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Introduction 

The spectrum of CH Cygni usually has the appearance of a normal M6 III 

star, but at intervals of several years, it has phases of activity dur­

ing which it shows the characteristics of a symbiotic star, that is, a 

blue continuum extending shortward of the Balmer discontinuity, and 

strong emission lines of He I, Fe II, fFe II] , J S Iij,10 IJ , ]0 III] ; the 

Balmer lines and the H and K lines of Ca II present emission wings. Out­

bursts were observed: 1) in September 1963; the star returned to its 

normal phase by August 1965 (Deutsch, 1964); 2) in June 1967 (Deutsch, 

1967); the spectrum was observed by Faraggiana and Hack (1971) until 

December 1970, when the activity phase was over; 3) another outburst was 

observed in August 1977 (Morris, 1977; Fehrenbach, 1977), and at the 

time of our last spectroscopic observations (June 1981) it was still 

going on. During this last period of activity several observations were 

made with IUE in both the low and high resolution modes, from 1175 A to 

3100 A. 

The first observed outburst lasted less than two years, the second one 

a slightly more than three years; the present one is at the end of its 

fourth year. 

The most obvious hypothesis for explaining symbiotic stars is that they 

are binary systems formed of a late-type giant and a hot subdwarf which 

occasionally has outbursts. The other possibility is that the cool star 

may be surrounded by an extended corona, heated by shock waves during 

episodic phases of eruptive mass loss. This corona is supposed to be re­

sponsible for the blue continuum and for the emission lines. A third 

hypothesis, that a hot star is surrounded by a cool envelope, is ruled 

out at least in the case of CH Cyg, by our spectroscopic observations of 

1967-70 and of 1977-81, because there is clear evidence that the blue 

continuum is filling up the M6 photospheric lines, deleting them almost 
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completely, especially in the blue-violet region of the spectrum. Sev­

eral symbiotic stars present orbital motions; however, CH Cygni does not 

show any evidence of periodic radial velocity variations. Instead, our 

observations of the 1967-70 episode supported the hypothesis that shock 

waves heat the envelope surrouding the M6 giant. However, photometric 

observations by Slovak and Africano (1978) indicate that CH Cygni pres­

ents a rapid flickering, characteristic of cataclysmic variables, most 

of which are close binary systems. We will summarize the results of the 

observations of the 1967-70 activity phase in the photographic spectral 

range (3300-4900), and of the activity phase which started in 1977 in 

the spectral range 6700-3400 A and 3100-1175 A, and we shall compare 

the phenomena observed during the two outbursts. 

The 1967-70 outburst 

The M6 spectrum is veiled by a continuum which partially fills the ab­

sorption lines and increases in intensity toward the violet. This con­

tinuum was absent in August 1965 and in September 1970; it appeared at 

the moment of the explosion, in June 1967, and reached a maximum in 

August 1968. The color temperature was about 10000 K. No measurable 

Balmer discontinuity was observable. Emission lines of He I, Fe II, 

|Fe IlJ»rs IIJ were present. In July 1968 A 5007 £o III] appeared. The 

Balmer lines had red and violet emission wings, R/V>1, while the H and 

K lines presented a P Cygni contour. At some epochs H and K presented 

two absorption cores. Absorption chromospheric lines, which were com­

pletely missing in July 1967, appeared in the ultraviolet continuum in 

July 1968. Only lines of metallic ions were present. In May 1970 the ab­

sorption lines of low excitation at X < 3800 give radial velocities sys­

tematically more negative by about 20 km/s than the other lines having 

the same low level. The resonance lines behave like the ultraviolet 

lines. The H and K absorption cores have presented two well-separated 

components since July 1968; the sharpest of the two in July and August 

1968 has a radial velocity of -170 km/s, which in 1969-70 reaches a val­

ue of -120 km/s, while the broad component decreases from -80 km/s in 

July-August 1968 to -10 in 1969-70. The photospheric lines (i.e. lines 

from excited levels of neutral metals) have an almost constant velocity, 

included between -60 and -65 km/s, which we assume to be the velocity of 

the center of mass of the star. The forbidden and permitted emission 

lines of Fe II have generally velocity, included between -50 and -60, 

but systematically less negative by 5 to 10 km/s than the photospheric 

velocity. Radial velocities for a large number of Balmer lines could be 

measured only on the spectrograms taken in July and August 1968, i.e. 

at the epoch of maximum intensity of the blue continuum. There is a 
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Balmer progression, the radial velocity of HAjHt^H/and H7 being about 
-60 km/s in July 8-11 and -70 pn August 14, while the other members of 
the series give -45f -50 in July and -55f -60 in August, i.e., values 
equal to or less negative than the photospheric ones. The picture emer­
ging from these data is that just after the outburst (spectrogram of 
July 15, 1967) the layers where H p and H and K are formed are expanding 
relatively to the photosphere. One year later one layer has the same 
velocity as the photosphere; another, identified with the sharp component 
of the Ca II resonance lines, is expanding outward at -170 km/s; then 
the latter continues to expand at -120 km/s and the former falls toward 
the photosphere. 

The outburst starting in 1977 

The most striking difference between the outburst of 1967 and that of 
1977 is the greater intensity of the blue continuum during the latter. 
The spectra taken in July and August 1968, at the epoch of maximum in­
tensity of the blue continuum, and those taken in September 1977, when 
the continuum observed during the present outburst was at minimum inten­
sity, appear comparable, but on February 1978 the photospheric absorption 
lines are almost completely filled up by the continuum extending long-
ward of H /S . Another striking difference between the two outbursts is 
found in the Balmer line emission wings. The upper members of the series 
had two emission wings in 1967-70, while from 1977 onward they present 
P Cygni inverse contours. The H and K lines of Ca II, on the contrary, 
have similar contours at the two epochs. Ha, Ho, Hy, Hg, have two emis­
sion wings with V/R>1. Hence during this last outburst we have the pe­
culiar occurrence of the simultaneous presence of upper layers, where 
the H and K lines are formed, which are expanding relatively to the pho­
tosphere, and of lower layers, where the higher members of the Balmer 
series are formed, which are moving toward the photosphere. Also the 
absorption lines of Sc II, Ti II, V II, Mn II, Sr II have an inverse 
P Cygni contour and about the same velocity as the Balmer lines with 
n £9. The emissions of Fe II, on the contrary, have a radial velocity 
of about -75 km/s, systematically more negative than that of the forbid­
den lines, -65 km/s (Faraggiana, 1980). 

Since February 1978 no strong variations in the spectrum have been ob­
served. One of the most evident variations is that of the H and K cores. 
Two components are clearly present in September 1977 and February and 
June 1978; the shortward component, at about -140 km/s, is sharp, the 
longward one at about -110 km/s is broader. In September 1978 the two 
components are blended; in July 1979, February 1980, and September 1980 
the two components are blended, the longward one being the faintest; 
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>

 

https://doi.org/10.1017/S0252921100097517 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100097517


T
O

 
SB

 
H

 
3 O

 • 1
3 a H
 

T
O

 
(B

 

3 o
 

3 •0
 

H
 

CO
 

01
 

01
 

f rt
-

cx
 

• «•
 

o
 

X
 

H
i 

O
 

>3
 

C
X

 

<«
 

1
3 • to 4
^ 

to
 

C
O

 
C

 

s p- 3 T
O

 
01

 
>m

 1
3 • • •
 

P
> 

to
 

e
n

 
O

l 

*• > C •3
 

o
 

•3
 

IB
 

01
 s cx rt

-
3

" a>
 

> p- •3
 

T
O

 
P

" 
O

 * w
 

01
 • w
 

cr
 

> 01
 

ct
 

•3
 

O
 

3 T
O

 &
 

A. Dal-

3 •p
. < A 4 .0

1 fl
> > rt- C
 < X
 

IB
 < 01 P
" 

01
 

3 T
O

 
rt

-
3

* 
01

 ; O
 w
 

1
) o
 

co
 

rt
-

V
 

P
1 

p
- o
 

<•
 w
 

w
 C
O

 
fl

> p
i < 01 P
1 

1—
> 

p
-

w
 1
3 • f • • •
 

P
» 

to
 

0
0 o
 

*• 1
3 

>3
 

O
 

O
 

01
 

01
 

C
X

 
P

-
3 T
O

 
01

 

o
 

H
) 

rt
- 3
* 

01
 

o
 

o
 

3 H
> 

01
 

•3
 

O
i 

3 o
 e "The 

C
O

 
P

1 o
 < SB
 

H
C

0 
C

*
c

t 
c

r 
p

-
P

. 
< 

3 
0

) 
?

T
T

O
 

I—
 

V
 3 W

 • <•
 > Hj
 

1 P
-

O
 

IB
 

3 o
 

t
« C

 • • • p
» 

to
 

^
1 

0
0 

y 

3 O
 

3 Z
 

O
 

rt
- • W
 

IB
 

CO
 

rt
-

0
0 o
 o
 

• p
* 

o
o

 
tn

 

*• to
 

p
> 

01
 

P
* 

3 
H

-
V

 

M
 

C
O

 
1

3 

> 
• tr1 

CO
 

• 
-0

 
-

1 P
» 

CO
 

e
n

 
rt

-
--

) 
SB

 
» 

p
" 

p
-

•a
 

o
 

• 
•• 

P
> 

U
l 

W
 

U
l 

• • •
 

p
* 

to
 

o
o

 
O

 •* CO
 

01
 

o
 

o
 

3 cx
 

w
 

c 1 o
 

•a
 

01
 

IB
 

3 a w
 

o
 

o
 nfer » 3 o
 

ct
 

3 o
 

>3
 

•3
 

p
-

01
 

<•
 

C
O

 

• o
 • • • p
» 

to
 

-J
 

-J
 

*• M
 > c o
 

p
-

•3
 o
 

• z o
 • O
l 

p
> o
 

p
» 

*T
} 

tr
j 

*x
\ 

01
 

SB
 

IB
 

E
T

 
>3

 
H

 
•3

 
P

 
P

 
0

) 
T

O
 

T
O

 
3 

T
O

 
T

O
 

C
T

 
P

- 
P

-
IB

 
SB

 
SB

 
O

 
3 

3 
3

* 
SB

 
SB

 

<• 
*• 

*• 
o

 
» 

» 
tr

 •
 

• 

• •
 tc

 
p

> 
P

» 
P

 
to

 
to

 
o

 
oo

 
-

I 
P

T
 

O
 

-g
 

. 
» 

w
 

s 
> 

M
 

• 
01

 

> 
••

 c
+ 

G
 

H
 

P
> 

• 
o

 
to

 
P

- 
-4

 
> 

>
j 

M
 

01
 

O
 

- 
rt

-

n
 

> 
o

 
Z

 
CO

 
1

3 
O

 
rt

- 
3

* 
• 

H
 

<
< 

O
 

CO
 

(A
 

3 
• 

p
> 

• 
O

 
lo

o
 

to
 

>
!*

>
. 

ca
 

» 
rt

-
•3

 
w

 
o

 
o>

 
1

3 
O

) 
,3

" <<
 

01
 

I"-
" 

|u
i 

e
n

 
U

l 

a ct
 c ct 01
 

o
 

3
* > in
 

» • •
 

P
» 

to
 

O
l 

-J
 

w
 M

 > a o
 

p
- ^ o
 

• z o
 • to
 

o
 

to
 

o
 

a a c ri­ al
 

O
 

3
* <•
 > C

-,
 

• • •
 

p
» 

to
 

O
) *.
 

1
* > 3 3 • » 01 •a

 " 

3
* 

IX
 ^ P- p

j 

P
1 

IB
 

rt
- <•
 

K
 • •
 

ta
—

 

V
O

 
0

0 
ro

 

«#
 3 H- n

 r>
 

o
 

i-
1 !-•
 

o
 

S
 

A
 

rt
- • X
 

p
-

M
 

01
 

o
 

3 SB
 

3 a T
) 

SB
 

l-
» o
 

3 S
B

 
I o

 
a"

 
01

 

P
> 

p
* 

c H- c a « "O
 • *•
 

«-
4 • 

w
 

fl
) 

H
) 

0
) 

•1
 

01
 

3 a n
 

01
 

> 01
 

c+
 

1 O
 

3 O
 

3 ^ P
 

3 a- > 01 ct
 

*t
 o
 

X
) p
" 

V
! 01

 
p

- o
 

01
 • 

o
 

cr
 

01
 

O
i 

1 < SB ct
 

P
- o
 

3 01
 

£ p
-

p
" 

p
" cr
 

O
i 

i o>
 

1
3 o
 

•3
 

rt
-

O
i a p
-

3 SB
 

•a
 

p
 

•a
 

O
i 

•3
 

ct
 

3
" 

p
 

rt
-

p
-

01
 

rt
- o
 

IB
 

1
3 

1
3 01

 
IB

 
•3

 

0
1 O
 

O
 

3 P
-

3 

01
 

p
- o
 

3 01
 • o
 

o
 § 0>
 

3 ct
 

01
 

o
 

3 rt
-

3
* 

P
-

01
 

3 P
 

rt
-

rt
-

O
i 

•3
 

ct
 

O
 

T
O

 
01

 
ct

 
3

* 
fl

) •3
 %
 

p
-

ct
 

3
* 

3 O
 

•3
 

O
i a
. 

01
 

rt
-

IB
 

P
-

p
" 

01
 

o
 

3 rt
-he UV 

t+
 

3
* 

0
i 

1
3 >3

 
O

 
1

3 O
 

01
 

01
 

C
L

 

f ^ T
D

 

H
i 

P
1 

C
 o
 

•3
 a 01
 

o
 

01
 

3 ct
 

3 01
 

o
 

3
" 

SB
 

3 P
-

CO
 

3 IB
 

01
 

•3
 

C
t 

co
 

1
3 O
 

3 01
 

P
- cr
 

P
1 

01
 

H
j 

O
 

•3
 

ct
 

3
* 

O
i 01 emis-

H
> o
 

p
« 

p
-i

 

o
 

S
 

p
-

3 T
O

 

ct
 tr
 

01
 » X o

 
p

-
ct

 
IB

 
ct

 
p

-
O

 
3 ,c
r <<
 

,t
->

 

^ t
» -̂^

 
p

-
01

 

3 p
-

01
 

01
 

p
-

3 T
O

 • H
 

ct
 tr
 

ct
 o
 

M
 

y o
o

 

*>
 

4=̂
 

o>
 

C
t 3 p
-

01
 

01
 

p
- o
 

3 >—
* 

rt
-

3
* 

P
 

rt
-

H
j 

C
t 

C
t 

C
u

 
01

 

ct
 

3
" 

fl
> 

P
* 

O
J 

O
 o
 

rt
-

•3
 

P
-

3
* 

1
3 

p
-

01
 

ca
 

O
i 

ct
 

3 01
 

rt
-

O
 a le out 

P
1 

C
t 

ct
 

P
-

3 rt
-

3
* a o
 

p
 

01
 

o
 

p
 a.
 

a 

> 3 a •3
 

P
-

P
* 

M
 » rt- -̂>
 

»—
 

V
O

 
0

0 
to

 

^̂
 

•3
 

C
t 

1
3 O
 

•3
 

ct
 

01
 

rt
-

tr
 

IB
 

t+
 

p
-

3 01
 

•a
 

0
) O
 

rt
-

>3
 

p
 

ct
 

p
 *- ct 3 P
-

3 p
" 

to
 

-
j 

^
i 

IB
 

3 (X
 

p
-

3 1981, 

2 O
 

rt
- o
 

SB
 

ix
 

IX
 

ct
 

IX
 

p
-

3 T
3 •3

 
O

 
O

 
H

j 

rt
" 

3
* 

ct
 

rt
-

•3
 

SB
 

3 ca
 

p
-

ct
 

P
-

O
 

3 1
3 3
* 

P
 

CO
 

O
i • 

rt
-

P
-

3 C
t 

01
 

p
* o
 

01
 

01
 

•3
 < fli (X
 

p
-

1 
3 

o
o

 

rt
-

3
* 

(t
 

ca
 

O
 

P
1 

IB
 

•3
 a P 01
 

01
 

1
3 ct

 
>3

 

fl
) 

1
3 P
-

CO
 

o
 

IX
 

O
i 

w
 p

-
3 a p

- o
 

p
 

rt
-

C
t 

ct
 

3
* 

P
 

rt
- o
 

tc
 

o
 

^ TO
 

3 p
-

p
-

01
 

p
* 

3 

o
 

X
 o
 

<<
 

T
O

 
3 P

- <•
 

X
. 

p
-

ct
 

V
 

3 P
 

ca
 

co
 

1 P
1 o
 

01
 

ca
 

ct
 

ca
 

rt
-

p
-

3 P
 

ct
 

ct
 &
 

O
 

H
j 

rt
-

3
" 

ct
 o
 

•3
 

IX
 

fl
> •3
 

O
 

H
i 

P
 

H
j 

C
t X
 

1
3 P
" 

P
 

3 C
t 

rt
-

IB
 

^ 3 C
t 

C
3-

C
 

P
1 

IB
 

01
 

ct
 

P
 

T
O

 
C

t • M
 

rt
-

p
-

CO
 

1
3 O
 

01
 

01
 

p
- cr
 

p
-1 

c
t 

rt
-

3
" 

B>
 

rt
-

rt
-

3
* 

C
l 

O
 

C
 

ct
 

<
T

 
C

 
»3

 
CO

 
ct

 

C
t 

1
3 P

-
01

 

o
 ex
 

a 01
 

o
 

cr
 

i 

M
 

rt
-

P
-

CO
 

T
O

 
C

t 
3 fl

) •3
 » P1 

p
J <<
 

a*
 

a pj p
-

ct
 < ct IX
 

rt
-

3
* 

P
 

ct
 

ct
 

3
* 

C
t 

•3
 

C
t ex

 
T

O
 

p
-

P
 

3 rt
-

01
 

rt
-

P
 

T
O

 
C

t 

p
-

01
 

!-
b

 
o

 
P

1 

p
" o
 X
 

a IX
 

cr
 

<<
 

ct
 

3
" 

ct
 

~ o
 

3
* 

•3
 

o
 

3 O
 

CO
 

1
3 3
* 

ct
 

>3
 

P
-

O
 z SB
 

cr
 

01
 

o
 

•3
 

1
3 rt
-

p
- o
 

3 01
 

o
 

H
j 

P
- o
 

3 p
-

N
 

01
 

a 3 ct
 

ct
 

P
 

P
1 

01
 

p
 

•3
 

C
t 

H
) o
 

•3
 

3 ct
 

IX
 

rt
-

3
* 

P
-

o
 

?
r 

1
3 P
 

>3
 

ct
 

ca
 

O
 

H
3 

P
 

P
1 

,̂
 

"̂
 

ct
 

-3
 

P
 cr
 

o
 < CO
 

rt
-

3
" 

C
t 

1
3 3
" 

O
 

ct
 

O
 

01
 

1
3 3
" 

C
t u
 

ct
 

w
 X
 

3
* 

ct
 

•3
 

C
t 

P
 

P
» 

01
 

o
 

rt
-

3
* 

C
t 

CO
 

t
r 

p
 

•3
 

1
3 

ct
 

3
* 

C
t cr
 

P
1 c:
 

ct
 1 c pi rt
-

>3
 

P
 < P- O
 

P
1 

ct
 

ct
 

O
 

O
 

3 c+
 

P
-

3 C
 c 3 3 C
 

co
 

rt
- cr
 

C
t 

H
j 

o
 

•3
 

3 C
t 

IX
 

p
-

3 rt
-

3
" 

C
t 

(X
 

C
t 

3 01
 

ct
 <•
 

o
 

•a
 

rt
-

p
- o
 

p
 P
1 

p
» 

•^
 

p
 tr
 

o
 

ct
 

01
 

ct
 

p
 H
 • ff
i 

C
t 

3 o
 

ct
 

I
* H

-
•-1

5 

rt
-

tr
 

ct
 

1
3 >3

 
C

t 
CO

 
C

t 
3 o

 
ct

 o
 

H
j 

p
 

3
" o
 

rt
- o
 

o
 

3 1
3 P
 

3 p
- o
 

3 o
 

P
 

3 cr
 

01
 

C
X

 
p

-
01

 

o
 

p
 •3
 

IX
 

C
t 

(X
 

c P
1 

rt
-

•3
 

P
 < P- o
 

P
1 

ct
 

rt
-

O
 

O
 

3 ct
 

P
-

3 C
 c a 3
" 

P
 

CO
 

P
 

IX
 

p
-

to
 

ct
 

•3
 

p
- cr
 

c ct
 

P
- o
 

3 X
 

3
" 

P
- o
 

3
" 

P
-

co
 

3 o
 

rt
-

P
 

ct
 

ct
 

•3
 

p
- cr
 

c ct
 

P
 cr
 

P
1 

ct
 

rt
-

O
 

•-
ti

 
ct

 
•3

 
P

-
3 T
O

 

3 O
 a o •3
 

C
t 

ct
 

3
" 

P
 

3 t\
3 

O
 r ^ CO H
i 

•3
 o
 3 rt
-

3
* 

P
 

ct
 

O
 

P
) rt
-

tr
 

ct
 

1
3 tr

 
o

 
ct

 o
 

01
 

•o
 

3- C
t 

•3
 

C
t »•
 

tx
 

—
 

rt
-

3
* 

C
t cr
 

P
1 c ct
 1 

ct
 

P
- a ct 01
 

o
 

cr
 

01
 

ct
 

1 < ct C
X

 

ct
 o
 

3 o
 < ct o
 

c ct
 X
 

p
 >3
 

S
X

 

* co
 

o
 

3 ct
 

rt
-

P
-

3 ct
 

01
 

p
-

3 X
 

P
 

"3
 

a s p
-

ct
 

3
* 

P
 < Ct P
1 o
 

o
 

p
-

rt
- ^ sx
 

p
-

H
} 

1
3 C
t 

>3
 

3 p
-

rt
-

ct
 a ex
 

P
1 

p
-

3 C
t 

ca
 

O
 

H
) *n
 

ct
 

M
 

M
 

P
 

3 (X
 

O
 

el
­ s'
 

C
t 

•3
 

P
 cr
 

c 3 C
X

 
P

 
3 rt

-

P
-

O
 

3 CO
 

P
 

•3
 

C
t 

H
) 

O
 

>3
 

3 ct
 

(X
 

V
 p

 •3
 

C
t 

01
 

o
 

3 ct
 1 

p
" 

p
 <<
: 

01
 

>3
 

CO
 

<•
 

X
 

3
" 

O
l 

•3
 

C
t 

ct
 tr
 

ct
 

p
j 

p
-

•3
 

01
 

ct
 

3 ct
 3 cr
 

ct
 

•3
 

01
 

o
 

H
i 

ct
 

3
* 

C
t a P
 

P
1 

3 ct
 

•3
 

CO
 

ct
 

•3
 

P
-

C
t 

01
 

p
 3 (X

 

rt
-

3
* 

fl
) 

01
 

rt
-

•3
 

O
 

3 T
O

 

01
 

C
t 

•3
 

P
-

C
t 

co
 

P
 

•3
 

C
t 

H
) 

O
 

H
 

3 C
t ex

 
>—

 
p

 >3
 

fl
) H
) 

P
 

P
" 

P
' 

P
-

3 T
O

 

rt
-

O
 X
 

P
 

H
 cx
 

rt
-

3
- a CO
 

rt
-

ct
 

p
" 

P
1 

P
 

•3
 

01
 

S3
 

»3
 

H
j 

P
 

O
 

C
t • P
I 

3 ct
 a M
 

g
 

0)
 

IX
 

p
-

p
 

rt
-

C
t 

ct
 

3
" 

O
l 

co
 

rt
-

P
 

•3
 X
 

tr
 

p
-

P
1 

ct
 

c
+ 3
-

fl
l 

P
1 o
 * Oi 1 p

j 

,!S
 <̂ oi i CO
 

-—
. 

X
 

3
" 

C
t 

•3
 

C
t 

rt
-

3"
 

C
t 

3
" 

P
-

T
O

 tr
 

ct
 

•3
 

3 C
t 

3 cr
 

ct
 

i CO
 

o
 

H
i 

rt
-

3
" 

C
t 

0
0 

p
 

P
1 mer 

P
1 o
 o
 

p
-

rt
- <<
 

T
O

 
•3

 
C

t 
P

 
rt

-
C

t 
H

 

rt
-

3
" 

P
 

3 C
t 

01
 

o
 

p
 

1
3 C
t < Ct P
1 o
 

o
 

p
-

rt
- ^ <*
 

P
 

3 IX
 

rt
-

3
* 

ct
 o
 

ct
 

3
" 

ct
 

>3
 

H
> 

P
 

p
' 

p
-1 

P
-

3 T
O

 cr
 

P
 

O
 

?
r 

ct
 o
 s P
 

H
 

IX
 

CO
 

o
 

3 ct
 

ct
 

P
-

3 ct
 

01
 

IX
 

p
- < p- IX
 

p
-

3 T
O

 

P
-

3 rt
-

O
 

ct
 

X
 o
 

P
1 

,»
 

=<
 

ct
 

•3
 

01
 

w
 o
 

3 C
t o
 

o
 

3 rt
-

P
-

3 C
 

p
-

3 T
O

 

rt
-

O
 

C
t 

X
 

1
3 P
 

3 IX
 

P
 

rt
-

P
 < Ct 1 

o
 

3 P
 

3 o
 

ct
 

P
1 

p
-

3 C
t 

CO
 

o
 

H
) o
 

p
 M
 

P
t 

P
 

3 a 3 T
O

 

M
 

M
 

P
 

»3
 

ct
 

H
j 

o
 

•3
 

3 ct
 cx
 

—̂
' 

p
 

•3
 

C
t 

C
t 

X
 

1
3 P
 

3 IX
 

p
-

3 T
O

 

O
 

C
 

ct
 X
 

P
 

•3
 

S
X

 

* P
 

3 IX
 

H
-

w
 

O
s s s > o w
 

> z D
 

h0
 

r t»
 

tn
 

t-
i ti
 

LLI 

https://doi.org/10.1017/S0252921100097517 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100097517



