltage wave
form at the terminal. Irregular oscillation, however, can be seen in the differntiated
wave form even in this case. Photo. 3 explains the effect of heating upon the
reignition oscillation. If the current is further increased beyond this state, local
discharge takes place at the both end of the filament generally causing the oscil-
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lation to be increased. The increase in the current flow exerts about the same
effect upon the saw-teeth wave oscillatin.

In another case, when the filament is heated in such a way as the current in
cathode phase is offset (A is made negative), the cathode spot shifts on the filament
as the current increases. Though the amplitude of the oscillation decreases more
or less during shifting, it becomes again large when the cathode spot reaches the
other end of the filament. The aspect of oscillation thus varies depending on the
interrelation between the heating and the lamp current. To be more strict in our
discussion, the cathode spot movement occurs in both cases. In still another case
where no heating current is present, the cathode spot shifts towards the tip of the
filament- with the lamp current’increasing, and towards the middle with that
diminishing. Notwithstanding this, the variation in thé amplitude can be considered
as caused by the varying electron emission, even with the shift of the cathode
spot taken into account, for the addition of heating current gives a filament
temperature-lamp current ratio different from one given by increasing lamp
current.

2.3. Changes by Source Voltage

Changes in the source voltage cause those in the lamp current. The cathode
spot, accordingly, shifts its position as we have described in the foregoing article.

- In this case, the duration of the oscillation is

r e—e 20w NEW
a-—4 30w NEW
A—8 30W AGED
)

generally prolonged with the increase in the
current flow. It is difficult to observe the

amplitude because of this irregularity in the

~
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a
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-
T

~
»N

oscillation ; the amplitude does not necessarily

~
-3
T

increase, but decreases in appearance. Fig. 2

kN
L™y
T

show the relation between the current intensity

o
[

and the duration of the oscillation, obtained
through measurements with a 20 W and a 30 W

DliRATION OF REIGNITION 0SC.

\

fluorescent lamp. The saw-teeth wave oscil-

o '] L [l A
azLAHPéﬁRREN%‘ 284 lation is comparatively stable against the
Fig. 2 Duration of reignition current change, but considerable variance is

osctllation s lamp current. noticeable in the degree of stability depending

upon individual lamps. )

The duration of the oscillation is, with regard to a single electrode, related
with current, but.it depends upon the individual lamp taken up, and further upon
the individual electrodes in the one to be examined. For constant current, a

positivé correlation can be traced between the filament temperature and the duration
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of the oscillation; but it cannot be affirmed due to small number of the measured

values so far obtained.

2.4. Effect by Magnetic Field

Being applied in the vicinity of either electrode to the magnetic field per-
pendicular to the cylindrical axis of the lamp tube, the reignition oscillation as
well as the anode oscillation is influenced by it. Reports about the relations between

the noise and the magnetic field have been already published(®(11); the numerical

values on Table 1 are some of the results, which the authors obtained through

Photo. 1 Observed wave
forms of a fluorescent
lamp.

Photo. 2 The difference of wave forms due to the lighting
position of a fluorescent lamp: (a)~(d) in aged position ;
(e)~(h) in the opposite position.
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Photo. 3 Effect of the filament heating current on the reignition oscillation :
heating current intensity is 0 A for (a), 0.2 A for (b) and 0.3 A for (c), lamp
current is 0.36 A.

Photo. 4 Effect of the magne-
tic field on the saw-teeth
oscillation ; (a) without
magnetic field, (b) with
magnetic field.

Photo. 5 .Detected wave forms of reignition and extinction oscillation at several
frequencies; (a) at 800kc, (b) at 1400kc, and (c) at 2000kC. R and E mean
reignition -and extinction noise respectively.

Photo. 6 Movement of the
positions of reignition and
extinction  oscillation by
superposition of auxiliary DC
discharge: (a) I4¢=0.36 A,
Ipo=0; (b) I40=0.365A,
I])U=0.2A; (C) IAO=0.275A,

: Ipo=0:4A; (d) IAO=0.24A,

Ipg=0.46A: (e) I40=0.21A, Ipp=0.46A. I40 and Ip¢ mean AC discharge and DC

discharge current respectively.
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experiments with the aid of a permanent magnet. The magnet what we have on
hand, its intensity is unknown, but the diminition of the noise can be noticed
when the magnetic field is applied to the fluorescent lamp. In this case, the
amplitude of the reignition oscillation decreases evidently.

Table 1. Effect of the magnetic field upon the noise in the
vicinity of electrodes (at 1 MC)

without a with a 0.01xF
capacitor capacitor
Magnetic field not applied 69 db 33 db
Magﬂ'etic field applied to one - .
electrode 65 db 29 db
Magnetic field applied to both
electrodes . 59.db 24 db

The saw-teeth wave oscillation is not so much affected as irregular oscillations,
though its initial stage disappears. Photo. 4 shows how the oscillation diminishes
by the action of the magnetic field.

2.5. Noise Level and Its Frequency Characteristics

The authors measured, by means =
=4
of the measuring circuit shown on  Z¥f e=0
. . . =y ._—___,__—-—o—o—o———"M
Fig. 2, (a), the noise voltage of the %
&= 6
fluorescent lamps which generate the E aveiuf
o ] ) gt :_‘_“"‘::;‘\‘1“,
reignition oscillation only. The results = w0 22 ors
.00 5"
are, as shown in Fig. 3, that the noise L ol
voltage fluctuates in the broadcast )
band yet it is rather flat, with slight i
level difference, in comparison with M 7T R T Tove M T ac
. . b lained 1 FREQUENCY
the twin noise to . € explaine ater. Fig. 3 Frequency characteristics of
Photo. 5, (a)-(c) Hshbwthe output wave reignition noise.

forms of detector, from which we can see that the reignition and extinction
oscillations are by far stronger than the anode oscillation. It is also evident from
the figures that the reignition and the extinction oscillation are different as to the
frequency characteristics : namely, the former is generally prominent in the lower
frequency range of the broadcast band, while the latter is so in the higher
frequency range. Therefore, it would be readily understood that the level
difference in the broadcast band is.s_’rriallulvvibt}i» respect to thr quasi-pesk values of

noise voltage.
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The measurements of the noise voltage, which the authors have done thus far
upon many fluorescent lamps manufactured by several makers, lead to the result
that the noise voltage forms a nearly normal distribution, the average values of
which are as shown on Table 2.

From the table, we know that the noise level is higher 20 W lamps than in
40W T 12 lamps, and that the symmetric voltage is higher than the asymmetric
one.

2.6. Suppressive Effects by Capacitor

The most inexpensive and effective method for suppression of the radio noise
caused by the fluorescent lamp is to connect a capacitor with both terminals of a
fluorescent lamp. The suppressive effect by the capacitor is not only to shortcircuit

the oscillation through the capacitor

Table 2. Average values of quasi-peak
noise voltages of fluorescent
lamps (at 1 MC)

but also to change the oscillation

frequency hence the oscillation itself.

Fig. 3 is also accompanied by the Symmetric Asymmetric
suppressive effect of capacitors used. voltage voltage
The noise level lowers itself almost 40w 50 db 38 db
uniformly with the increasing capacity 20 W 62 db 43 db
of the condenser. This is the very Note. 1. The values on the 40W line are

manner in which the reignition and
the extinction oscillation differ sub-
stantially from the twin noise to be
treated later.

the average among 45 lamps made
by 4 manufacturers.
Note. 2. The values on the 20W line are
the average among 30 lamps made
by 3 manufacturers.

Table 3. Noise-suppressive effect of the capacitor inserted between

terminals (at 1 MC)

\\ capacity of
. condenser | c=p C=0.00l | C=0.005 | C=0.01
unit db T
average value of noise’ 51.53.84 | 37.0+3.55 | 22.0+2.01 \
40 W .
average value of supprossive effect | 14.512.69 29.5:+3.45 .
average value of noiseI 62.3+£7.2 46.9+8.4 } 33.0+9.0 ‘ 31.6+9.1
0 . S S WS ——
average value of suppressive effect 15.4+5.2 ‘ 29.3+5.9 ‘ 30.7+5.6

Table 3 shows the results of the measurement which the authors carried on
the suppressivé effect of capacitor with numerous fluorescent lamps. As is evident
from the table, the difference of the suppressive effect between 0.005 4F and 0.01

#F is slight. Endorsed by actual measurements, this fact indicates that, despite
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the connection of a larger capacity, a corresponding effect can hardly be expected.
Naturally, a certain limitation is imposed upon the suppressive effect by this method.
The suppressive effect does not increase so much, even if the condenser capacity
is augmented upwards of 0.01 4F. Moreover, the wave form at the crest of the
terminal voltage varies remarkably with the capacitor more than 0.05uF or so,
recognizably tending to shorten the lamp life. The deformation in the crest is
attributed to the lowering of the residual ion density due to decrease in the build
up ratio of the recovery voltage caused by the capacitor inserted. The decrease
of the residual ion density is also regarded to accelerate the wearing-out of the
cathode.

2.7. Effect by Auxiliary Direct Current Discharge

When a direct current discharge between PA and A is superposed to the
alternating current discharge between A and B in the circuit shown in Fig. 1, (a),
the differentiated wave form of the terminal voltage changes with the ratio of the
direct to the alternating current as is shown in Photo. 6. In other words, the
reignition and extinction oscillations pertaining to the electrode A first enter into
the anode phase of the electrode A, then both merging themselves into one,
disappear. The phenomenon is explicated as follows: the direct current discharge
has always A as the cathode, while for the alternating current discharge there
exists a phase in which A takes the place of the anode. The current then in A
is given direction by the relative current intensity of both kinds of discharges.
Accordingly, the zero current time occurs within the phase where A works as the
anode for the alternating current discharge; then the time in which current flows
out of A becomes shorter with the direct current increasing, until the cathode
spot on A comes to hold on despite the continuation of the alternating current
discharge. From the above-mentioned the proof is given that the reignition and
the extinction oscillation are generated at the turn of the current direction. In
this case, it goes without saying that the reignition and extinction oscillations as
to the electrode B are not affected by the direct current discharge.

2.8. Reignition Oscillation in Indirect Heating Type Cathode.

When a filament and an indirect heated ¢athode alike are set within one
fluorescent lamp, the wave forms of the reignition oscillation by both of them
differ, as Photo. 7 shows, in smoothness. When we further strengthen the cathode
heating current by keeping the lamp current constant, the reignition oscillation
shifts towards the middle of the cathode phase. Under this condition, remarkable

discontinuities are seen in the probe potantial (voltage between Pa and cathode)
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as Photo. 8 shows, and oscillations take place in front of the discontinuity (Photo.
8, (C), (¢); (D), (d)). If the heating current is increased, the discontinuity shifts
towards the middle, then disappears. At this time, the glow which has been
surrounding the cathode sleeve fades away, but the oscillation intensifies itself,
(Photo. 8, (B), (b)). If the heating current is further increased beyond - this
condition, the glow near the cathode departs from it, with the oscillation being
weakened as well (Photo. 8, (A), (a)). The entire half cycle oscillation, as Photo.
8 (b) shows, can be produced with direct current, and indicate just the same
aspect in the changing of the glow, etc., as in alternating current.

These phenomena occurring in the indirect heated cathode may be explained
as follows: Let us suppoée that 7; denotes the lamp current and is is the
thermionic emission current of the cathode. When i;<[is, the glow surrounding
the cathode does not appear ‘with the electric field in front of the cathode being
negative, and the trough of potential is formed, which causes the prode potential
to be lowered; on the contrary, when 7;>is, the electron emission by ionic collision
and electric field is added to that of the cathode, making it necessary that the
cathode should be surrounded by glow. The probe potential, therefore, becomes
high. Thus, in case, that iz=1is, the glow should approach the cathode and form
ion sheath rapidly, when discontinuity appears on the probe potential.

The oscillation produced in front of the discontinuity is a phenoni"enon peculiér
to the condition that 7;==is; for when the temperature rise at the cathode
extinguishes the discontinuity, the glow separates from the cathode, and further
when put in the same condition with the above, the direct current discharge itself
can produce a oscillation. Moreover, as this phenomenon can not be distinguished
essentially from the reignition oscillation of the indirect heated cathode, it is
considered to be due to the ionization caused by the glow approaching the cathode
in accordance with the increase in the lamp current. This phenomenon conforms
with the experiments done by Culp; and it justifies the fact that the oscillation is
generated the moment the negative. glow reaches the cathode surface. It is
premature, however, to apply this conclusion to the oscillation on the filament
cathode. Accordingly, we refrain from describing further than that the phenomena
are very similar to each other. For example, when the heating current supply is
stopped short during the heating of filament, as was explained in 2.2, there appears
transiently such a discontinuity as is observed on the indirect heated cathode ; and
the situation is that the reignition oscillation has occurred before the discontinuity
which interrupts the former. By the foregoing, the fact may well be explained

that the discontinuity appears in fluorescent lamps used for long time.
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2.9. Considerations On The Reignition Oscillation

The facts that the generation of the reignition oscillation is a phenomenon
peculiar to the alternating-current lighting, and that it depends upon-the conditions
of the cathode spot, indicate that this kind of oscillation is controlled uniquely by
the electron emission at the cathode spot and the variation with time of the space
charge distribution. In addition, the fact that the reignition oscillation consists

Photo. 7 Wave form dif-
erence between the fila-
“ment (a) and indirect
heated cathode (b).

Photo. 8 Probe potentials and the differentiated wave forms of terminal voltage
in respect of the indirect heated cathode lamp; lamp current: 0.36A. (A)~(F)
show probe potentials and (a)~(f) differentiated wave forms. Heating current
is 0.46, 0.4, 0.35, 0.3 and 0 A for (A) to (E). (F) and (f) are shown in the
case of filament cathode, the arrows show the discontinuity (€)~(E).
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Photo. 9 Various types of the
twin oscillation.
(a), (b) and (c) show the
oscillations in 100, 90 and 80V
respectively, (d) and (e) show
the ones of another lamp in
100 and 80V.

Photo. 10 Pulse responses in DC discharge ; '(a) lamp current 0.45 A frequency
1595 kC, (b) 0.4 A, 1430kC, (c) 0.2 A 850kC with interterminal capacitor of
100 pF, (d) 0.45A, 1460 kC connected E1 to C, (e) 0.4 A, 1325kC connected
Ei to C.

essentially of irregular pulses, justifies regarding it as one due to the fluctuation
in density of the space charges with the glow movement, not as their mass motion.
In other words, the reignition oscillation can be supposed to be caused by the
ionization occurring as the space charges increase or decrease, or by the space
charge fluctuation. 4

The gradual increase of the amplitude, which is observed in the oscillation in
the indirct heated cathode during its transition to the discontinuity, is considered
to be due to the same mechanism with the shot noise occuring in vacuum tubes.
The reason for this is as follows: the inequality 7;,</is stands before the disconti-

nuity and the potential trough in front of the cathode becomes gradually shallow
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with the value of i nedring that of is; consequently, so-calléd alleviating action
of space charges to the noise becomes weaker.

The amplitﬁde therefore takes the maximum value when i;=is. It seems that
the shielding effect by ion sheath causes the oscillation to be extinguished at the
same time with the discontinuity. : )

Among cathode oscillations, one which is composed of the saw-teeth waves is
generally extremely stable and regular. Upon the shift of the cathode spot, this
type of oscillation disappears, turning into on irregular oscillation. In the lamp
whose cathode spot is constantly moving about, it takes place only when a specified
position is taken by the cathode spot.

“ The oscillation of this type should be distinguished from the reignition
oscillation, because, as we will describe in the following chapter the characteristics
of the relaxation oscillation are just the same with those of the hollow cathode

oscillation.

3. Twin Oscillation

The twin oscillation, as the term implies, is one which is produﬁced in pair
symmetrically to the extreme value of any of half cycles.

Classified under the twin oscillation are: one joined continuously with the
reignition oscillation, a pair of twin combined together in the middle of a half
cycle, one occurring in double or triple pairs, or, rarely to ocurr, one occurring
during a full half cycle. The twin oscillation is very regular and periodical, with
a definite frequency spectrum. The function of current is the frequency, which
increases with the current. Accordingly, the frequency of the oscillation at thd
beginning and the end of a half cycle lies beneath that of the broadcast band,
thus being given less significance with regard to the radio-interference; but the
oscillation produced in the middle of a half cycle extends its frequency within the
region of the broadcast band. with its disturbing effect reaching an extreme degree.

The twin oscillation occurs in the case of the diréct current lighting as well,
and its charasteristics are the same as in the alternating current lighting.

Furthermore, this type of oscillation is one peculiar to the filament cathode.;
it does not occur on the indirect hested cathode. .

Still furthermore, as the generation of this oscillation can be controlled by
external conditions, it is possible to completely suppress it through proper design
and structural modification of the cathode.

3.1. Wave Foriﬁ

Photo. 9 represents twin oscillations produced under various conditions. It is



On the Radio Noises and Oscillations Caused by Fluorescent Lamps 39

clear  from the figure that the envelope to -the oscillation is very definite and
indicates the regularity of the oscillation. The oscillation, through saw-teeth
shaped at the beginning of a half cycle, approximates to sinusoidal wave as it
moves towards the middle of the half cycle.

3.2. Conditions for Generation in the Case of}Alternating Current Lighting.

The twin oscillation is liable to occur in fluorescent lamps lighted for long
period, and seldom in new ones. Even in the lamp in which this oscillation is
occurring, it disappears with the current increasing. To the contrary, if the
current is decreased in the lamp in which no oscillation exists, it appeare often.
Furthermore, there are cases that it takes place transiently when the current
intensity.is abruptly changed. By means of a lamp with no fluorescent material
coated on its tube wall, we can readily affirm that such transition is caused by
the §hift of the cathode spot and that it occurs upon specified position the
cathode spot takes. Moreover, for the lamp witﬁ its auxiliary anode and filament
separately lead out. there exists a critical state where the oscillation is generated
when both are connected with each other, and extinguished when not connected.
In this case, too, the oscillation is accompanied by the shift of the cathode spot.
Thus, this type of oscillation is also apparently a characteristic attendant upon
the cathode spot; the occurrence of the oscillation ceases even in the same lamp
if, as shown in Photo. 2, (b), (f) the cathode spot shifts on the electrode.

There is another instance that the oscillation is decreased or extinguished by
connecting the electrode with the probe extremely near it through a capacitor.
The twin oscillation can also easily. be extinguished: through the superposition of
auxiliary discharge, high frequency electrodeless discharge, and so on. The heating
of filament exerts considerable influences; it generally extinguishes the oscillation,
but, to the contrary, it generates sometimes.

In conclusion. the twin oscillation .seldom occurs when the current is intensified
and the filament temperature is high; and it disappears with artificial changes of
the space charges. Therefore, the oscillation of this kind can be said to take place

only when some particular conditions are satisfied.

3.3 Oscillation in Direct Current Discharge

. In direct current discharge, too, the twin oscillation can be produced, with its
wave form approximating to sinusoidal wave. The oscillation under this condition
is very regular. When' the' power source is fed by the rectified alternating current,
the ripples in the current modulate the wave form with respect to the amplitude
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and frequency. On case that the oscillation is -weaker, the oscillation is given
rise at the trough of the current ripples. If the anode oscillation is present in
this instance, it occurs accordingly with the frequency of the anode oscillation as
the recurrent frequency. In the case of direct current, the lamp current capable
of generating the oscillation ranges from 100 to 500 mA ; rarely the oscillation
holds on to 600 mA.

3.4. Pulse Response in Discharge Space

The above-mentioned oscillations due to alternating and direct current being
very regular, they are thought to be characteristic of the discharge space. There-
fore, with views to clarify, according to the theory of plasma oscillatson, how the
local agitation in the discharge space appears at the terminals, we have studied
changes in the wave form between terminals by applying the pulse and the output
of high frequency oscillator, to be described in the following article, to the
terminals Pc-C in Fig. 1, (b). The width of the pulse applied is of the order of
3 to 15 4S; it is applied to Pc through a condenser of 100 pF. Therefore, the
equilibrium potential of the probe Pc is a wall potential. The consequence is, as
shown in Photos. 10 and 11, that damped oscillation appears at the terminals only
when the electrode considered becomes cathode. As for the alternating current
lighting, the pulse is applied to the terminals between Pa-A in Fig. 1, (a). Photo.
11 shows the oscillation produced in the case of the alternating current discharge,

Photo. 11 Pulse responses in
AC discharge ; (a) in anode
phase, (b) just in reignition
oscillation, from (c) to (h)
the lamp current increasing
in cathode phase.
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Photo. 12 Detected wave forms of the noise with
twin oscillation. (a) differentiated wave form, from
(b) to (d) detected wave forms at 700kC, 1600 and
2000kC respectively.

where the terminal voltage wave form is differentiated in oredr to filter off the
power supply frequency.

What is to be marked in this experiment, is that, as well be explained in 3.5,
the oscillation occurs between terminals when the pulse is applied between the
probe and the cathode, but that a single pulse only appears as shown in Photo. 11
(a) when it is applied between the probe and the anode. Further in this case, the
variation of the frequency with the lamp current is just the same with that
described in 3.2 and 3.3. Of this we will discuss comprehensively in 3.6.

In this experiment, the pulse is not necessarily appied exclusively to the
probe ; the same result is obtained by applying the pulse between the cathode
and the metallic band E;, which is foiled around the exterior wall of the lamp, as
is shown in Fig. 1, (b). The output voltage varies with the surface area and the
distance from the cathode of the metallic band (to be called “exterior conductor ”
hence forth); the larger its area is, and the nearer to the cathode it is; the
greater the amplitude becomes.

With a view to ascertaining possible effects by induction and other phenomena
upon the experiment of pulse application, the authors have investigated the
combinations of pulse generator with the lamp, and the power source and other
cases, but we could not detect any oscillation except when the lamp was lighted.
This type of oscillation, therefore,-is concluded to be due-to the characteristics of
the discharge space in a fluorescent lamp. It is, however, not observed in the

indirect heated cathode; on this fact a detailed description will be: given in 3.7.
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3.5. Frequency Response in Discharge Space

When a high frequency voltage is
applied between the probe and the
cathode, what is in essence the same
with the pulse response, the oscillation
due to it appears between the lamp
terminals, and the high frequency voltage
at the terminals varies with the input
frequency. As the detective device for
this oscillation, a combination of a LC
resonator and valve-voltmeter is used,
with the indication of the latter being
read. The correlation between the
frequency and the resonance voltage of
the L-C circuit presents resonant
characteristics, for a constant high fre-
quency input voltage shown in Fig. 4.

The resonant frequency changes with
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Fig. 5 Frequency response of DC dis-
charge with interterminal capacitor.
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Fig. 4 Frequency response of DC dis-
charge with variation of lamp current.

the lamp current I. However, even if
the lamp current is kept constant, the
resonant frequency changes with the
interterminal capacitor C as is shown
in- Fig. 5. Further, the oscillation
propagates itself from the cathode to
the anode; to the contrary, the output
of the high frequency voltage applied
between the probe and the anode does
not appear between the terminals of the
lamp. It is thus made clear that local
disturbance is necessarily transferred

towards the anode.

As we have mentioned above, the twin and the direct current oscillation, and

the oscillatory characteristics of the discharge space have the same characteristics :

that is to say, their frequency changes with the lamp current as well as with the

capacity of the condenser connected between the terminals. Let us take for an
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_Fig. 6 Frequency characteristics of twin
noise, lamp NE-1; power supply 80V.

the frequency characteristics of the
direct cnrrent oscillation described in

3.3.
meter described in 3.5. was used. The

For detecting device, the wave

completely same curves will be obtained
by a noise-meter.

Putting together these characteris-
tics are Figs. 10 and 11. The former
shows the relation between the lamp
current I and the frequency, and the
that the

capacity C between the terminals and

latter between condenser
the reciprocal of the squared frequency,
each showing respectively the same
propensity. Further, the dotted line in

Fig. 10 is the straight line representing

: 8=
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Fig. 8 Frequency characteristics of twin
noise, lamp NA-1; power supply 100V.

1600 k¢

example a case where the twin oscillation
is going on : in the case of the alterhating
current lighting, the frequency charac-
teristics of the noise voltage, measured
by a noise-meter, has often a remarkable
peak in the broadcast band as Figs. 6 to 8
Photo. 12

existing between the dffierentiated wave

show. shows the relation
form (a) and the detection wave form
at the receiver (b)-(d), which evidently
vary with the frequency. Fig. 9 shows
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Fig. 7 Frequency characteristics of twin
noise lamp NE-1 power supply 100V.
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Fig. 9 Frequency shift of the oscillation
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(b).
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Fig. 10 The frequency vs lamp current.

there are cases, as shown in Fig. 8, where as

much as about 70 db in noise level lingers even

with the 0.01 4F condenser,

impossible the reception of the broadcast on that

frequency.

3.7. Characteristics of Direct Current

Oscillation

According to the conclusion explained above,
nothing exists to distinguish substantially the

twin and direct current oscillation from each other.

making almost

the relation focl'/e, ‘That almost all
curves are parallel to this line seems to
indicate that these oscillations are the

plasma ion oscillation.

As is evident from the differentiated
wave form of the terminal voltage and
Figs. 6-8, it is very significant that the
twin oscillation has a very great
intensity, with its frequencies covering
the broadcast band. Though, fortunately,
levels of most of them can be lowered

by means of about 0.01 4F condenser,
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Fig. 11 The frequency shift by
the interterminal capacitor.

2000 PR

Therefore, the authors have

attempted to study the characteristies in the direct current lighting.

3.7.1. Frequency of Oscillation

The frequency change of this type of oscillation with the current has enough

to remind us of the plasma ion oscilla-
tion. Accordingly, for the purpose of
investigating the nature of the element
controlling the frequency, the authors
have examined the frequency changes
following that of the ratio of the auxiliary
current I, to the main discharge current
In, by generating both with common
cathode, by means of the circuit shown

in Fig. 12. The result is, as is shown in

%

481

[ (23 % a6 a8 L0 2

4 %‘
Fig. 12 The frequency shift by super-
position of auxiliary discharge.
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the figure, that the frequency hardly changes with a constant total current Is+In;
the changes in frequency is observed only when the auxiliary discharge current
I, is increased, with the main discharge current 7, being kept constant. The
above result indicates that the frequency change is controlled in the vicinity of
the cathode.

3.7.2. Amplitude

One of the major factors to govern not merely the amplitude of, but also the
generation and extinction of the oscillation is the effect of the conductor on the
exterior wall of the lamp. As is shown by Fig. 1 (b), the oscillation is intensified
when the exterior conductor E; and the cathode C are connected directly or through
a condenser, and extinguished or damped when they are connected through an

inductance. Fig. 13 shows the change of the
M - oscillation characteristics occurring both when
E; and C are directly linked and when they

are not; the changes in amplitude is by far

-

i! I - more remarkable than that in frequency. To
% , j /Q be specifically mentioned is that even a lamp,
“, / which does not produce oscillation under
— k»\. normal conditions, does when E; and C are

” Fifaupuey *7 e connected. Fig. 14 shows the result obtained

Fig. 13 Effect of exterior conductor
for the amplitude of the oscil-
lation. (1) not connected Ei to C potential near the cathode and the oscillation
(2) connected E1 to C

by measuring the changes of the probe

potential under this condition. The oscillating

voltage in this case is that measured between E,

<

and C by a valve voltmeter. The anode oscillation

»

is of course suppressed in this case. It is eviednt o

from the figure that if the oscillation takes place the § A

probe potential becomes lower. ;_“ MS
Even in the case where the connection of the é” \\_,ﬂ- '%

exterior conductor E; with C does not cause the @ S

oscillation to be generated, the decrease in the 0 ?

23 a5 A
attenuation constant of the damped oscillation is LAP CURRENT
Fig. 14 The wall potential of
the probe and the oscillating

(e) present, in contrast to (a) and (b), the change voltage ©s lamp current
under this condition. (1)  the wall potential
without and (2) with the
oscillation, (3) oscillating
dependent upon the area of the conductor and its voltage.

evident from the pulse response. Photo. 10. (d) and

It is a matter of course that these changes are



46 Chozaburo Marsupa, Yasuyuki Oraxt and Ryohei ITapan:
distance from the cathode; they occur in the same manner as was stated in 3.4.

3.7.3. Indirect Heating Type Cathode

Though we examined the pulse response by the indirect heating type cathode,
explained in 2.8, in the lamp current range of 0.1 to 0.6A, we could not obtain
any sign of oscillation. Therefore, we have measured the probe characteristics for
the comparison with the filament cathode. The result obtained is that the wall

Table 4. Prode characteristies in indirect heated type and filament cathode

Indirect heated cathode lamp current Filament cathode
I1=0.4 A 1=0.4 A
Heater current (A) 0.52 0.48 0.385 0.19
Wall potential of the . L
probe (V) —-3.0 1.5 0.11 2.81 9.65
%;Xl)rated ion current 30 150 190 610 3800

potential is much lower, as Table 4 shows, than in the filament cathode, with the
electric field in front of the cathode being very weak within the normal range of

use.

3.8. Considerations upon Twin Oscillation

Let us proceed on considering upon the basis of the results thus far obtained.
Accorting to the theory of plasma ion oscillation,(? the limit frequency of the
space charge wave in the ionized space is given as follows:

z
0p= _eMZ:.__ ................................................ 1)

where ¢ denotes the ion charge, » the ion density, M the ion mass and ¢ the
dielectric constant, with MKS rationalized units being adopted. According to the
measurement done by Nakamura,(® the ion density in the positive column is rearly
proportional to the current I, consequently, we obtain from the equation (1),

Fo=knt=p'I% et e s (2)

where k& and k&” are both proportional constants.
Now, let us take Hg" ion for example, the equation (2) is transcribed as:
»p=1.48X1072)/ 71 i (B)
With Nakamura’s value taken up, #=4x10"m—3 at I=0.3A, hance f,,.3=9.3MC
while according to our measurement #=2.5x10"m~% at I=0.5A, hence fros
=7.4MC, which is greater by almost one figure. It is still uncertain, and yet to
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be studied whether this discrepancy is a substantial one or is due to neglecting
the ionic qollision with gas atom.

What has been mentioned in 3.7 is the features of this oscillation and also is.
the phenomena important to know its nature. In other words, the fact that the
factors governing the frequency rest on the cathode, indicates that the oscillation
is generated at the cathode and is transferred to the anode without modification;
while the potential fall of the probe, which occurs at the same time with the
generation of the oscillation, shows that the magnitude of fhe cathode fall is related
with this oscillation. In the light of the notion of the space charge wave, it is
reasonable that this oscillation does not occur at the indirect heated cathode, and
that the cathode fall is involved in its generation; but, the effects of the condenser
inserted between terminals, and that of the exterior conductor can not be explained.

To the contrary, the effects of the exterior conductor show that this oscillation
is controlled by the boundary conditions of the discharge space. They further
show, together with the effects by condenser, that this oscillation is governed by
conditions of both discharge space and external circuits. Anyhow, it is characteristic
of the filament cathode as is evident from the pulse response, and the presense of
a considerable accelerating electric field in front of the cathode, would be the
necessary condition to produce it.

The hollow cathode noise, treated by Culp, is quite analogous to this oscil-
latton ; especially, the saw teeth wave mentioned before must be due to the hollow
cathode oscillation itself. Both twin oscillation and direct current oscillation are
generated when the cathode spot occupies a specified position. This fact may be
a proof that the hollow cathode appears on that position. It is difficult, however,
to explain the effect of the exterior conductor by this fact.

The generating mechanism of this oscillation has not yet been substantially
elucidated; but, to put together the results thus far obtained, the necessary
condition for generating the oscillations explained in this article, is the presence
of the accelerating electric field in front of the cathode. The oscillation seems to
be generated through the effect of that accelerating field upon the cathode which
is modified by the ionic oscillation at boundaries. The feed-back action from them
is evident from the effect of the exterior conductor explained in 3.7.

4. Conclusion

By classifying and studying the relations between fluorescent lamp noises and
their oscillations according to their origins, we have thus far clarified their features
and characteristics ; and further we have obtained evident facts which explain the
mechanism of their generation through numerous experiments upon it. In short,
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our experimental results are as follows:

(1) The reignition oscillation is essentially irregular and its wave forms are
composed of train of puleses.

(2) Its generation is controlled by the electron emission from the cathode, the
density of residual ions, the ratio of increase of the lamp current, etc. It is
also supposed, on the ground of the experiments upon the indirect heated
cathode, when the electric field in front of the cathode is weak.

(3) Further, this oscillation is the major cause of the noise in the broadcast
band, with the quasi-peak values of the noise voltage in average being 50 db
on 40 W lamp, and 26db on 20 W (both being the symmetric voltage).

(4) The noise voltage mentioned above is attenuated by about 30 db in average
by a 0.05uF condenser between the terminals. By the way, it is to be
mentioned that the installing of 0.006 to 0.01 4F condenser in the lighting unit
of fluorescent lamp has been recently stipulated in JISU4 (Japan Industrial
Standard).

(5) The twin and direct current oscillations are very regular, with their wave
forms approximating the sinusoidal wave near the middle of a half cycle and
forming saw-teeth wave in its early period. In the case of the direct current,
the wave form is almost sinusoidal independently of the current intensity.

(8) The frequency of this oscillation is changed regularly by the lamp current
and the capacitance of the condenser between the terminals.

(7) From the outcomes of the pulse reponse and other ones, this oscillation is
concluded to be due to the feedback from the boundaries to the accelerating
electric field in front of the cathode.

(8) The twin noises occur frequently in the aged lamps. Though their level is
remarkably high, they can be mostly extinguished by 0.01 4F condenser: But
some of them cannot be eliminated with the condenser of the above capacitance.

(9) Under normal conditions, most noises in the broadcast band are caused by
the reiguition and the twin oscillation; the anode oscillation seldom matters.
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