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OPTIMUM CONDITIONS TO OBSERVE THE NEW
LIGHT EFFECT*

P, S. V. SETTY
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(Received, October 3, 1959; after revivion, February 26, 1960)

ABSBTRACT. Bomo experimental rosults with eleotrodeless dischago tubes containing
jodms vapour are conducted with speowal rofevence to ageing Tho rasults have shown thut
the effect of agong is only the removal of occluded guses and vapows from tho glass wall of
the discharge tube. As a consoguence of thess oxperiments a new apparatus called the
‘envelope tube’ has bsen devised to obimm conmstent results without wating for ageing.
Yrom these results the optimum conditions for obscrving the new hght effoet have hoon worked
out to be (a) ngoing tha envslope tube undor low oxtornal pressure or hesting it to a high
temperaturs in vacuum till standard curront veltage ohaructoristios as shown are ohtamed;
(b) sealing it under tho above e.ndition,

However, tho cleaning up procedurn rocommended mn thws paper rafers only to the
external surface of tho dischargs tube.

1. INTRODUC11lON

A glance through the vast literainre on the new light effect discloses that
congistent results have not been observed for Ihe same substance by different
experimenters. 1t might also be noted that none of the workers in that field
has stated precisely the optimum conditions under which the effect can be observed.
Moreover, the standard forms of the current voltage characteristics have not been
worked out. Tn the present paper the inconsistency of results has been traced
to tho influence of occluded gasos and water vapour in the glass wall of the dis-
charge tube.

14 has been observed that ageing of the discharge tuboe influences the cffect
considerably, sometimes increasing (Joshi and Bhat, 1942 and Deo, 1944) the
percentage effect and sometimes reducing (Arnikar, 1944) it. Tu the case of mercury
vapour (Prasad and Venkateswarlu, 1949) cven ageing of the discharge tubes
for a long period of 424 hours could not show any light effect, whereas one
dischargo tube ‘with & preliminary heating upto 200°C. for 4 hours gave an cffeet
of 60%. This shows that ageing alone is not sufficient for observing tho cifect.
Secondly, while investigating the new light effect, it has been observed very often,
that tho discharge tubes which exhibited a good light effect suddenly became
inactive under cerisin external conditions.

* Communicated by Prof. N. R. Tawde.
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The present paper concerns itself with the study of conditions under which
reproducible and steady light effect can be observed. The necessary optimum
conditions have heen found to be (1) ‘ageing’ which is a cleaning up of tho external
surface of the discharge tube to remove the occluded water vapour as a result
of passing the discharge for & long time through the tube and (2) securing a dry
atmosphere surrounding the experimental tube.

2, INVESTIGATION OF OPTIMUM CONDITIONS
(@) Bxperiments on humidily ;

A glass chambor was used in these experiments. Anhydrous calcium chlo-
ride granules were placed inside the chamber. A small paper hygrometer (Edyey)
was also placed inside the chamber. By adjusting the quantity of calcimm chlo-
ride, the pececentage hunidity inside the glass chamber eould be maintained at
any required value. The discharge tube containing iodine vapour, at saturafed
vapour pressure (3 mm of mercury at 40°C), fitted with external sleeve electrodes
was placed inside such a chamber. The saturated iodine vapour pressure was
maintained by sealing the discharge tube with some solid iodine inside it. A 500
Waid incandescent lamp kept inside a projection lanvern at a distance of 6 feet
was used for irradiating the discharge tube. Precautions were taken to see that.
the intensity of light emitted was constant throughout the experiment. The light
effect was observed with varying humidity of the air surrounding the discharge
tube. The A¢ values i.e. the difference betweew the current in dark gnd current
under light were studied. The results are shown in Fig. 1.
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Fig. 1. Negative light effect under differont humidity conditions.

The results in gereral have shown that the light effect and the voltage limits,
in which this light effect occurs, increase ss the percentage humidity of the sur-
rounding air decreases. This shows the profound influence of humidity on the
light effect.
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(b) Bell-jar experiments

A discharge tube containing 1odine vapour at its saturated vapour pressw e
(3mm of Hg at 40°C) was fitted with two sleove electroder. of a few turns of copper
wire each, kept at about 5 cm apart. This discharge tube was suspender]
inside & bell-jar of volume 4000 cc. by means of two copper wires connected to
the sleeve electrodes. The hell-jar was kept on a bed plate with arrangements
for removing air from or introducing dry air into the hell-jar,

To dry the atmospheric air a system consisting of drying agents, anhydrous
calcium chloride, concentrated sulphuric acid, and phosphorus pentoxide in
series was rigged up. The air. after passing through these drymg agents, was
introduced into the bell jar whencver necessary.

A Cenco hyvae pump was used to evacuate the bell-jar

A paper hygrometer (Edney) which gave the velative humicdity of the ai
directly was kept inride the bell-jar o read the humidity A mercury munometer
was attached to the system 1o vead the pressure inside the bell jar

3. EXPERIMENTAL PROCEDURE AND RENULTS
The cxperiment cousisted in removing the humid air from iuside the hell-jar
and filling it again with dry air whenever necessary. Under these conditions
readings for the light effect were taken using the conventional circuit.  The results
of a typical oxperiment are given below in Table 1.

TABLE I
Maximum %,
Dato Time Agemg % Hunudity light Romearks
effect
201058 100PM. - 8 N No effoct
" 1.30 P.M, 30 M. 63 Nil »
»” 1 40 P.M. — 0 (Dry mir) 18 Small & Lerogular
" 2 16 P.M, 15 Mwm, (i} 15 4 [Farrly regula:
30-10-568 12 Noon — 26 16.6 Small & regular
31-10-68 12 Noon 30 12 "
. 1.15 P.M, 76 Min. 30 12 Not good
- 3 00 P.M. — 20 18 Bottcr rosults
1-11-58 12 Noon — 24 16 "
- 1.30 P.M. 90 Min. 24 23 -
»» 2.00 .M. Kept undor — 26 "
low atm. pr.
for 30 Min.
4-11-68 12 Noon — 0 23 ”

(Dry air)
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At this stage the maximum improvement of the light effect by the reduction
of humidity alone was reached. Tn order to remove occluded water vapour the
pressure of air in the Lell-jer was reduced, from 68 em of Hg to 8 em of Hg, in steps
of 10 em of Hg and at each step the readings for light effect were taken. As the
prossure of the air decreased the light effeet was found to improve gradually.  After
each series of experiments the bell-jar was filled with dry air. This experiment
wasg repeated for about 3 or 4 days. By then the discharge tube had developed
a large and regular light effect.  The experimental results aftor this date are given
in Table 11,

TABLE IT

Maximum %,

Dato 1o 9% Humidity light Romarks
offect
7-11.58 ’ 12  Noon mO (D—ry air) 52 Loxrgo & regulor
12-11-58 ” 30 61 .\ hit irregular
14-11.568 ”» 0 (Dry air) 65 Large & regular
17-11-58 2,00 P.M 23 6 60 Roduced
”» 3 00 P.M. 0 (Dry ar) 8 Better results
18-11.58 12 Noon 0 69 ”»
19-11-58 " 0 65 "
21-11-58 " 26 09 Consistont *repro-

duoible rosults
(shown in Fig. 3).

The curreni voltage characteristic and the Ai voltage characteristic as obtained
till November 19, 1958 are shown by a sct of typical curves in Fig. 2.
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Fig. 2. Characteristio ourves not under optimum conditions,
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The readings for light effect taken after reaching the steady state showed a
definite change in current voltago characteristics giving the standard forms of
these curves. They are shown in Fig. 3 from which it ix obvious that an ngeing
process extended over about a fortnight enabled consistent results to ho obtained
with the tubs inside the bell-jar. It is intoresting to noto that when the discharge
tube was removed from the bell-jar the same characteristics could not he obtained.
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Fig. 3. Charaoteristic curvos undor optimum conditions,

The above account shows thut consistent results can be oblained by the
removal of occluded water vapour from the walls of the discharge tube after a
tedious process extending over a lurge period. To obviado this difficulty a now
apparatus wag devised which may be called ‘envelope tube’ whose deseription
and working is given below.

4 ENVELOPE TUBE BXPERIMENT

A short note giving a preliminary description of the envelope tube and (s
workmg was published recently (Setty. 1959). The discharge tube (Fig. 4) is a
co-axial double tube in which the space hetween the inuner and the outer eould
he evacuated while the inner tube serves as the discharge tube Tho slecv.

8 5

Tig. 4. Envolope Tube. )
(1) Discharge tube. (2) Todine vapour. (3) Envelope. (4) Porfeetly dry airin
between discharge tube and envelope (5) Electrodes.

electrodes wound round the discharge tube were brought oul by scaling them
through the glass envelope. The whole apparatus was heated to a temporature
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of 400°C and the envelope was ovacuated using an oil diffusion pump for sufficient
periorl and ther refilled with dry air to the required pressure and sealed off. In
some {ubes the space was left as a vacuum. After the discharge tube cooled 10
the room temperature it was {ried for the hght effect. Rosulls obtained with
both types of tubes agree. A typical resull obtained under these conditions is
given m Fig. 5 which resembles Fig. 3 pertaining 1o hell-jar experiments in every
respect,

h, EXPERIMENTAL RESULTS

A comparison of Figs. 3 and 5 shows that hoth ¢f them are almost identical
But a distinet difference is ohserved hetween these and results in Fig. 2.
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Ing. 6 Characterstic eurves under optimum conditions with envelopetube.

Reduction in
discharge

In Fig 2all the charactenstics (iy. iy and-- A7) start at some particular
voltage and roach a maxmum at a higher voltage beyond which they diminish
congiderably.

In Fign, 3 and 5 the charvactevistic ip starts at a particular voltage .,
increases 1apidly upto a higher voltage B, hevond which the increase is graduul
throughout (he voltage up Lo (' After this point. ' the characteristic 4
suddenly shoots up  The charactevistic 7y, starts at a particular voltage 4',
inereases rapidly upto a higher voltage B’ beyond which it is almost parallel to
X axis till the point ¢  After the point ¢ this also shoots up and meets i,
characterstic.  Thus 2z and i, do not show any tendency of diminishing at
any vollage.

—Ai characteristic starts at a particular voltage A,, increases rapidly upto
the point B, beyond which the increase is gradual upto ;. But after ¢, it
suddenly diminishes and meets the X axis showing the absence of light, offect.

6. DISCUBSSTON

The first set of experiment# with the tube inside the glass chamber reveals
that the humidity ol the atmosphere surrounding the tube brings down the lighl



Optimum Conditions to Observe New Light Effect 193

offoct in accordance with Fig. 1, Tt is clear from Fig. 1 that the maximum value
of the negative light effect (—Ai) goes on decreasing with the increaso of the per-
centage humidity of the surrounding atmosphere. The second peak for 88Y%,
humidity at 1200 volts is a non-repeatable one, showing that the conditions
for observing the light effect are not optimum. The recond set of experi-
ments points out the influence of gascs and vapours occluded in the walls of the
discharge tube, the results on the releasing of which is indicated in Tigs. 2 and
3. The curves in Fig. 2 establish beyond doubt that as tho occluded gases and
vapours are removed from the walls of the discharge tube, the light effect observed
not only goes on increasing but the voltage imits in which it occurs also incrense
cnormously.  That the process of ageing heats the discharge tube is supported
by Mackinnon (1928) and Viswanathan (1951) That. the occuluded gases and

TABLE TII

Porcentage light effect observed with the Envelope Tube at different m.ervals

% light offoct

Volts -
11-2-59 11-2 59 10-2.59 25-2.59
(I) Iy

1001 54.5 s = Tas0
1002 69.7 63.0 50 0 60.0
1183 70.0 6 7 5.3 68.0
1274 735 74.4 63 0 71.4
1365 4.5 70.8 065.5 73.8
1456 75.5 4.5 67.0 76.2
1547 76.0 78 4 70 6 74 4
1638 78.4 78 0 71 6 74.0
1729 76.8 6.4 75 0 74.0
1820 76.4 729 76.7 71.4
191 75.0 730 76.0 69 4
2002 74.0 1.7 79.4 72.0
2093 74.3 4.6 80.5 mn.T
2184 67.0 9.0 7.4 70.0
2275 45.8 39.0 67.4 67.6
2366 0 0 53.2 53.1

2457 0 0 0 0
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vapours are liherated when heated in vacuum is supported by Jnanananda (1947)
Hence it might he gathered that the removal of water vapour and occluded gases
is a preaequisite for obtaning consistent results in light effect experiments.
Reproducibility ot results hecomes difficult because one has to wait for ageing
each {ime the experiment is started.

The new appuratus devised yemove the above difficully of ageing once and
for all. The envelope tube can be used at any time and cousistent results are
obtained without any prelinvinary drying or ageing. The consustency of the results
are considered here only from the point of view of the form of the enrves and not
from the volluge characteristies as the thickness of the wall of the discharge
tube may interfere with the voltage  The readings of the percentage light effect
observed with the envelope tube at different intervals but under the same experi-
mental conditions khown in Table I clearly indicate that the resultg are
condistent.

I is suggested that mucel of the previous work (Joshi and Bhad, 1942, Arnjkar.
1949: Deo, 1944, Prasad and Venkateswarlu, 1949; Joshi and Kuppuswajny.
1941, Joshr and Deshmukh, 1942: Joshi and Murty, 1942, and Gopalaswamy nd
Viswanathan, [949) yielding somewhat contradictory results he vepeated with
this new apparatus so that o theoretical explanation of the Jight elfect hecomes
possible. »

Thus the optimam conditions fov the observation of the new hght eftect
m A /C sident discharges are the followmg :

L. The envelope tube shonld cether be aged under low external pressurc
or heated i avacuum Gl gives most likely the staudard characteristics as shown
m g o

2 Uunder the above condition the envelop s sealed with a perfectly dry
wr at the required pressare ov sealed with a perfect vacumu.
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