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Abstract:

Maments method has been used to replace a
model kinetic.equatian f٥r a rarefied electron
gas by non-linear mDments equAtions. These
equa ions are sDlued by small parameter method
ta get inaight into the behaviaur of the flou for
any degree 0f rarefactian.

The electran qas is cansidered filling the space betveen

tv٥ parallel impermeable n0n-heat canducting planea distance

apart. The upper plane is maving with a canstant velocity

in the x-direction, and is kept at a constant tempera tا( )+

ura T o ه

The lower plane is-ovinq vith velocity (- ( لا and 1s
 ±ح-.

keptat a cbhstant temperature T.. There is an external
٥

magentic inductian B, in the z-direction wuhic is impased

(1)
6١3, ه ه طد

٥n thE system. The momen ts equations of the madel kinetic

e٩at4 ،, ,ه ج[±]

 معر ه ء، ع[د٢. يدلا=٦m-± يجول يج؟. ح٢٥٤-٥٤
 م

awheTe f 1s the distribution function ٥f the carges,

٢'
 ج}y لإ
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the acal Taxvell distri ,utian ا n the density, R is the

y, T theا the caefficient Df viscosiمى ,ss constanLو 

temperature, ', is a function of uelocity,
1

٥f ن و Ehe charges and T its pasition uecLor،

٦c the velocity

٦he momenLs

equati0ns from equatians (l) arE nor.-linear dif ferential

equations and they are solved by using of the small par-

ameter method assuming a 5mall relative temperature Diff-
١ '2erence (k= 1 ( ,ر ث<<1+ betueen the to plates٠

le shell assume also that the Flou occurs viاh a small MacR

numbeF and tha t:

( 8° e -4 )د»»لا%ه٧٥ ج
Fr om dimensional analysis it is clear thaL the induced

magenetic fiEld can be neglec eD ا relativE t٥ the induced

electric Tield E. THe latter is assumed t actم in the

y-direction. It cAn be c0nsidered composing ٥٢ tua fields

E, emerging from electrons for vhieh c. <D and E ercrgingy و

from electrons for vhich c . ر0 The flo٧ velocity ٧ is
 تيy ، جي<،

assne ٥in ذنؤ±ج the w-direction. As for the 'dirLribution

func tiEr f v eن shall use tvo-stream local IAxvellian dis-

. ٠٠ 2tribution func 'ioa ا  و

٢ م -  ر
3
2mج( "ر 

2٦١٤ را e٧ م-}٨
c+مى .:أ ,ء %م-٧٤)+٥ 

 بي3

2m
= و ٥٥(2٦٢RT 2

ex7,°١ م2، ةت,': .أأق: -}م٨
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where n,» T د2٧١٧٦٠ and م T are ر six unknovns
t٥ be deternined from equa tions of type (l),

BoundaEyconditions

3$,٦٠ إ2٠ ,ء-3٠-,4 و• ،5 ,{?م, y 2xن 
٠٠2 and وf مذ takinز%٠ cر% و,؟ =ع٤ 

3=,1 و
9,-

Taking

the form (2) substtuEing in equation (l) ve gets

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠ (3)«, T, = ,T\٨ ج
٨, رآ/(٧-,٧=) ره٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠-٠(4)

eBe£ o 1 ر٣٥٥1٠)4٤-(٨ +ر٨٥) =٤--(٥ ر٧١٣ ج٧=)٠٠٥(5)
5

٤/»٠٦٠٥ -٥ آر٦٣ت-(٧ -زv )ز ره=٠٠٠٠٠٠٠٠٠٠٠٠(6)

dان ay'  ر
3
2

٨٥12

22e8eEه 
،(=٤"e»"ثار ")-لاء٥«٤3 ر(٧ %ر٧ )ج n21٧١15 رو آ

٦٠٠٠ةهف5رهج به./.•• د»

eE k22k22d  ا1 ب؟١m بر- -،.mm و ج":'م] ؤ'%»#±٧f+٠,',0 ٤"ا[د]1#,٠,+٠,1

31e85221 ج٤
٧f,-#· د ي د -[٠ -[لآثام»]٠5'١٧٨٠ 'ء٤+#,3+ د،

• ج,وز#م.. ف: ٤/ إ+»

(9)٠٠٥٥٥٠٠٥٠٠٥٠٠٠٠٠٠٠٠٠٩٥٠

SupplEmented ith Poisson's equation
،e رعه

1"y =-  ة2٤

 م· و م٥ م٠٥٠٥٥٥٥٥٠٠٠٠٠٠٥٠٠(1٥)
e
2٤"

d ٤ و
dy ه
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٧here e is the charge of the electron and the ع dieletri5

consLant Assuming complete mDmen tum and enErgy accomods-

tion at the tua plates the boundary canditions vill be:

v; = ا - رً T ٤ = ٥ at d
0  لا=٤ لا

(11)
٧٥ $ ل-= 1٥ =٦ آ ٤ =ر٥, d0 و n5= n aty=-٠٦D

assuning that n is و given at tHe lover plate.

feEhod ٥f salution:
 د

 ب
Let y=٧ d, ١٢٠ =n, n  ر

011
1 ز٢٦٢٠, و١ o1

١
 =لا ولا ولا

11
١E.=E,B ٧;،i= 1,2 and neglecting terms o٢ order1 1 0

:etو ue(,يل M)4ص،د م 

·{٥ ٤,
٠;٠٠٩٦ إ

٢١٢7٠ -ي
٠7

٥٠٠٠٠٠٠٥٠٠٠٩ ;ن١ {و+

(12)

(13)

d
4٨١٥٠ ر'٦٥٥٦٥)٥٤٢٠٨٠+٨٥) د y

٠;١٤ -إ»١١-٩
-٥ك(٢,٧ ر٥٥٧ =)و٥٠٠٠٠(1٥)

(15)

١١١١D ا٠١١١١-١١2١١٠٣\2 «٣ م ب ء د (=٧٤%nا\+ n-لا) ٧ ز٩٥%"٧+)%6٤(٨٧ %ز٧ )و}F{:5ه y  غد ز

,١١11 16)٠٠٠٠٠٠٠٠٠٠٠٠(n,+n٨,)50=-ج 
١١١١١١١٩١١١١١2١١2d

-(%L زivi٣ ):اء'% 6(n%15+%1 زE 4٨n0 آ+٤i)0زة 
.١١8

٥ 1٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(٦%(n+)ةج.=٦ زم 

e. $.
 -صد د )م

y' 1٩) و· ن«»٠٠٠٠ و و٠٩٩٥٠ م ه1
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dy 8- ا
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1
0 و•٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(19)

o is a measure ofd - - ن-٨٤r ه5 د ةة ،خة/

Tarefaction
eB Ud

٠٥ ia a measure of magnetic field=ز 
٥

is ا.٠٤٦٨ a measure of the induced electricب] ي 
2 ٥ 2o

,ield؟ anD  ه- /م؟63،
Toqether uith the non-dimenional baundary conditions;

·٠٠٠٠٠٠٠(20)
١١١ ؟٥r ر1
٨ آ=و5=٧1٠-=1 ، ي6 =و٥2٥

١

·٠٠٠٠٠٠٠(2l)
١١ 1٩ 7 ١  آ٦=1+ و٧٤=1 و6 ر=٥٢٥٤٧=٦

T٥ salve the system (l2 - 19) e put in it:
١ ')(o)' 3Aم ء (,م 

1 i i ·٠٠٠٠٠٠٠(22)

١
·٠٠٠٠٠٠٠(23)

r'1,,)(٥')ي٤ )
1 1 1

·٠٠٠٠٠٠٠(24)(Y0!(1م (oإ) إ، د 
1± لا

·٠٠٠٠٠٠٠(25)
.٤-! )ه(إ ر.1-8)'e)-٥إل

٤٠ ب،» - لا مم اعذر1

 ذ=1,2

Then, equatinq in bath the aides of the equAtions of the

sysLem termes free of givess(12 ل -19)

·٠٠٠٠٠٠ ٨٠ا٠(26)  )ه( ا )و(٥٤/ )ه(ا
1n-٨ ج2  ر

(27)·٠٠٥٠٤٨٨٠١) ( ١ )ه(١(٥  )ه(ا (لث٥) و
 ر٧21-٧١- د

٢ )ه(له(28) ٢ )ه(ا١(٥)  )ه(· )ه(ا
٥٠٠٠٠21 و +n٦  ر"2
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(29)٨(٥1 [,4@o1 (e»; (إ٥1 »إ.٥) يده»ه
3١- 2-1211

 (ر(يo»!٥ »إo (إ,)ه(إ,)0 إ) ير)ه(1/2SA إ)?(0 ر)(إ,)(30 ر
'2'1١--٠١"2'2'2'1'1dy'1

٤

4-(٨٢(٥١,١4 إ، -%ه»إ,ه( ي8 ه2 (بدده»o)14 ,ه ر«ه(!3 رد
٠0.21y ر+ 1  ة2'

 ء-8({٥١(32)
e'( ( ه

٥٥٥٥٠٠٠٠٠٥٠1
1dy

8٩ ١(٥)
 ع )ه(

(33)2 -
9n٥dy ن٠٨ ،٠٠٠٠٠٠

(34)

(35)

(36)

(37

٠٠٥٨٠٥٠٥٠

(1+ +)ج و٠٠٠٠٠٠٠٠٠ ع )ه'ه

 ، ج('٥ ي.ر) }%ة0 [.ر
y55 ذ لا+ 3

2' ه-
+٤+٢$ ,ر)ه( ('ه٥)

5 ء٠٠٠٠

٥ أة و

٧hich has a solution ٥f te f٥٤m٤

 ر)ه(م2 فد,'s ,)ه('ه
 او د

3521
«« د )ه(''16 )ه(ل ٤=١-٤+3(٥) ج5 ر٧٠٠٠٠٠٠٠٠٠٠٠  ي

٢ ر )عمدة]2 و ,,ه\دة ي ة4 [ة,ه(
3y ل د ه د ، د ن ، كر ، 53522-

 ({ه٥)
2 د

٠٢٥١٠-٤ ,])°(يع2
 أ ه ل ه

22
 أمم(٥-)

 ف ليه(1
2

١(٥)١(٥)١(٥)١(٥)١
('٥ ر ر" را+n, وآ ز16(٥),
١ )ه(١(٥)352 مكإ,=إي,"٠٠ عه.-ه مة ذلا" و»0;

1--٠٠٠٠61352 «ن د )ه(إ8\٨٠ ورله٥s٠ ''ا ق,, إه[°»

 عء ء-٤-] .و -,ر)مهي ي ه»%ة,2 [زد(إي ،
62+y

٧heTe
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(41)- 8

(42)

 لا ء٠ و٠ و٠٠٠٠٠(43)

(44)

(45)

(46)

 (ة2 +)'لا-4++'%
- ز -ج )ه('

 سب لى
2(5+٥ )ة

 )ه(ز )ه(به 2،
 تو ف(٥55-5 ر

_ 2set  رم
35

 ر)ه»'ه
3

 جs رم('ه
35

 )ه(
1
١ - {ه(ح_
2
٦  )ه(_

3

٦
 )ه(ل_

5
١

6l )ه( = 2- 1/2(1--;)

'= 1/2(l -2
 )ه('ل
62

ive the19) وThe coefficients aF 5 in system (12

system of equatians far frist appoximation:

(47)2 2 ا(1) ١(1) T T (ا1) ١(1) 0
٥-٢ و+2-1-٠٠٥٠٠٠٠٠

١١١
(48)٧١(1) (1-)(1) )ه( لا ( n١(1) 1 / 2 T (1) )

2 1 - 1 - 1 1 1 -٠٠

٥ ره(o).)٠(4 )و
٢ ٦ (ا1)١(1) T ا(1) Y (ا1_) (له1) 2 ( 2 ٤'

21 +٢٥٦1 2 - 2

 عج
·٠٠٠٠٠٠٠٠٠٠٠٠(5D)

 (م1) م)(\م, (به1-) ا١
02-1 لآقغ3

$]٠!٠٤0,44٥,4)٤0)٠\%;٠!40)0 إ,4,,1[)» ء
222٠11121dY

5 ,)ه} 'ج ة )ه}{ف ج
.) y +٥} ة

21١
 ه-2[8)(e''0 إ0, إ,4 ,ر) ء [»'ه ردي )ه}١2

12l]=٠2 ي

 (م4,,)0,)٥'+0,) ,وt0), .رايه قد )ه('دة
٧+5-5-٥=21'21

١ )ه({هة ء
(+2 'لا٦٤)٧'٠٠٠٠٠٠٠٠٠٠٠٠(52)

١

١



e (1) ٠١  -يج ؟0,٠)
dy- 1

١(1)
dE, dy م= رم{ه(1)١١ 2
with baundary conDitians
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 ر٥ و و ن٠٠ و٠٠٠٠٠٠٥٠

(53)

(54)

٤٥r2 )(إم,١)0)( )(ج ي٥ = 2 < 2 - 2 = y = 1/2٠٠٠ (55)

٦·(1) ١(1) E و ١(1) 0 for y = 1/2٠٠٠ 1 زلا--1-(56)

The system of equations (47 5 ( ا has the solution:

٠4٥- -ا، وء،د ""جق٧٦- دد
 ي)لا(ا, )م)( )(لف

-55--- l2

2- -ا[·٠٠٠٠٠٠٠٠٠ (ه )(ه ء28'_8)/i )ه('ه(5 )و

١١١2١١ &e)ر()('به}و/ بررة ')ه(' _ا, ج)°(ه8'- ر)ه )( ٧ ر=٠111-1

(57)

(58)

o»_
l -

٩-
 غيد فو.ر.

12 (2+6) • دي٣

(60)

(61)

[3١٠٠-0}
٠ )ه( 12 (إه٥)8 ('يد3-'&)(o ح ر

111

('1)١ ا6 ر&:3'  -ا، و%؟4. "ية ،#-
١6%;1(1) 61-3و(2 )ؤ-لا

Discussion and numerical

'0). إ4)((
61 = 2 ٠

·٠٠٠٠٠٠٠٠٠٠٠(63

le have obtained the folloing analytical expressi6

for the density, temperature, velocity , and electric,

field



 'م=

39-

' )ه(ز¢1).(,٠١١ 1 ---و-5ي- بهج+ وةy' (ا82-
y) ة ({ه٥)١2 -  )و-(1/4

١١(٥)
--' يتهج +'ر)"(هة2)6()-%'٧--+2١T=1م5١١١٥16 ه١2

 ة د اد د اد ن إ، ية] ا,رث٠4s ,)»ه14.[٥, )ه('-١١

١١ 5;٥1٥٤1  يج:+ا ::لجن.:ب:
- [,ر"إ١33¢1

--3-35 'ء١ م٢\ ررج.)ء»'ه ، عي ,)ه»لدة2 -

٠٤»٤ \%ة-٥ ر٠ ج دج
le may note the follouin:

1/4)

 يs ,)('ه
5 3

(1) ١F٥r the number density n(y)

There is a density drop at the lover plate vhichذ( 
- 2'3y3٩)7-ق٠ua1s tه٥ 

 عج. إجي=-
- Itمisرر indepeFdent of the fields and increases vith

ii) For , =ل ه the density varies linearly uith y,

aqreeing vith the carrespanding neutral case.

(IL) F٥r the temperature distribution ue may nate the folloving:

There is a temperature jump at the tvo platesذ( 

1 ±(و1/2±=)٦(5+ ا5ة و لا

It is independent of the fields and decreases uitH5"

ln the continum case ( ج50) it vanishes.



 ي40{•

ii) For the neutral case T ٧aries linearly uith y.

F٥r charged case T decreases vith y to a minimum

alue then increaes. It is larger aL any point

for the neutral case than thaE for the chargeD

caSe  ء

(I11) F٥٢ the mean velacity ve may note the Follouing:
3) There is a slip velocity at the tu0 platEs

٧ (+ 1/2)= + 1-٧(+ 1/2), the magritude
 ع ، ه د

٥f the slip elocity at the louer plate is

larger in the neutral case than that for the

charged case. For thecharged case the slip

elocity decreases uitH [, and for both cases
it decreases vith and ح uanishes as 5 . ج ه

i ( ذ At any point the magnitude of velocity is larger

for the neutral case.
١٠٠The ه1) non-dimensiona1 shear stress  =,م )"}بمت6 أضب

Xy.مجم 
(I٧)

it decreases vith·ي ب م 
is يند· و٣--٠ cBnstant aFd ،we may note

٥ ءn ه'$٠
٨٦٨٥ea٤ 4٦ux veetor i٥ ر{ك,=ه cons tant

and is independent ٥f the fields. It decreases i ا

(٧)

and. vanishes in the continuum limit.

 «ا
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