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COMMUNICATION FROM THE OBSERVATORY AT LEIDEN.

On the diffusion of monochromatic radiation through a medium consisting of blan-parallel
layers in relative motion, by 7. Woltjer F#».

The drift theory of the Cat chromosphere 1)
requires an analysis of the diffusion of the incident
photospheric radiation in passing outwards. The
corresponding problem for matter at rest: the deter-
mination of the intensity of the emerging radiation,
if a system of plan-parallel layers only scatters the
incident stream of quanta, has been extensively
treated by several authors. However the fact that the
layers of Ca*+ atoms are supposed to be moving
outwards with increasing velocity radically changes
the aspect of this problem and gives rise to trans-
parency largely in excess of that obtained for matter
at rest.

Consider radiation emitted by the photosphere in
a direction perpendicular to the plan-parallel layers
of Ca*, and having a frequency somewhat in excess
of that corresponding to the K-line. The velocity of
each atom consists of the drift-velocity and the
“thermal” velocity. Only those atoms which have a
total velocity equal to the value required for reducing
the frequency of the incident radiation to the K-line
frequency, take part in the scattering of the incident
quanta. At lower levels the atoms with outward
thermal velocity are effective, at higher levels only
those with inward thermal velocity. Hence at each
level the atoms with inward thermal velocity are
shielded from the photosphere by a column of atoms
scattering exactly that radiation, which they them-
selves are able to scatter. However, this shielding is
partly made ineffective by the fact that at the same
level are present atoms with outward thermal veloc-
ity, hence exposed to the nearly unreduced photo-
spheric radiation, that, though scattering a different
frequency of photospheric radiation, still may excite
these atoms, if only the scattering takes place in the
appropriate direction.

1) Cf. B.A.N. 167, 180, 182, 213 and Nature 129, p. 580. l

These considerations have been analysed mathe-
matically in the following sections. I start from a
value of the emission coefficient for each group of
atoms obtaining in the case of matter at rest. The
next step consists in the determination of the cor-
responding intensity distribution. Hence a new value
of the emission coefficient has been derived. This
value has been used in the computation of the in-
tensity of the emerging radiation. The result and
some considerations on its astrophysical implications
may be found in the last section of this note.

1. Consider a system of coordinates #, y, z and
matter, arranged in plan-parallel layers normal to
the axis of z, moving with a drift-velocity W in the
direction of the positive z-axis; W is supposed to
increase with increasing z. The components of
random velocity of each atom are u, v, w.

Select a group of atoms at P with velocitycom-
ponents within specified narrow limits. These atoms
can be excited by radiation emitted by atoms at P’
only if the relative velocity along P'P is sufficiently
close to zero.

Suppose each atom capable of scattering radiation
of frequency between v,—dv and v, 4 0v, if referred
to the atom in motion; let 0* be the velocity-equiva-
lent of dv. The components of the vector (u, v, w)
along P'P and two directions forming with P'P an
orthogonal system of coordinates are denoted by ¢,
£ and ». Then only those atoms at P’ interact with
the selected group at P, that satisfy the relation:

W’ cosS + ¢ = WcosS + § -+ e0*
—I1=SesS+ 1
S is the angle between P'P and the positive z-axis;
accented quantities refer to P’, those without accent

to P.
Suppose the velocity distribution to be given by
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the proportionality to ¢—7 (@+2*+ v%) | The fraction
of the total number per unit volume at P’ that
interact is?1):

— 2
(%)i e * (20%) , ¢ = (W —W') cos¥ + &.
Hence the contribution to the optical depth of
those atoms corresponding to radiation travelling
along P'P and capable of bemg scattered by the
selected group of atoms at P is:

d'cs =xp (%) e

x, is the mass-coeflicient of scattering, p the density,
ds an element of length measured along P'P. The
optical depth from P’ to P equals

4 3
-
% =f x”{)(%) ‘
P

’

(28*) ds;

//2
(20%*) ds,

the double accent referring to the points intermediate

between P’ and P.Asds = (—Z’—;{Tﬁ' dW”,dW" =—d¢"secS,

this value may be written:

— Ay — R _ds ,
T, _! x,0 <ﬂ> (20%) ¢ W €€ c3dy’.

It is unnecessary to take account of the variations

ds . ds .
of x,p and T The quantity W is equal to

dz % f
Yi4 sec 3. The quantity 29*x, equals " x, dv.

Hence: -
v <f x”dv> P (Z—r>} Cf e_ [ dw

The optical depth T results if the integration is
extended to infinity.
Hence, collecting results we have:

’

T, = ii—secz.S*

aw

— yo?
T =4 sec‘-‘%f e dw
s o
¢
F
T =¢q seczﬁje do
s o
¢
dz ¢

e(D) [ 5.

1) The fraction of atoms excited has been neglected in this
respect.

%= aws,
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2. Consider the atoms with a given w-component
at a certain level. The atoms at any other level that
are capable of interaction along the z-axis have the
velocity component along the z-axis:

W—W’' 4+ w4+ eJ0*.

I consider all these atoms together and compute
the emission coefficient obtaining if these atoms were
really independent of the rest. The emission coefficient
depends on the optical depth t measured inwards
in the direction of z decreasing. Accoraing to the
results of the precedmg sections:

=, [T

Using the well-known approximations, the emission
coefficient (E,), results from the relation:

<E > g 1tc
x,p0 ph2 4 T

I,y is the intensity of the incident radiation; T is
the value of 7, if w = + o, the total opticaldepth; the

index p is added to denote the fact that x,p only refers

to the particular group of w-atoms selected. These
atoms form a fraction

Ok

from all the atoms present at the level. Hence:

(%) = (%)i 2

It is to be noted that according to the usual ap-
proximation involved in the analysis of the diffusion
of radiation through a system of plan-parallel layers
at rest, I,y represents the value of the incident photo-
spheric radiation averaged over all directions.

. 2
=q0 j 8—7&) d(l).

oo

“ (28%)

7w2(26*).

3. The value of the coefficient of emission deduced
in the previous section forms the starting point of the
computations of this note. The next step consists in
the determination of the radiation incident at P
on a selected (#, v, w) group of atoms. To know the
intensity of this radiation it is necessary to determine
the amount contributed in a specified direction by
all elements of volume.

Consider a group of atoms at P’, with velocity
components £, 1, § within specified hrmts so chosen
that interaction with the group at P is p0531ble Take
the axis of £ in the plane through P'P parallel to the
axis jof z, so that + £ makes anangle ir + 2 with + z.
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The number of the P’-group is equal to a fraction
of the total number present at P’, given by

'<Z>%-—v@@+n@+c®
T

The contribution of this group to the emission

dE'dn’ (20%).

LEIDEN
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coefficient depends on the value of w’, which equals
¢’ cosS—E&' sinS.
Hence the emission coefficient at P’ of those atoms

that are capable of interaction with the selected
(4, v, w) group at P is equal to

w’
3 —yw?
o <%> T f ¢ ! d (gfz_'_ ’2+€'2)
[ i e 7 e,
—_o —x» 2+T ™

The integration with respect to »’ is trivial; that
with respect to £’ is performed by a transformation

© w’

+
[

and the required emission coefficient equals:

— o

of variables. Hence: 1)

& cos I

el in23) % —o
fe 4 dm=<§>* f(l+sm ) e dw,

I s & cos g . "
_hh 7 f (1 fsind9): 7 <Z>* —9¢ .
T ) - (ﬂ) T_m ¢ doo(2) e x,p (20%).
As the mass coefficient of scattering is equal to ic—?ﬁ'——
) Iph 7\# (1 + sin2 8)! — yo?
7 $ e_.},clz 3k . . . . ——= 1+ <——> Tf e do
£ x,0(29%), the ratio of emission coefficient 24T T R

T
" to the product of density and mass coefficient of
scattering of those atoms at P’ that interact with the
selected (u, v, w) group at P equals

Hence the intensity of the specified radiation in-
cident at Pin a direction that makes an angle 3 with
the z-axis is:

7, ¢ cos S
I —1 3 (x + sin2 & L. |
2 ihT e “fdrg{1+ <3’—r> T f ) e " do 4~ the contribution by the incident photospheric
° © radiation.
The second term may be transformed by partial integration:
¢’ cos & & cos S ,
75 _Fleos? __feos? g=+= 7, 25
—_T (1 + sin? 3)f — yaw2 —_ (1 + sin? $)} — 52 o S ey cos ’
[ T e [T ] ¢
° —0 — ¢ = n o 5

The upper limit of the first term of the right-hand | if cos & is positive; so, the intensity of the specified
radiation incident at P, omitting the contribution

member is zero if cos & is negative, — (- 1}8—7}
& ’ y from the photospheric radiation, equals:

{cos S
I in2 9)F —ou?
2—————_ihT 1-I-<%>%Tf(l+sm ) ¢ ! do+ R ¢;
7, 2y
R——o b T A S s 4
* (only if cos Jis-+) (I-{-Sin29)é 3 J dr,

. The radiation incident at i ’
4 diation incid P, as computed in ! 1) Tt is to be noted that the symbol w is used without a

the preceding section, 1s scattered in all directions. | gefinite meaning, only as a designation of the variable of the
The amount of energy scattered by the selected («, v, w) ‘ integration.
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group of atoms at P results from the value of the
intensity of radiation by integrating over all direc-
tions and multiplying with the product of the density
and the mass scattering coefficient of these atoms.
As these atoms form a fraction

P ot
a2+ T\x

¢ is the angle between the plane x-z and the plane
s—z; the direct radiation from the photosphere has
not been taken into account. The value of { is equal to

u sin ¥ cos ¢ + vsin 7 sin ¢ 4 w cos 3.
The corresponding value of <f—’;> referring to this
vw’p
selected group of atoms at P depends on (u? + ?)}
and w, contrary to the dependency on w only, in-
volved in the use that has been made in section 3 of
the starting value of the coefficient of emission.

I ou? T Feo
ph <Z>e ' dwfsin%d&f e !
24+T\7 J J

2T X,p

LEIDEN

oy (g2 - 2 2 . o ok w2
<Z>%e T +v+w)d dvdwf dcpfsm%d% 1+< > Tf(l""sng) o

B. A. N. 262.

<Z>% Pl (2 + 02+ u?)

T

dudvdw

of those present at P, the energy scattered per unit
of volume and time and frequency interval is equal to

& cos S
dw-+ R,

/

As T intend to compute the radiation emerging
in the direction + z from the scattering layers, I .

derive the value of ()%;) referring to all atoms at P
VP

having a certain value of w. So I integrate the fore-
going expression for the amount of energy scattered by
the selected (u, », w) group at P over all values of
u and v. The resulting value of the energy scattered
per unit volume per unit frequency interval per unit
time by those atoms at P that have w-component
velocities between w and w -+ dw equals:

¢ cos

2 i <%>% Tf(1+sinzs)é e‘—'}'mz do+ R,

{=uvsin3 4+ wcos 3.

The corresponding value of <E—"> referring to these atoms is:

X,p )

Ev> Iph y T +
) = Sd3
(xvp s 2+ T< > of sin J;

o

._702

¢ cos & ou
+<> Tf(l-l—sm%?)* e 7 do + R,

Transformation of the integrals reduces this relation to:

_ A
24+T

&),-

w cos? S

™

R + oo
— [ I n2 o2
1t (> TfsmS‘dS'f(z cost ) 7 dm—|—§<%>%fsin5‘d3f ¢ " dor !

o

The reduction of the second term in the right hand member is as follows:

wcos2 I wcos?S

™

— cost 5)F — yw? _4é_)z
fsin?fdfif(z o8 )e mdw:—cos%f(z coss)e e

—

Introduce the new variable # by the relation

cost 3 L n
M= —""T_— JcosT=2% ———;
(1+%=

2 —cost 3
then the right hand member of the preceding re-
lation reduces to:

E,
(;;{),,: Twy! f " +,,4)%

It is to be remembered that the index p denotes
the selection of those atoms, that have a z-component

I 5
oh 2t
st T) T V

— oyt

cost S cos? S

ol 2—cost3 (2—cost%)? ds
T das

S=m T

I —I-wfcosde

=0

w
— Y 9
2fe dw——zw

—

f — qw?nt

1 1.
(1 + ,4)4
So the relation results:

™ -]-oo
dnt1 @* fsinSdsf ¢
o —

of random velocity equal to w; also that the direct
radiation of the photosphere has not been included.

702
dv R ;.
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The intensity of the radiation emerging from the
scattering layers in a direction parallel to the z-axis
is given by the equation:

" E
Iu=f (——) e dr.
3 \wplp

As it is my intention to consider the value of I,
only if T is large, the influence of the direct photo-
spheric radiation is probably irrelevant and certainly

I 7

LEIDEN
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of a positive amount. The evaluation of /, according

to the value of <E—">
X0 b

section by a computation of the possible effect of

the rest-term R;.

derived is preceded in the next

5. I consider the contribution of R to the value
. . T .
of I, in the interval o <t << P Hence I introduce

™

P e — o2
¢ g [sinsas[ o " dor,

n) 2-+T
t=uovsinJ 4 wcosI
T
— T — T S r g2 e
R = —e¢ $—Te “‘(onlyifcos%is—l—)—l——~——co-si——<2/—>if Tf e Se 7 1+sm23d§ dr.
(1+sin23)} \7 A

°

Denoting with index 1 the value of R relating to the first term of R, only we have

7
Ry>—}

o

I
__ bR
Ry>—

™

A R e
<—) f ¢ drfsinsdsf e "
w) 24T J

[

The remaining part R, however is more difficult to analyse. Introducing & as variable of the integration

we have:

Ry=

(S

T T
<Z>é Ly as %
n) 24T f

I consider separately the four terms arising by
division of the range of the variables 3 and ¢ each
in two parts, and remember the restriction of the
wvalues totherange— oo <w <o.

w—; &t +; cosI+.

As § — w cos3I>¢ > o we have the contribution to
R, bounded at the negative side by

3 I[)h Ts
_2<ﬂ> 2—|—T def ’

+oo (.,—w cos 3)2

f sin2 &

d¢(Ry), .

T, (o) denoting the value of T if { = o.

s Iph
R, (w—;3¢+; cos3+}>—— S 2T

Hence:

Y (— wcos )2
w—;¢—;cosI+and—. Ase sin? 3 f cos S
is positive exceeds the value corresponding to cos &
negative with the same absolute value, the last in-
tegral in R, contributes a positive amount in the

interval considered to R,. As 7, > T, (o) > 3+ T

—y&2 dT h .
hence, as ¢ df=— —2, by we have:
g.sec?d Ly T —7T
ul () o R, (w—;¢— ;c08S+ and —) > — 2T
I —7, T
— <Z_r>% phT f2c0523d3f Lo ar 2+1 2
2+ M w—; ¢ +; cos $—. The contribution to R, is equal to
ol (Q——wCOSJ)2 7
J— -~ — glgkz dcl
T f Sf f in? & A s 7
<1r> 2+T d dT a’Ce St e d't d,
s leos3|
(1-+4sin2 9)?
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222 LEIDEN B. A.N. 262.
6. The evaluation of the last integral of the n \
preceding section involves some difficulty as the re- | Ag e'rC ¢ ' de<: <E>’} )
lation between ¢’ and 7, is not simple. We have: 2 -
dag’ 1 75’2
s . %
dry g, sec® S ¢ hence ¢! < —71‘—(1),

T;—Ts

hence the integral equals: . .
and 1 — A2 > o, we have the inequality

g
Y .
icosz.'%f e_rseT‘gz(I—}z) dr,. 87&;’2(1——%“‘)< T;(0))r— 22 LT 22— 1
q, - ; - =~ 7_; ’I; .
TS I — )2 I
—T, — 8RRy I T; (o) ) —&7, 22—
. = < .
So: f e ¢ d‘f;drs"_qo wis) T T,f ¢ (1— %) d&.
The integral may be reduced as follows:
1 2l I 2
——ET W —1 —ET — — — &7
| O R TR A e A et
<] o o

— T, [ ® AT, |
1— Tge f‘n e ‘dny.

22
The integral the product of 22 and this derivative at A2 = o.
1 T _
B 97 As the value for 2 = ois *——— L and the derivative
n e dn T,
o at 2 = o is

decreases monotonously if A* increases from o to 1 I

. . . 27
and 7 is kept constant. At the same time the deri- f logne ‘dn
vative with respect to A? is negative and increases :
monotonously. Hence its value is bounded at the
lower side by the value for 32= o augmented by | the following relation holds:

I I
—ET 22— -7 -7, T
fe ‘(1 —§&) Id‘%’ﬁ{;ge P — Tge lzflognen ’d*n}.

o

The integral in the last term is reduced in the following way:

I w m BT - n+1
— T w7 -7 T, — T T
‘_'T sfl 1 :d —_— s ___S f ﬂl .d.____ § R .
s€ ) ogne " e Zo ™ J n" logndn=e Zo,(n+ SHCE)

The infinite series may be related to the exponental series by the equations:

o TJ”-I_I —'I‘§T2 T3 Tg¢ }<—I‘§TZ 3<Ts3 Tg T >}
i)ty Ll Taa Tyt (=T gt ar e
1 e_§Tz -<eT‘—Z‘i——T—I>;
Ts) s s
F 7 2 T T, 7
: ERTE P A I, %8 33,0« Lrs
Hence: fe (1—8) déglze +Ts {ze —|—4Tx %
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B. A.N. 262. LEIDEN 223
As the maximum value of T:2¢—7+is 4 ¢~ we have:
I
3
—E7 2 — g -I- -7, 3 I\ I
[ a—n" sk <R I (14 )
. / A2 i =t 2 e2) T )
Though valid if 7 > o, the relation is only of use w ot
if T > 1. In the interval o < 7T, < 1 I use the z s <—2—eT—T——-1>
relations (also valid in the former interval): n+1)!(n+1) T s
I
—ET 22— -7 -7
f’" (1—¥) Idéﬁ%e ‘—l——jz:—{l—(l—l—Ts)e ‘;.
S

I introduce the discontinuous function ¢ (7,
fined by the relations:
o<Ti<1 (Ty)=

t) de-

The resulting lower limit of the contribution (€ +;cosd

O Tf dsf

I consider separately the contnbutlon with factor
A~! and that with factor A.

(6 — wcos 3)? _

~~‘rclv.'f7¢1'?;(e

xgngw,¢ug=g

TS
—) to R, is equal to
(Z—wcos 3)2
VT sin? S Ts 2 e 7, €W (T
bl T

a. The terms factored by X—*.
The exponent of ¢ is equal to

€2 (r 4 cos3) — (£ + w)2cos T + w? (cos® F 4 cos )

sin? ¥
=—y8—y @+

As cos 5 is negative, the second term has a positive
coefficient of (£2 + »?) and the third term is always
negative. Hence the exponential function has the

upper limit:
cos 3 + cosZ &
;7T (8T T
T, (o
As efm < ST( )ande *T , anew upper limit is:
k)
T cosJ + cos2 3
()__1_£7f TR wE e
+ 2
?
cos9 + cos?S cos S

It is to be noted that, as — = )
sin? 3 S :
2 sin? 3 )

the exponents have no singularity in the interval
T<o<nm
2 ==

©

f e ;vcsa’ngI

o

0 xsa'x—|—f e_xx‘}dxs

cos S+ cos? S
sin2 &

cosd -+ cos?2S ©
sin2 3

sin? &

+ 7 £+ w)?

cos S
sin2 %’

cos I -+ cos? 3
sin% &

ey

K

it is to be remembered that the exponent of the
second factor really is positive or zero.

Hence the “term factored by X™'” that is being
considered has the lower limit:

22 cosJ + cos2S © cosfir-l—cos2 .9
—If Ts + sin2 & e ‘dT f T sz

o

The two last integrals are of the general type
fe“" % dx. In the interval —o'5 <s < 4 0'5 we

(o]
have:

I

s+ '

. _
s+z+zwmf+ +f

1) The last term in the inequality has been introduced to conform to some computations performed with this limit,

© Astronomical Institutes of The Netherlands ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1934BAN.....7..217W&amp;db_key=AST

2BAN T I 77 D27V

rt

224 LEIDEN B.A.N. 262.
With this upper limit for the exponential integrals S
the limit (@) is extended. 150 1'75
I have computed numerical values with 7" = 100, 160 0'94
collected in the following table; the tabulated quan- 170 057
tity is the coefficient of — B in the integrand 180 o47
L 2+ T ‘ (b) The term factored by X.
of the extended limit (a). ,
(—wcos )2
g . i
90° 0'00 The integral fa’C e {Tsm} U (Ty)
100 0'50 . ° o .
110 2°05 is bounded by an upper limit derived from the
120 3'65 Schwarz inequality; to this end a factor e~ %75 is
130 396 taken out of the integrand.
140 2°Qo Hence:
(C w cos 9)2 12 ® (C w cos J)2 222
T, —27 5 &t — 982 T,
4 sin? & s T) < l/ f d sin? 9 f d s (T ;.
((—wcos3)? N wcos S )? 2cos? Y
P it AR EPY £ S S TS
As —2y SmES + 7 sm2 5 £ (1 + cos ) (I+C0823) i w? Foo#S’ , this inequality can
be continued:
cos? 3 7 (o)
— w? ——————  (sin )% . —2— $ 22
G O VA I ANC AR
(1+4cos23)t \7 J
<2 () A (*T>I+cos23 T (o) "} [/f T,*" 4 (1)) 4T,
7 (1—§—c0523)i

Hence the “term factored by A" that is being considered has the lower limit:

cos2 S

1
2 l. . .
2 Ly fd° (sin 9)2 < >I+I+C0523 Ts(o) f ey l/f Tszﬂy(j})gﬂﬁ
42+ T (14cos23) i\ 2 :
the last 1ntegral is equal to:
T LI K2
s(o) Tz)\z s (T 4T I 9 L 2 Ts(o)2 I_I 1 . 2 Ts(o)z I‘I
ST = e 0 s) oy S hE) ey
The transition of the denominator 2 22—1 through )
zero does introduce no singularity. I have computed o° 0°60
numerical values with T = 100 collected in the Igo 012
following table; the tabulated quantity is the coef- 1o 0'50
ficient of — Zph in the extended lower limit (); 120 122
2+ 130 2'16
the extension consists in the substitution of > for 140 304
3 150 3'57
1 in the last integral and the introduction of 160 360
22243 170 2°91
an upper limit for the exponential integral. 180 0'00

cos? 0 T s (o)
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The integration with respect to & is performed by
addition of the tabulated values (with weight % if
S = 9o° or 180°) and multiplication by the value
of the interval.

Collecting the results we have:

I
B
w Ly
R, (w",§+,0059+)2“‘§m~
z I
. 7,75ty
Ry (w—;¢4;cosS—) (@ >—2'g0 Toh
2 > > - 9 2+T
T=100
b)>—agq 2%
&) > 299 -
Hence:
T=100 R (w—)>—728 Lo
- =7 24+ T

7. The intensity of the radiation emerging in the
direction of the positive z-axis is equal to:

with the value of <—v> as derived in section 4.

*p/p
Hence it is necessary to evaluate the integral:
— 72
f e drt

! —yuw?vt
}wlﬁf(l—l—n“)}e / d‘f;}.

The last integral approximates to zero if w goes

T

—3
to infinity; it approaches zero as |w| *. I have com-
puted the value of this integral by numerical in-
tegration, the results are contained in the following

LEIDEN

table. As the interval used was o'1 and the integral
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1, (3=0) = ;ji‘T

T=100
The value of R (w +) is insignificant as the cor-
responding 7 value is larger than so.
The rest-term satisfies the inequality:
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as shown in section 6.
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8. The preceding computations make it probable
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has been obtained by simple summation (first and
last term half weight), the accuracy attained is not

great.

I
w? w? %f i -t
7 (yw?) () e dn
1'0 0'2I1
2'0 0°266
30 0283
40 0°292
5'0 0296

The integration with respect to t is performed
numerically as shown in the next table.
The value of 7' = 100.

T = 100
I
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10 © 0°000
09 2'17 0199
o8 2°01 0°206
07 1'9o 0°209
06 1°82 0'212
o5 174 0214
0’4 1'67 0216
0°3 1'59 0218
02 151 0°220
0’1 141 0224

The integrand is remarkably constant owing to the
fact that only a small interval of w plays a role.
Addition of the numbers in the last column and
multiplication by the value of the interval in ¢~
gives the value of the integral
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The value of the intensity of the emerging radiation
in the direction of the axis of z follows:
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Tdr|w|7%f dn=o0'192.
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+ R (wl—).

that a system of plan-parallel layers scattering mono-
chromatically is far more transparent if in relative
motion than if at rest. The numerical example con-
sidered yields a value of the intensity of the radiation
emerging in a normal direction probably more than
209, of the intensity of the incident radiation, if the
optical thickness is 100.

However this percentage depends on the value
of the optical thickness. If this value is exceedingly
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large the radiation travelling outwards is only de-
rived from atoms with very large random velocity
component in the z direction; then the extra con-
tribution to the emission coefficient is small as may
be seen from the result of section 4.

The foregoing analysis only constitutes a first ap-
proximation. It is possible to compute a new value
of the emission coefficient starting from the value
derived in section 4. «

The astrophysical implications seem of some im-
portance.

Firstly the density of the Cat chromosphere as
derived from observed intensities in emission or ab-
sorption requires a profound modification.

B. A.N. 262.

‘Secondly the possibility exists that the transparency
shows a maximum for a certain value of the optical
thickness; the value of this last quantity however may
depend on the value of the outward drift-velocity by
means of the relative number of atoms that are doubly
ionised.

A maximum in the transparency thus could arise,
that might be connected with the K,-radiation.
However as K, has components at the violet and
at the red side, a modification of the drift-theory would
be required that should account for a downward
stream of Cat atoms, possibly those atoms that are
accelerated downwards after the second ionisation.
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