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Studies of Altitude Distribution of Earth’s Atmosphere Density
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Abstract The influence of various factors, including the number density of the atmospheric components and the al-
titude dependence of the gravity acceleration on the Altitude Distribution Rule of the atmosphere density was analytically
and experimentally studied, based on the exteneded version of the Mass Spectrometer Incoherent Scatter model ( MSISE-
1990)and the experimental data available. Qur conclusions are as follows: ( | ) The experimental results on the basis of
MSISE-1990 show that Boltzmann energy distribution is valid only at the altitude ranging from several to tens of kilome-
ters, when the number density of the atmospheric gas phase molecules is considered. ( ii ) When the variation of the gravi-
ty acceleration with altitude is considered, since the integral of the total gas molecule number diverges, its upper radial
limit should be within hundreds of times of the radius of the Earth; however, omission of the altitude variations of the grav-
ity acceleration removes the upper limits of the integral. ( iii ) When variation in the gravity acceleration is considered,
there is a discrepancy between the physical and mathematical values of the atmosphere number densities at the infinite
height. (iV) The modification made by Da Daoan et. al. succeeded in eliminating the integral divergence and the discrep-
ancy between the physical and mathematical resuts. In addition, their modified model provides good results in the range of
realistic interest.

| Keywords Distribution of the atmosphere density with altitude , Atmosphere molecule total amount , Boltzmann en-
ergy distribution law, Atmosphere model MSISE-1990
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Fig.2 Actually measured atmosphere density around the space-
ship ”Shenzhou” No.4 versus time
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No.4 versus time (with atmosphere model MSISE-1990
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components versus altitude at universal time 2000-04-
01-14; 00, latitude O deg., longitude 0 deg. (with
MSISE-1990 and calculated with Boltzmann energy dis-
tribution law)

3 HEZBHERSTHREANBEEE
BEZESHRBSMEKERARESKOHYHE
Eﬁ*(’

3.1 MHASHEBENKM
3.1.1 KXSEHR

B & 483 N,,0,,He, Ar HB{E- 2 S B4
BSHKB®EE S A MSISE-1990 #4525 %
ERLE, WA S5 R, BREASRIEERS T

HWAEZT 25 0.5 R,
100} _
g 10°r 1aﬁt2wF0°,1o;;:u£2=0°

2. 104F  F10.7(daily)y=225.1Wm¥/Hz

c:g 103 |F10.7(3-month average)=189.0Wm?*/Hz

2 1021 ap(dmly)=l3..(.)_ -
10' B ' . )

100 pdii e

10 ;

‘e 102}
10°

1 100 1000

10
altitude/km

B5 N,,0,,He,Ar HB{H K SERO MRS HHEE
JE 5 1 MSISE-1990 #2048 2 i) B0 BE I LU (PR R
Bk

Fig.5 Distributions of the Number density ratio of N,, 0,, He,

Ar versus altitude between calculated with Boltzmann en-
ergy distribution law and with MSISE-1990

XTHERE 1 F1E 5 5 LLF R, N, £ 26km LA F .0,
¥ 64km LAF \He 7E 8km DA F \Ar 7E 45km DL FiZ H
EHEAREAT2M0.5 HRBERZE, HRER,

ST R EREN HERBESHEXSAS
BEENHERRI BT LSRRI HTRTHN
$o# BE 5 MSISE-1990 AR BB EFEHEAE
MERE AR LSRN HEITEREE, X 0,
th HGE R T At 3 e 24K , X Ar HGER T
MR REZ R, 0 N, REA T A ERIRREZ
&%, %t He ERBAFHREER R, Il L
B, HEE LSRR S AR BEERE R
B MSISE-1990 RAB B WP HFE

R, ROKSBS BB ER, LS
BEARRGERTILARZILTARREUARS
FERKBBLHBERFEERS FANEER
& BRI O, H,N SEFESME),

3.1.2 EREL
EHEER L, B (7) TS BIERER SO X
BRELS FRREE ne.: -
Rew = n,oe_'°" (10)
B



| BRI o s BROR SO0 BE R G BE A LR 3 5

nr GMm 1
-0 _ i
g = 7okT Tnl0 (1)

AKX ATLER, EHERAL, n. AAF,

x10"Bkg, \FE 4 B3], EH N, BE R 1.904 x
10°-m~3, % EBIMBRAFE(SHE 0°)FHEE 1 =

6.378 x 10°m, FRH R (11)83] Ig :— = 304.4949,

B one =3 2n 10304-6 1x10"2.m~3, RATHIH,

AEBERRBWTFHEEN 1.5x 1009864, 1 %
FETF 9.4605 x 107 em, Z L FHIEREENRE
BHEALRERZD M FHER, W ER n.fE
HYF 1M FEHFRAE 1NN, 4 F. BRI
MK (10) W% X LE, B 3R .0 TR B b4
FHRREEANT, MLk L 5BRAZEN.,

3.2 HNRITSFENEMN

kﬁﬁw&i&ﬁ@w%ﬁﬁm%ﬁﬁ%ﬁﬁ

NH- J 41t(r0 + h) nhdh (12)

AP H NEERE, Ny WA E R 2 HER R
T =,

XE 4 BT MSISE-1990 BRI M B H % &€
RERA A R HE N, 0y He A, BUKBERE R LA
b, RER () HTRERY , R0 6 Fim.

j‘,: 104
g0
g 102f
“6 104]

104}
|

g 1038 / —He -----He(Boltzmann)

‘3 107

1 10 100 1000
altitude/km
BH6 N,,0,,He, A, NHITH B ERENRITAHTHRA

MSISE-1990 BB M HE S MBI HHRETH)
Fig.6  Accumulative molecule count of N,, O,, He, A, from

ground to appointed altitude(with MSISE-1990 and with
Boltzmann energy distribution law)

HnP 6 7% Fil MSISE-1990 783 1000 km & B
R FEREES FEE, BB AR ER
HAaFREELS FRBMNE 4L, 835 F MSISE-
1990 BAMHFE LSRRI AEIHNNER,

mE 7 Fim. NE7ALUES, By LBRBRTER
3km, WHE T RIF 4 FHE SEEFFEHEN
9%, NETETTUER, LEETHEEZSRE
BAHARFHNETSFRSEZ FREEWES
KX N, 7 99.7% ,%F 0, 7 88.5% , %t He 4 278%,
Xt Ar % 71.8% o

2 te00p He(Boltzmann)

2

Qe

g % -~---N,(Boltzmann)

a3 . N0, HeAr

gg 100} ¥

% ; """""" oz(letzmalm)

;E : | A - Ar(Boltzmann)

g

] ‘ ;

B 00 100 1000
altltude/km

B7 ARRERTFRSESSFEROE S
MSISE-1990 REIF BB H 4 BB OHRIH)
Fig.7  Percent el to the ratio between the accumulative
molecule count and the real total molecule number
(with MSISE-1990 and with Boltzmann energy distribu-
tion law)

HFRSEBRIATERN 31km, i O, N, H 7
73km DAF P30 B B R PR T 2 B, TR
THN,,0,,Ar, He B HEERIFZBEL, FTUARK
FEEEA BB R A TR, C2ARES
2 0,N,H K%M,

BT O,N,H W EMEED T BARYUE
HHEZSBENE, HILEMER O,N,H M
R EREN R TR, W E 2R REHEE
ZEREI MR,

3.3 HEBEYHEE

o R=rg+H (13)

RH: R ANHRFOBEERE H AHER,
¥R (7) ARE)ARIRAR(12),153.

Ng = 41r0r0n,f (To) "( l)dr (14)
ﬁEP'NR=NHo

xaammEs( =) o manm

PR BRI BB LR )BE r/ro AEALINE 8 FT7R o
MESTTLER, ERFRAL, Y r—> o,

r\? 3#(2.)
ROOUBEH( L) 7 oo, BTN B
B, IABE 8 1830, 2 r/ro =351 4, BOBREEHABI



6 HEZ B %5 8% R ¥ # BNE
T o . BAMERED 21 HEK4SR, AMIERAKX17) T
g sop>~— g RER (D RRIEL FHREFRREHEL. R
2 Igf(riryPetabarerein) i , B J 3R B R ALY , TORR R AL EE AT
8 200} BAF B, KA AMUAERIBEER L n.
£ 2 FNBEFE TERE h<r 85, RODHKN
8 350} 0, REBK,
g:gg Y 4.1.2 WRITHFHARM
g 10° 100 10* 10° 10° 10° 107 AAARMAKXONBEKN N, FoEEERE

rir,

B8 K(14)BHREANHE AXEEE r/ro BB
Fig.8 Logarithm plot of the integrand in formula (14)

versus /g

{B,0 ro XL 8 2.9 107532 —, TiIME 4 183,
EH N, BEN1.94x105-m™3, F£,HR(7)8
B, % F Np, 2 r/rg=351 4k, n,=5.3x10"78m73,
BRI HRFZEBRIY 6.298 x 10°m’, AL
BN R 2.23x 10m, B, ZAEHKKEE LR B

sewnsl. i [ () F 0 wmn

LERA AR %3“%9‘37( i ELXF N, AR
T/r0—3510

4 MEBEZSEBRSITRERATENLF

412
4.1 ZBENNEEREMEEL
WETFGR , X FHE RSB R R, ﬁ
B SREMHE{GERATIARZILHAERE
IR FASEK, B F hery, R3) T LA RN :
€p=mgh (15)
Hep
g= %:—l (16)
A g HHLERE ST NEE
F, (AL R: -
np = noeu (17)
4.1.1 XEREWLBEELHENE
SR, ADEFEIRXONT)WEGR h<ry, B
MEEER R iR 7R AT AR BIBE IR .0 T
RELHTFRBEE n. =0, HBEXR, XHFHRE
R (10)EHEERE n. AHFNAITZE,
i, ER I, REFHAE I hEREE 17
HaERERT N 9 HEHEELSREFE LS E

BARAR(12) #HTHERS, &R A 9 Fin.

g 104}
8 100}
F
102}
s
5 104
-
g 100 .
a ——N,[with formula(7)]
g) 109} ----N,[with formula(17)]
g 1038 L 1 1 I It
i 0.01 0.1 1 10 100 1000
altitude/km

A9 ARMBERUBANRHITH
Fig.9 Accumulative molecule count calculated with
formula (7) or (17)

ME 8 W[ LAE D], —EH 3 1000km & K KK 2
T, HE B 7Ee, B AR 7)) BRK (7).
4.1.3 ERBHAOKE
#HR17) RE)FMRINRARK(12),55.
Ry p\2 %ﬂ(l-f)
Ny =41rr%n,J0 ("_0) e 'dr (18)

XTNz,it(m)mﬂwk( ) - ]iFuit(ls)H

wEs( Z) o™V s

-]

g 5.0x1013F lg[(r/r o)ze(ru/r-l)OMm/(roﬂ')]

§ 0.0 =

‘o -5.0x101f

2 1ox104} |

-] 1 5X10"' 18[(r/ro)2e(1-r/ro)nn°/(k1)] ;\

fg -2.0x10" :

20 -2.5x10*r N, [with formula (14)]

g -3.0¢10%; ----N [thh formula(lS)]

E 3 5x1014 5 1 L
10° 100 10° 10° 10° 10® 10%

8 rir,

B 10(a) X N, R (14) A (18) BB R BN 7 FX b
/1y BZEAL
Fig.10(a) Logarithm plot of the integrand in formula (14) or
(18) versus r/rg for N,



M7 BRI : X HUBROR S BB B AL TR 7

BR)FE r/r WALINE 10(2) F1E 10(b) FF7R
ME 10(a)ATAE S, Y r— o i, K (18) B

w(£) e” ohoo, AN R R AIER

h=r-rorg, SEAT r—o, WE 10(b)H7]
UEEL, Y r/rp=20, R(18) FEHREBHREZ LR
() B RS 152 MER,

3 .l

g: _53 — N, [with formula (14)]

£ 100 -~ N, [with formula (18)]

8 .150

o :

S 200

5 .250 _% lg[(r/r o)ze(ru/r-l)GMml(rom]

g -300H

2 350}

g -400 _': lg[(r/ro)ze(“”’ulwo’("’?]

Baspl—e———

& 10° 100 10* 10° 10 10® 102

9 rir,

B 10(b) Xt Ny, X(14) T (18) AR R % FAXT B
/1y BIZEAL (y BURER KA )
Fig.10(b) Logarithm plot of the integrand in formula (14) or
(18) versus 1/ for N, (drawing of partial enlarge-
ment along y axis)

4.2 BEFREEZBERSHE

M, BERED HEN GRS RR SR
FHROKRSEEEREL R (R IRGTTEE, B
RN WEZERELRH R

4.2.1 NERBALMBEAKNE
MBEER L d R (19) 7T AB B BE#ER 0 T
FRE A FHBEE n, =0,

_g 1041
§ 1043 -
g (o0
o 109
o 100
g 104}
5 10Y N, [with formula (7)]
10l -'N,[with formula (17)]
goop N, [with formula (19)]
g 100 ) ‘
# 00T o1 110 100 1000
altitude/km

B BA . KRONHER19) 8RRt FH
Fig.11 Accumulative molecule count with formula (7)),
17) or (19)

4.2.2 X RitSFEHEKMW
AAAR) RO AKX (19)BBH N, JE
B EEARAR (2) #THRERS, SR mAE
11 Fiao
ME 11 7] LE ], — H 2 1000km &K E
W, 8 it 7o, A AR (19)BRR(T).
4.2.3 HNHREBKXI
KR 19) K@) (13)RARK(12), 4%@

2 Gy
NR=41tr%n,j(%) e'o"T( ’ lZir (20)
"o

xm,mmmmﬁ( )" B0 s mem

Ml( ) gfﬂﬁ(zo)mf{&ﬁ( ’0) 2 am(s-)

R R (BB R B BB B B r/ro HORM
WA 12 Biwo

<
g o}
g -50 ~—N,[with formula (14)]
4 100 ---- N;[with formula (18)]
d.sp 000 N, [with formula (20)]
S 200 :
§ 250\ 1gicrin et nommemy
G 3001 e
ol [T e
E 400! lg[(r/r Pecirime, D] Ig[(r,/ry’et |
[T ) —— T
I T T T T T T
° ! rir,

12 %N, 2 (14) K (18) 8K (20) B R H FIXE

BBE r/ro B4

Fig.12 Logarithm plot of the integrand in formula (14), (18)
or (20) versus r/rq for N,

W 12 TUBE], % r— o B, 2 (20) BB

ro\? 3(2.) |
ﬁz(f’) e T 0, X r/rp =2 B, R (14)BBA
PO ZEW r/rg =1 B/ 152 MERE S, Wi M Af R
QOBEHRPN S Z L FRIBESR, AR (14) HR
REIY 6.25 42—,

MR, SEZENEELZESREEI RS
BRI BERERE SR (7) IFERBIE, R
ARERAXLBRT no AATHRIBABSTE
MHLTET B R B B 1 Bt 40 T 3, SRR s B R B
MEE, MEEASREXNEENSHEZERE
BAHGEEEYA.
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47 el , R LR AT A RE R EHER;

Q) RLKIBFHEEERN  KELSBES
HRGERTILARZLTHARRELUNASTE
SE(BEXFERETSERS FANEESK, B
A 0,H,N FFREFHRKE);

(3) % IRE bk BERE R AR, g i
BANERELRSEEEEREER LA AE,
ENEAEMTHESTREED; ZBE M
HEER R EAN, BRA A RBIANIRELK
SEEEERFEALUEAT, EXRELES
D N A F, H A G TR RS BE
FERFEBA LR NFHFE;

(4)ZBEHIMEFEREREELE, ARs i
HEASA T BB R, Btk RN &

A HEREAR s M Ty 0 R B B R R A
SRR ; (5) R EEER R P H MR SHE R
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B BRI, T AR KR EXHEENS
BAEREEYR.
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