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for the d e v e l o p m e n t of geophysics in t h e 
T h i r d W o r l d a n d for t he a d v a n c e m e n t of re ­
search wor ldwide in t he c o m i n g decades . 

It is mos t i m p o r t a n t tha t each m e m b e r of 
I A G A shou ld t h ink objectively a b o u t t h e 
pr inc ip le of commerc i a l f u n d i n g a n d notify 
t he na t iona l c o m m i t t e e a n d t h e p r e s i d e n t of 
I A G A of his o r h e r op in ion , r e q u e s t i n g a full 
deba t e of t h e subject at t he m e e t i n g in Vien­
na in 1991 . Please send any c o m m e n t s to W. 
F. S tuar t , C h a i r m a n , I A G A F u n d Rais ing 
C o m m i t t e e , Bri t ish Geological Survey , Wes t 
Mains Rd. , E d i n b u r g h , E H 9 3LA, Scot land. 
T h o s e w h o recognize ins t i tu t ional difficulties 
in t he admin i s t r a t i on of t he p r o p o s a l shou ld 
express t h e m so tha t t he process of resolving 
t h e m can beg in . 

Book Review: 
Physics and Chemistry of 
the Upper Atmosphere 
P A G E 1029 

T h e recent ly pub l i shed book, Physics and 
Chemistry of the Upper Atmosphere, by M. H . 
Rees, is now available t h r o u g h C a m b r i d g e 
Universi ty Press , L o n d o n . Sushil K. At reya , 
Universi ty of Michigan , A n n A r b o r , p rov ides 
this review. 

T h e Ear th ' s u p p e r a t m o s p h e r e is a r eg ion 
of i m m e n s e complexi ty . T h e behav io r of this 
r eg ion is g o v e r n e d pr imar i ly by t h e e n e r g y 
depos i t ed by solar ul t raviolet p h o t o n s a n d the 
energe t i c c h a r g e d part icles. T h i s book is an 
excel lent a t t e m p t at u n r a v e l i n g t h e myster ies 
of t he u p p e r a t m o s p h e r e of t he Ea r th . T h e 
u p p e r a t m o s p h e r e in this book re fe rs loosely 
to t he reg ion of t h e t h e r m o s p h e r e a n d iono­
s p h e r e , a l t h o u g h it is no t u n c o m m o n to find, 
t h r o u g h o u t t he book, occasional r e fe rences to 
t he mesosphe r i c processes . 

T h e book is d iv ided in to e ight c h a p t e r s 
tha t dea l with t he actual process of ene rgy 
t rans fe r in t he low, m i d d l e a n d h igh lati­
tudes , followed by the mani fes ta t ion of such 
ene rgy t rans fe r in t e r m s of compos i t iona l 
changes , t h e r m a l s t r uc tu r e , spect roscopic 
emissions a n d t h e a t m o s p h e r i c dynamics . All 
of t he c h a p t e r s con ta in an i n - d e p t h t r e a t m e n t 
of t he physical pr inc ip les a n d t h e chemical 
processes (when a p p r o p r i a t e ) , as well as a 
c o m p r e h e n s i v e discussion of observa t ions 
f rom g r o u n d - b a s e d , orbi tal a n d suborb i ta l in­
s t r u m e n t s . At t h e e n d of each c h a p t e r , mos t 
i m p o r t a n t r e fe rences a r e cited for f u r t h e r 
r e ad ing . Each c h a p t e r also lists r ep re sen t a t i ve 
p r o b l e m s tha t will p rov ide g r a d u a t e s t uden t s 
with e n o u g h n e e d e d exercise to t h ink inde ­
penden t ly . S t u d e n t s p l a n n i n g to t ake Ph .D . 
c o m p r e h e n s i v e examina t ions in a e r o n o m y 
will be well advised to work t h r o u g h all these 
p rob l ems ; I f o u n d m a n y of these p r o b l e m s 
qui te cha l lenging . T h e a p p e n d i c e s at t h e e n d 
of t he book a r e qu i te t h o r o u g h , as they con­
tain most of t h e aeronomica l ly p e r t i n e n t in­
fo rma t ion o n m o d e l a t m o s p h e r e , solar fluxes, 
cross sections, chemica l kinetics, a tomic a n d 
molecu la r physics, a n d the a t m o s p h e r i c diffu­
sion. 

F o u r c h a p t e r s a r e par t icular ly in fo rmat ive 
a n d well wr i t ten a n d clearly show the a u t h o r ' s 
insight in to those a reas (o the r c h a p t e r s con­
tain mostly s t a n d a r d mater ia l a n d shou ld be 
an in tegra l p a r t of any m o n o g r a p h o n a e r o n ­
omy) . C h a p t e r 3 , o n c h a r g e d par t ic le impac t , 

a n d c h a p t e r 6, o n e n e r g y ba lance , reflect t h e 
a u t h o r ' s p i o n e e r i n g w o r k in these a reas , al­
t h o u g h i m p o r t a n t work of o t h e r s is cited also. 
C h a p t e r 7, o n spect roscopic emissions, will be 
very valuable for observa t iona l a e r o n o m e r s 
a n d is a m u c h n e e d e d u p d a t e to similar c h a p ­
ters in J . W. C h a m b e r l a i n ' s Aurora and Air-
glow, wr i t ten in t he ear ly 1960s. My only 
compla in t for c h a p t e r 7 is t ha t little a t t en t ion 
is paid h e r e to t he h igh- reso lu t ion U V a n d 
visible spectroscopic work . 

C h a p t e r 8, o n t h e r m o s p h e r i c dynamics , 
p resen t s a well-balanced discussion of m o d ­
e r n observat ional t e chn iques for m e a s u r i n g 
t h e r m o s p h e r i c winds a n d t h e ion drif ts , such 
as chemical re lease, dopp le r - sh i f t ed emis­
sions, i n c o h e r e n t scat ter r a d a r , etc. , a n d t h e 
theory . T h o s e no t closely re la ted to this im­
p o r t a n t a r ea of a e r o n o m y will find this c h a p ­
ter a good tu tor ia l . 

In s u m m a r y , I find this book to be an ex­
cellent r e fe rence for r e sea r che r s in t he field 
of a e r o n o m y a n d g r a d u a t e s t uden t s w h o a r e 
p l a n n i n g to s tudy a e r o n o m y . 

Meeting Report 

Workshop on Solar 
Flares and 
Magnetospheric 
Substorms 
P A G E 1029, 1035 

A m o n g m a n y of t he fascinat ing p h e n o m e ­
na d isp layed by n a t u r e , t h e r e a re a n u m b e r 
tha t involve t h e g e n e r a t i o n , s torage , a n d sub­
sequen t diss ipat ion of e l ec t romagne t i c e n e r ­
gy. Solar flares a n d m a g n e t o s p h e r i c sub-
s to rms a r e two no tab le e x a m p l e s tha t occu r in 
the solar system. A w o r k s h o p dea l ing with 
these two p h e n o m e n a , " W o r k s h o p o n Solar 
Flares a n d M a g n e t o s p h e r i c Subs to rms , " was 
he ld March 2 6 - 3 0 , 1990, at t h e East-West 
C e n t e r o n t he Univers i ty of Hawai i c a m p u s at 
M a n o a — a n efficient b u t de l ight ful se t t ing for 
scientific in terac t ion . T h e w o r k s h o p was 
u n i q u e in tha t solar physicists a n d m a g n e t o ­
spher ic physicists, a b o u t 25 f rom each g r o u p , 
g a t h e r e d t o g e t h e r in a single con fe rence hall 
to discuss practically all aspects of bo th solar 
flares a n d m a g n e t o s p h e r i c subs to rms . Partici­
pan t s c a m e f rom Austra l ia , G e r m a n y , J a p a n , 
Scot land, Sweden , Swi tzer land a n d t h e Uni t ­
ed States. 

T h i s confe rence was conceived by s o m e of 
the par t ic ipants in t he 1988 Yosemite Confe r ­
ence , " O u t s t a n d i n g P r o b l e m s in Solar System 
Plasma Physics," i nc lud ing Syun Akasofu, 
R ichard Canfield, J o e Kan , B . C. Low, a n d 
Pe te r S tu r rock . It b e c a m e clear at tha t mee t ­
ing tha t t h e a p p a r e n t similarity be tween 
flares a n d t h e subs to rms p r e s e n t e d a chal­
l enge to bo th solar physicists a n d m a g n e t o ­
spher ic physicists. In add i t i on to this specific 
cha l lenge , it was t h o u g h t t ha t it would be 
profi table to b r o a d e n o u r u n d e r s t a n d i n g of 
t he work ings of solar system p lasma physics 
regard less of w h e r e t he p l a sma is located. 

T h e basic idea b e h i n d t h e w o r k s h o p was to 
try to u n d e r s t a n d w h e t h e r o r no t t h e r e is a 
f u n d a m e n t a l m o d e of e l ec t romagne t i c e n e r g y 
g e n e r a t i o n a n d s u b s e q u e n t d iss ipat ion tha t is 

c o m m o n to solar flares to m a g n e t o s p h e r i c 
subs to rms , b u t m a n y i m p o r t a n t subsidiary 
ques t ions also p r e s e n t e d themse lves to par t ic­
ipants . 

T h e scope of t he w o r k s h o p can be in fe r r ed 
f rom the session titles: (1) overview of flares 
a n d subs to rms ; (2) flare e n e r g y b u i l d - u p a n d 
subs to rm e n e r g y supply ; (3) flare e n e r g y re­
lease a n d subs to r m e n e r g y diss ipat ion; (4) 
mass mot ions : solar a n d m a g n e t o s p h e r i c ; (5) 
flare accelera t ion, d o u b l e layers, a n d a u r o r a l 
potent ia l s t ruc tu re s ; a n d (6) solar r ad io emis­
sion a n d a u r o r a l k i lometr ic r ad ia t ion . T h e s e 
a r e gene ra l a r eas for possible c o m m o n phys­
ics to exist in flares a n d subs to rms . 

Several a reas of possible c o m m o n physics 
were discussed d u r i n g the w o r k s h o p . E m p h a ­
ses were p laced no t only o n t h e commona l i ty , 
bu t also o n t h e d i f ference be tween the solar 
flares a n d t h e m a g n e t o s p h e r i c subs to rms . A 
brief s u m m a r y of possible a reas of c o m m o n 
physics is g iven below, (i) A well-recognized 
a rea of c o m m o n physics be tween flares a n d 
subs to rms is t h e r econnec t ion process . How­
ever, o n e n e e d s to k e e p in m i n d the possible 
difference be tween collisionless r econnec t ion 
in the m a g n e t o s p h e r e a n d collisional recon­
nect ion in t he solar co rona , (ii) T h e exis tence 
of field-aligned poten t ia l d r o p a l o n g the au­
rora l field l ines have been well es tabl ished 
d u r i n g subs to rms . T h e possibility for field-
a l igned poten t ia l d r o p to exist in t he corona l 
loop associated with solar flares is b e g i n n i n g 
to receive t h e a t t en t ion of solar physicists, (iii) 
D y n a m o process m u s t be respons ib le for gen­
e ra t i ng t he e l ec t romagne t i c e n e r g y c o n s u m e d 
in solar flares a n d m a g n e t o s p h e r i c subs to rms . 
However , t he d y n a m o process for flares is 
o p e r a t i n g u n d e r very d i f ferent cond i t ions 
c o m p a r e d with t h e d y n a m o process for sub­
s torms . T h e d y n a m o reg ion for flares is locat­
ed in the part ial ly ionized p h o t o s p h e r e a n d 
the fully ionized p l a sma in t he convect ion 
zone d r iven by t h e r m a l e x p a n s i o n a n d con­
tract ion, while t h e d y n a m o reg ion for sub­
s to rms is in t h e magne to ta i l d r i v e n by t h e so­
lar wind, (iv) Similari ty be tween t h e p lasmoid 
in the magne to ta i l a n d the co rona l mass ejec­
tion is a n o t h e r a r ea of possible c o m m o n 
physics. However , p lasmoids a r e observed to 
occur after t h e onse t of subs to rms , while cor­
onal mass ejections a r e believed to occur be­
fore the onse t of flares, (v) Rad io emissions 
a re p r o d u c e d in flares a n d subs to rms . T h e 
au ro ra l k i lometr ic rad ia t ion is p r o d u c e d by 
the a u r o r a l accelera t ion process in t h e field-
al igned potent ia l d r o p reg ion a l o n g a u r o r a l 
field lines. N o n e of the p r o p o s e d mechan i sms 
for r ad io emiss ions f rom t h e S u n d e p e n d s di­
rectly o n field-aligned potent ia l d r o p s . How­
ever , such d r o p s may occur , a n d it is t he re ­
fore possible t ha t t he m e c h a n i s m s responsible 
for ki lometr ic r ad io emission f rom the sub­
s to rms could c o n t r i b u t e to r ad io emission 
f rom flares. T h e above s u m m a r y is a part ial 
list of a reas tha t shou ld be of c o m m o n inter­
est to bo th solar physicists a n d space physi­
cists. T h e u n i q u e n e s s of flares a n d subs to rms 
should be e m p h a s i z e d be fo re the i r c o m m o n ­
ality can be fully app rec i a t ed . 

Each session was lively f rom t h e beg inn ing . 
Each speake r was i n t e r r u p t e d by ques t ions— 
o n the ave rage p e r h a p s m o r e t h a n 10-20 
t imes—to exp la in j a r g o n a n d clarify concepts 
for n o n e x p e r t s . Given this process , t h e r e was 
n o p r o b l e m for specialists of t he two g r o u p s 
in u n d e r s t a n d i n g each o t h e r . 

T h e final session, cha i r ed by Pe te r Stur-
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