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SECTION 1 

INTRODUCTION 

The more s i g n i f i c a n t  aspec ts  of  the  r ecen t  con t r ibu t ions  reviewed 

inc lude  the  fol lowing:  (1) The average atmospheric temperature  and m a s s  

d e n s i t y  i n  the  i so thermal  region above 200 t o  300 km are both lower than  

corresponding va lues  observed during t h e  IGY,  and both p r o p e r t i e s  have 

s i g n i f i c a n t  shor t - te rm temporal v a r i a t i o n s ;  (2) The 70  - 100 k i lometer  

temperature  p r o f i l e  through t h e  mesopause has  been accu ra t e ly  measured 

f o r  t h e  f i r s t  time; 

dominance (where atomic oxygen comprises 50% o r  more of t h e  t o t a l  atmo- 

sphe re )  has  been observed to be much lower than  t h a t  gene ra l ly  assumed 

immediately a f t e r  t h e  IGY; 

dominalit atmospheric c o n s t i t u e n t  f o r  a l imi t ed  a l t i t u d e  r eg ion  between 

t h e  reg ion  of atomic oxygen dominance and t h e  reg ion  of hydrogen domin- 

ance ;  (5) Winds are being measured s y n o p t i c a l l y  up t o  70 km a l t i t u d e ;  

( 6 )  A 1962 U. S. Standard Atmosphere t o  700 km a l t i t u d e  has  been i s s u e d ;  

it r e f l e c t s  t h e  new temperature  and d e n s i t y  d a t a  bu t  w a s  prepared t o o  

(3) The base of t h e  a l t i t u d e  reg ion  of  atomic oxygen 

(4) H e l i u m  has  been recognized as being t h e  
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SECTION 2 

TEMPERATURE, PRESSURE AND DENSITY 

Two significant direct-probing satellite experiments serve to 

corroborate independently the satellite-drag densities reported separ- 

ately by Jacchia (1963). These are ionization-gauge observations (McIsaac 

et al. 1962), and microphone-gauge observations (Sharp et al. 1962). 

The latter indicated a 4 : l  diurnal variation in density at 550 km for 

Wallops Island latitudes and was in agreement with simultaneous satellite- 

drag results. 

A rocket-grenade, sound-velocity experiment (Stroud et al. 1960) 

has detected large seasonal variations in temperature at Fort Churchill 

up to the temperature minimum at 80 mm altitude, and unpublished results 

of the same experiment show winter conditions above Wallops Island to be 

similar to simultaneously observed Fort Churchill conditions. 

ture and the related pressure-and density-altitude profiles were observed 

at Fort Churchill by the pitot-static-tube method (Ainsworth et al. 1961). 

Ainsworth's detailed and very accurate data provided a degree of fine 

structure in temperature from 30 to 110 km altitude not previously 

available. (Nordberg and Stroud 1961) measuring November temperatures 

Tempera- 
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to about 80 km over Guam found little difference from the average White 

Sands values. A simple and relatively inexpensive rocket-sonde system 

has provided synoptic observations of temperatures up to about 48 km 

altitude (Joint Sci. Adv. Group to Met. Rocket Net. 1961). 

High-altitude temperatures have also been inferred from measure- 

ments of the following: 

Electron temperatures in certain altitude regions where 

thermal equilibrium is believed to exist in the quiet 

ionosphere, (Brace et al. 1962), (Serbu et al. 1961), 

Spencer et al. 1962). 

The altitude rate of decrease of natural log of electron 

number densities (Bauer 1962) above the F maximum. 

The temperature of molecular and atomic ions (Nagy et al. 

1962); (Bauer & Bourdeau 1962); and 

2 

Spectral observations of emission lines from sodium vapor 

ejected into the upper atmosphere (Blamont 1962). (Blamont 

1962) shows temperature above Wallops Island at altitudes 

from 210 to 420 km to be isothermal at 950 + 100°K. - 

The results of all the above measurements generally have been to 

confirm the existence of an isothermal region above about 300 km with a 

varying temperature which depends on time of day and upon other condi- 

t ions. 
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SECTION 3 

COMPOS ITION 

Rocket measurements of atmospheric composition have been performed 

by means of ,neutral-particle as well as charged-particle mass spectro- 

I meters, and ultraviolet monochr.omators. Composition'has also been infer- 

red from observations of electron and ion densities. 

From measurement of the neutral particle ratio A/N Meadows and 
2 * 

Townsend (1960) showed diffusive separation to occur in the 100 to 120 

km region. 

Johnson and Holmes (1960) and Johnson (1961), and Taylor and 

Brinton (1961) reporting on ion composition from radio frequency mass 

spectrometer observations over Fort Churchill and Wallops Island respec- 

tiuely all report major ion constituents to be 16+, 30+, and 32 

while ions of atomic mass 14+, 18+, and 28 

stituents. 

+ 
AMU, 

+ were detected as minor con- 

Schaefer (1961), (1962), using a massenfilter has reported values 

of 0/02 ratio of 0.5 at 110 km, 1.2  at 120 km and 2 at 130 km altitude, 

and claims these results to be in general agreement with ultraviolet 

absorption results reported by Kupperian et al. (1968). 
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Hinteregger (1962) analyzing his extreme ultraviolet monochromator 

measurements reports atomic nitrogen to be a minor atmospheric constit- 

uent below 225 km altitude, and h i s  data shows that atomic oxygen becomes 

the dominant atmospheric constituent above approximately 150 km alti- 

tude. 

These results by Kupperian et al., Hinteregger, and Schaefer appear 

to confirm each other, and can be expected to markedly change the mole- 

cular weight and temperature-altitude profile of current model atmospheres. 
* 

Hanson and McKibbin (1961) have shown, from ion trap measurements 

of ion number density to 700 km, that above 350 km these data could rep- 

resent mass 16 ions at a constant temperature of 1240 K. The predomin- 

ante of 0 

data by Bourdeau et al. (1961). 

+ 0 

+ in this altitude region was also derived from Explorer VPII 

Following the suggestion by Nicolet in April 1961, published in 

1962, that.a region of helium dominance between 750 and 1500 km could 

explain the Echo Satellite performance and that such an atmosphere could 

be demonstrated to exist on the basis of diffusive separation (Nicolet 

1961), (Sauerman & Herzog 1961), various investigators began looking for 

helium specifically. 

Ion density data to 5500 km (Hale 1961) were interpreted by Hanson 

(1962) as indicating the following: 

1200 km altitude, He ions from 1200 to 3400 km, and H ion (protons) 

a predominance of O+ ions up to 

+ i- 
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above 3400 km. Bourdeau et al. (1962a), (1962b), substantiated the 

Hanson finding by obtaining a value of 1.3 - + .03 for He /O 
by direct sampling techniques. 

He+ ions directly with an RF mass spectrometer found significant quanti- 

ties of both ions from 400 to 940 km. 

+ +  at 1630 km 
Taylor et al. (1962) measuring H+ and 

Bauer (1962 & 1962) suggests that the thickness of the helium ion 

belt varies with temperature from 2000 km at 1600°K to about 200 km at 

600°K. 

reported by Bourdeau (1962). 

This has been corroborated by recent experimental data being 

Unfortunately no direct measurements of neutral He and hydrogen 

have yet been made. 
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SECTION 4 

During t h e  p a s t  t h r e e  yea r s  winds have been measured synop t i ca l ly  

f o r  t h e  f i r s t  t i m e  t o  a l t i t u d e s  of 7 0  km ( Jo in t  S c i .  Adv. Grp. t o  t h e  

M e t .  Rocket N e t .  1961) by means of radar t r ack ing  of c h a f f ,  s i l v e r e d  

ba l loons  and parachutes  (Rapp 1960), (Jenkins  1962) ejected from hund- 

r eds  of s m a l l  inexpensive rocke ts  launched i n  coordinated series from 

several North American launch sites (Smith 1960, 1962), (Masterson e t  a l .  

1961) and (Keegan 1962). The data i s  c e n t r a l l y  c o l l e c t e d  and d i s t r i b u t e d  

by t h e  Meteorological  Rocket Network Committee f o r  a n a l y s i s  (Bat ten 1961), 

(Appleman 1962). 

A t  h ighe r  a l t i t u d e s  up t o  about 200 km, wind measurements are no t  

y e t  r o u t i n e  but  have g r e a t l y  increased i n  number. The s e v e r a l  methods 

employed inc lude  rocke t  grenades ( t o  a l t i t u d e s  of about 90 km) (Stroud 

e t  a l .  1960), (Nordberg and Stroud 1961), t r a c k i n g  of rocke t  exhaus t  

t ra i ls  ( t o  140 lan) (Woodbridge 1962), (Aufm Kampe e t  a l .  1962), (Poctzchke 

H) and o t h e r  e s p e c i a l l y  formed vapor t ra i ls  usua l ly  of a l k a l i  m e t a l s  

(Manring e t  a l .  1961), and one p i t o t  s t a t i c  tube  experiment (Ainsworth 

e t  a l .  1961). 
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Among t h e  more s i g n i f i c a n t  developments has  been t h e  series of 

coordinated observa t ions  by t h e  s a m e  method a t  var ious  l o c a t i o n s  (GCA 

1962) and by var ious  methods a t  the same l o c a t i o n  (Nordberg and Smith 

1962). Winds deduced from t h e s e  d a t a  compare favorably (Manring e t  a l .  

1962). I n  November-December 1962 e i g h t  rocket-launch s i tes  around t h e  

world w e r e  used f o r  t h e  launching of 23 h i g h - a l t i t u d e  r o c k e t s  with sodium- 

vapor and grenade payloads i n  a cooperat ive e f f o r t  t o  e s t a b l i s h  g loba l  

wind s t r u c t u r e .  Sound-grenade rockets  w e r e  launched n e a r l y  s imultane-  

ous ly  from Wallops I s l and ,  F o r t  Churchi l l ,  and A u s t r a l i a .  D a t a  from 

t h i s  opera t ion  i s  not  y e t  ava i l ab le .  

0 

Although not  enough d a t a  e x i s t s  t o  c o n s t r u c t  c i r c u l a t i o n  systems 

i n  t h e  atmosphere above 70 km, the  s e v e r a l  experiments have measured 

o t h e r  i n t e r e s t i n g  though not  completely understood phenomena. These 

inc lude  high and p e r s i s t e n t  wind s h e a r s  i n  t h e  reg ion  around 100 km 

a l t i t u d e ,  wind v e l o c i t i e s  i n  excess of 100 meters p e r  second above t h e  

s h e a r  region,  and turbulence below t h i s  s h e a r  reg ion  (Blamont and J a g e r  

1962), (Cote 1962). The circumpolar v o r t e x  c h a r a c t e r i s t i c  of high l a t i -  

tude  winter t ime condi t ions  has  been observed t o  p e n e t r a t e  as f a r  south  

as Wallops Island 3 8 O N  i n  February 1961 (Nordberg and Smith 1962). 
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