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The Effect of Reconmbination on

the Primary Photo-electric Current from a Crystal.

Many crystals that are very good insulators in the dark show
an appreciable conductance when illuminated. The crystals exhibiting
this phenomenon have been the subject of numerous researches. Of
the facts reported by the workers in this field those that are most
important in comnection with this investigation are:

There is a particular wavelength to which the crystal is
photo-electrically most sensitive. Often the sensitivity curve
shows more than one peak. The sharpness of a maximum is increased
by an increase in the applied voltage, (fig. ! ). A decrease in
temperature usuvally shifts the peak towards the ultraviolet.

Only crystals with a high index of refraction ( 7 >2 ) are
photo-electrically ac’cive.* However, & high index of refraction
does not necessarily mean conductance, there are exceptions, and
some crystals with low index of refraction can be made conducting by
exposing them to X rays. Rock salt is an example of such a crystal.

The photo-electric current is of two kinds, (a) the primary
current consisting of electrons liberated by the light; (b) the
secondary current representing the motion of the positive ions
towards the cathode. Under suitable experimental conditions the
current is all of the first or primary kind. As ione naturally move
mach slower than electrons, if short illumination periods are used
only a negligible portion of the positive ions formed have time to
reach the cathode. Heat or infrared radiation hastens the motion of

ions. If, therefore, only ultraviolet light is used for excitation
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end the temperature is kept low enough, no positive current should
flow. The latter method was used by Gudden and Pohl in their rock
salt experimentr

Guantitative measurements of the light absorbed and zrimary

current obtained show that within experimental error each Y
absorbed gives rise to one electron if the wavelength of the
ébsorﬁed light is greater than and not too near to that of the
light most strongly absorbed. Or approaching the eritical frequency
from the lonz wavelsngth side the primary current drops rapldly and
almost vanishes just as the critical frequency is reached (fig. /1 )

The total photo-elacgtric current changes with time in various
ways depending upon the crystal ané the experimental conditions. If
the mobility of the électfons is rather low it starts from zero and
rises to a maximum, as shown in fig. 2 . If the mobility of the
slectrons is high it starts with the initial value of the ?rimary
current aﬁd thé secondary current is added oa more gradually, (fig. 3 ).
If there is no secondary current the primary current starts to
decrsase imrediately .on account of ﬁhe positive spacé chargé left
behind (fig. & ).

When there is no dark currsnt and no positive current slectrons
must accurmlate on the cathode and neutralize the space charge g6
far as the applied voltage is concermed. Dus to the fact that the
crystal is not an infinite plaﬁe this condition is never fully
realized. In the ideal case of an infinite plane crystal the nst
effect of the space charge would be to accelerate the progress of
the electrons towards the anode, the additional accelerating foﬁce
being a maximum at the cathode and decreasing to zero at the

anode. When, however, an elsctron zets closs encugh to an ion it
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perpendicular to the electric field /fig. 4 }; in the second the
1izht is parallel ani o _csite t¢ the olectric fileld® (£i_. 9 ).

f

If the 1izht is parallel %o the electric field the effect of

lateral diffusion is %c flatten cut tre crisinal lensity distritution

M X . s %8 - - vt et .
e given Ty the light. Trose elactrons 3iffuein. frouw reiins

. > s \
of wreater electron density famd comseguent sreater lon Jensity,) o
rezions of lesser electron density fand comesysent leszar ion
\ o~ . : ) . .

Jensity) Tuve a Yetisr chance of escalin. recorbination vitlh soue
ion and reachin: the anode than theose electrons which dc not diffuse.
On the other hand these electrons which do not diffuss have &

gmaller chance ¢f reaching the ancle than they would Liave, 4id not

some others diffuse, “acause thery mist now sscarnz not only the icns

.

normally in their path tut alsc those icns which the diffusir:
electrons.sscave. The effect ¢f 4iffusion is thus scmewhat sslf
compensating and uite a chanse in *the distridution of electrons

rom this canse need not, st far as can be seen without actually

L3

taking 1t into account in the czlculations. cause a material

O

chanze in the orimary currant. As it is nct an easy matter to take

1iffusicn intc account in calculating the current %o be exzected it

,

will e shown instead that, for the ex;erlme“UV to which the
ied, diffusion does
nct sensitly alter an crisinal 3ist v rhi i+ traverses the
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current is
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incident li kb and in section IV it is computad for the case of &

field parallel and cpposite %2 the incident licht.
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the point X 1is therefore 2
F i —a(xX- z)° —a(X+Z)
+ A e

Ap= 4 e
But from (1) we have it that
—tA X
A = “v/;r—é g dx
and consequently that
2 2 .
-JZ !,p—ﬁ,(x—z) | p—z(x+z) o_/,ax o

The total number of slectrons beitweern Z and x4/ 1is then

z 2
A8 gl —af '
Pz | (@ +e ))é? e X - {2)
4 ?f./[(‘., L /

This new distribution P gatisfiss the differential eduation

A
2 o —-azZ

éé‘“%:,//fzf'-z/“—\/% € - (3)

The properties of ,° are not apparent from (2) but (5{) shows

that P does have the characteristics to be expected from the

nature of the oroblem: for if @ = oo meaning that there is no

2,
diffusion, (3) reduces to 5‘{' of which the
solution is P = 2 which is the original distribution

2
law; as Z Dbecomes very large (3) again reduces to },@/”’—Zé‘:/«/ P
(o

/
\
-4z
with the sclution P=22 which means that if the
origzinal distribution is quite mwniform, as it is for large values of
> , then diffusion does nct affect it.

The expression fZ) has yet to be put in a form suitable for

computation.
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If the electron can be looked upon &s having a mean free path
i then

where # is the nunber of collisions it has wmade

mobility c¢f the electron

/
A =7 o =
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ZMY  the crystal
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The greatest change due tc diffusion must cccur at the origin
—-U X

z =0 for it is here that the slope of the carve € iz

ereatest { X positive). Placing therefore X =0  we calculate
e 42
. v -1, o
e dt =|—-.0062 =.993F
/o 1/-/ 9
“igo

or that the average maximum change in an ordinate, under the conditions
stated, is 06,( or less; less because the average electron travels less
than half the crystal thiclmess.

Trom these considerations it is seen to e permissible to assume
in the mathematical work of deriving the expression for the primsry

current that the dectrons move only in the direction of the elsctric

field.



III It is assumed that an electron reaches the anode unless it
reconbines with an ion and that the radiation emitted when
recom‘binationv»occure does not liberate another electron before it
reaches the surface of the crystal and escapes. WVere this
condition not completely fulfilled the effect would merely be
that diffusion and the distance between ions would both appear
to be greater than normal for the disappearance of an electron in
one place and its appearance in another could be looked upon as
diffusion and by this process one collision with an ion has been
lost. |
The mean free path of the electrons, referred to ions, is
taken to be A = lm where /V is the number of ions per c.c.,
o is the radius of an ion and 4 may be a function of the
mobility of the electrons, of the field, and consequently a
function of the concentration of ions but is assumed to be a
constant. This point will be brought up again.
A is thus so defined that the cha;nce that an electron will
collide with an ion in going a distance & . is -éf
The chance that an electron will go a dietance S and then
collide with an ion in the distance ~- is
s
e X %2 |
where A is the mean free path, provided A is a constant. If

A is not a constant it is easily seen that we must have

_ds  _4s P R - /’b”’;_’?«;
»&/.)ﬁ, e A £ Ae @_ Ao s 2 Y Yy - # 5 A ,
nie EVS Lo arT o K
Then the chance that an electron % yorz
/
liberated a distance =z from the L L //
, ! light
cathode will go to a point distant v A7
. AL, fl:g- 6




from the cathode and recombine in the distance Ly is

’fzy 1%?7 <y
e )
provided we may neglect the change in A at any point during the
¥y .« If this is not

time it takes an electron to go from z to
permissible we must write instead

GE) Ly _

Ay, k)

e
where u is the mobility, or velocity in a unit field.
The rate at which electrons are being liberated is a function

of X only, F(X) . Then from the element of volume -4 .. A £
there are liberated A LX L7 FX  electrons per sec. of which
is

the number recombining in the element of volume -R.CA 2y
J Z 5
-2

Adyo z Fir) ¢

o+ ~ S

A § 4 s Z i E
electrons per sg. cm. per sec. leaving the

g2

at the time
k If there are
cathode, the number of these which combine with ions in the element

of volume -4 LA vy i ,
S oas
n E Ao ST iu;é / o3
A K n ¢ AT
per sec. at the time . . In the experiments to which this work is
to be applied -, but it will be retained for the present.
During the time [ < ﬂé the total number of liberated
electrons which recombine in -« ~. - ; is
. I
i —“); f\\v/—;: 74:;:72)

0 : .
. ,,/ . .y M . F’; 2 ' -

AR X (X)) =
> '\ L ‘f ’ tj J'; ’
J=HE

per sec.



So up - to the time ¢ =g/« f the total number of electrons

reconbining per sec. in AL x 4y is

'4 ilft /\5?/55 -4 4/ y:\’(égg" y-3
76;4X4£ ——L-——[?L(f‘ - 4 “T HE TF(X)/ BZ S,V g Az
RNIET | y-uit ]

while the number being produced per sec. is

The difference mmst be the net rate of increase of ions which is

_ 7 A 3 A _-L— 'a‘ —'-L__

= AN a2y 7{0"2,,; 2z 2(55)
Qnd hence we have

L [

¥
. yurp A / 2 ,
- _ e e dzl--
F(x) 5 [% + F(X)/y_ﬂﬁ ]

as the defining equation for \ = Alx y’,?ﬁ‘) uwp to L = y/HE

The second term on the right has the lower limit ¥ -4£ Z for the
integral because the chance that the %ffi 4 X  electrons reach the
point Y-4EL is 1 if T LyuE . I %> Y/HE  we mst

write instead of ( / )

It is convenient to rewrite egu. ( / ) as

oL s e
9 Loy - YAHEL T e A ] :
A+ =1 A[Be +é_ﬂ£tf 2z (3)
=i
where A = [Wd“z/f'/‘_(f‘)] and B =2/FW®
¥ Zs Y
- — ¥ 2N
AS S y-dFt A L A,
F -AZlzh=1-[Be t) 8 Tdz] ()



Now let A = //95 1257/ (s, - -3-':——) under the integral signs

= l/j%’ ,4/4— v(¥,£) outside the integral signs
where S5 = ¥y

Sinee A =

¥ T =0 V(Y,0) = el = »;
With this change of variable equ. ( # ) becomes
: | " ’
I 3% v 5 ¥-z
AL 2Y )- =-B= -J_ v(x,0-2Z) Az
w 9L Qv Yar 2v r AE
57 7 5y YV yHEL
or
A(aw— v 9w 22 B /y ? Zy ./
L e _ = v, v -
¥~ 5% 293%) * % , + (2,t-LZ )bz
2t

. S {5)
e el

If we differentiate ( 5 ) with respect to ¥ and 7 and then

add the results we get the following differential equation

d v «u—azv

2 _v - av_ v Py ) ()
57 LA 5% ~ 55 5552 ) _9__.J+/4£9?7[A( 3% “ 3T oyot )*g]’v 6
Y Y Y 7Y

which must be solved for

V- if we are to know how the current
rises when the light is turned on

The part of the l-aéx-d & F(X) electrons liberated per

: /
second from the element of volume %-%x -z that reaches the
point ¥ is

-/ Y ds
z Al 2~ 232)
Ldx dz F¥) e
Of the 7% electrons passing 1 sq. cm. per sec. at the point
Y-4EZ at the time L =0 the number passing 1 sq. cm. per sec.
at the point % at the time 2
9 ds
Als,0-4%)
n e s AC)

is

up to the time 7 = v/ 4EF



Then the total number of electrons passing 1 sg. cm. per sec.

at time ¢ at the point ¥ is

e .
A(s,t-422 y-ugt ASE- 2
§1Iy =M .—.F(x)/ e dx +un e ~
e Y-uEt
Placing now )/95 &7, (8, 7"— ) as before we get
M F(){ Y p L[ vr(zmt-LZ)dz)
Y-HEL
or
Y
M=L£ [ / vz, t-¥E)dz} = E (A2 - v Pr ), 2F
5 1 " gt ) dxf= g 1AG ;,5’-7539:?)+2?_r}"'(7)
L Y 2y
From ( 6 ) then we have it that
I (Mr) L3 (M¥) — 4
55 (F) + 7z 57 %
or
2 z
2 My _2v _ 1 * M) _ 1 2w
39—2(-}_:’_)—5—"/42 ZQtZ(F) HE 3 (3’)
In all the experiments of Gudden and Pohl the current leaps
immedistely to a uaximi:m end then decreases. This indicates that
4 E  is very large and ccnsequeiz.ly that the time taken for an
electron to cross the crystal is small compared to the time required
for the distribution of ions to change sensibly. We have then to
deal with ( 2 ) and with ( 6 ) rewritten as
3. 93~ v %4 s -
A AR 4 = = v
9»-ff~[A ( P 2V 939&“) 2%
: oy 7
oo (AT _ ) -2 x (A 22 _?)] -,
9yt syl v v 9yt
Y
3Yyar - A



Following the suggestion of ( & ) that £ and % may enter
jnte v in the same way, we assume 7;:.—7/-[ T+ ¢NY +4 )] and find
that ( 7 ) reduces to the total differential equation (the other

simple and most obvious assumption v = o-(7+%) does not yield

a suitable form of solution):

/

2l v

—

(Trafyrh) v+

! 2
Letting (7+3)(y+4)=- %‘- this becomes

“
e

+0—2-'v"+®' 0

v=J ()= J (2i~[(Tra)yi4)

Using now the fact that =~ -2 and 4 F is large we may

rewrite ( 3 ) in the following form

45
A L ‘)—J—fy 8‘]2 A ez
ar A A J,
‘ s
or 2V = w(z,7) L=z
T
where we have veed ( 9 ) and £+ = 2 L
Ay f ’ A Q‘IJ; b
The condition ,\:1/32_ fgr = e if F=o mekes 2
for only then will 1 be independent of ¥ when [ =5 . Substi-

into ( /0 ) we find that £ = o .

tuting T (2/+/7(y+4)
A=) E g d, (24T

-+ (]0)

Substituting ( ¢ ) in ( 7 ) we find
sI = L v _ _e | v _ LAY _ ouF 2
¥ eF?’9T’7ra"’>d-7r§'f eyF/b_ (Ty)_ey v
W 4
oI = ek Z[ v(TL) Foy 4 x

Wherein we have taken account of the facts that the crystal is -4 onm.



high and that the current is measured at the anode where Yy=7.

The ratio —77-’; mey be expanded into a power series and then

wr
I- .'9//{2/0 {i Ta 1! 1—&’2(‘7’2)&«/-%('7‘2)31«-... }F(X)aéx

If @, ergs of energy enter 1 sq. cm. of the surface each
second the energy remaining in this square beam at a depth X in
the crystél is @ =&, G—ﬂx. Of the energy remaining in the beam
when it reaches the rear .face a fraction Fr is reflected. The

. U w
reflected ¢nergy () & r  contributes an amount @, =

Z
MW g (W= X
& re & ) at the depth X . Obviously the

total energy at any point is an infinite series & = 2/ &,

=4 X —2uwr X 2 TRMW U 5 —guar ax
Q::_Qob’ -t-@of'f e +Q5I"€ & -,'~9,_,I"E g'« e
Q f,c\_/'{x —Zﬂw equ)
= 2 - & + re :
[ -I'ZE' 2 4 (

= @, AM{A(X—W)+/47 W}
3 _ e o
where Az2yre )1~ &)
The rate a2t which electrons are being liberated at the depth

is . _‘__I__ d‘Q - Qo/q A s, / . ) .
L
I 57;" ‘ = Y / Z Nl = 4
So ZER ‘.]a {/ TaATTFE)FY T a4, {Tg #22) F(x) r} FX L

- 8/;/5 Z

Qo 4 | e
75 ALB, +%5(9A)E, + 4,(8A) By+ - }
where = mord qu/fﬂ)

B.=/

o

o
7 o . ’ 7
(=1)" _2inA [ M(X=2) 9. 7 } oy X

. ~4A - =4
If F is negligible then { =Q, ¢ and Fix = 227 ¢
£
and ( // ) becomes
o7 e —HH S
I = tf’/ﬁ';m{(/—‘f ) —f——i—;‘%dti—f R }

e (01)

...(/2)
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If most of the light is absorbed on the first trip =across the
crystal and r is small, it will be sufficiently accurate to correct
for the light pessing clear through by making i infinite. With -
infinite ( /2 ) becomes

. - B f.'// o
where  f(J) = | + &, LI + i 4 AT PR
2.
i ;‘” / / )
=5, (v0/vw)de =4 Log ve)
= é?‘ o 4 V:J 2 . k'i/

Lim f(8) = Lim Loy ) _ Lo PO - o . Ti(2693)
4= 4 = é T e g FEL IRy J;(zdﬂ)

for I (2i49) <« J;(z‘iw"fi‘)

The theory thus says that, / and Qo being constant, the
current should drop with time as shown in fig. 7 : for & is
a linear function of the time.

This is just what Gudden and Pohl have observed in NaClf. With
intense illumination they got a drop such as shown. With weak
illumination they got very little drop in the same length of time
and this is to be expected from the form of 4 . If &, is small
it takes a long time for 4 to become large.

If the experimental conditions were such that most of the
light was absorbed in the rock salt it is permissible to compare
F©) wifh the experimental curves, otherwise it would be necessary
to use the more exact expression for I. As & is not dmown the test
of the theory will consist of seeing if a constant 4 can be 80
chosen that the theoretical curve will lie along the experimental
curve. The following figure shows how closely )L(é) can fit the

experimental curve.



x
X0 Amp..

In view of the approximations 60 - 33,
introduced in deriving £(49) and \ -
in applying it to the experiments \
the fit seems very good and @*:\ \

AN

appears to warrant the conclusion ' =1
that recombination is sufficient to
account for the decrease in the o 20" P
current with time and that the ]65‘9‘ ¥

assumption £ = sncd. was practically correct.

If current per unit intensity of entering light is plotted
against wavelength a seneitivity curve having a peak is always
obtained. The low current on the red side of the peak is accounted
for by the small amount of light absorbed. A possible explanmation
of the low current on the violet side iﬁ furnished by the relation

f_ﬁ_"; }(6‘) =0 . On the violet side of the peak & is large,
consequently 4 is large and therefore f (&) is small.
However, as is shown in the next section, this is only a partial
explanation and there is some other phenomenon which also reduces

the current on the violet side of the peak.



IV. In the experiments on diamond, ZnS and HgS thé light was, as
shown in the accompanying figure, parallel and opposite to the
electric field. The rate of production of electrons is now not a

function of x bdut of ¥

\(\K:
R, M _:—”(Z- y) '\:“ ¥ y,o)bz
F(y) - 'l"‘—‘y € f"gq 2 ///
" Vi
)———_—-—._
Reflection at the rear face of X ___f .
: wr

the crystal is neglected.

It having been found possible and necessary to neglect the
che.ngé in the density of ions while' an electron is crossing the
crystal, tﬁat simplification is now made at the start.

The total number of electrons recombining in the element o
volume %-ixdly is got by integrating /ﬁ./,x.dj z-F(2) e‘é A ﬁf_y
from Z=-9p to Z=-y and so is |

'y;ds

Yoz <) 5
e &
[4

., O / ‘ ]
/é'd'/xaéy-ﬁm) dz  po o

The number of electrons liberated per sec. in the same element
—4(l-Y, .
of volume is ALy y-z——a“;’ e ) and taking the

difference we get, as before, the net rate of production to be

¥

, A5

TN . Yo - L=z

j,,",,‘,‘ﬂéyjazgﬁ[(?//(u ) . / e,/f(o z) é”/l Msj;c’fz]
o Y A

which must equal

or
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where 7T = nrotd % e 1 defines )\ as a

function of ¢ and ¥ .

This last equation may also be written
¥

Lo

¥
MY / (j’u‘ Jr RS

a / ) — = / A2 */ y
Lo h=he =/ ¢

Differentiating once with respect to  we have

¥ /,y L3
2 . HY LA -] ==
) [y — 3_9_./\‘ ) < _ .« 4
A X ‘ .
- o Y 3A V- 3. L
=S Gyt ToT
MY . ;o
- I 2]
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‘ Yy 3
—_ AN —_ Iy aA - S
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2 ,
or 2 e A = ._J.., A I f:).’i ~ A )
9§3r 4T A h 2 <
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£
Placing A=¢ , .“=, , =« this takes the
standard form
2% 5 2 3 S_(8 -
2. 2 =2 i & .} -7 c
ISoT T IEN T Ty )
of which the solution is known to be
£
o 3 3 Vg
\’f T A = V) 4
where' U7 and X must satisfy the equatione
o v = Iu ‘and ’ U = 2
T Ar=3
- U / _ oV
or = == and —_— U=
g T “y Iz
_ which can be combined into the one equation
3% z ,
= U 2= o= 2 Y where 7, = T/ 4
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If we place € = § in the original integral
eQua.tion( ! ) it becomes
Iy
/g /z 45 A
2 g hzus L] " 4z
Q'TW ’ f '
VU iy 52 o L2 .
Now )\._.—-_,\,V/Uaag T TIE Y whence by
substitution P
2
v v ¥ v(r,z, )4z
UV T v JT T udx T J ( /
oL JT
or E ‘
2V = (T, 2,) 4%,
I !
F
We need then a solution of 1 = - v that satisfies
59T,

the conditions
5

/

QY = | v(T,z,) btz amd Azoo <t =0
IT, ] :

2
It has already been found that a solution of r= 2%—9157-_ is

v= T 2N rRNEFA)

ki’r?’)tg‘i'i) # oA

= /'/'(“)2( ﬁ‘})(.)fff/) ‘/'(2,)

Obviously the second condition is satisfied by taking 3+ =0 and

the first by taking 4 = -/ , we then have

A: 145 fr""?/d (2-/1\:,—/)7’) »

]

(2)
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This shows how recombination should make the current drop with
time when the light is parallel and opposite to the electric field.
The quantity of electricity passing to the anode between the

times T =0 and =17 is

> L R
- E;é&lf 3 7 r 'ﬂé., e
C:a Iaét /a m%c'J}J;(Z&V(E /)T,)ULJ

b [ T i

= edw (- )t g 0p L8
!

For short observation periods ( © small) the quantity c
is thus seen to be proportional to ¢ for f(o)::/ . Thi; is in
agreement with the measurements of Gudden and Pohl#.

If recombination is neglected, i. e. if f(4) is made equal

toone, ( = e A wr f—% t which is a straight line when

(3
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plotted against «1-/'«— . The factor (/—-€ ) is left off to

correct for the light that goes clear through and is lost. It is
this ( which Gudden and Pohl measured in their experiments on
diamond, HgS, and ZnS.

The dotted c'ur{fe in fig. // gives the results of the
experiments on ZnS in terms of /&, . The dashed straight line
is the (/(, which would have been obtained had every AU 1ibe-

"rated one electron which also reached the anode. It was located

7
IFF | . Neglzc::lng
recombination, the experimental value of 4 is here 7 x /U
27

instead of 6-55 X /0 . The discrepancy is eaid tc be within

by xmltiplying the ordinate at 405 44 by

experimental error.
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The full curye is the (/3 givenbdyequ. ( 3 ). It was
calculated with the aid of the curves given by Gudden and Pohl#; for
M in ZnS, taking [ =.s m~. and so choosing 4 as to make the
two curves coincide at A =400 4 4 . It represents then the
"Ausheute" to be expected if recombination were the only phenomenon

tending to reduce the current, and provided the phenomenon other
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than recombination which causes the large drop at 354 4 is
inoperative at and beyond 4004 .U . Judging from the shape of
the dotted curve this is the case.

‘The peculiar drop is such as would be caused by a rapid
increase in 4 between /7 and 342 ¢ 4 , this does not
geem at all likely. If it is caused by initial recombination or
some other reason amounting to the same thing it is equivalent to
a decrease in (@, , and we must have Y = /() . This does not
affect the wvalidity of equations ( 2 ) and ( 3 ) because the
integrations were only with respect to space and time.

The effect of the unknown process causing the peculiar drop
in current when the light is most‘strongly absorbed is thus seén
tb be less than it would seem to bé were recombination neglected.
By determining 4 where the effect is inappreciable we see how
big the effect is at the shorter wave lengths.

Recombination is able to explain qnalitatively some Otherwise
unintelligible current-line curves published by W. W. Coblentz.
This is a sample. The curve
is superposed on the dark '

' Ag,S o°c
current which is the axis of
=/.i7e M
abscissas. Along a the ;} e
<My \_Dark
s s >
current rises because it } ‘e

takes an electron an
appreciable time to cross the
crystal so that up to the time required for an electron to cross
the crystal the anode is receiving electrons from increasingly

greater distances from the anode. Along b the current drops because



of the formation of a space charge. Along c the cu:brent drops
because the supply of photo-electrons is cut off when the light
is and in the time redquired for an electron to cross the crystal
they cease arriving at the Anode. The current drops below the
dark current because part of the dark current must go to neutra-
lizing the space charge. When the space charge has been all
neutralized the dark current will have returned to its original
value.

It does not seem possible, however, to get a quantitative
explanation of these curves because the differential equations
representing the different portions of the curves, for example

Il 6 ,are quite unmanageable.
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