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ABSTRACT. A  lo w erin g  of the surface w ork function of a therm ionic em itter in 
proportion to th e  sqnare toot of the intensity  of the applied field, a.s suggested by Schottky, 
leads to a lin ear re la tio n  between log f and v'X or -/V,  where 1 is the therm ionic 
cu rren t under th e fie ld  X  due to the potential V. This Schottky relation being know n to 
be valid  for both th erm ionic and photoelectric em ission, the present work was carried out 
to  u n d erstan d  its ap p licab ility  in the production of the positive Joshi effect. R esults for 
the p o sitiv e  Joshi effect (+  A /l in hydrogen for 5 different gas pressures show that log ( + Af)  
varies  lin early  as W ,  thus sub stan tiatin g  Joshi’s theory of the photoelectric origin  of A f. 
R esu lts  also su g g e st the co-occurrence of positive and negative Joshi effects ( - f -Af  and 
— A i)  ab ove a lim itin g  potential V ,

I N T R O D U C T I O N

The Schottky effect refers to a continuous increase o f  the thermionic 
current I  with the strength of the applied field X  without reaching satu
ration. This was attributed by Schottky U923) to a lowering of the surface 

work function in proportion to V X . On this consideration, the Richardson 

equation for I  becomes,
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I  =  A e - ( < p - c ^ X ) e l k T (i)

where c is the constant of proportionality and cs/ X  is the lowering in the work 
function Representing by /© the current in the absence of external field, 

the above equation may be written as,

J = I„eCCs/X/kr (3)

whence it follows that log I  will be linearly related to v  X  or to K, if V be 
the potential causing the field. The validity of this was verified experi
mentally by Pforte (1928) for thermionic emission for field strengths as high 
as 1000 K V /c m .” Later, Lawrence and Linford (1930) showed that the 
Schottky relation (Eqn. 2) holds for photoelectric emission as well under field 

strengths up to 63 K V /cm . *'
In his theory of the above effect, Joshi (19 4 6 , 1947^, and 1947^). postu

lated ; (a) the formation of an adsorption-like electrode layer consisting of 
ionised and excited particles and characterized by a low work function, as 
a primary reaction ; (6) light releases electrons from (a); and (c) these lead 
to a reduction of the discharge current to give the negative Joshi effect as
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a space-charge effect due to negative ion formation by the capture of the 
photoelectrons by the gas particles owing to their enhanced electron a£Bnity 
under excitation. Within limits, the space charge effect is favoured by 
increased X .  The positive Joshi effect should therefore occur at low voltages 
associated with the photoelectric emission as in (b). It was of interest, 
therefore, to investigate its production from the standpoint of the Schottky 
relation (2).

E X P E R I M E N T A L  A R R A N G E M E N T

Hydrogen prepared by the electrolysis of N /15 barium hydroxide solution 
was freed from traces of oxygen and stored in a TSpler evacuated reservoir 
after drying it over phosphorus pentoxide. The gas was admitted into the 
annular space of a large size Siemens’ ozonizer with a total electrode surface 
of about 1300 sq. cm., and its pressure was read by a mercury manometer. 
All the joints in the apparatus were of fused glass. The gas was subjected 
to a 50 c/s A .C . ozonizer discharge, the details of the electric circuit and 
current measurement being same as in earlier works on the Joshi effect, 
(Prasad, 1946, and Rao and Sarma, 1949?. For each applied potential V, 
the values of the discharge current ioaru and tLighi, were measured in the dark 
and under irradiation respectively, by light from a 2 0 0 -watt incandescent 
bulb run at a constant potential. A  centimetre thick column of dilute 
sulphuric acid solution surrounding the ozonizer served both as the L .T .  
electrode and as a filter to cut off the heat radiation. The results for 5 
different gas pressures in the range 7— 30 mm H g and for potentials varing 
in the range 0.23 to 0.60 K V  (r.m.s.), are entered in Table I, and the varia

tion of log ( + At) with V is plotted in figure i ,  following Schottky.

D I S C U S S I O N

The dark current values (io) in Table I indicate the potential range for 
the occurrence of the r>ositive Joshi effect is the narrow region near the 
beginning of the intermittent corona, the current just beginning to rise but 
not rapidly as at the threshold Vm. This region is highly photo-sensitive even 
in the visible range, as revealed by the large (several hundred per cent) positive 
Joshi effect. In other words, the current under irradiation (u; rises preci
pitously over this potential range. The lowering of Vm under light, thus 
implied, is an expected consequence of postulates (a) and (b) of Joshi’s theory 
of the origin of A f , described earlier.

The system can thus be considered as a phototube with amplification 
both in the gas phase, mainly due to the Townsend («) factor, and at the 
electrode surface due to the lowering of the work function as a Schottky 
consequence. Under conditions of the positive Joshi effect ( + At), viz., 
potentials near Vm, the gas amplification factor is assumed to be less important 
on account of low F-ti> slope, and the following expression for + A i  is sug-



gested analogous to the Schottky relation (2) in thermionics and extended to 
photoelectric phenomena by I^awrence and I,inford (1930; :

( + ^t) =  ( + Ai„jBe^'F/fer (j)

where B is a constant, and + Afo is the hypothetical positive Joshi effect due
to the primary photoelectric current with zero field, i .e . ,  in the absence of 
Schottky lowering of the surface work function.

The straight lines obtaining for the plots of log (+ A») versus >J (figure 1), 
for 5 different gas pressures are in accord with the above deduction. The 
curves in figure i, it may be noted, are not only linear, but sensibly parallel 
to one another, indicating a constant slope independent of gas pressure, as 
expected on the Schottky equation (2). Further, a limiting potential { V ,)  

can be discerned in each case where linearity abruptly ceases. It is suggested
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F i g . I
Potential variation of the positive Joshi effect in hydrogen ; The Schottky analogue

th a t V I  m arks th e incipience of the co-occurrence of the positive and negative  
Joshi effects, w ith  th e positive predom inating. Hvidence, for such a co* 
o ccu rren ce  has been ind ep end ently established in these laboratories b y  the 
o sc illo g ra p h ic  stu d y  o f the phenom enon, (Jatar, 1950). A s  th e p oten tial is
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T able I

Potential variation of the Joshi effect in hydrogen

E V /̂KV

(i) />H2~ 7 m m H g

0 ,2 3
0 .2 4

245
0 .2 5 5
0 .2 7
0 .3 0
0.34
0 . 3 8

0 .4 0
0-49

0 .2 8
0 .2 8 5
0 .2 9

0 .2 9 5  
o  30 
0.305
0.33 
0.3750 .4 0

o  2 9 5  
o  3 1  

0 . 3 2  

O 33
0 .3 1  
o 35 
0 .4 2 5  
0.525

0 .3 3
0.335
0 .3 4
0.345
0 .3 5
0.3550 .3 6
0.3̂ 5
0.3750 ,4 2 5
0.575

0.4796 
0 .4 8 9 9  
0 .4 9 5 0  
0 .5 0 5 0  
o 5200
0.5477
0.58310 .61 64
0 .6 3 2 5
0 .7 0 0 0

(ii) PTI2 =  15.5 H g

o  5 2 9 1  
0.5338 
0 .5 3 S 5  
0.5431 
0.5477 
0 .5 5 2 3  
0.5745
0 .6 1 2 4
0 .6 3 2 5

(Hi) /?H2 = 2o mm H g

o 5431 
0 .5 5 6 8
0 .5 6 5 7
0-5745 
o 5831 
0 .5 9 1 6  
0 .6 5 1 9  
0 .7 4 2 6

/>Ha = 26 m m  H g

0.57450 .5 7 8 8
0 .5 8 3 1
0 .5 8 7 3
0 . 5 9 1 6

o 5958 
0 .6 0 0 0  
0 .60 41  
0 .6124  
0 .6 5 1 9
0 .7 5 8 3

(v) />H.2 = 30 mm H g

io /l Af % A f log (+  AO

3 2 4 +  2 1 +  7 0 0 1.3332
3 3 6 +  3 3 +  I IO D 1 5185
3 69 + 6 6 +  2 2 0 0 1 . 8 1 9 s

5 4 4 +  39 +  7 8 0 1.5910
3 0 4 8 +  1 8 + 6 0 1.2550
8 2 7 8 - 4 - 4

1 3 2 1 1 2 — 2 0 - 1 5
1 4 0 5 6 - 8 4 — 6 0
IIO I - * 1 0 9 - 9 9

6 0 1 8 - 4 2 - 7 0

1 2 2 8 +  t 6 +  1 3 0 1 . 2 0 4 1

1 3 5 2 +  3 9 +  3 0 0 1 . 5 9 1 1

1 3 7 4 + 6 i + 4 7 0 1 - 7 8 5 3
1 4 1 0 3 + 8 9 + 6 4 0 X 9 4 9 4

1 4 1 2 9 +  1 1 5 + 8 2 0 2 .0 6 0 7

2 2 4 1 6 7 - 5 7 - 2 5

7 2 7 2 6 0 - 4 6 7 - 6 4
S 6 2 1 7 5 - 6 8 7 - 8 0
6 2 5 2 1 5 — 4 1 0 - 6 6

21 3 1 +  1 0 — 5 0
2 1 62 +  4 1 +  2 0 0

2 2 1 1 0 + 8 8 + 4 0 0

2 5 1 7 8 + 1 5 3 ■4 6 1 0

1 7 0 2 3 0 + 6 0 +  4 0

5 5 5 3 3 5 —  2 2 0 - 4 0

1 2 8 0 6 4 5 - 6 3 5 - 5 0
1 4 0 0 8 8 0 —  5 2 0 - 3 7

15 1 2 6 + 1 1 +  7 0
1 6 1 3 4 +  1 9 +  1 2 0

X 7 4 1 +  2 4 +  1 4 0

1 8 6 0 +  4 2 +  2 3 0

18 8 1 +  6 3 + 3 5 0
2 0 1 0 2 +  8 2 + 4 1 0

2 3 X 3 6 +  1x3 -4 - 4 9 0
2 6 X 5 6 +  1 3 0 + 5 0 0

4 1 0 23s - 1 8 5 - 4 5
1 1 7 0 5 8 5 - ■ 5 8 5  ■ ' - 5 0
1 6 2 0 1 0 2 0 — 6 0 0 - 3 7

1 .000 0  
1 .61 28
1.9445
2 1847

1.0414 
1 .2 7 8 8  
1 .3802  
1 .6232  
I 7993 
I  9138 
2 .0531  
2 .1 1 3 9

0.33 0.5788 X7 26 + 9 +  50 0.9542
0.34 0.5831 18 30 + 12 +60 1.0792
0 35 0 5916 20 4 2 +  22 +  I I 0 X.34240.365 0.6041 21 84 +63 + 300 X.7993
0 . 3 7 5 0.6124 24 X31 +  107 +450 2.0294
0.39 0.6245 2 4 186 +  162 +680 2-20950.405 0 6364 320 260 -60 — 19
0.425 0.6519 690 4 4 0 —  250 -36
0 .4 5 0.6708 1150 650 —500 —43
0 .5 0 5 0.7106 1560 9 3 0 —630 —40 I
0.605 0.7778 1680 1^80 —  400 ’ -24 11



further raised beypiitl t'/, the negative Joshi eflfect, anticipated on postulate 
(c) of Joshi’s theory, increases rapidly in tnagnitiule finally reverses the sign 
of net A/ observable.
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