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INTRODUCTION

The essentially surface origin of the Joshi effect (5, 6, 7, 13, 135, 16), defined as
a practically instantaneous and reversible photovariation 4 Az of the conductiv-
ity 7 under electrical discharge, was inferred by Joshi (12, 13) from the pronounced
influence, on both the magnitude and sign of A7, of the nature of the excited
surface (1, 6, 9, 11) and of ‘aging’ (3, 4, 5, 9) under the discharge. Joshi observed
that a positive effect (4 A7) in, for example, chlorine under a “normal” ozonizer
discharge, is detectable only within restricted conditions and special means
(vide infra); it is, however, larger and more easily produced when the annular
space is filled with powdered glass, indicative of a “wall effect” (13). This has
obvious significance for a general mechanism of Az, It appeared desirable, there-
fore, to compare in some detail the Joshi effect under a “normal” discharge and
that subject to wall influence.

DESCRIPTION OF APPARATUS AND METHOD

The apparatus and circuit emploved are shown in figure 1. Single-phase alter-
nating current of 50 eyeles frequency was obtained from a rotary convertor from
220-v. p. ¢. mains. Its a.c. output was fed to the primary of a high-tension (H.T.)
transformer. One of its secondaries was earthed; the other was connected to the
inner electrode (formed with sodium chloride solution) of the discharge tube in
either of its positions shown in figure 1. The discharge tube, filled with purified
chlorine at an optimum pressure of 170 mm. in respect of the effect A7, and the
wall material in the divided form, was designed and kindly prepared by Professor
Joshi. It could be used without disturbing the operative conditions, in two
ways: When the powdered wall material was outside the discharge region (V);

1 J, K. Research Fellow.
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this is “normal”’ discharge. Then by mere inversion of the discharge tube, the
whole wall material could be brought into the discharge region (IV, figure 1).
The discharge now is *‘wall influenced.”” The ozonizer had a solenoid-like copper
wire, wound tightly over the annular space; this formed the low-tension (L.T.)
electrode. The capacity of the system between this low-tension electrode and the
inner one in the “normal” position was about 6 uu farads. On inverting it, so that
the powdered glass collected in the annular space, the capacity increased to
16 pu farads. The low-tension electrode was earthed through one of the various
detectors, each connected to the galvanometer G. The detectors used were a
vacuum junction, a double diode 6H6 (RCA), and a triode 30 (RCA). In almost
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Fi1c. 1. Wall influence on the Joshi effeet in chlorine; design of apparatus

all cases of the “normal” and the “wall-influenced” discharges, two series of
current ohservations were made: (I} when the detector was introduced in the
low-tension line and (2) when connected to a small-size frame aerial (I'), about 3
ft. from the ozonizer. The system was excited in the range 8-14 kv. (kilovolts,
r.m.s.). For irradiating the discharge tube, a 200-watt, 200-volt (glass) bulb was
used, screened by a shutter. The galvanometer deflections in the case of valve
detectors indicate the corresponding current Z in arbitrary units; with vacuum
junction, they are proportional to i, and shown within brackets below the
corresponding 7. The discharge currents in the dark (¢5) and in the light (7,) were
measured at different applied potentials, under various conditions of excitation
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WALL INFLUENCE IN THE JOSHI EFFECT 1243

and detection. The difference 7, ~ 7, gives the net Joshi effect; its relative value
10047, ip = per cent A7 is suitable for comparison.

In experiments referred to in table 1, the currents i, and ¢, were measured
with a vacuum junction (V.J., figure 1). In the first series, the low-tension line

TABLL 3

Potential variation with a constant resistive impedance of the “normal”” and “wall-influenced”
Joshi effect in the low-tension line

Resistance of 5,000 A introduced in series with the low-tension line

i T (3 4 & 6 (7. & 9,
GAS ONLY, IN THE DISCHARGE SPACE GAS “- WALL MATERIAL IN THE DISCHARGE SPACE
DETECTOR, 10 MaA. VACUUM JUNCTION DETECTOR, 30 Ara, VACUUM JUNCTION
POTENTIAL ——
ip "L Aj Per cent D i A PerAc‘ent
A ' i
ko, B h L i B
S 2.00 1.73 —0.27  —13.5. 1.00 0.71 —0.20 —29
€ (3 (1) (0.5)
8.5 2.92 2.65 —~0.27 —9.2, 1.41 0.71 © —0.70 —49.6
(R.3) (7.0 2 0.5
9.1 1.36 3.87 —0.49 - —11.2  1.87 1.00 —0.87  —46.5
19 (15) (3.5) (1.0)
9.6 ' 5.20 1.80 —0.49° =037 245 1 200 | 0451 —I8.4
(28" (23) (6) SO ‘
0.2 5.83 530  —0.44  —7.5  3.34  3.00  —0.5% —15.2
3D (20) ‘ (12.5 1 @ | !
10.7 6.04 5.52 —0.52 —8.6 1 3.74 3.08 | —0.661 —17.6
(36.5) (30.5) (14) (9.5, !
1.2 ' 6.48 5.92 —~0.56 —8.6  5.75 5.15 —0.60 | —10.4
(42) (35) ‘ boos3) (26.5) | ‘
i |
11.8 6.71 6.16 —0.55 —8.2° 6.4S 5.83 —0.65 ' —10.0
(45) (33) (42) (34) ‘
12.3 6.96 6.40 © —0.56  —S.0  7.07 6.33 | —0.7¢4' —10.4
(48.5) (1) (50) H0)
: |
12.8 7.18 6.63 —0.55 —~7.6  7.62 6.6 -0.76 = —10.0
(51.5) (44) (58) (47

was connected to 1, «, and the key K, for both “‘normal” and ““wall’’ discharges.
The results are shown in columns 2-9. The low-tension line was now earthed.
The aerial (F), 2, «, and K were connected. The results are shown in columns
10-17 for both the dizcharges.

A comparative study of the Joshi effect in a “wall” discharge, with diode and
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triode detections, was made in both the low-tension and the aerial currents. For
the former the low tension was connected with 1, 8, and the primary of a Bell
transformer. Its secondaries were connected separatelv to the anodes of the
diode. The cathodes, heated indirectly through the filament, were connected
together through a milliammeter to the center of the secondary of the Bell
transformer (step-up ratio 1:2). In using triode 30, the low tension was connected
with 1, v, and the primary of another iron core transformer of step-up ratio 1:3.
For observing the effect in the aerial current, the low-tension line was earthed as
hefore, and the connections made through 2.3 for the diode and 2,7 for the triode.
The rest of the circuit for the two valves was exactly the same as when working

TABLE 4

Variation with resistive impedance of the “normal’’ Joshi effect in low-iension circuit at a
constant potential

Resistances introduced in series with the low-tension line; detector, 10 ma. vacuum junc-
tion; applied potential, 9.6 kv.

U 2 3 ) &)
R in i, : Ad PER CENT AL
B s - S
0 i 10.04 —1.38 —13.7
(101)
100 V.54 5,18 . —~1.36 —-14.3
(91 (67)
1.000 : 7.75 6.93 i —0.82 —10.6
60 (48)
3.000 5.92 3.2 j —0.72 ~12.2
‘ (35) 27
4.000 534 4.80 —0.54 —-10.1
: (28.5) (23) ‘
5.000 i 5.2 1.9 —0.30 —-5.8
‘ (27) (24)

in the low-tension part of the discharge current. The values of ¢p, v, Af, and
per cent Az obtained at various exciting potentials are shown in table 2.

In experiments referred to in tables 3 to 8 the vacuum junction was used as a
detector in either the low-tension or/and the aerial line. Table 3 records observa-
tions of the Joshi effect with both “normal’” and “wall” discharge with a 5000 Q
dublier resistance in the low-tension line by connecting 1,«, and R. Experiments
were next made at a constant exciting potential, viz., 9.6 kv., the above resistance
in the low-tension line being varied from 100 to 5,000 Q. Table 4 gives a typical
group of these results with a “normal” discharge.

A more detailed study of the influence of a resistance, varied over the range
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100-25,000 Q introduced in the low-tension and also in the aerial line, was next
made with “wall” discharge due to 8.5 and 9.6 kv. The reason for selecting these

TABLL 6

Influence of the high-frequency filtration on the polential variation of the “‘wall-influenced”
Joshi cffcet in the low-tension and aerial currents

Capaeity of the high-frequeney filter = 0.1 u farad

o 2 3 3y 5 6) ) D
PHENOMENON IN THE LOW-TENSION CURRENT PHENOMENON IN THE AERIAL CURRENT
DETECTOR, S0OMAL VACUUM JUNCTION i DETECTOR, 2.3 MA, VACUUM JUNCTION
POTENTIAL R —— . [ .
in i g Per_\:rient "D iL Af PerAcient
8 .23 0.71 —0.32 " —42.3
(1.5) 0.5)
8.5 1.58 0.71 —0.87  —35.1
(2.5) {0.5)
9.1 2.00 1.23 —0.77  —38.5
4) (1.5
9.6 3,08 2,02 —0.16 —5.20 1.41 + 1.38 40,17 0 +12.1
0.3) 8.5} (2.0) (2.5 1
10.2 1.85 +.64 —0.21 —4.3 212 2,24 40.12 . +5.7
(23.5) 21.5) (4.5 (5.0)
10.7 6.36  6.12 . —0.2¢  —3.8 283 | 202 40.09 +3.2
{40.5) (37.5) (8.0) (8.5)
1.2 T3S 6.96 —0.42 —-5.7  3.24 3.32 +0.08  +2.5
I(54.5) (48.5) | (10.5)  (11.0)
!
11.8 8.09 7.65 —0.44 ~5.4° 3.16 3.54 © +0.081 <42.3
1(65.5) (58.5) (12.0) . (12.5) :
12.3 .69 8.22 —0.47 «  —5.4 3.74 3.81 +0.07 | +1.8
(75.5) (67.5) (14.0) = (14.3) ‘
| i : .
12.8 © 9.41 8,80 —0.811 —6.5. 4.00 4.06  +0.06 1 +1.5
L(88.5) | (77.5) (16.0)  (16.5)
13.4 10.02 0.41 —0.61 ' —6.1 4.24 4.30 +0.06 +1.4
(100.5)  (88.5) (18.0)  (18.5) ‘

potentials is explained later. The connections were R, with 1 for the low-tension
line, and with 2 for the aerial line.

Tables 6 and 7 refer chiefly to the influence of a by-pass capacity C (figure 1),
in the low-tension and the aerial lines, on the corresponding Joshi effect
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in a “wall”’ discharge. The connections were 1, «, and I{, which is by-passed by C,
for the low-tension line; it was 2,«, I and the same by-pass C for the aerial line
{table ). The circuit was next altered to 1,«, R, and the above by-pass capacity

TABLE 7
Infivence of the high-frequency filtration and resistive impedance tn the low-tension line on
the Jushi effect produced under “wall influence”

Value of the resistance............ ... ... ... ........ 5,000 ohms
Capacity of the high-frequency filter. ... . o0 0.1 ufarad
Detector. ... 50 ma. vacuum junction
T T 130 (4) (5)
POTENTIAL ip ' i AL " PER CENT Af
T 7&:‘. T i i
S 1.00 0.71 —0.29 ; —29.0
1 (0.5)
8.5 1.23 0.71 ‘ —0.52 ‘ —42.2
(1.5) 0.5 :
9.1 1.41 1.00 3 ~0.41 —29.1
(2) 1
9.6 1.87 1.41 —0.46 —24.6
3.5) @)
10.2 2.65 2.00 —0.65 -24.5
) 4
10.7 3.32 2.83 ‘ —0.49 —14.7
(11) (85 i
11.2 3.87 3.32 —0.55 —14.2
15) (11)
11.8 1.36 3.67 * ~0.69 —15.8
(19) (13.3)
12.3 1.74 ‘ 1.00 —0.74 ~15.6
(22.5) ! (16)
12.8 5.10 ' 4.36 : —0.74 —14.5
26) (19)
13.4 5.48 +1.69 —-0.79 —14.4
(30) (22)

(. The latter data show the combined influence of a serial resistance (R) and a
by-pass capacitance (C) in the low-tension line (table 7).
The above observations were continued, of which table 8 represents but one
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typical group. The discharge used was “wall influenced” and due to 8.5 and 9.6
kv.; the effect A¢ was studied in both the low-tension and the aerial currents.
Connections were 1,q, R with a parallel C’ for the low-tension line and 2,«, R
with parallel C’ for the aerial line (see figure 1).

TABLE 3
Variation, with a resistance and capacitance in the low-tension and werial circuits, of the
Joshi effect produced under ““wall influence’’
Resistance = 500 A, introduced in series with the low-tension or the aerial circuit; eapac-
itance = 3 u farads, put in parallel to the above resistance

1) R ‘3 1 3 o AR T

AT 8.5 KV, AT 9.6 KV,
CONDITION OF THE CIRCUIT - - - - o e
I

cent Al

Phenomenon in low-tension cireuit; detector, 10 ma. vacuum junction

’

) No sesistimen or cameitanee | ©BF 5100 =154 47,1 22,63 247 +0.85 3.5

Let) No resistance oy capacita \,93; (26? (512) (551)

R - . [ 7.62 4.24 —3.38 —41.3 14.30° 13.82 —0.57 —4.0

() Only 500 A resistance L Bs) (18 2077 (191

e 300 A yesistunce = 8§ TUNS g g5 00 —4.35 6.7 22.20 23.004+0.80 440
CAapRertanee. ... . (881 (25 (193 (533)

1 eireuit; detector, 2.5 ma. vacuum junction

7.35 3.16 —4.19 =57.0 24.64 25.84 +1.20 +4.0

Phenomenon in aeri

() No resistance or capacitance (54,‘ (IO {607) (66S:‘r
; « D480 2,24 0-2.56 =333 14.76 15,49 +0.73 4.0

(b)Y Only 500 A resistance . .. (23 5 2181 240)
(€1 500 A vesistunce = 3w furdse o g 5o 410 2553 25,73 27.00 +1.27 — 4.0

capacitance. ..o 5, (11 662 (729

DISCUSRION

Results in table [ show that in & “normul™ discharge in chlorine a negative
Joshi effect of 10-30 per cent is produced in the conductivity in the low-tension
{1.T.) line over the potential range 8-12 kv. The corresponding etfect A7 observed
in currents picked up by a low-capacity aerial is much larger, 17z, 42-51 per cent.
This agrees with a general result due to Joshi (8, 11} that — A7 is associated pre-
ferentially with the high-frequency part of the discharge current, which has been
substantiated by results (2, 18) in a number of svstems studied in these labova-
tories. The data in table 4 show that at 9.6 kv. the Joshi effect diminishes {nu-
merically) from 14 to 6 per cent as the value of a non-inductive and non-capacita-
tive resistance (R) in the low-tension line is increased progressively from 100 to
5000 Q. The same inhibitive influence due to a constant & = 5000 Q is noticeable
over the potential range 8-12.8 kv., as shown by data in columns 1-5 of table 3.
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Joshi (11, 17) considers that the high frequencies are suppressed preferentially
by an ohmie resistance. The inhibition, therefore, of the negative Joshi effect by R,
as observed, follows,

The rest of the data in tables 1 to 8 vefer to the “wall” discharge, obtained by
filling up the lonization space with powdered glass. It is instructive to compare
the characteristic curves in figures 2 and 2a for part of the data in table 1. Under
the “normal” discharge, the general shape of V-~ curves (aerial) differs sensibly
from that in the low-tension line. This relative difference is much less marked
between the corresponding pairs under the *“wall” discharge. This is further

3 E—d¢ UNDER  ‘NORMAL' DISCHARGE
O—=e u ‘WALL~INFLUENCED' »

25

20

15

J EAWVO, DEFLETTION

10

1 I

LIGHT

APPLIED  POTENTIAL  WV.(¥m.s)> —>
2 3 10 1 12 13

Fic. 2. Potential variation of ¢ and 77 in the low-tension line under “‘normal’’ and ‘“wall-
influenced’’ discharges.

0o

brought cut by curves in figure 3. It is seen that in contrast with per cent A
versus potential curves for 7g.p. and Zaeia for the “normal” discharge, the per
cent A7 for the “wall” discharge starts with large negative values and decreases
rapidly to a positive maximum, for both 4y, 1. and Zeerw. From an examination of
curves (not shown) similar to those mentioned above, for data in tables 2 to 8§,
it is found that under “‘wall effect” the behavior of 7y, . with respect to per cent
A7 becomes closely similar to Zui0. An outstanding feature of these data for the
“wall’”” discharge is the widespread occurrence of the positive Joshi effect, vz,
a photoincrease (+ A¢) of the discharge current 7 in both 7p 1. and Z..ia at large
exciting potentials. This deviates from Joshi’s general result (16), deduced for
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‘“normal” discharges while working on an audio-representation of A7, that the
positive effect sets in at low ¥ and over a small range of the exciting potential.
It may also be emphasized that a large positive effect under “normal” discharge
in iodine vapor in the presence of an annular film of IXI; 4+ KI was observed early
during work in this field by Joshi (6). This positive effect, however, was found to
be affected by “aging” under the discharge; “aging” produced irreversibly the
more familiar negative Joshi effect. Under present conditions, however—and
this may be emphasized to be a characteristic of the amplified “wall” effect—the
transition -+-A¢ to — A7, and conversely, is reversible and reproducible ad libitum.

30
F—d& unDER  ‘NORMAL' DISCHARGE
o—= »  “WALL—INFLUENCED'

25
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20 P
(5]
()
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|
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15
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i W VeAWwo.

LIGHT

2 9 10 1 12 13
APPLIED POTENTIAL W.(rms) —>

FiG. 2a. Potential variation of i and L in the aerial line under “normal’’ and “‘wall-
influenced’’ discharges.

This remark applies also to potential inversion —Ai = + A7 at both the positions,
viz.,, 9.2 kv. and 11 kv. on the iy . curve (¢f. figure 3, curve III) and 9.2 kv,
only on the 7,.ri,1 curve, It is also significant that these inversion potentials remain
constant under a variety of conditions corresponding to tables 2 to 8.

The circumstance that the above results were obtained under vacuum junction
detection has interest, since Joshi (6) observed the positive effect in iodine with a
selective detector like an oxide rectifier and failed to do so with a vacuum junc-
tion, using *‘normal”” discharge. Joshi (6, 10) has also emphasized the importance
of the nature of the detector as a determinant of A7, This factor has now been
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investigated, using a diode and a triode (worked for anode-bend rectification)
introduced in both the low-tension and the aerial circuits for the “wall” dis-
charge. The results with the diode show that whilst the negative Joshi effect
diminishes (numerically) from —27 to —16 as the potential increases progres-
sively from 8 to 13.4 kv., that in Z..ia Is sensibly larger, about 43 per cent at
the lowest 7 = 8 kyv. This iz to be anticipated, sinee Zueriar is richer in high fre-
quencies than that in the low-tension line. As the potential is increased, however,
per cent A¢ decreases (numerically) rapidly and inverts to the positive Joshi
effect. The triode records much larger (numerically) —per cent Az, viz., 58 per
cent which decreases with the potential. The dependence of A7 on the nature of

+20

T T T, T —T T
CURVES 1,1l FOR ‘NORMAL' DISCHARGE
" ULIV b “WALL— INFLUENCED'
+10 ll,k, —J[ }
/.A\.\‘
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Fi1c. 3. Relative Joshi effect (per cent A7) in ir1. and Zeeria under “normal’ and “wall-
influenced” discharges.

the detector is brought out in the last vertical column in table 2, which shows
only a negative Joshi effect in 7.1 even at large potential, where -+ A7 was
noted with a vacuum junction and a diode; the discharge was ‘“wall influenced”
in all these cases. It may be noted here that the inversion potential observed in
Taeriar With the diode is the same, riz., 9.2 kv, obtained under vacuum junction
detection.

The influence of a serial resistance or of a by-pass capacitance is simplest for
current in the aerial line, even in a “‘wall” discharge. The above factors but
diminish the i, and 7.: the corresponding relative Joshi effect per cent Az, both
positive and negative (¢f. tables 3, 6 in part), is not affected sensibly. However,
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in 4p.r., compared with the ‘normal” discharge, the influence of the resistive
and reactive impedances is more complex under the *““wall” discharge. This is
chieflv due to the circumstance that at large potential a reversal occurs from a
negative to a positive Joshi effect. In the lower potential range, where only the
negative effect (— A7) occurs, the influence of R is to decrease —per cent Al
numerically, as observed in “normal” discharge. A comparison of data in tables
3 and 4 with those in table 1 shows, however, that this inhibitive effect of the
serial R at low potential is less pronounced than that observed in ‘‘normal”
discharge. It is found that the “wall” discharge differs from the “normal’” one
chiefly in the general result that the former vields the positive Joshi effect at
large enough potential. Studies were therefore made of the influence of both
the resistive and the capacitative impedances, espeecially in this region of large
potential, characteristic of +A¢. Tables 3 and 3, in part, record results for the
influence of a serial R on current in the low-tension line. It is seen that the posi-
tive Joshi effect observed at large potential under “wall” discharge is eliminated
by introducing E. It is suggested tentatively that in a “wall” discharge, at large
applied potentials, there are produced besides the high frequencies, which are
the chief seat of the negative effect, — A7 (8, 11), a group of greater high fre-
quencies in which latter the positive Joshi effect occurs and that both the nega-
tive and positive A7 occur simultaneously in these moderate high frequencics
and the super high frequencies, respectively. The introduction in the path of
the discharge current of the resistance R suppresses preferentially the super
high frequencies and therefore climinates the corresponding associated positive
effect. It follows, therefore, thut at anv rate in a “wall” discharge, owing to the
coproduction of the moderate and the super high frequencies and therefore of
the associated —Ai and 4+ Af, one observes the resultant; this last is smaller
{numerically} than the larger of the 4+ A7 and — A7 produced together. If the
super high frequencies (and therefore the associated -+ A7) are eliminated, say
by suppression with the resistance R, the negative effect (— A7) now left over
is anticipated to be larger than that observed in the absence of R, This has heen
actually noticed. Thus, e.g., in the absence of R, over 11.2-13.4 kv, the effect
—per cent Af is about 2 (¢f. column 9, table 1), as against 10 per cent with 3000 Q
{column 9, table 3). The above deduction is further supported by data in columns
(-9 of table 5, which show that excitation at 9.6 kv, gives a positive Joshi effect
of +4.2 per cent in the absence of R. By incereasing R from 500 to 25,000 & at
the constant 9.6 kv., the effect observed increases (numerically) from —3 per
cent to — 12 per cent. It may also be mentioned that the simultaneous occur-
rence of #=A¢ at different phase positions in the discharge current has been ob-
served by Joshi in chlorine under semi-ozonizer excitation (13).

Introduction of a byv-pass capaecity (0.1 u farad, C in figure 1) which should
filter off the super high frequencies and therefore, on the above suggestion, the
+ Ai, should give a numerically enhanced —per cent Ad. The results in columns
1-3 of table 6 show that this is so in ip.p.. The combined effect of a serial re-
sistance R and o by-pass capacity ' should be to eliminate more completely
the super high frequencies and so + Az, thereby vielding greater — Az, The data
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in table 7, showing the comparatively largest —per cent Az, are in full accord
with the above deductions.

Results of experiments returned in table 8 give further support to the hypothe-
sis that super high frequencies may be a seat of the positive Joshi effect. From
general results illustrated by table 1, two potentials 8.5 and 9.6 kv., which
produced respectively a negative and a positive Joshi effect, were chosen. At
the former potential, in the absence of R, —per cent A¢ is 47.1 owing to moderate
high frequencies. Suppression of these last by R = 500 Q reduces the above —per
cent A7 to 44.3; a condenser ¢/ (0.1 u farad) across R by-passes the moderate
high frequencies, with the result that —per cent A7 is 46.7, which ig almost
restoration to the initial value in the absence of R. Similarly, conversion of a
positive Joshi effect at 9.6 kv, to the negative Joshi effect by the serial resistance
R, and its reproduction due to the above condenser (C7 in figure 1}, substantiates
the proposed mechanism for the production of the positive effect. It mav be
emphasized that, as observed in both the low-tension and the aerial lines, the
two inversion potentials in the former and only one in the latter remain unal-
tered despite the introduction of R and C’ (see figure 17.

The following equation for the instantaneous ozonizer current, 7, is due to Joshi
{13):

= - . (1)

R e I R

R, + JjC,x)
where 2f represents the equivalent of the components of the discharge frequency
including that of the a.c. supply and its harmonies, R, is the inverse of the con-
ductivity produced in the gas as a result of lonization at an applied potential
17, (', 1s the capacity of the annular space occupied by the gas, and Cy is the com-
bined capacity due to the inner and outer electrodes of the ozonizer, shown by

'y and Cy, respectively ((y = C1-Co/Cy 4+ ().

17 in the dark and in light is the same. The negative Joshi effect originates
therefore from a decrease of the conduction current 1R, or ‘and of Cy and (7.
The positive effect may be associated with an increase of the above quantities
under light. Joshi (12, 13) has postulated that a boundary laver, derived in
part from an adsorption of the ions and molecules from the discharge space, is
the seat of the effect F Al Irradiation releases electrons from this boundary
layer. These electrons ave captured by chlorine (atoms especially, whose electron
affinity is enhanced due to excitation) to form the slow moving negative ions
{12). This should reduce the conduction current 1./, in equation ! and lead to
the negative effect — A7, Joshi (12, 13) considers that — A7 might also originate
as o space charge effect, due to the accumulation of negative ions neur the
(momentary) cathode. The increase in the relative surface by introducing the
powdered wall material should enhance the photoelectric emission from the
boundary layer and therefore the effect — Ai, as observed. The other character-
istic of the “wall” discharge—namely, the production of the positive effect
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(+ A7) at large potential—may possibly be due to the emission under light of
the positive ions, or‘and to the circumstance that larger potential reduces
the probability of electron capture (& 17) (14), so that a certain proportion of
the photoelectrons released from the boundary layver and of those produced
by them by collision with neutral particles by motion during free paths reach
the electrode. The general result of a preferential association of £Af with the
high-frequency components of the discharge current requires further inves-
tigation.

SUNMMARY

The Joshi effect (F7A7) in 170 mm. chlorine has been studied in a modified
Siemens tube in which the ionization space could be filled with and emptied of
powdered glass, the discharge being “wall influenced’”” and *‘normal,” respec-
tively. With both of these, due to 8-14 kv. of 50 cycles frequency, in the dark
and in light, current 7 was observed in the aerial and the low-tension lines. A
vacuum junction, a diode, and a triode were used as current indicators. In “nor-
mual” discharge ohmie resistance R reduces —per cent A7 = 10047 7p, owing to
suppression of high frequencies, in which — A7 predominates. —per cent A7 in
Loerinl > 1N 7L ..

Under “wall” discharge an inversion — A7 = + A7 oceurs at 9.2 kv, and 11 kv,
inip ¢, and only at 9.2 kv.in Z,..0. The inversion is entirely potential-reversible.
Serial R and byv-pass capacity C reduce (numerically) —per cent A7 at low po-
tential. At large potential, where 4 A¢ occurs, both these parameters produce a
marked —per cent Ai. It is suggested that the positive effect occurs in super
high frequencies, simultaneously with negative effect (the latter being associated
with moderate high frequencies). With —per cent A7 produced at large poten-
tial with a serial R, a capacity parallel to R, providing an alternative path to
the super high frequencies suppressed by R, should restore the positive effect.
This has been observed. The generality of these results is in accord with Joshi’s
theory of the surface origin of this phenomenon.

In conclusion, the author wishes to record his grateful thanks to Prof. 8. 3.
Joshi, D.Se. (London), F.R.I.C., F.N.1., Head of the Department of Chemistry,
Benares Hindu University, for suggesting the problem and for his kind interest
and instructive advice during the investigation.
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Over forty vears ago Baud (1) reported the existence of molecular compounds
between phosgene and aluminum chloride. Germann and Jersey (8) later re-
ported that horon trifluoride and phosgene formed some compounds but gave
neither empirical formulas nor names for these compounds. They postulated
that boron trichloride also might be soluble in phosgene and form compounds
with it.

Owing to the similar electronic structures of aluminum chloride and the boron
halides, it is logical to expect the latter to form molecular compounds similar
to those formed by aluminum chloride. The boron halides are known to be good
acceptor molecules and to form many codrdination compounds (2, 10, 13).
With phosgene, it may be possible for either the oxygen or the chlorine atom to
act as a donor. Inasmuch as other molecules containing each of these atoms have
been found to be donors to boron halides, it seemed likely that phosgene would
form such compounds with both boron trichloride and boron trifluoride.

It was of interest to investigate the phosgene-boron trifluoride system also
because Brown, Schlesinger, and Burg (5) reported that phosgene and boron
trifluoride did not coérdinate at temperatures as low as —120°C.

The apparatus and procedure emploved in these investigations have been
described in earlier publications (3, 4, 7, 11, 14) except for two changes. Owing
to the large amount of current required to operate the necessary relays for the
controls of the automatic fractionating column, the wire contact in the control
manometer becomes fouled and the mercury smuts the walls of the manometer,
with the result that the contact sometimes fails. Therefore, a vacuum-tube
circuit with thyratron tubes! is used now to operate the relays which in turn

! General Electric Thyratron Tube No. G-57.



