-

THE NEPALI
MATHEMATICAL SCIENCES

REPORT

INSTITUTE OF SCIENCE
DEAN'S OFFICE
TRIBHUVAN UNIVERSITY
KIRTIPUR -

NEPAL

" .

VOLUME 5 NO 2

JULY 1980






THE NEPALI

MATHEMATICAL SCIENCES
REPORT

Editorial Board ;

D.R. Bajracharya g J.

(Chief Editor) PR &

. R RO g

G. Feeman be,’l!hat.tarﬂ}\f/ | ,;_-"-‘:;‘
S.K. Shrestha R.M. Shrestha i
M B. Singh B.S. Rajbanshi

INSTITUTE OF SCIENCE
DEAN'S OFFICE
TRIBHUVAN UMNIVERSITY
KIRTIPUR
NEPAL



Contents

Hydromagnetic Pulsating Flow of Visco-
Elastic Fluid Between two Parallel Surfaces

= Y.R. Sthapit ... ens o S alals oals

Flow of Walters Liquid B' Through Contracting
and Expanding Cylinder
- R.P. Gupta A e S .as e “

Convergence and Inversion of an Integral
Transform
= S.N. Rajbhandari ... ... .., ... ..

GeneraliZed Logarithmic Mean of an Entire
Dirichlet Series
- Satendra Kumar Vaish waw e " o

Some Deterministic Population Models and
Ultimate Population Size for Nepal
- M.L. Singh ... S e R

On Geometric Nearfields.
= Hom Nath Bhattarai ... vi's Sy cem

Glossary

55

63

69

75

87



R RRRRRRRRRRRREREREEEEEE———

Nep. Math. Se. Rep.
Vel. 5, No. 2 (1980), 51-54

Hydromagnetic Pulsating Flow of Visco-FElastic Fluid
Between two Parallel Surfaces

Y.R. Sthapit
Astract

The exact solution for unsteady flow of an incompressible viseo- I
#lastic (Bevlin-Ericksen madel) conducting fluid between two parallel
#srfsces with oscillating pressure gradient in time is obtained in the
Fresence of uniform transverse magnetic field.

i. istroduction
Sl L ANIFL

The exact solution for unsteady flow of an incompressible viscous
Fluid between two parallel surfaces with oscillating pressure gradient
i time has been obtained in [1]. This analysis has been extended by the
ssthor [3] for the case of unsteady £low of an incompressible viscous
eoadecting fluid between two non-conducting parallel surfaces in the
1 Fresence of uniform transverse magnetic field. In the present note, we
WEEeSe the analysis further to visco-elastic (Revlin-Erickson model) |
fizid.

2. Eguations and Solution '

' Lot @ be the component of velecity in the direction of x~axis, A ]

] Sagaetic field of uniform strength Hy is applied in the direction of (
FUEELs taken perpendicular to Both the surfaces which are placed at y=#a.
Sagoetic field may be neglected by assuming the conduetivity of

She flsid to be very small. All the parameters are independent of x

Exsept the pressure since the plates are infinite. The pressure gradient

A% stsemed to oscillate in time in the direction of x-axis. The only

SeSESess cemponent of velocity will be u(y,t). The governing equation

Sescritieg the flov of an incompressible conducting visco-elastic fluid

W8 S8e peesence of uniform transverse magnetic field [2] is ‘

2 2 2

34 ® - 1 ¥ G uy _eBou

W EN e =7 |
Ay ay

Whesw W is the kinemaric viscosity, @ the kinematic visco-elasticity, |
¥ The presscre, /7, the density of the fluid, g, the electrical conduc— ;
tisity aod B, - prcliy, (constant), the component of electro-magnetic in-

axcTim.

The domndary Pooditions are
| -y #fa.g) = uf-a,t) =0, ¢t >o.

hs im tl] t8e pressure gradient and the non-zero component of velocity
‘ 5% sassmed o be of the form
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n = 3
(3) B~ xe [?x exp(int))
and
(4) uly,t) = ll:'e\'gr(y) axp{int)] s
where P, is a constant, which represents the magnitude of pressure gra-

dient oscillation. Substituting (3) and (4) in (1) we get the following
non-homogeneous differential equation

2 P
(5 L8P uy) = —2,
dy (1 +px)
where s
2 m + 'Ez 2 _in 'Bo
5§ = e k™ = 73 and m = 2V °
1 +pBk

The corresponding boundary conditions are
(6) wla,t) = w(=a,t) = 0, t 0.

The solution of (5) subject to the boundary conditiomns (6) is

h Sy
wiy) = = [c - 1
PP+ }2) ch Sa ],
where ch® stands for cosh8.

Thus the solution for uly,t) is

) 4
o X ch Sy _ .
uly,t) = Re ( o kzj. o i] up(mt)) :

For B=0, m # 0, we get

=

uly,t) = Re | - e 3 ch (m + kz)iy - ﬂ exp(int)’)
Paulm + k%) Leh (ll-l-k)ia

which is the solution obtained in {3 ] for hydromagnetic pulsating flow
betyeen two non-conducting parallel surfaces.

For m =0, B¢ 0, we get

P 2.-4
uly,t) = Re| —= (‘-’h' R k) % s ;] exp(iut))
' A Lch k@ + &) i, - ;

T it

£ pEd



2

Y.R. Sthapit 53

w8ich is the solution for the flow of non-conducting visco-elastic fluid
Setween two parallel surfaces with oscillating pressure gradient in time.

Farm=0, p-o,veget

Px ch k -
wiy,c) = Re(;;z- ?h—‘i;z = 1] exp(inl:)

ip o GRydy
=Ref| —%X |1 - T ei_rp(i-nt))
(f'n [ ch (%) 'a] 4

Whish s the solution for the flow of viscous incompressible non-conduct-
S5y fleid between two parallel surfaces with oscillating pressure gra-
SSemr i= vime (1, pp. 237).

l:h-lﬁmt
T8e suthor is thankful to the referee for his fruitful comment.

ixdrre=ces

§1) Sesrie, I.C.. Fundamental mechanics of fluids, McGraw-Hill, Inec.,
1974.

$2] mevlin, R.S. and Erickson, J.L., Rat. Mech. Analysis, 4 (1955),
323.

D) Schapic, Y.8., Nep. Math. Sci. Rep., 5, No. 1 (1980), 5.

Fathematics Instruction Committee
Smsricste of Science

Ristigur Caspus

Trishovan University

fatbmandu, Nepal.



ol :
liguig 3 hasg gathered pregse momen tupy because of their clpge Tesemblance
Witk reg) fluids 1ika blood_ and high polymer solution, The Present
Seenatigasion dealing yipp the Study of elnstico-‘-.viseaus Walters liquig

radiaj Motion. Qur aim, here, ig to study above PTroblem for Elastico-
1205 Walters liquid B! with shore Memories,

The constitutive €quation [2] for Walters 1iquig g with short
is
& ik
’ --pgik+2%eik—21€°'-§—:-;:—-

where a: - l{\f.:+\',:ﬁnd 'V].i-s the limiting viscosi'l:y, Ei) the metric

tensor wirh Tespect g fixed €o~ordinata system, -ko_ the elastie pPara-
Beter, ¢! the velocity Vector, 4 dan‘o‘tes-:he Convicted derivative of
% tensor quantity for any Contravarjent tensor pik and is piven by

ik ik - ;
!‘h‘ . ';bt . “mbl:_bm-uk_bmkvl .
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Formulation of the Problem

In cylindrical polar co-ordinates '(_1;, 8, 2) with z - axis along the
axis of the cylinder it can be shown that the flow of Walters liquid B'
with short memories, satisfies the following equations of contipuity and
motion '

)y LB,

ar z
@ %%%%%avﬁiia_:fx%]_
]
K°[‘§E{ai; For %-zg"r_;}+ |
|
- gbRER-5-

3) L:*“%*“:’Z"%%E* $+%‘—:]—Ku[%{§‘i+
.1.%-}%—{(3335 o N
-$ - alo}- Ak a2
ar‘az 2 ar

where u is the radial velocity, w the axial velocity and transverse
velocity is assumed zero.

The contraction velocity is function of time only as radius of the
eylinder varies with time and is equal to _“}.‘E = 3, where "a' is radius
of the cylinder at time t = o.

Now, the boundary conditions, are,

_ u=4a, w=o0at r = a(t),
(4) {

uiu,%%'oatr=o.w‘oatz*nanduis lefr free.



the

and

R.P. Gupta 57

Iz present case, the velocity components (u,w) satisfying the equa-
ties of continuity can be taken as

@ e--theeng,
x _ o
m] amif.‘l e

2
¥ow, differentiating (3) with respect to r and putting -:—;g; = 0,

waisg (5) in it and integrating it with respect to TI , we get following
gifferential equation for £

x A& 26y, 2 L 25y 1y ____ 12f £
“) n313 q'a-] a onZ DKi‘“" qﬁ“’%‘qﬂ*
P 1 2f
R e Rt = n’%ﬁﬁ )
13f 1f 1af 1 2°f 1 3¢
BRI A L T G - e
& baing constant of integration and o= aafy , K = Kafa <

The above equation is to be solved under following transformed
boundary conditions

L 3
£ao, (—,,—}1;),q =o0at M=o,

n .
(N : ¢
-‘i=-£,%-oat =1

Similar Solutions With Respect to Space and Time

On assuming ol = constant and E,!t = o, the solution so obtained

scill incorporates the nonlinear characteristic of the problem. Here
we pbtain a series solution for small values of of which is seen to be
& parameter representing wall Reynolds number, by letting

& FOD = KE () + LD 4o+ AV EOD + e,

2 n
(%) c =¢{cl+&c2+...........+ chn_'l'......... 3
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And as in [f] separating coefficients of different powers of ¢/ , we get

| o faa g0
K 33;_;+£1f2+i3_1§f_a+9 e |
(11) qfl}rﬁ (,1 3,{) YT {‘I"T) Mo (q'a’ 51—(,111—).{1 il
1 of; 1 9k lgf f S
TR Y [""12 Yapicspesaye Cupte
+3— };')fl)g_d“_ 3 ( /)*-“-a e
MAIMER S R H P
an K. ¥ oy, 2% ey kD f1)f2'3§-4-3+
9 ) *§ 58 Co ~ ¥ G §- 4 -
3 }f 2 £ £
334“2"1 = G - %Tn“‘“;ﬁ G i
> 3 05 2
e (fm) o o) - ’I"ﬁrf ag—-ﬁ-ﬁ‘)-ﬂz—_ CYSR
£
1

L2 e 2o
*| ‘zn-, 15 5 ‘fzxq’} PAE Camd ) = e
The above equations are to be solved under following boundary
conditions

ot fi
(13) -i"o, —1’1- =pat M=o, i

£, =1, f.i =g at 'bl-l;

£ 2
(14) —-:i-c' —,t;-l- at "llﬂo,
£

for ‘\1};2

Bﬂ' =
5 <] fn atm = 1.

The integration of equations from (10) to (12) under boundary
conditions (13) and (14) gives




( 1165'7 fgllng 4? 6""‘:‘5‘1 120‘! + 2"110)

1061542 , 22111 o4 2546 _ 125,8 1, 10)
d e K2 (- L8367y ]
32’5 *

- 1 -:—-4&.. |
e 16, g, = 3 (1-K) and

! - o208 167101y, 2509 2

¥ow the velocity components are calculated as follows:

T = £ £ .
ol - ke - Y
5 (‘i') l(‘:ﬁ) o G

: [‘.—zﬂz* )+ LB - 3 el 4w ’(%"-is.‘
o
0+ 10 4 - o oo - e 2 2

e 221711 255 25 F

56 ’*Efwm‘f*"ﬁ‘éi“ B s m)
sz‘ 15567 _2329.,(' aas “T)H

and

w

B [ = M R S S L S

A5 P oy 20 G051 | 271
*RGET - *’2"3}_"‘{ { 5400 | 270"1
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q® - TP o Loml0 g (10615 _ 221012 3
- *27 -7 e -*“(-21-5 ’l*l‘i'l

_ 125 10 2 (_ 15567 , 2329,2 _ 845 .4 , 364 6}
'\*15'1)* K-( Teo ' 36 ¥ 15__"‘”-9"-).__

where up (z,t) = 2z4/,, the mean flow velocity and uy the radial velo—
city of the fluid at r.ha wall.

Substitution for u and w from equations (5) and (15) in (2) and its

integration with respect to’ i gives the following expression for the
pressure.

AL S i <) 26 T z 4_ 13 328 y2_ 25
an i Et{— wp 2= Intan- Bt Bah-
a

-l 151‘2 159 )1-4*1.-[( 1?3“12* 23,,14 %gg,,‘a

8 18245, 2, 23824  4_ 2433636 6,
'l o 108 "1-” 2% "L 952560 1 *

, 41339 .8 4225 2, 3019992 ,4_ 229970
*530 1)~ K - To2 N * 18 Vo o2 PR

__%%3 A25 42 23 )}] [;l 35

where p. is the value of p at the centre lige M= o- Taking Y= 1 the
abuu equatmn yields the pressure difference betyeen the wall and the

centre line.

(18) —3-— Eﬁ-.,g + &2{ -1 - 101.83333K + 33.75 _K-z}: +
Puja’ 1 18 -

3f_ 1057 218
+ & = 3400 - 878.6051 K + 83,63202 K

- §9.31333 uaﬂ l:-f‘—] =2
. a.é .




R.P. Gupta

63

The sspression for shearing stress at the wall for azesticowimus-
Weiters liguid B' corresponding to equation (18) in [ Z] can be gim as

¥
iR
f..

e “:'!— %"’"?f:"’““"‘*

={ea+ { (-2 + 8K + 20,5K7) + K (- 2%z -

- 14.364975K + 2911.3502K” - 412.3333K) | .+

Lemclusions

Table 1 shows variation of shearing stress with respect to of at

W= 1 for different values of K,

4ed Table 2 shows variation of pressure difference between the wall

wnd center line of the cylinder.

Table 1

K = 0.01

K =0.1

K =0.25

-4, 4584855
-3.496102
-2.568065
~1.675364
-0.819008
0.00
0.780657
1.52196
2.2229057
2.8824902
3.4997105

-7.04336
-4.,718198
-3.01236
-1.7647748
-0.814347
0.00
0.839350
1.86477
3.23736

 5.118198

7.668356

-17.05607
-13.93160
- 6.89297
- 2.91083
- 0.819008
0.00
0.986822
3.03333
7.168599
14.42168
25.82164




62 Nep. Math. Sc. Rep., Vol. 5, No. 2 (1980)

Table 2
S.Mo.. oL K= ﬁ"f’? ?’f 0.01 K=0.1 R =0.25
2. —0.4  1.603639  2.003023 5.6022963  11.660291
<5 0.3 1.200286  1.3459389 2.6656877  4.917584
b -0.2  0.7993439 0.8289677 1.1022594  1.589446
5. 0.1  0.3996402 0.4022685  0.5882762  0.6016558

6. 0,00 0.00 0.00 0.00 0.00

: 0.1 -0.000751 =-0.0089735  =0.5863031 -0.849748
8. 0.2 -0.803788 -0.9146083  -1.8943698 -3,4618064
9. 0.3 -1.210284 -1.5386303  -4.447936  -9.1303941
10. 0.4 -1.621415 =8.7707379 -19.149731
11. 0.5 =2.03836 -15.386511  -34.814037

-3.3893207

It is seen that both for contracting (& <0) and expanding («>0)
pipe, the numerical value of shearing stress increases on account of

elasticity and same holds for variation of pressure difference betveen
the wall and the centre line.

SAtCoLs MM are due to Dr. S. Datta for his kind guidance.
References
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[2] walters, K. J. Mecanique 1 (1962), 474.
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Convergence & Inversion of an Integral Transform

tion

#a istegral of the form
® e .
&_ e -is;f'@ﬁfétsb}e d L(r) ,

lm(st} is the general: ‘.’ ed Laguerre polynomi.

. 25 ishuwm -'e:ﬁ,s; ﬁarag:.m ulnaufstrd- i't' -ﬂei
Hiu an improper intepral by

(L3 f(s) = g PN A G R R

Er I -st , & (@e‘) .
=N e T GE)T LYT(er) di L)

Rpos S:I e s Ty (st) d L(E).
s particulsr, if (t) is absolutely continuous,
a8 L) - j@ $u) au,
then (1.3) reduces to the form

Lo 'y

ae - 5 ok 160 0 .
We shall refer to (1. 3} or (1.5) as a generalised Laguerre transform

and for brevity, call it the I.nmw transform. m L ”- I:rmform
reduces to.the classical Laplace transform &3
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. -; ‘;‘*;' < -
ae e ={ s,

whenn =0 = A .

_ T (A-bin+l) 1'&}
nfl( h=b+1) a

a) 'i' £ (st) lpnm (st’} t
Re(m) -1, Re (b) 7 O

g 2 e ® o 1P o a

Bék'm {{:3’) Re(A) > -1, Re(s+1) > 0.

' ; e Sty o 1
m. L n-fh., I <@ s :)‘* e (s.8) da®)]| g m
(2.1) DU s ool * L (e

(0 gbsuse=w, Re(d>-1)

- S R
- L & m)f‘ 'x-.if"itsr.). d ok(t)




g * [Gors )"‘]]Latmgl e == . o> g Re(>-1

2 (e T, seeri !!-‘_:9_:9;-.

! Re > -1
ix @ non-negative integer less than n.

it is obvioud that (2.1)" implies

u.b.

L T e 1P @ wo

R ~(s=s )t
- L""(m) (s/s, ffu e ° apw

~(s-s )R
& "

m e ", o ;._..:“_‘ y
= 1P fg_a_ﬁ!bf

“ "”

Since (2.3) implies the bou
vanishes as R ~poo .

.0 L_ T @ 1™ @ L

ree
I T e G L
o fsa-gg_).:- {ﬂ”n’# %mlﬂkfgp) L e 0 Be) de
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ral is convergent. But

p(r) de | <M BT (e > o)

The conclusion of the lemma is thus evident.
As regards the theorem, it is mow obvious if we take b = 0.

As an immediate consequence of the above theorem, we may derive the
following conclusion. Since convergence of the 1.3‘)- transform at a
point ﬁ'soiﬂnlies its convergence at all points for which 7 >y -
The _L'h. ~ transform may be convergent for all values of s, or for none

] e
such that the I.y‘;" transform is convergent for o= >o— and divergent
or oscillatory for o~ oy . The number o is called the abscissa
of convergence; and it determines a right-half plane. This right-half
p;,gma is the region of convergence of the L:l"')- transform. The first
two cases correspond to the values o~ = -2 and oy = ¥ respec—

tively. Furthermore, the theorem is true if the convergence is replaced

of them or for some only. In the last case, there exists a number ov. 4.

by absolute convergence, and theréfore we can think of an abscissa of

absolute tonvergence o .

3. Inversion

For 4 complete theory of integral transform, it is always necessary
to consider the inversion problem. We shall now see how t_he'I.ﬁh) =
transform may be inverted with the help of Mellin transform. TheaMellin
transform and its inversion formula are defined by

e
3.1 f(s) = L 5! gee) ar,

ﬁha]_:e s is a :-cen_sg.-'}.ex variable, and

. i | c."'i"n =
3.2) W) =5x7 S . £ = f(s) ds.
! N C=rtm

Tnversion formula for the :.:‘” — rrans€orm.
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T8 ohtain the inversion formula we shall consider (2.5) rather than
L8, Ler us multiply borh sides of (1.5) by s~k and integrate from 0
$9 w= with respect to s. Thus, if we write

0.9 gk = l- £ §tay ax
0

#5< wsgume the convergence of the integrals concerned and the validity
#f the change of the order of integration, we have

oo

o
T S e 0 1P ey pee) ae
. _

glk) = j
(0]

ob

- I 571 giey de r e yhTE LS‘) o
0 o

Iscegrating the inner integral with the help of a known result ﬁ_;k&.s
ﬂ)]. we pet

- TVlntk) DA -k+1) k=1 S
g(k) T 2 tT " @(e) dt -Re(h-k+l) 3 0

Since the integral on the right side is the Mellin tratsform of @),
we may apply Mellin's inversion formula (3.2) to obtain @(t) in terms
of g(k) and hence in terms of £(s). Thus

. : ol (% 1y ek
(3.4) @) = T‘Ei_‘sc_;_"w T(o+k) T (A K1) glk) dk , ¢ -0

where ¢ (k=¢+i w) is so chosen that

-1
(i) s tknl @(r) de converges absolutely
0

=]
(ii) j t"k f(t) dt converges absolutely
(0]

and (iii) @(c) is of bounded variation in the neighbourhood of the

int £ =t ,
L o ]
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Satendra Kumar V. ish.
@ Dirichlet series f(s) aﬁg a, exp (s Ay ), (s = o+ it,

" 1 '#“i.’ A >0, Ji.h —>oawith n), wﬁe‘h we assume to be absolutely

em for all finite s, and haama it defines an entire function.
= T_ wrder p (0 £p < oo ) of £(s) is defined [3, p. 36} as the limit
seisr of (log log M(o) )/o; as o—> e, with

" - 3 [ £+ i) e ctzoo j
\ -7 ﬁmtlmic mean L of an entire function £(s) is defined

-

log |£(o+ it) ]}w&a T

Also, for &0, we mﬁ&iﬂu the following generalized logarithmic
=ean of E(n;- '

Q.2) 3_{«7} m-w- & EW' f L % 1og |£6x + ir) | ax ac T
Our aim in this paper is to study some of the growth properties of
L (o) and L ‘(ea uz,ame to an nuxniaxy function. Various constants
have been deﬁ-wd and a nmber. of rehakim involving these ‘constants
Bave been ubl:ai’ﬁ&sll_ In theorem 3. we entabiiah that if either L(o) or
Lylo) is asymptotic to K "ﬂ# ), then the other is also asymptotic to

the same fmmtmn, ‘only I&; the constant depending on 'a' and p or 'e!
and g, differs,

2. let us set, for 0 <p<oo,

vy L5@
(2.1 m . ~— o p*9<Sbfaceo ,
s o inf E?"’g(e)"'
and > |
: (2.2)  14m %9 _L() _¢c 0<dgc<oe

o380 inf aF""ﬂa) x

where g(e%) satisfies the ﬁbllWiﬂx ‘two conditions:




< |
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s for x >e®

(i1) 9(6) m@(x), as x —w oo, for every constant £>0.

Now, we prove:

(2.3)

e {(ﬂﬁﬂd}ﬂs

em 1. The constants a,b,c,d as defined by (2.1) and (2.2)

satisfy ﬂis Following relations:

Clpls

@) ﬁ“é’-’?%_’ B

Proof. From (1.1) and (1.2), we have

(2.7

Lyo) = g S & L(x) ax.

40

Then, for any & >0 and o> o,




-:# c'*h)

xﬂ“ T geodx » L@ _ ';.__.s(w%{__aw ‘
I sl D

Sow, by lemma 5 (2, p. 547 =

for every positive /3, and so we get

%) gw_q)_r S,
b " TR + L) —;ﬂ—‘?-;

Therefore,

Lglor + l’) S @ i) ,eiflfp:-:;l. .
a’("' 9 e ) :E- (”B'“B& (p‘*‘}eih!i &0 (%) !Shfp—

> where A denotes a constant not necessarily the same at each occurrence,
Hence, taking limits and hsing (2.1) and (2 2), we get

(2.8)
(2.9) b 3 "*JLW— + % (1~ 'E%T} 7

It can be seen after a Iong caleulation that the maxima of the right—
hand side expmdms in (2.8) aud (2.9) occur at




12 Nep. Math. Se. Rep., Vol. 5, No. 2 (1980)

and
(2.11) h =0,

respectively. Substituting these values of h from (2.10) and (2.11)
in (2.8) and (2.9), respectively, we get (2.3) and (2.4). Again,

Dot ads bx
A (c+€) e(pdx ﬂ(ex)dx , Lo+ eh) ]p e” dx

h
j I (0‘1' _.) & — ¥
§ P T e -
e LSlet P) LA RiC P) o

o Lo+ B 5o+ -E)

-3
_ A, ey [ PP gmax s —B— (e i
. (o )

J % Se P

sor h
e eﬁ(u* p)

(pt 8o A

+L(c—+£} <

A (ct&) G(ega e
p+ 8 P Eshlp '

—~ —

do h
= e &(or+ !—,')

and so we have

and

@13 bl < de 0

It can also be seen that the minims of the right—hand side expressions
in (2.12) and (2.13) cccur at

(2.14) h =0,

and

(2.15) h = log = ,

respectively. Substituting these values of h from (2.14) and (2.15)

in (2.12) and (2.13), respectively, we get (2.5) and (2.6). This
proves the theorem 1.

and cf
then

(2.16)

where

Taking




Theorem 2. If L(o) and ‘i.&(c') are, respectively, the logarithmic

~and the s_e‘nemlised logarithmic means of f(s) of Ritt- order |g(0 cp«:ﬂh}l,

then
2.38) = %&ﬁh imf--;;—vsﬁm M$$ O &
BT u"-ocn M g oo

b—ﬁ"l'i(’) e
e L (&) d-e '
Taking limits and using (2.4) and (2.3), we get
1 l( L g(o) 1 o
prigtn meo- N ewigeag

Corollary. If ¢ =d

9+ Lyo) &= L.

Theorem 3. 1f Lyl a P70(", then
() azalp+s) oo ﬁ(eﬂ and conversely.

Proof. From (2.4) and (2.5), if ¢ = d, then a -5-3%5

;&m’pese now @ = b. We shall show that ¢ =d. If 0 < M<1, we have
from (2.7).

s e p—— i S - m——
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Therefore
L@ <a FFIINGETY -0 LT « 0T #e

= adf” {14-{9*5}1 m;ng)-} (1+0(1)) 8¢9

s g% + o(e?” -ﬁ(ads'-

e S

‘where H is a comstant. Since Y is arbitrary and so making m —>0,
we find that -.
lim sup————— =< a (p + 8.
o—w 7 gE" :
By considering ;{J-f; (o) = S _._1)} -

proceeding as above, we get

Tin  inE——2 > a (g +6).

o e e'mr 'G{ec)

and hence

Lie) aza (p +8) T 0ED.
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_Some Deterministic Population Models and Ultimate
Population Size for Nepal

M.L. Singh#®

1. Background

One of the main problems in any population studies is the formation
of a 'model’ which can be effectively used to predict the population
sizes at different time periods and to determine the ultimacy of such
size. Population size of & country is expected to tend to a finite
limit because it is checked either by Malthus's positive checks such as
wars, famines etc. or by preventive checks such as the usage of centra-
ceptives and socizl upliftments of the population. In demographic stu-
dies, population growth rates and subsequently the popul.atian sizes at
different time periods are predicted first by projecting the fertility,
mortality and migration rates in keeping view of expected socio-economic
developments. Theoretically, population models based on above demogra—
phic variables can be easily eqnatmcted“‘ but in practice it is not so,
because the degree of migration and the levels of socio-econmomic devel-
opments are very hard to measure.

A popular mathematical tool to sr.udg 'Papulacion phenomenon' is the
stable-population model where a constraint that the population concerned
must be a closed one is imposed. In case of Nepal whose almost all
southern boarder with India is open, it is hardly piauszhle to make the
assumption that its population is closed one. Even in the case the
population is considered closed one, the present available demographic
data which are greatly influenced by mis—statements of the Ages and
Under-enumeration "_5 hardly makes it possible to use the model for
determining the populannn trend of Nepal. Also, though at present
Nepal has series of estimates of CBR, CDR (mostly made by using U,N's
model life tables), the projections of these rates without making any
assessment of the social developments would be only a guess work,

Reader and Chairman of the Statistics Instruction Committee, T.C.

"'Pc_:_‘pniati‘on size at time 't' is measured as P(t) = P(e) + (B-D) + (M-m),

where, P(t) = Estimates of the population size at fme t'
P(o) = Population size recorded at base period '
B and D = Number of births and deaths recorded beween "o! and "t!
M and m = Number of In-migration and out-migration recorded hetween
0" and "'

s ——
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Therefore, in this paper, simple population models based on the
relationships between the population size and the time period 't’,
which do not need to deal with the complexity of problems of measuring
'Correct values' of the demographic variables are workout on the basis
of the population sizes cbserved at different censuses so far taken in
Nepal.

2. Census Population Sizes

Though there is evidence that Nepal's population had been counted
as a part of census since ancient time, the first population figure
whose official record is available is that counted in 1911. From 1911
to 1971, so far seven censuses have been taken in Nepal; of which last
three are considered modern censuses. The population sizes of Nepal
as recorded at various censuses are:

Table 1
(Population of Nepal, 1911-1971)

In 10'coo’s

Census Population
1911 56.58
1920 55.73
1930 55.32
1941 62.83
1952-54 82.56
1961 94.13
1971 115.55

Source: Census reports of CBS, Kathmandu, Nepal.

Singh t}] has pointed out that the census dates in Nepal are not
uniform. Therefore, the population sizes reported in the censuses have
to be adjusted to the same date preferably the mid-year which turms to
be lst Aswin according to NBepalese calendar. Also the census years
are to be adjusted to equal intervals of 10 years so that the compari-
sons of the population sizes at different time points will be greatly
simplified.

3. Models Worked Dut

Population size P{t) at time 't' is defined as a function of time
N RS R e E M ERRLS O up s t5 vaiaispainanaaisls A S e S O T e R e W)
Three possib:lxties of £(t) are consxdered for the present study and
two are discussed in the present section.
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i) Simple linear growth model: If omly two informations about
population sizes recorded at base year 10" and last year 'T' are to be
used,; the pqpnl&f_i&n at time 't' (LT) is estimated as

P(t\) -?{0)' + k.t ---a.---.o-o.--.-_«-----o--n;a.-{21:
where, _ :
P(t) = Expected population size at time 't'

k = a constant equal to '-:..l_l_;.(aa

3 = Annual gmwth rate = ——=

On the other hand, if all the informations about the population sizes
recorded at times t's between O and T are to be used, P(t) is estimated
as

pe) =2 + %

.t llv--llCQ'Ill...'OC-Illqll.Icvnt.iol(.:_z.il)

where 2 and D are estimated by fitting P(t) = a + bt + e to the given
set of popelation data, (e being the error of firting).

~Comparison of (2) and (2.1) shows that a and b are the estimates
of P(0) and k respectively.

Also the relationship (2.1) shows that

P(t) —> +“as t > +and P(t) —> T4 t> 4 -20
These limits are unreasonable for a population with limited resources
neither tends to +Sonor to - @@because it will be checked by either
Malthus positive checks or modern preventive checks.

 ii) Simple exponential growth model: In this model, the growth
of the population from P(0) to P(t) is related by

P(t}'!?(ﬁ)o erdt -.----t-oo---.ona-o-c-onl--e-'(__3}.
or P(E) = P(O) (1415 ..iivviriainrisninanienanees (3:1)

The relationship is also called log linear. In above model, only two
obseryations of the population sizes are to be utilised to estimate
the annual growth rate of the population. In case, where more than two

observations are to be considered, the model

P(t) '?a?t e --ta._--.v.---.-ooo'o_-_.a-u---.--'ov- (3-2'}

—— ——— ——
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WMI‘S-‘?M P are ‘estimated by fitting the relstionship (3.2) to the
‘given set of population data, is used.

The relationship (3.2) shows that
P(t) —>+%0as t —>+ %oand P(t) > -S0as ¢t —> - so
As discussed above, these limits are contrary to Malthus's propositien

that l:b& popu].dl:ion will be ultimated checked by positive checks as
vices.

Application to Nepal's data: Though the limits shown by the models
discusaed ‘are unreasonable to describe the ultimate population growth
P ‘it is assumed that the models are good to project the popu—
lation sizes of Nepal for shoft time periods say 5 to 10 years of time.

Under above assumptions, the models fitted to Nepal's data (Table
1) gives the following results:

Population data 1911-1971 | Population data 1930-1971
Mode1 P(t) B’ P(t) [ |
Linear 45.1426+0.9725¢ | 63.91% | 50.54841.4733c | 96.91%
[Exponential 49.14e% %% | goger | 53.51e701%% | gg.g2y

The above results show that the coefficient of determination R* which
is often used in regression models to determine the lack of fits have
inereased in the case where the population data of Nepal from 1911 to
1920 are deleted as against the case where all data through 1911 to 1971
are used,

In the first case the population data used are the census popui;t:.on
figures through 1930 to 197! and in the second case the figures are

those through 1911 te 1971 (Table 1). Thus for Nepal's case the choos—
ing of 1930 rather than fro= 1911 gives the reliable fitting of the
population models. Also in above result R? for exponmential models are
found to be greater than ®° for linear model in both cases, one is likely
to conclude that former is better than later for population projections
of Nepal. However, it is to be ?It.ed that the comparisons of models
cannot be made on the basis of R” unless the dependent variables in both
models are converted into same scale.

In such situation, the comparisons are made by using the technique
given in Applied Econometric [&] In this technique sum of square of
ertots for bath mndels are est:uted by t:tmvert:.ng the de?endent var:.-
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by its geometric mean. The model which gives minimum sum of square of
errors rather distance function is considered best one.

As for illustration, using population data of Takle 1, for Nepal's
case, it is found that
1 .0 pli) = 262,11 = 8,6728 . )
log, 6= 5 log () 7-62.11 8.6728 +oresssaansaeensll)
Nhsze, G = Geometric mean of the population sizes
P(i) = Population size at ‘time (i)

80 that G = 7135.63.

7 % - LI i i
‘Defining P as %; € as —é’; denoting the sum of squares of errors of linear
% % s ; .
model before and after transforming of P to G P by z‘ez and 'i:ez respec—
tively and sum of squares of exponential model by '}:a'z. it is found
that

62 = (1.401 % 10_&)}2‘;- z'e'z. = 6048 x 10& and E'z:' = 0.0668
so that th = .{:2 Xez' = 1.18,
* .
Since zez 32 ze'z, it is concluded that leglinear model i.e. exponen—

tial model is definitely better than simple linear model in describing
the population growth trend of Nepal.

4. Ultimate Population Size

The models discussed above leads the population size of Nepal ulti-
mately to infinity according to their limits discussed in the previous
sections. Therefore these models are not useful to estimate the finite
ultimate population size of Nepal. The ultimate population size may be
attained in two ways. In the first way, it is attained by drastically
reducing the present fertility rate such that the replacement index R,
becomes zero by intensive use of the contraceptive methods. In the
second a way, the ultimate size is attained in the course of natural
phenomenon of the population. The model to be used in the first way
is that of Nathan Keyfitze [3]. The model to be used in the second
way is the legistic model where the population size P(t) is linked to
the time 't' by imposing the restriction that population growth rate

diminishes in the proportion to the population size attained,

Application of these models to estimate the ultimate population
gize for Nepal are illustrated herein:
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i) Mathan Keyfitze's model: The model suggested by him is as
follows:

. O o
.qo_ be_ (aq 1)

5 T A Ro

where,
Estimate of ultimate population size

‘j
"

Present population size

o
]

Present crude birth rate

Present expectation of life at birth

Female mean age at child bearing period

Replacement index

" mTE ®
[

Annual growth rate.
Using the present officially recognised demographic values for Nepal
i.e. eg = 45 years, ¥ = 2.09%, u = 27.5 years, b = 43 per thousand.

Ro = 1.778 and P(1975) = 13.20 millions, the estimate of ultimate

population size for Nepal is found to be 17.40 millioms.

ii) Logistic model: The logistic model (fl is given as

L
P(t) = W L DS S e s
(r) i e eriBFt (6)
where, P(t) = Population size at time 't'

L = Ultimate population size
r = Population growth rate
B = The value of 't' for which P becomes L/2
An attempt to fit (6) to the population data through 1911 to 1971

.shown in Table 1 could not succeed.* So ignoring the first itwo popula-
cion figures i.e. of 1911 and 1920 in Table 1, the model (6) is fitted

as

*
Growth rate 'r' is found to be negative, which is contrary to present
growth trend of Nepal.

S —————

This s
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asssrates s ssn st cﬁala

166.66 millions*

N eﬁ .223(15.

P(t) =

This. shows the ultimate population size of Nepal will be 166.66 millions,
if preventive checks are not applied to the present growth rate of the
popuiat:.on. This velue is about nine times mdre than that estimated by

(5).
The efficiency of the model is compared with that of linear and
lexponential models in Section 6.

*The fitting of the model is shown as below:
Rewriting the relation (6) as

1 _l=e® _ == 1
e e LR e
we get .:_ri.-a-tb--xi T AT Yy e e Sataiate LGEE2)
where,
W=
yi = _%-) xi T -%_ 3 _l = ILE and b = e—r sabhsassnans (6-3}
& i-1 -

Now fitting (6.2) to the hmud population figures shown in Table 1
through 1930 to we get b = 0.80 and a = 0. 0012, These values

give T = 0.223 and L = 166.66.

The value of B is estimated as

=1 ;
O [~ T S, n-1 TeiN
B"E Eo :lt:iz;E Gii_ 'I) +--2-- A A 8 o8 e m {544)
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rojection for Nepal by ‘Logistic Model

~ Giving different values for 't' in (6.1) the expected population
sige at different time periods are found as shown below: ‘

(Population projections for Nepal under kq_gistﬁ;c ‘model)

In millions
Years Population

5.14
6.37
7.89
9.74
12.00
18.03
21.94
26.54
MaGG

161.25

ERC DRI B

The graph of the logistic model fitted to Nepal's data is shown in
Figure 1.

6. E?sts _@E Coodness of Fits of the Models

How good is the given deterministic model fitted to a given sag
of data is checked by any of the following tests.

a. Test of lack of fit

b. Test of randomness of error variate
‘. Test of normality 9
d. Test by determination coeff icient R™. ;

In this paper three population models viz, linear, exponmential
and logistic models based on regression analysis and one based on
demographic parameters viz, ‘Keyfitz's model are dealt. Of these
models, only last two madels provide the ultimacy of the population
gize. However, according to Duncan and Hauser (2], it is to be noted
that there does not exists any population theory which is invariant.
The population models fitted in this paper may therefore be assumed
ta be workable only if present population trend of Nepal continues in

-E‘I(lﬂl‘.l-'& also.
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Since, as discussed in Section 1 of the paper, the main objective
of the paper is to deal with mpdels of the form P(t) = £(t), the test
of goodness of fits of the linear, exponential and logistic models are
dealt in this section.

Also since all above mpdels are based on regression, the lack of
fits of these models are usually to be tested by R% or F-tests. But
the application of these tests depend on the context and situation. R
or F-tests are applicable only if same model is applied to different
sets of data. In case of different models with different scales of
dependent variable applied to the same set of data, as is the case of
the models fitted in the paper, there is a practical difficulty of
estimating comparable R“ and F-values.

In Section 3, it was already suggested that in such situation the
comparisons are to be made by comparing the sum of squares of error of
the models after converting the dependent variables of the models to the
same scale. Since it is not easy to convert the dependent variable of
logistics model to the same scale as that of linear and exponential
models, an alternative test, which is easily understood and convenient
in application is to be searched. Also, since the basic criteria of
the comparison of the models are based on the minimum values of sum of

squares of errors i.e.
2
2 2 (oi = ei.)
§:(o. - e..)", X" values which is usually defined as j&———————ﬂl—
i ij o

appears to be pluasible, for Xz —>» 0 as ztoi - eij}z —— 0.

In view of above facts, X2 values are estimated on the basis of
observed population sizes and expected population sizes of Nepal
according to linear, exponential and logistic models. The estimated
values are 1.068, 0.3647 and 0.75 for linear, exponential and logistic
models respectively.

2

The distance function i.e. sum of squares of errors,'ixoi = Eij

of these models are found to be 60483104 for linear model, 0.0668 for
exponential model and 28.44 for logistic model. Comparison of these
values with corresponding values of Xz shows that heighest distance
function has heighest xz value and lowest distance function has lowest
12 value. Therefore use of xz values is quite consonance with theore-
tical vequirement for the wvalidity of the comparisons.

In keeping view of XZ values estimated, it appears that exponen-—
tial model is best one to project the population growth trend of the
country. Logistic model appears to be second best one and linear
model is the worst one. But if we vonsider the limits of exponen-
tial model discussed in Section 3, we find a snag that it is not suit-

able for

to infini
Therefore
ing short
long-time
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On Geometric Nearfields
Hom Nath Bhattarai
Abstract _

We have given the definition of a Pasch geometry and its concept:
in [2) . Here we define a geometric nearfield and develop same struc—
ture theory for it. We point out that the incidence group and the near—
field af [5] are particular cases of geometric nearfields.

L. ,Preliminary

Definition (1.1): TLet (A, &, e) be a geometry [2] and T
a monoid with identity element .1. We say T acks on A if YET,

a € A =y 7.a €A subject to:

(i) 1’1'“&‘5-) = (1!.;_ ‘Vé).ar (ii) Y.e = e and l.a = a, YeT,

a @A and (iii) (a,b,c) € &, = (+a, v, 70) € a, for YE€T -
Suppose further that V' is a group. For a,, 3, € A, let a; ~a, if
3 y€vsuch that a, = Vay. Then ~wis an equivalence relation. Let A/T

denote the set of equivalence classes. Let (taj , L3, [,aa‘.{) € BAlp
if and only if (a), Vjays Y3y €4, for some ), 7, €T - Then
it can be easily checked that (AH" 3&’.. , f{e} ) is a geometry. In
particular, if V is a vector space over a field F, then F* = F - i_()}
acts on V and the geometry (VJF*' AU’?*, {0} ) gives the structure e
of the classical projective space.

Definition (1.2): Suppose A is a geometric ring and V is an abelian
geometry. Then V is called a geometric module over A if A acts on V as
in (1.1) subject to : (a) 0,.v = 2.0, = 0y, v €ev,aga () (£, p ,J

) s VE V=Y (Lv, BV, \/v)-(’-Av (e) (olv, @Vs \/V) e a,
viO = (AL, B, Yore 4, @ (A v, Ayvs wWeh, =¥ v = A, for
some d_a € A. Note that if A is sharp and therefore a ring, then geo—
metric modules over A correspond naturally to ring modules over A.

Let A be a geometric sfield and V a geometric A-module. Let
Me a*. As ' acts on A, Ap is naturally a geometric sfield. Also,
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since [' acts on ¥, fr is a geometry. For o & 4, Ler. e A . For
,?'eﬁn, s v EV“., y let 2.5 = Zv. This makes /p into a geome-

tric A/l"

Definition (1.3): Let A, B be geometries. A map f: A —> B is
called a geometry homomorphism if £(e,) = e, (ays a5, ) € da ==
(£(ap), f(az). £(a,) ez.\ and (f(a;), £(a,), b) € A -x%)b = f(n )
for some a, € A, A b13ect1ve homomorphism is an 1somorph1sm. All the

- module.

isomorphism theorems similar to those of group theory hold for geome-
tries [3] . A geometric ring homomorphism is defined wobviously.

Let V be a geometric Al—module and v2 and Az—mdule. Then a pair
of maps (f f) (v /12 A ) —> (V,, A ) is a semi-isomorphism if f AI—) “2
is an isomorphism of 3ecrmetr1c rmgs, £: Vl—-> vy is an isomorphism of

geometries and f(p{v) = f{d)f(v) ¥ <e A, v € V. In particular, if

Al = ﬁz = A and t is identity on A, then f is an isomorphism of geone-
tric modules.

Let (f, f): (v T A ) —» (V,, A ) be a semi-isomorphism were Al'
A, are geometric sflelds. Let 'I"i e_ AY and r = f( l‘]) a A’i. Define
(T(E), T(B): 1/r‘1 1’!"1_) — wﬂl"z' 2/ f'z) by T(£) (V) = T(w)

A — A
and (T(f) (&) = E(sZ) v le, ..{eAl. It can be shown that (T(£), T(E))
is a semi-isomorphism. Thus, in partieular, if V is a vector space over
a skey field A, every semilinear transformation of V induces a geometric

automorphism of V/A* and hence a collineation of the projective space[l].

Let V be a geometric module over geometric sfield A. For X c v,
let Sp(x) denote the geometric submodule of V generated by X. Then pro-
positions 2.2 and 2.3 of [2] are easily seen to be true when {X» is
teplaced by Sp(x) and subgeometry by geometric submodule. Using these
it can be shown easily that Sp(X) satisfies the axioms of formal depen—
dence tlisory [6] . Therefore its consequences hold in V. So every such
V eontains a basis over A and the dimension formulas hold. In parti-
cular, if v, v, are independent in V, then Splvy, vy = §u: Y unique

Ly oo €A auch that (u, AV v 2)&AV}

2. GCeo

Def
(a, 4,,
(as; .)
and (al.
then it
a,, 53)1
geometrii

We |
a geomet:
R4 A% |
r3a) EA

sultiplig

Let

Now
metric ne
fields an
tric near

We c
geometric
nearfield:
@, 9 :

modules,

We s
be given |

Theo:

respective
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2. Geometric Nearfield

): A nearfield is defined in [4] or [5) . We call
(a, A&, ) a gaometnc nearfield if (A, 4. 0) ie an abelian geometry,
(A%, .) is a group with unit element 1 such that 2.0 =0.a=0¥ a €4,
and (a;, azfa)éda,aé.&-?{a.a,a.az, a.a )64 If A is sharp
then it is naturally a nearfield. If A is a geumetri’.c nearfield and (al,
ay, a3) €A,ae A-ﬂﬁ?(al.a, a,.a, az.a) € 4,, then note that A is a
geometric sfield, We write ab for a.b in A,

We call (A, R) a normal pair of geometric nearfields if (i) A is
a geometric nearfield (ii) R is a geometric subnearfield of A with
REA A% (iif) (r s Too ra)éd, a€A, Ty, T, T, €R ==> (r 180 T8,

r2) € A, From (iiz) Ris a geomettu: sfield aud for r € R, aéé. the
umltipli.e__at‘mn ra makes A into a geometric R-module.

Let (A, R) be a normal pair of géﬁﬁétnc nearfields. For 0 # a €A,
define as A —3 A by altx) = ax and a : R—>R by al(r} = ara -t . The
‘following can be easily checked.

Proposition (2.1): ('al,'SIJ: (A, R) —¥ (A, R) is a semi-isomor—
phism of geometric R-modules.

Now let A be a geometric nearfield, "€ A*. Then Mr' is a geo—
metric nearfield. Also if (A, R) is a normal pair of geometric near-
fields and [P &R%, [YAA*, then (A,"-. » RIp) is a normal pair of geome-
tric nearfields.

We call @ = (Al Rl) — (Az llz) an isomorphism of normal pair of
geometric nearfields if @ : Ay —>A, is an isomorphism of geometric
nearfields with ﬁi(ll) = n So if s denotes @ restricted to al, then
@, ® : (a5 R ) — (Az, Rz) is a sm—ismrphism of geometrie
modules, since ﬁ(ra) = @(x) #(a) = ﬁ(t) @(a) for r € R}, 2 € A

We state the following theorem the proof of which is too long to
be given here. '@ee Ph.D. thesis by H.N, Bhattarai, U0, Eugene, usa) .

Theorem (2.1): Let vl, V, be vector spaces over skewfields Fis By
respectively, dim, V; 7 3. Let r1= 5, f'zé..l?g such that ol ¥

1 :
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) is a semi-

(o, B: Warp Fup) = Oy r, T2/ e,

isomorphism of geometric modules. Then, there exists a &e:m:.—l:.naar
transformation ( Y-, lp) (Vl, F ) —> (1.'2, 2) such that I’.(P) = \"
A

and (T($), T(3) = (&, B.

Now let (-F:Il' lll). and (F,, K,) be normal pairs of nearfields. Let

i AF* and A RE i -

I Kf with [ @Ff and [) 2 K3 with [, 4F4. Then (Flfr'l' S ﬁ),
(PZ‘(V . K ) are normal pairs of geometric nearfields. Suppose also

2
dim, F. » 3, dim, ¥, 33, Then

% o

Theorem (2.2): There exists an isomorphism of normal pairs of geo-
oy felds O & i ) / :
metric nearfields ¢ (FU o Kl/ rl) —» (le r, Kz! f‘z) if and only if
there exists an isomorphism g: Fl —> 92 of nearfields with g(l{l) =K

and g( F)) = l'z 3

2

Proof: T1f g exists as stated, define @ : I-‘” Pl_-) FZI Pz by @(%)

= g(x). Then'as in (1.3), @ is well defined and is an isomorphism of

geometric nearfields. Since B(K)) = K,, ¢( ) =K ) and @ is an

“ue) " %up,
isomorphism of normalpair of geometric mearfields.
Conversely, let ¢ : ) — (F ) be an
(&, (N i/ o) 2/ p,° % s

isomorphism. Then if ﬁ denotes @ restricted to KI! f" » then (@, a)

(F” o U rl)' —_> (Ezj rrz _2! r.z) is also a sem;—xaamrphlam of

geometric modules. So by theorem (2.1) stated abave there exists semi-
A
linear transformation (£, £): (F., K.) —» (F,, K.) with ?( ) =0,
F20%y 2Rt 1 2

(r(£), T(‘)) = (@, a]. Let es & be identities of Fl' F’i respectively,

so that el, 'F.z are those of Fl!' \,,1 and I-‘ 2/ e respectively. So G(E )
e, i.e. f'—(: ) =&, So there exists \’ [ 1" with f(e ) = Je . Define

2°
=»¥, by s(x) ¥ le(). Then g(l(x) - J lfux) = 7/2 12 £ ()

=T,
=(-1%(d) V. J £(x) = 2(Ag(x) where £() = 4 {d)y’ is clearly an
isomorphism of skewfield K, onto K,. So (g, i (F)s K)) = (F,, K,)
is a semi-isomorphism with g(e-l)' =e,. Torx e F, g(x) =f fx) = £(x),

so T
L o

508

g(x);
i.e,
line:
sincs
indej
g{x)s
of m

fiele

(1
2]

(€}
[s1

{57
(€]
Mathe

Kirti
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Hom Nath Bhattarai

80 T(£) = T(g) = @#. For =< ¢ F‘L’ 2@ = J'lwa € le 50 G(Pl)-
-7, For &K €T, 500 = sltey) = EeDele) = BeDe, =5,
;xa‘% is the restriction of g to K.

Let 0 # x € F,. Then & y # 0 in F), 800) = #Gy) = #(ROG) =
g(x)g(y) = g(x)g(y), so there exists 4 e {'2 with glxy) = Jy_g(x)gr(y)
He, (g@xl')' (y) = J y(g{x}ﬁls—) (y). Thus GOxX, and g(x) 103 are two semi=
linear transformations with (20x)(y) = Y, (2();08)(») ¥yer. so
since dim 1’1:; 4, it can be shown easily that w] =J + y(i:e. -( is
independent of y) (1]. In particular, (g0x,) (ei) =g(x) = (B(x)ez) =
g(x)g s0 4 = 1. Thus we get glxy) = g(x)g(y). Hence g is a homomorphism
of multiplication. Therefore, g ?-'l — Fz is an isomorphism of near—

i W : =g : = [ = §
fields with g(K)) =eg(K,) and g) =50 r,.
The structure of a geometric nearfield (A, R) will appear later.
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GLOSSARY OF MATHEMATICAL TERMS
(Proposed)
(J)
Jacobian FATH! (947 Length TEHTE
Joint T Leptokurtic TF FAT
Junp IW, IHTE, G Leptokurtosis QTF FIAT

Juxtaposition gy , ATTHeET Lwﬂer.w
Level §9a®, @l

®) Lever Toa(
Kernel g=yeq, TisfT, ' Lexicographically F1950 ATET{
Kilometer TasTfHET, (gg-r( Lie-algebra @T FTATIOT

Kinematies J[g§ T e Lie-group @T e

Kinetic 7TfR™, T TF Light &TT

Kinetics gy Tfa fawma Like ¥&, W9, Ted, 917
Known FTd, YTETHEHRT Limit @97, #HT=
Kurtosis F§gaT, LT S3F1 Limiting a7=d, (I79)

) Limiting friction {7y gsfur
Lamina WH, 9TAT Limit-point #HT- o=y, =@ Ta=g
Laplacian FT5T THEH Line YT, waT
Latent F Linear Yf&%, Y@THTY, AT
Lateral | Lineaority THYTAAT, Tfadar

Lattice T4TeH, ATHF Linearly ¥qHTaq ., 1TaFa
Latus rectum T["ﬁﬁﬂ" Ocd TacHd Litre foet

Least =gJdH, .!"t?qﬂ'q,_ FEEH Lobe 39, THTEHT

L.C.M. (Least common multiple) Local ¥ T4

W, EHTHATH  Lecalized THTT, WTIAE
L-U-B. Qease Upper Bound) "M 1oty vovaa:, waTa wT, =T
Laft w m LDCUS m

————

n’rquaﬁ'ﬁﬁ..ﬂﬁa'rwgaﬂm TfoTa quT AT RETOT
ReToT- 9T #gw ewbT 94T TIewt 8t |




Logarithm (log) BT, ET’I"ﬁ'
Logarithmic FYTOTHY
Logic o&
Logical &
Lorommal GETUTH FTRTAT=
Long #9, FeaT, FTHT
Longitude WYY, ZwT=Nr
Longitudinal %?l‘l‘aﬁ'q. W
Loop wT¥, =T, 79
Lottery Yoo, Wieaaq
Lunar =g

()
Magnetic HaFiy
Magnetodynamics W"‘W
mgnetoflniddmmic,w mﬁ
Magnetosphere To9F Hew
Magnetostatic Tieyy TeFHTY
Magnetostatics TRYT W
Major 94, ;FIE

Majorant F{TfiesT %ﬁ"ﬁ'\'

Malfunction FHTAAT

Manifold HEHEW, L
Many-one W

Map WTaTHa, yfowoq
Mapping WTGTHUT, wiawoy
Margin ¥THT, IOTq

Hargmal ‘ﬂ"ﬂ'ﬁl’ IqTaey
Harkdq; ﬁl-‘-&' BT

Massg SEHT, dufy &
vateh T, IteT

Matching o

Material qi:'rzf' q‘]-ﬁﬁ-' TETET
Mathematical TTUTHTg

Mathematics ITUTH

Matrix JTSZE, A '
Matter w4, qzZTe

Maxima JSUNTY, IToqes

Maximalicy JTOFauaT |
Maximization FTUFIHIF{UT .
Maximum HT—H, Ivgae,  JTugay ‘
Maxmin HETTOTey

Mean FT9FT, #rem, stm
Means THUTEE

Meanvalue WEGHTH
Measurable ¥4, HTY=g1+g
Measurability T
Measure T

Measurement ATY, 9797
Measuring HTHY, fyus
Mechanical 7T
Mechanics zr—%rﬁm' I1 T ‘
Mim"“'v!l, ‘rr']‘%tﬁrr' fam

Minor

Minus
Minute
Missile




Meet 1Y, Ty
i Member HE A

Meromorphic FHTHT

Mesokurtic "T“WW

‘ Meteorite ICHTUS
Meter HICY, HATGF
Method (T, TaHfY
Metric W. q‘ﬁ{i

Microwave §5H alT
¥ Middle ITHFT, T
Mile TI® ITATHETY
Millilitre THTOTORT
Millimeter THT0 BT
Million 5S4 @TH

Minus FOT, HETI

Missile YETOUTTEH

Medium HTEAH, TeaH

Merge Toa '({ ar &1
Meridian JA9=0, ATHAT=A(

Metaphysical T8 9YTorETa

Minimal JEYH, =FTqH, Jfeass

Minute THIE, FHT _("fq-iz)

wixed THf@, iy
Mode TG, TTHF
Model ATSH, A&
Modified ®QTATLd, IT9FERE
Modular FTOTEGF, HTATH
Module WIGETH, HTEH

Modulo §TUST

Modulus HTHTH

voment ATHUT, wTUT

Momentum HIT

Money HFT

Monotone TFHTETE

Metrization FLTHLOT, FTIHTFUTMost SATYF, TETAH

Motion T, TS

Move ¥

Movement ’fﬁl, d999

Moving TTMETH

WG (W) 3? ;_gf_{mm argt
Multi-dimensional _(Haniiold)( u;m)
Multilinear JE THITAT, TBLIUF
Multinomial FETET

Minimm TIEIAH, JTFH, = Multinornal IGATUTHT=A
Minor IVETTUTH, &9, ;n_g#

Multiple JOTH, FFOT, IgIfvTa

Multiplicate ‘l‘—ﬂ
Multiplication UTH

Multiplicative TOTTEHH






