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0n a Geitain' Class of Groups

Nep. I ' la th.  Sc.  Rep.
1 9 7 7 ,  V o 1 . 2 ,  N o . 2 .

by D.R. Bajracharya

tet ll( be the cLass of all groups G sucir that every fu11y l-nvarl-ant

sub-eenlgioup of G ls a fu11y invarlant sub-group, -ln otl-ler wordsrfot

an arbltrary element x G G there are endomorphlsns f1, f 2, 
..., f, n

euch that

*-1 = 5'r(*) { rt') .. . 5o{*) .

x ft 1s evldent that finlte groups and Abellan glouPs are ln ll(. But

1t  ls  not  known whether the f ree group belonge to lK (see Problen 1,  [2]) .

In thle note we aha11 prove the followlng:

Theoren: Any relatlvely free nllpotent group G of cLass -( 3 belongs

to [l(.

It ls better to note, first of aL1, the folJ-ovrlng useful leLetiong

which can easily be deduced. A11 ais ln the followlng relations belong

to a nllpotent group of claes 3.

l .  [ ' [a1,a11,a4-r  
= [ag, Ia1,a1l l t

2 .  1 ta t , a f l , a [ l ]  *  [ [ a1 ,a3 ! , "11 -1 ,  [ [ a1 ,a , J -1 ,a1J  =  [ [ a1 ,a1 l , a1 l -1

3 .  [ [ a1 ,a3J ,aaa !  -  [ I a1 ,a31 ,ak  1 .  [ [ a1 ,a3 l , aU

1Ia1ra3J [a1,a1J ' fo]  = [  [a1ra3J 'ao]  .  [  [ek 'at ] ,  fu l

4.  Ia t 'aJ]  [ag,a1J = [a1,a1l  Ia1 'a51

5.  1.11,aJ lJ  -  [a1,a5l  [  [a1,a31, .1"3)-1

6.  t ta l l .J l l ,as i  -  [ [a1,a3l ,a1l

t .  11a ] l , aJ11 , .111  -  [ [ . 1 , . 31 , r11 -1

Proof of the Theoren. Let G be a relatlvely free nllpotent grouP

of claes .( 3. (By a relatlvely free grouP' tte mean a group whlch

poaaesaes a generating set such that every napplng of thlg set lnto

tbe group can be extended to an endonorphiem.)
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rhea f1,1(x) - t?r,1r: l- I t 'J.

Thetefo:e' 
t t t [s"r 

41'1(x) = x-1'

(11) Now coneider an eleeent x € G which ls of the forn

x - ii 
"1i. 

Tri-^-, 7r' r4i"i.3", t 'pr 
7ltPt"',.,k:f"rr, 'J,Jl,"ukla 

i 'J'k

ProceedLng ae ln (t), ne get

A(x) - {vo{*) ... y1(x).*}'*. 
1.11...,^6r,1,", 

-.*f,r.I";,r,.p1t,7oJ

l{ {<(1d

Nolr 1et w be the eudonorphien of G such that

(c)  t<. r r l  -  
"1r l  

for  t  -  7 ,2,  . . . . .

rheo v (a(x))  = 

: l l : *  
[ [ap1,ep1l ,1nnl -71 ' ] ' t

:

Therefore, A ( x ) . w ( A ( x ) )  -  1 ,

froo shlch we can get the inverse of x.

If

(D) * '  
,*Jl,*".t lr '"prlPi 'J '  ,* lTir-. Lfa*r,ayrl ' l rol 

n t 'J 'n

rhen 
l<i(Srr

" '=- 
=. ,* lTisr.  *1,1(x) -  

,1i [ ,* , ,  t tarr , l r r l ,a]kldt 'J 'k

vhere f i,jls the enamoryrrrJilltdeflned ln (B).

noor.l#.tnoose 
a factor tln,lnt PP'9 Itot (p) such that Pp,q is

fben

{  r )  { r . ,$ . . " r+ r , l ( * l } }n 'c ' ,1 i [ , -1 -  t t1 ' r , " l J ] ,a* l  fn 'e  
o i ' J ' k

l ( t € r \
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Polynomials Generated by Exponential Differential

0peratots

Nep. Math.  Sc.  ReP.

1977, YoL.2,  No, 2.  bY R'M'  shreatha

1. Iirtroiluctlon

A nunber of formulae Lnvolvlng illfferential operatota were furnleh-

ed by Carlltz [1] qulte recently' Two of them are

(D:o)n = x ("\ tl 
*' n'+"

s=o \s ,

and

(r  .1)

( 1 .  2 )

w h e r e  D = d / d x .

The obJect of thls note 1s to ptesent' w-lthout the details of

proot", son! propertles of a set of Polynoolals generated by scoe ex-

i."*tai"i auierenttal operatora connected-with the above operatola'

Our operators are 1n 
"ot. ""t"" 

generallsations of the exponential dif-

ferentlal oPerator.

(D(:o)n)n = (:o + l-)t tr  ( :o + 2)n .. .  . . .  ( :o + n)o Dn

"o

ueed to ileflne the tlernite polyrmials by the rel-atloo

7

not f,x) 
' t-D- xo'

Conslder the dlfferentLal operator deflned by the relatlon

i. r- ot4l'tn",exp [ - (D(xD)n)P]

0, it reducea

( 1 . 3 )

( 1 . 4 )

to the
where m and p are non-negatlve lntegere' When m -

exponentlnl dlf ferential oPetator

exp ( - DP)

uaed to deflne the Gould-Hopper polynonlals [2] '



2 . rhe PqLynodl.ale \Cntrl)

Itr thtF Eection, Ire restrLct our dfecugsion to the speclal case
p - 2 tn G-.4), and define a eet of polynonLals Hn(x:n) by the fortoula

.  
\ ( 'x :n)  

= e-  
(o(xo)0)2 

*n '  Q'L)

A sinple and dlrect colputation yLelds the foLlo$lng cloeed forn

Hncx;n) * 
ltt #n,o., 

*n-2k, (2 .2 )

whlch ls obvlously a poJ.ynmlal of degree Ln ln x. It ls easy to aee
that Ho(x:n) ie an even functLon of x if n ie even and an odd functlon
of x tf le odd. Thls polynoolal Le c1earLy a dlrect generallsatlon
of the Eernite polynonlal deftned by (1.3) to whlch lt reduces when
l !  r  o .

Stsrt lng txan (2,2) ,  i t  Ls easy to arr lve at  the generat lng re-
latlon

;9 
Hn(x:n) 

tn - 
-t2

#  [ , T t ' '  "  
-  

o F '  ( -  ;  1 ' 1 " " ' 1 ; x t )

nhlch reduces to the well-knovm generetlng relatlon

lh(*) 
.o

a ! - " '
"2xt 

- t2 -

;

( 2 . 3 )

( 2 . 4 )

l l rc prt m - o and replace x by 2x ln (2.3)

Ic nqr glve a hypergeometrlc representation obtalnabl-e aa a dlrect
aq.quelce of the expL1c1t repreeentatlon (2.2). It ls as followe:

Ea(: :o)  -  *n 2( i rs1)Fo Q k" , . .  . . ! " r , . -  t { "* r1 , .  . . -  } (n+1);

- 3 - t l x 2 )  ( 2 . 5 )

:
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whlch reducea to the known hypergeonetrlc forn for the Hernlte polyno-

rnlale after usual reductlon.

3. Generaliged Gould-Hopper Polvtrmiale

AppLlcatlon of the dLfferentlal oPerator

exp [ - (D(xD)tn)P]

to xn aod efuple comPutatloo yleJ-d the followlog general polyomlal

(3 .2 )

Eot

r l

\G;u ln) '  ;  CD(r l ) 'P1P x '

I3!l c-1)k (ot)dr 
n-pk\  - x  - ,  

( 3 . 1 )

# (<o - pk)l)d1

rdhlch. ls a polynondal of preclsely degree n tn x. Thls set le obvlouely

a generalisition of Gould-Bopperte generallsatton I2l of the Her'nlte

poiynoulal [31. An lmed1ate coaaequetrce of the defltrltLon (2'2) Le

the follotrlng lntelestLng ProPelty-

CD(XD)D ) \(x:n) 
r otrll IL-1G:1) ,

)

whLch correspoade to the PloPelty

o \ ( x )  - n \ - 1 ( x ) ,

the charactell8tlc property of an Appell set. The correepondlag pro'

perty for the poLynonla!- set defloed by (3.1) ts

(D(:o)n) \(x:n:P) 
- rrd\-r(x:n:P)'

F . " L

LLrrl
lr!,5L
I . : l

(3.3)

SLnce thls ProPerty corresponds to the ProPerty ssttsfLed by an Appell

""t, 
*" t"y'".i1 tirie polynontal set a generallaed Appe11 eet' RePeeted

appllcatlone of the illfferentlal oPerator

o(ro)t



t

to the polynordal q.(x"::n:P) yleld the follorillng general reeult

{p<* l ' } Juo t * ' ' ,e )  
-  (J t )d r  ( : \ * t  Ih -1 (x : rn : r ) .  (3 .4 )

\ J /

The polynmi.al \(x:nlp) belng a dlrect geaeraliaatlon of,the Goul('r.

Eopper polynonLal it iE belleved that operatlonal forntrLae atraloguous to

those obtalned by Gould and f,opper oay be doreloped for thlE eet a1so.

1 .

2 .

3 .

Carl l tz ,  L.

Gould, f,.Irl. and:
Eopper,  A.T.

RalnvLl le,  E.D.:

Referenceg

t L9762 A theoren on dlfferentlal operatorar the

Aner. !{ath. Monthly, 83(5), pp. 351-354.

L962: Operatlonal formrlae connected wlth tlto
generalisatlone of Ilernite polynmlalet

Duke Math. J. 29, pp. 51-63.

1960: Special Functlone, Macofllen and Co., N.Y.

Xatheoatlcs In8tructLon Comlttee,
Krtl.pu! Multlple Caupus,
trlbhrryo UnlverElty, KLrtipur,
IrtlE adu, Nepal.



Some Generalisations-of $tielties Transform

Nep. ltath. Sc. Rep.

t 977 r  1 t r o ! .  2 ,  No .2 .

l-. Introaluction

I t

( 1 . 1 )

where

( 1 . 2 )

then we have

(1 .3 )

S.R. Pant

(s >r0)
[ -

r ts) = 
Jo 

.  "*  0(x) ax

( -

o(*) = \ u-*t d(t) dt,

) o

- o

r ( s ) = \  _ 4 . & L a t .

l o  
s  +  t

Thue, the equatlon (1.3) whlch is known as the Stieltjes transforD

is obtaioed by the first iteratlon of the well-known Laplace transforn

(l-.f). t7l. In thLs PaPer, rte shall obtain some generalisations of

(L.3) wlth the help of the folloritlng generall-satlons of (1.1):

- @

(1.4) t-- u-Lo ("")rL w^ -(sx) 0(x) dx,
'  

J 6  P r ' l

t @

(1.s) f .- 
tr"* (o)** M1,r(sx) 0(x) <lx. (\>L)

J o

The genetallsation (1.4) was glven by Varua [6]. The second was studiec

bv the author [4]. Thl-e transforo, known a8 Mk.o: transform reduces to

( i . f )  on put t ing,  ) r  ;  3/2 and -k = m'F t ,  When t r= l r ,  (1.5)  16 8t t11

rrue for  I  EK-m-z 0 ( t ) t  eU

Al1 parametere r.111 be aseuued to be teal uuless othern'ise stated. I

a
t ,

a
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2, Sope Geperalisations

In this section, we obtain soue generallsations of the Stieltjes
gI;:"iilriv considering the Lap1ac.";;;;;;.* {r. i; ."j"i."'J!i",..r-

Theorem 1. If

(2.r)  , ," ,  = 
I :  

e-sx o(x) ax (s 7 o)t o

vhere

( *
(2.2) 0t")  = 

J^ u-\xt  (* t)*-hr,r(xt)  o(( t)  dt ,- 0

tnen  

[ -' 2'3) *1"1 = 
)o ,r,. f'e+--t,rtt*"rti;bE;l{r x*21.*"ft*,., o.

provlded that (i) 2n is not a negative integer

( i i )  ( ( t )  =  01 ta ;  r o .  sna I1  ! ,  A )0

= 61"- ' t l t1 for  large t ,^7, />o.

i roof .  Subst l tut ion of .  (2.2)  iu (2.L)  and s inpl i f icat lon gives

f -  r @
r{s)  = 

}o 
e-SX 

\ ,  
. -  Ix t  (xt ) -n.- \nn,r(xr)  

d1s;  u.  dx

f - . t t @
= I @ll ._(s+trt)x *_,_hn.,{*t) ax } at, o  r @ U o  r

( -
= 

\  [ ( ) r#z) t+s]-1 
2F1 [b ln-k, l  

t  -
)o 2r '1 r , ro-K,r i  Lazai  

GEt+. ]d.( t )  
at ,

"' 
'rr1n8 a result of Erdelyi [3, pp. 215]. The change of order of lnte_':':10a perforned above ls va1ld due to itre absolua"-"oo.r"ig"o"."Jr arr.:-=tcaral resultlng fron the bounded behavlour of d.(t) for large and-..:l t, ad for \2-rz, the x-integraf f" 

"i"orutely 
convergent when
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E > O. Also the reaultlng lntegral Q.3) Le abeolutely convergent for

the- sane condition on q((t) and the as:/optotlc behavlour of 2F1 tU.

Corollary. The lntegral (2.3) reduces to (1.3) rdren -k '!2ro and

l - 3/2, for the 2F1 lnvolved degenerates lnto the blnmial ratlonal

expr€sglon

t ( l +  k )  r  +  e l t ( ) . -  L )  t  +  e l - l .

Theoren 2. If

r-
(2.4)  r (s)  -  

\  " - ) ro 
1o)*-L lq, r (ex)  0(x)  . lx ,  (s> 0)

JO

nrtrere a @

I
(2 .s )  0 (x )  =  

\  . -  
* "  

d ( t )  d t ,
r 0

@

thetr t
I

(2.6)  f (s)  = 
\  ICL,+r)"  * . l -1 2F1 lL{o-k, l ;  1*2n;  - - - - -e-  IaA(t)dt ,'  r 0  - *  (A+ ' r ) s | - r

prqvlded thet
(1) 20 Ls not en lnteger

( r l )  d . ( t ) '  o ( t a ) ,  t ' |  o ,  a ' 7 0

= 0 ( e - Y t ) , t r @ r t t > O .

?roof. The proof of thle theoren la elntlar to that of the prevlous

theoreo.

3. In thls sectl-on' we obtaln tlle SenereliEation of (1 3) by the

iteratlon of the Ilk,D- and M1,r - ttanafoms.

Theoreo 3. If

( 3 . 1 )  f ( e )  - .-lzsx 1"*;{-k \,n(ex) 0(x) dx,I;

slx

(  3 .

ther

(  3 . :

; rovl

!Y acf .
: - c r
e : r' (
d : i

:-r at!

-

:t€r::.|



shere

(  3 . 2 )

then

(  3 . 3 )

0 (x)

f  (e)

t;

II;

"- 
Xxt (xt)-n-L l t1,r(xt) o((t) dr,

r fr<-zql 
(le+e-n),, 1

ir LFF--il-' crTzif_ 
r (1+2q{n) (r+t >'+r$ 

)

I t+r-t,r+"; . 
'\

,tt 
[ 

1*2n; ;Tt.iEFI ((t) dt'

(1) 2n 1s not a negative hteger

( i l )  s + *  7  0 ,  s  i > 0

( i 1 1 )  * ( r )  -  o ( t a )  r  t . | 0 ,  . r r f , ) o

. 0 ( e - ' ' t )  ,  t + o s  a 1  7  0 .

f toof .  To obtaln the requlred reeul t ,  uee (3.2)  fn (3.1) ,  change the

ordcr of lBtegratLon, and then integrate tern by teno the result obtalil-

d by erpresslng the Wo.o-functlon ae the sun of two inflnite serieB.

t :  pp.  141.  I t  lE eairy ' to see that  the change of  order of  lntegrat lon

d th't of the sr@atlon and lntegratlon lnvolved are JustLfJ.ed under

fL jlveo co;r,jitlone slnce

d Mr -(x)
a t s

A.ffrt 1. If ne ptlt

"n,q(*) 
- o<Jdll for enall x

o(ttF xP) for large x ;

o(*d) for smal1 x

g1.h *-k) for J.arge x.

g r q - L r l r e g e t

,',T**'li.;; *.^fu{. FEft*'-' E+"r(n+r) x
r *l-n-l

I1+(^ r-tt
L  

- '

provlded that

- -
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f  '  [ - L * m = l ' 1 '  
1

r (" )  = l l  E +(^+L): l - t , * r l '- J o  
L  

r + z m ;  J

a reau t already obtalned ln sectlon 2'

Corollary 2. rf lse Put \= 3/2 and -k = urt' lrr C3'3)'-Ye obtain

atter sinpffticatloo, the followtng generalisatLon of

tit stf"ril"g traneforn glven by Varna 16l:

, 6 " 1  =  F ( r + 2 q )  1 \  
" r ,  

[ ' n + ] ' ' 1 t - . r l  y ' . ( t ) a t .
n < s / 2 + e - n ) s  

1 o  
' L  

\ r l l z + n - n '  J

We may note here that a result sinIl1r to theoreB (3'1) by lntet-

"t.ogiig 
tit" roles of the general'tseil Laplace transforroe involved ln

thle theoren.

1.  Bromvr lch,  T.J.  :

2.  Erdely i ,  A !

4,  Patr t  S.R.

5 .  SLa te r '  L . J .

6.  Varma'  R.S.
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Srquential life Testing on Exponential 0istrihutlon

Witn Regular Interval Inspections
Xep. l {ath.  Sc.  Rep.
1977 ,  vo1 .  2 ,  No .2 .  by  B .S .  RaJbansh l

l. Introduction

A large llterature exists on Llfe Testlng, the length of Llfe belng
eupposed to folrow the exponenttal distribution or the l{erbull dr-etrlbu-
t lon [3] ,  [4] , , [5] .  Epsreln end sobel  have made specl f lc  studles ior
the expooentlal dretrlbutr.on whlch lnclude sequentlar dlstrlbution arso.
rt uay be poLnted out that rn their analysle, they have coneldereJ a
cootinuoua lnepection plan [4] for n itens taken at random f;;-ih"
populatlon whoee fatlure denslty function ie gLven by

( r .  1 ) s ( x , € )  =  
f  

. - * l e ,  x ) 0 ,  g > 0 ,

vhete € may be lnterpreted as the averege J.tfe tine of the uaterlal
u.oder lnvest lg. t iorr ,  e,g.  eLectr ic  bu1bs,  radlo tubes 

" t " ;  
t " " . "" . - i t

Ls easi ly  seen that

( l . 2 ) e = xg(x ,0 )  dx .t;

I

Io practlce a contlnuoua lnspectlon plan ie seldom enforced. In
3:oera1, inspection takes place ln regulai intervals, say 1n every 4 or
6 hours or evely day or every week at a flxed tine. In ih. or.""rrt
FF:' se lntend to study the effects of the regular intervai lnspectlon
7la for  l l fe^tesr l rg or .an exponent la l  popular ion glven by (1. i t :  Ttre
!"r results r-n destructl0n of itens (at least of tioee rrri"r, t.ir).

. 
9rppose that lnepectlon takrrs pJ-ace at the end of successlve lnter_

rrlr shoee duratlon is t each. And also suppose that x1 failures are
: l rcrycd at  the l th lnspecr lon ( i  = 1,2, . . . ; ; ) .  f i re tota i  n"rU" i  

" falSr oo test ls n and at each lnspectlon, the defectlve unlts are re_
lLtcd by good ones. rt le aeeuned that ihe age{ng of the unlts r{rhl-le
3'rtlnt ls uegliglble; ln other words, the survivlng o1d units are sup_
t-.d to be ae good as the nerd unitn.

: - @

, 
'& 

.dopt a sequentlal prot:edure for testing a simple hypothesls

1 :  ! . .9u  
agat -ne t  the_aLterna t tve  I t1  :  e  =  01  (Of4bo) .  

' i t  
r " - t r " "o

tb! rr- crrors of rhe flrst klnd aud the secoid kind sioura noi eiceea
r.Ll pe-aeelgned values .t and F respectively

tJ-
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If xr faiLurea occur at the lth lnspection' the probablllty of x1

falluree ind n - x1 eurvlvals

t n \  
* ! , -  t r - X r

= 1xr) rr (I - p1) ' (* 
l; l#::Hlll|1"' " ""

" - x l 91  
dx  =  r -  -  

"  

- t '%  
= ,  

" - ^n ,  " " ,

where

(2 .  1 )

a n d  1 - P k " "
oeter 0.

no=t  I .
_r/ek - tr,-

- 
" 

"k 
, and %. is th-e true value of tlre para=

Let P1* denote the Probabillll "{ 
tl":liuq the sanple (x1' x2""

x^l xr fall6r." o"",rtrirr!-"t tit" fit' lnepectlonl uoder hypotheel-e Hr and

o'J d6oot. the ease ptiilloiitt' "ii"t-r'vi"tr""il 
["' fi''en ttre sequ6ntlal

:Sbdii;"-t"ti" "pi""'ii-ri"i"ar"g 
thi- nth lnspeEtlon le

lD

(2.2) P]!  -  f lo '_ om 
t-1

, " ,  * -  t x 1  l o ' n ' * < * ' - i - r " * + '
1-I l-L

Puttlng t *.t - r' the total nrmber of falluree ln al'1 the n ln-

t-1

spectlona aod subgtltutlrtg for P1 frm (2'1)' we get

P6 
l r

( 2 . 3 )  l o s f  ' r 1 o g + # "  -  m ( t 1  - I o )  
t r rt o m  

1  -  e '

' l o g A  -  n n  ( 1 1  - X o ) ,  w t r e r e  A '  
1 - ; 6

n-xl
x .  , 1 - p ' \

( p , \  r -  I
t ' r \  l - t  '

\ t - t  \ 1 - p ^ ,
\ u  r  \  - ,
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Inapection ls contl-nued lf 1og B < 1.g P 
(- 1og A, where A and

rom

Fare nunbere d.eternlned by 9( and F.

(2.4)  1.e.  l f  nn( l r  -  t ro)  + 1og B {  r  log r /1

(2 .5 )  H r  1s  accep t . ed  l f  r  1og  I \  7 t  1og  A+ r " (  
\  

- \  ) ,

( 2 . 6 )  H o  1 s  a c c e p t e r l  l f  r  1 o g [  (  f o g  B  + m n ( \  - A o ) .

There re lat lons (2.4) ,  (2.5)  aod (2.6)  rnay be rewr l t ten as:

Inspectlon ls to be continued

l o g B + n n ( \  - I ^ )

1Z.7 1 ti -------_=:- < r
1oe A

(2'8) It1 1s accepted lf the nunber of failures upto the mth inspection,

1og A + nn( Ir - Io)

Y  = r n  ) z
1og A

Then r, is call-ed the rejectlon number.

(2.9)  Ho le accepted l f  the number of  fa l lures upto the mt l t  lnspect ion '

1og B + r"( \1 -),o)

T =  a n  (

Then a' le called the acceptance nunber.

As shown by l{al-d the test obtalned !y puttlng I = (1 - 
P) / o( and

z - 9/ Q -O ls a satlsfactory solution of the problen fron the practLcal

:o i -nt  of  v lew, and the sarnpl lng plan prescr lbed by (2.7) ,  (2.8)  and

.1.9)  sat is f les the requireoents regarding the to lerated r isks.  The re-

-'ec!lon 4nri acceptance domalns are chalacterlsed by two paral1e1 1lnes

as ugual whose slopes and iotercepts can be conputed fronr (2.8) and

: . 9 ) .

l o g A + m n ( ) r f - X o )

1og A

log
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I {e r ro te the t t hecabe r rnde rE t r r dyhaEag roupedb tnoo ta l d l s t t l bu .

tloo each group cone!.stlng of n lteus 'rader obgervatLon'

3. The Ooeratlon CharacterLetLc hrnctlgn

Waldrs 0.C. functloir ln the PataDetric forn lfiLl be ueed here:

the O.C. functioo

.h(9)  1. L ( e )  
-  A  - '

ah(e) - 3h(0)

h(e) t 0 Le to be found out fron the fundanental identlty

t g**)o * "*'"
.. Et.) [if (.+)

w h e r e  p . 1 - . - t / Q  ' 1 - e ' l ,  1 *

After aLqltflcatlonr ne get

L - ^ -  
t r c r r r o )  

S  +  *  1 e ^ - r ) { = t

Jsiag only the nth poal.tlve root of ualtI, we get

1* A ( . \ -  r )  -  .  l+  r r1  r ' -  \o)

r 1

n -  x\h 

ot  (1 -  p)o-*  -  1,

I

J

P ' . - I  '

(3.1)

Further sJmPllf lcatlon Yle1de

(3 .2>  0  r

and

rog t(r-4h) 7,"n(lr-l'o) -rtt'r,

i

i i l

il

1

. t i ,



n

{ -  l " \
> l l x: . ( z )  =  

4 - \ " /  n "  G
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c;of -'
e*') tt"f

Relat ions (3.2)  and (3.3)  g ive the O.C. functLons in the parametr ic

form. For any arbitrary value of h, the point 0, L(0) conPuted frcnn
(3.2)  and (3.3)  wi l l  be a point  on the O.C. funct ion.  The O.C. curve

:an be drawn by plot t ing a suf fLcLent ly large number of  points [9,  L(€) ]

corresfcnding to various vaLues of h. This curve 1s described aPProxi-

aately in sect ion 5.

i .  The  A .S .N .  Func t i on

Here A.S.N. will mean the average mrmber of inspection (rn) required

:o arr ive at  a decls ion.  The approximate formul-a of  Wald for  A.S.N.
lo (n) may be used if Ea( ,) rf 6, ,rt U"t the assumption tlnr 6 ls the
'.'51ue of unknown paraneier (avetage life-tine):

i .  1) En (n)
1og l  $  -  t (e )1  +  l -oe  B L(€)

Eg(z)

f  (x,e1 )
; : r e r e z = l . o g - ,

f  (x ,€o)

<'{' - :d en(z)  = 
)a 

p(x) .2,  where p(x)  = probabi l " i ty  of  have x fa i lures.

x=U

n

z
x=0

(-) 
t"t t  

-  P) '*xlos

X n-Y

P1 (1  -  Pr )^ '  
' -

Subst l tut ing for  p,  and po and s impl i f f ing

(1  -  p t ) t - *  ( i  =  o ,  1 )

x . -  .  n - xp o ( r  -  p o ]

(  X r -  \ " ) ]

r(x,01) =[]'l

- p ) n - x  
F t . r [ - n



i i l
, t l
r t i
l i l
li
tl
, i l "
ll

"llj

il
l

l
l i

ll
il
i

li
l l

i
ii
.il
I
tl
i l

1t
ti
ii

(4.2)

t n

-l
l -  - A  ^  ,  \  \  \ l

- n .  l ( f  
- e  )  l o g l L  \ ^ t '  ^ o ' J

L

rbug (4.1) glvee ihe A'S'l{' fuactlon aB

rog 1:'D tl - l(s)l * 
"(s) 

t", -&

(4.3) ,ro(0) r

n rG - 
" 'I) 

tog A - ( \t- ) 'o)l

5. Llott&8 
the 0.c' cuf,ve

Fo!  th€  usuaL f l veva luce  o f  h -  !&  '  !1 '0 '  theva lueg o f  0

and L(0) are found out

( r )  h  - > c c  , 0 * F '  L ( 0 ) ' 1 r

( l l )  t 1  . . a ' - a o  ' g + 0 '  L ( 0 ) ' 0 '

l f f r )  h - ! .  , c ' 9 o '  L ( S  ' L -  '

( 1 v )  h - - 1  ' 0 -  9 1 '  r ( 0 ) ' B '  
l o g A

(v) h -ro , o --tl1o8[1r(rp]e)/1oe6l' L(0) -GE:i-ii l6ttt

. flle O.C. curve w111 have the forn sho{nr be!'ow:
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6. Tbe CoBt Function and Its Mini-nax Sol-iltlon

I t re cost  funct lon f (n, t ,e)  consisrs of  the fo l louing coDponeota:

(A) Coet of  unl ts destroyed ln the test  = knp Eg(n),  where k -  coet  of
I  unl t ,

(B) Cost of the inspection: Three posslbillties may arlse:

(i) It is 
'[.EO(n)., 

where 
-1,= 

cost of one inepectlon over a].L

the uni ts,

(1f) If the cost ie proportional to the number of lteme on hspec-
tlon, it te (n Eg(m) where d = coat of lnspectlon of one lten,

(j.fl) Cost depende only on the nunber of defectlve unlts lrhl.ch aLone
are inspected an,J. = (np E€(n),

Iheee three cases may be consldered as excluslve or there nay be a
superpoeltlon of tws or all of thern.

(C) Slnce tlfie is uoney (the eooner the test is finished, the better
l-t Le, because the products may then be sent to the narket), as8um-
lng a Llnear relatlonshLp,

Coet of the tlme taken = /rt Eg(n), where,t^= a conatant, dependl.ag
on the tlne t and average nurober of inspectione Eg(n),

(D) The coet of energy used for testlng ls also to be reckoned. It 18
approxlmateLy 4/nt Eg(n) where t/ = coet of energy coneumed by unlt
lteD per uolt tLne, neglectlng the savlng ln energy due to the
fallureg lu each lnspectlon.

So the coat functlon f(nrt,O) nay be set ae equal to

(6.1)  Eg(n) [n(kn + Yt)  + E+ &t]

or En(n) lknn + {n + l+t + 1/nx)

or Eg(n) [krn +:tnp +&t + /nt]

Correspondlng to the coaditlone (1), (fl) or (lti) of (B) above.

lte nlnlnax golutlou Ia obtaltred theoretlcalLy ae follorc:



22;

( 6 . 2 )  f f ( n r t , O )  r r a - - - , - - - r a ^ { r\e ' - '  ' - ' ; ' ; ' - '  ' o  ehou ld  be  eo lved fo r  e  fo r  fnax  l t  i t  ex le ts '

Then lneertlng thls €h.ax - b (correePondlug to frr*) r

equate

(6 .3 )  b t (n , tF )

*j-- 
= 0

(6.4)  ef (n, t ,O) -  o
Dt

T b e e q u a t l o u e ( 6 . 3 ) & ( 6 . 4 ) E h o u l d b e s o l . v e d t o g l v e a m l n l [ l . m f o r

r(n,tl5.--rtteoretrcarri epeaklng th" ryo 
equatlons are enough to glve

.'"it'oi Eolutlsng fot n" and t. But the exect nathemtlcal exPre8slon

t"rr. oert"" been found oui ortog to conPlexlty of dLffereotial coeffLcLent

"i 
iCg)'r" the paranetrlc fornl A nunltical eolutio! nay be poeelble

wlth the helP of cotDputers.

Nevertheless, e reallEtLc eolutlon le appareot fron (6'3) as

followe:

Taktng the fl'ret forn of (6.1) and uetng (4'3)' $e get

(6'5) 
3*. * Es(rn) lnGn 

+vt) + g+ r'tl)

I- - f r r s (n )  (A+At )  <  o ,

Becauee aLl the quantLtles lnvolved are Posl'tlve,

f(nrtro) i8 a r0onotonlcally decreaalng futrctLon of n'

Nor we aaaune that the coet functLon trae a elmple llnear relatlon-

shfp wfitr o, 
"ry, 

of the forn k1n, where k1 ' coat of the testlng

nachlaery ger utrlt iten.

Conblnlng wtth (6.1)' we get the nelt coet frmctlon fa:

( 6 . 7 )  f t  -  k 1 n  *  f ( n , t , 9 ) ,

, t
i

. r . . i
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and solvlng . -*
d r

E ; = U

we get

5 .  M .A .  G i r sh l ck  :

Stat is t lcs Instruct ion Couni t tee
Klrtipur l{uLtlple Campus
lribhuvan Unlverslty, Kirtipur

En(nr) ( \+ ,r^t) = o

- I(€) loe B/{_t_1ge_A__
wnere c

( 1  - g - 1 1  t o e A - ( t r \ -  X " )

thJ-s glves an optlnal solutlon for n.
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1. ItrtEoductlon

, A generatlog fuoctloa for the claaslctl Legeadre poLynoulala Po(x)
la knolrn to have the foro

A Glarl of Polyromirlr

Nep. t{ath. sc. 8ep.
1977, Vol. 2, No"2.

(1 - xt)-c Y ,* roo, ." ,ar.r,
L, o!
n-0

by N.B. Shrestha

(L.2)

f * , * * t r . r , * r - r r l'zhL 
' ' o--# .1'

ln whlch c uay be any cornplex ouober. Startlag wl.th a general.LsatLoa
of-the hypergeonetrlc fuactloa 2F1 b the left elde of (1.1), Shreetha

[3], lntroduced a new generallaedlegeodre polynonlal Pa(:r:o) by the
!elgtloa

(1 -xt)-c zo'zu-r lclzn' 
(c*1)/2n" "'(c+?--:-)l2t; t1l c"2-r)t 

I

l1h, 
snlz, 2^,.. . ,  (tuL)t2m,L; (1 - 

". lh J

- i
L,

' r - 0

which reducee to (1.1) $tren n - 1. Ee has derlved sor geoeratLog
functLols, expllclt repreeeatatLon and hypergeornetrlc forn for Po(r:n).
In the pred€nt aad aubeequent aectl.otrs lre lntend to stualy varLoua pro-
pertlea of a apecial caee Pa(x:2) of Pn(x:u) Ltr e greater detall. Thte
eet rl11 be denoted by nn(x). Reeulte deduclble from thoee of Po(x:n)
are a! follose:

a ) Ceoerrtl.lg fuocdl.ona

1(r - rt)4 - .4(*2 - t)21-k - Ro(r) ttr, (1.3)L
nr0

i  . * . -  l "
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ext or,  L- 
i  L/2,3t4, I i  'a<*3-- rr2l=X qj,  (1.s)

(1 -  xt)-c or,  [0" '  

k+L)/4'(c+2)14' t"*" '* ' to,- '  
-  ' r '  

- l

L  L r2 ,3 r4 ,  L ;  
(1  -  x t )a  

J

G . 6 )

i , i . n !

b) Expl-icltrepreeentatlon

It*J (D1 n! (x2 - 112k *o-4k
\(x) -.X 

--4HT6'H 
(1'7)

K'U

c) Ilypergeometric foro 
'

[--4, 
-aCrrt), -\(v2), -k(n-3); 

o , I
\(x) - xa aFs I 

(x'-r)- 
| tr.s;

L  
1 / 2 ,  3 l 4 , L i  x 4  

|

2. Reculrence RelatLona

In thle aection, we proceed to egtablieh some dlfferentlal and

Frre recurrence relatlone for the polynoutal \(x) .

Slopltfytng the generating relatioo (1.3), we arrlve et

[r - 4xt + 6 x2t2 - 4*3t3 + (zx2+r){l-k = 
L\(x) 

tn. (2.L)

n-0
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Dlffereotlatlng both eL'les with f,espect to x' anil slnpllfyJ'ng we

get

nr(x) - 3x \-1(x) 
+ 3x3 no-2(x) - x \-3(x)

= nfo*r(x) - 4x R'o(x) + 6x2 R'o-2(*) - o*' R"r-2(x) + (2*2 + 1) Rro-3(x)

( 2 . 2 )

Agatn differentlating both eld-ee-ot-i:'t) with re8Pect to t and

equating the coefflcl"illl t" arrive at the pure recurreoce reLation

(4n-3)x nn-r(x) 1' 3x2(3-2x) \-2(x) 
* *3(4t'-9) Rn-:(x) - (a2+t)(n-3) no-a(x)

- n \ ( x ) .  ( n l a )

(1 - xt13 . Y
[r'

l(r - xt)4 - .4(*2 - t)27514 ;

b) xo -  n!

(2 .3)

(n+1) Rr(x)tn
(3 .1 )

3. GeneratloF Eunctlon

Dlf ferent iate (2.1)  ! ' l . th regPect , to. t ' .Eul t lDly 
the le 'u l t  by t ,

entl add the Product trtil liitri"l'to (2'1) to 
"tti.ll 

at the fol'lowlns

.iiriiL.i-eloeratlng fuoction for \(x) :

4. E*Pan8lons

rn thts aecrlon, aone e:<panslgl".of lt!*) 
ln-serlee :l 1:s3d:t'

Iternite and Lagurre p"iv"ttr"i" w111 be ob't'alned froo thoee of xr ln

serlee of Lesendre' *"i#il l"i ;;;t;" polvnoniale [1]' }Ie fl'rst

;;;;;-";t" rlsulte for reailY rererence

n  n l
a )  * - ; r r

(2n - 4k + l) Pa-21(x)

k! (3/2)rr-t

tto-Zt(r)

2n  g !  (n  -  2e) !

tb1.

t
k - 0

thnl
E
k . 0

(4 .1 )

( 4 . 2 )



n

c )  x n = n !  X
k---io'

Uslng the resulte (4.1")

^ 1

(-1)k nt (1 +oqn Lf (x)
(  *>-1)  (4.3)

t \ ( x ) t n = t
n=0 nrk*O

(n - k) ! (1 +q.)k

- (4.3) Ln the relatlon

(k)1 (n+4k)! 1x2-112k*n1
n*4k

( 4 . 4 )
n !  ( 4k ) !  k !

and

Rrr (x )  -  (1  +{ )n

H  ^ ( x )
- n-zs
a;-@zE)T'

:L l--t <"-tl ,-k(n-k-L) ,-k(n-k-2),-k(n-k-:); I

h ott l  <t3,t>, I
I 

-zs-- 
|

f--t 
t(+nl, -14 (({.Il-1), -k (r(.t n-2), -k(e({ar- 3),t 5,3 / 4, I i 

)
(n-). rf;(x)

'  
(1 *oe" 

'

aa the expanalone tn eer{ee of Legendre, Heroite and Laguerre polynmlale

reepectlvely.

5. Mlecellaneoua Reeulte InvolvinA Products of Gegenbauer PoLlmonlaLs

In thls aectLon, we glve sone reguJ.te for the polynonLal R-(x) fn-
volvLng producte of Gegenbauer polynoniale Cf,(x) deflned by the"relatlon
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gt

(1  -zx t * r? ) -u=  L  c lk )
n = 0

Let us proceed with the generatl.ng relatlon

[ { r - * t ) a - " 4 ( * 2  - i ) 2 } - t {  =  
X  R o ( x ) t n .

t -  , r t d  
r t - '

Thls tiroe ne note that the left hand expreseion of the above relatlon
equale

-  t  ,  ,  ^ - 1 , ,  ,  t  t  1 - L

$ 1  
- x t ) - - r - ( x ' - 1 )  

I  V l  
- x t ) ' + t " ( x - - 1 ) l  '  

$ . 2 )

whoee fLret factor nay be written aa

cO

r r ^
I c"'(x) t^'.
n=0

The eecond factor, after suJtable rearrangement, can be sinl-J-arJ-y ex-
pressed. Consequently, ne get

6 4 , k

i. *,*, ." " |cfr*) t' 
f 

ralt r*>k:' !{tz*-rl'tktu

n
E . (s .1 )

n=0 nrk-0 r=0

fron whlch we easlly obtain

n r(x)

n

\ t

) crr.--1(x)
4
k - 0

n
- U
\  

'  
^ r / . , \

)  
vk\^ '

k - 0

* ( * )  c ^ 2 - t ) \ k  ( 5 ' 3 )

4-- (A;-) e*2 -,,1h*t1

The reeulte (1.8) and (5.3) provlde ua an inteleatlng connectlon between

the ploduct of two Gegenbauer polynoulale and a speclal caee of 4F3.

3!:

.  : |
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T b e l e s u l t ( 5 . 3 ) n a y b e u a e d t o o h t a f n f u r t h e r P r o P e r t l e . g . o f n " ( x )

frc those of crr(x).

Ackriortled gerlent

I o very much obliged to Dr. R'M',Shr-esthet Mathenatics Instruc-

iion Com{ttee, ffrtfpur'CLp*, T.U., for lils helpfuL suggestLons and

g':ldance ln the preparation of thls note'

i .  Ralnvi l le '  E.D.

: .  Sh rea tha ,  R .M .

3.  Shrestha,  R.M.

l:lchowk Campus

:::stitute of Engineering

: .  i j .  ,  Lal i tpur

. ' iepal .

Referenceg

: 1960 : Special Functlonar Macn11lan & Co" N'Y'

: 1970 : On generalJ"eed Legendre polynomlals'

T . U .  J o u r n a l '  5  ( 1 ) ,  P P . 8 2 - 8 6 '

z L976 z Some genelatlng functlone, T'U' Journal,

9  ( 1 ) ,  P P .  5 9 - 6 3 .



0n,GonoraHsod, Hsrmite Folynomials

Nep. l,l,ath. Sc. ReP.

L977, vol .  2,  No.  2.

1. IntroductLon

by Padua N. Chaudhary

Eernlte polymonial of degree n ln x 1e defloed by

(1.1)  n, (x)
lll.l2l. E (-L)k a! (2:)n-2k .

k! (n - 2k)l

varl.ous generalleatlona of thic po1yamla1 are knoryo. In the Preseat

note we intend to lnveatlgate Eo'e propertlee of the follorlng genera-

l isat ton of  (1.1)

(1 .2 )
kt (1 + b)t (n - 2ok) I

where m le a poeitlve ltrteger, n a o(}tr-Degatlve lateger, v, a and b are

reaL paranetere wlth b > - 1.

Thie polynoutal lncludee the polynoniale coosldered by Laharl [11

when a -  b,  s[d Sleter  Gel l .ae [3] ,  nbeo b ' I  and u -  1.

2, Nature of the Genefallsed Eenlte Polytronlalg

RePlaclng x bY - x ln (1.2), we have

( 2 . L , ql:ill*no - <-rr" {"iP,ro<"r,

-_ (a,b)
Hn. en.l

(a,b) . . t@] (-1)k nt (1 + a)1 (h,x)n-2*

, z o ' 2 v l x ) ' k i ?  f f i

k - 0

ehoving that thls eet of polynonlals la ao even or odd functiol of x

aceordin3 ae n is even or-odd. Furthernore, the deflattlon (1.2) ytelds

2e1

(-1)n (2!)2m [f 
(r/2n)o (1 + e)n

(z.z) nlill)z,,z"col

(2 .3 ) njftfl,r',r,,tol ' or
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Q . 1 )

qfrlk nt (1 + a)n (2rr*)'-2*-1

k = 0

d/dx ,

again ylelde

k !  (1  +  b ) t  (n  -  2nk  -  1 ) !

(2 .s )

eod

(  2 . 6 )

Ttre results (2,1) - (2.5)
prrdeters are epecialLsed.

n !  ( 1  +  b ) n

teduce to weLL-known results when the

3. Geoerating Functlone

ge ehaLl obtaln tno generatLng functlone for the generallsed

8.nlte polynonial-s deflned by (l-.2).

Multlplylng both sideg of (1.2) by tn aod suunlng fron 0 to 6 .
Ye flnd

The

odlrh]r"r-r

where D =

relat lon (2.4)

onjfrb)r,r.',tol

onjfrfl,.,r.,,rol

n !

= exp (2vxt) 
1F1

(-1)o (2n)2on S ,}pr" ,r*t"

(3 .1)+
/-
r=0

g deslred.

To obtaln the second generating

4:;ll,"o, *

n=0

n/b)

tr
k - 0

ln/2nl

T
k - 0

(-1)k (t+a)k (2vx;n-2* .n

( 1  + a ; 1 + b ; - t 2 t r t ) ,

functlon, $7e note lhat

kl (1 + b)g (n - 2nk) !

i
a.0

(c)tr 
{ai:)2v(x) rn (-1)k (c)r, (1+a)1 (2vx)n-2rnk .n

k !  (1  +  b ) t  (n  -  2nk) !

(c a conplex parameter)

n !

@ r

v L= / _

n-0
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(-r)k (")r* (r* 
")n.d . 

(c + 2nlc),r, (2v:<t)n

k !  ( 1  +  b ) k I I !

€- L
k,n=0

t er)k (2,)2* he+*=af 
1t + a)o t2tr

tf (1 + b)k 
'(1 

- 2vxt)c*hk

I'roo whlch, we obtain a generatlng relation Ln the hypergeometric

Eorm

fclzn, 
G+t) /2m, " ', (c+2rn-1)/2n' 1+a;

(3.2) (1 - 2vxt)-'c zr*fr 
| 1+b;

r"l" r{.]il]2"<*r ."

the generatlng telatlons (3.1) and (3.2) reduce to those obtained bv

Lah;1 [2] 
"ttd 

Sleter cellne [3] on epeciallsl-ng the Parseters'

4. Etrpergeometrlc Form

The generallsed ller[lte polvnoulal E[:th]r"(*) Eav be written ln

the followlng fluite serles foro

ln/2rnl

r.
k=0

(-1)k (-n)2nk (r+a)1 (2vx)-2tr

(4.1) nil;l]r"<*l - lzvx)n

Non, uslng the relatlon [3]'

k

(a)m - k"k IT 1" t--11" ,
s.r

we get, fron (4.1),

t
no0

\3

ttu rt
l{rcrr I

L I
t*": I

r a:!

l*€a

t|;! t

*

.tl

k r  ( 1  +  b ) k



{i*]r<"r ' (zvx)o

ol2o'

x
k=0
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v 2 m
( - 1 ) "  r f ( - n * s - l ) u

r r -

s=l 2n
(L+a)n (vx,/n)-hk

k !  (1  +  b )k

..., 
' ' '#nt' 1+a ;

- (2vx)a -(n/vx)3n

l{n ;

!\Lr representatiotr J.s analogoue to the known hyPergeoroetrLc forms foz

Strtar Cell-ne'e polynonlal aod the polynonLal consldered by Laharl.

t t  
rb)

t. Derivatlves of I{.'26,2qr*r

,lftereotlstlon of (1.2) \tlth resPect to x ydelde

- ' - ( a ' b )  ^  - ' ( a ' b )/  t . l )  oxo, i r ,2"(x)  = 2vl ; .  I \ . - i ,26,2n(x)  .

lf re repeat the dLfferentLation a tl-oea we obtaln

( n  -  e ) !

Ite relation (5-.1) snolre that the Appel1 chalacterl8tlc of the

a.trlte polynonlale En(x) fe preeerved ln this caee aleo.

C. Pure Recurrence Relatloa

DLffereutiatlng both eldee of the generatlng reLatlon (3.1) wtth

(2vf n! Hn-s.2r,2v(x) r where D = at/itx.

o.2) D" {:il]2"(*) -

ff'';::;,;,,l**-;,'-".',- i 
-j',**;l'" "

n-0
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lre obtain

i " HI:il]2"(*) r" 2n(1 + a) e "jlllrilll *, ."
-----;' - 

rl ' or z- 
--G:E'T- -

n=0 n=2u

r Grx) 
X 

E:Lli:,il1"'."

Collectlng the coefflclents of tn, *" get the follorrlng relatlon

(6'z) 
" q{i*]z'(*) - amx 

""9i:L,2"k) 
* 2n 

{+#l%il "j1*:ilf}"",
7. rntegral Form of 

"j:i}]*O,

We flr8t note that

(L + a)1 T{r + u1 T ( 1  + a + k )  T . ( b - a )

'j;;|lr"r"r - (2vx)n T(r  + r )
T( t  +  a ) f (b  -  a )

nr-6); - 
T-rnFF6;t'ffi

T ( 1  +  b )
-  

F G T r . f _ 5 - i  F ( 1  + a * k , b - a )

. l
-  

[  
t t *k{r  -  t )b 

-  
"  

-  1 
d. ,  Re(1.{r ) )ne(1+a) 

)  o
t6

If we further aesrue rhar Ckl" 
<l. and for Re(I + b)>Re(1 f a) >o,r0e get

lnl2nl1-1;k 2f; 
1g5f-;n

t- J't '-

i .  - b  k !



= lzvx)n 
,['tr 'r u) [t t" 11 - ,rb-a-L.
TTT;'TIE--)- lo 

t

[-" -rf]- -nt2n-1 , J

| z ; ' ' 6 - " " ' - - -2d -  
|

2 u F o  I  
- t i - r " . l d t ,

L - ; J

as deeLred.

8. rntesral ravolvlng rrj];l]*<-l

Anong many relatlone between Ho(x) and Pn(x), one interesting

result ls the iollowlng lntegral- refation due to Curzon [3]:

i--t f .*p (-.i) tn ttr(xt) tlt.(8.1) rrr(x) = .-rr! . ,r ,  

1o

An analogue of the reault (8.2) ls

."+k(t - t)b-"-l dt.

{:i3]2"("t) dt,

'{1t 
(-1)k (k)n-dr (l- + a)k (2.,*)'-hk-l \-r,'

= /
k !  ( 1  + b ) k  ( n - m k ) !

x ,#,'* ( ,

t

I
i
{

I
,

(8.2) ,ii*,lr't.l ' l- -" n= __--_ 
Io 

e E

provlded that n - nk + L ) 0' and

(8 .3 ) 'flil]r"<or
k-0

whlch l-s agaln an Lnterestlng generallsatlon of the Legendre Polyn9-

nia le P-(x) .  To establ leh (8.2) '  ne use (2.1)  and Put t '  = sy wl th

x - Il ib in the rlght slde of (8.2) and arrive at
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(8 .4)

ln/2nl

T
k=0

I
T . - - T

^/fi

(-1)k (l+a)k (2rr)o-d

k! (1 + b)t (o - 2Ek) I "*r 
y o.# 

a"

(

eL(n+r) 
|t o

(-r)k(t + u)n (zrr)o-m (L)"-*

tt (1 + b)1 (n - 2ok) !

as ls required.
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Determination of Expected Entrant Popuhtion to an

AcademicProgramme-A|ongTermEst imat ion
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N o . 2 .
by llrlilaYa Bahatlur Shrestna
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,;u*'ltx*ti{fi*fi ff r*ry'*'fi$'
ff*fl,'t*ttr+nbgfiromadoiaeioo teat coulo I

f***:rufi ir*l;+s*t#l;Hillu'ilffi
i.troo 'tlEh the-::h:i'.il;;i;.tonshlp of t
ooPulatlon aa werr aE

;i;;;t .oo conaecutlve Years'

....itf ,'!i.:!::i.;i,**[]i:'t#*':l'#r*r'##1'**::
tlto conaecutive Year

lli."ii- r"a"ctl-on method'

rhrs paper t:il1',i",llliil:i:i" # "H::ffi:T:':i'":H'ill"'":":;'u
latioo to an educatl

s-Ith an examPte'

UB IOD: A 
,  - -  t  ,^-^t t ,  ar  two Bucceaslve

u**r*f;\;,uffit*lii:k*l*['jh'{-;""r
l inear relatlonenrp 

between them aa a r''





Therefore, the entrant population at

( l - . 4 ) ,

P'. "d," 
+

Ehe enal of n Years will be, using

3 9

o C r

1+ t " * f r
ci75 fr, 

* o 7z L.

Exauple:

The entrant poPulation to varlous lnstltutes of T'U' for the acade-

ml"c seselons of 2030/3i a\d 2}3irl32 Ls su@arized in the followlng

tab1e.

TABLE: 1 - Entlant PoPulatlon to T'U' for academLc sessLone of 2030/31

af i  ?O3L132.

Edtralrt PoDulatlon fot

2O3o/31 
r 2931132

Institute

Science

Hunatrltl.eg aod Soclal Sclences

Buslnese Adnlnlstratlon, Comerce and

Pb11c Adnloistratlon

Lau

Education

Medicloe

AppJ.Led Scieoce and TechmologY

Englneerlng

Forestry

851 t  969

2811 
t 3233

LO22 
| l2O2

53 t 170

927 
t 568

2L3 I 205

68 I l-40

319 t 187

105 I  105

AgrLcutture 
37 

t 85

--a

' 7





4L

B
E t = A ' T t

Taking logaritlme on both eldee

Ea*  =  A *  +  BT t ' r

where t ovel a quantlty denotes the Logarlthn of the same and A* and B

are-eettnates t; be tleierutnett by the nethod of leaet squafe8 estlnatlon.

nel-ation (i1)

The estiEate of the enttant Populatlon based on the S'L'C' clearlng

populatlon in tlne t+L w111 be

E . * * t  =  [ *  +  t r l * ,  Q ' 2 )

w h e r e a o v e r a c o n a t a n t d e n o t e t h e i r l e a s t a q u a r e e s t l m a t e 8 ' W e d e d u c e '
therefore, that

( 2  . 1 )

( 2 . 3 )

"I,,, 
= ix

Relatlon (111)

+  i  t I , o ,

the relatlonehlp between the S.L'C' clearlng populatlon n years

hence from the startlng ferlod of time and the S.L.C. clearing popula-

tloo at the startxng plrioa of tlne nlght be estLnated by aseunlng the

S.t.C. cleartng populatton 1n euccesslve years are llnear related'

and hence,

r .+t  '  t+|Tb

T t + l , n r + l  = \ . , + 8 t t , " t ( 3 .  1 )

(3  . 2 )

where Ta, Tt*l, Tr,rr, & Tt+r, n1-r-1 
are the s'L'c' clearlng populatlon

et the tlue perl"od t & t+1 and n1 & n1+1- yeate hence frorn the startln8

Doint of tlne end U & d ere the-coneiant estLrable by the method of

il;; ;;";I .--'-<5.i1 
-teins 

a dlfference equerton of flrEt order we

oay deduce, as ln (1.3), that

, . , r1 -  j5""+ fr-

ta'





I
L l

i l

i l

i

L

L

I
f ,

L

l r

I
t i
l l r
1 r \
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The leaet aquare estloate of A* & B were found to be

t*= g'04/+z

S  =  o . rg6

the r) t J fot the S'L'C' clearlng populatJ'oo wae found to be

J - L::;sa

) - - rrzt.zaz

For the acaderolc eeEeLon of 2034135' eetioate of Tx'n1 ilag

ta,o1 = 31871

ao ttrat' Ttrr, = 3'9294

Total eotrant PopulatLon ln the year 2V34135 would be' therefore'

E . , 4 ' 9 6 8 4

HETEOD. C

The eotrant PoPulatLon n yea!6 after the sterting polnt of tl-oe

oay be eetLnated bY

. n  ( 4 . 1 )

t . , ,  -  Et,"  ( l  + Yc)

shere v- Ie the rate of growth:f 
!!:-"ott"nt 

populatlon assumed to

;;t {nt 
""t" 

for all eubsequent vears'

ErasPle: The data on Table 2 enabLee ua to cottrPute

T" 
-  0.857

For the academi"c seseLon of 2034135' the expectecl entrant populatlon

would then be

E . , 4  -  8 ' 9 1 6
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Sumary

The paper deecrlbeE statlstical Dethods of deternlniog the ealtrant
popuJ.atlon for any tlue perlod'based on entrant popuLatlon for earller
tLne perlode. It also descrlbes the nethod of estlnatlng the entraut
populatlon bgeed on the S.L.C. clearing population. The conatant growth
rate method of estlnatlng the entrant populatlon has been lntroduced
here only for conparatlve purpose: The entrant populatlon estlnated
by the above three methode are J,0251, 9684 and 8916 reepectlvely. Theee
estloates ate crude & baEed on very snal1 number of observatLone. The
eEtlnates may be as-E6llnatsd, as tl![e pasees oo, wLth additlonaL data
to enaure a nore predLctLve measure of the entrant populatlon. The
acadenlc eeeelon ot 203Ql3L $ould be, accordlng to Engllsh Calendar the
geEsLon of  L973-74.
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Abelian Theorems for the Error-Trlnfform

Nep. Math.  Sc.  Rep.
L977 .  r l oL .  2 ,  No .2 .

1. Introductloo

In thls pape!, we establlsh Abellan theorens
traneforn

by L.K.  Shreetha

for the Error-

( r  +  D .

lhe lntet-

@

c
f  (g)  -  

)  
u-" t  Erfc (16t)  d { ( r ) ,q o

where EMc(x) ls the complenentary Error functl-on [1: pp.147] and is
deflned by

o

Er fc ( x )  "  J  " - t 2  
d r ,  x  70 .

x '

Here we asaune e Le real unle8g otherlrlEe etated.

2, Abel-1an Ttreorensr

To eetabllsh Abelian theoreua we need the foLlorlng lemq.

Lema 2.1 If r le poeltlve real. number, then
o

n
J [e-8t Brfc(r, fet) + u" '2"t("t)-\ ]  tr  dt - 1.

0

where

H(r) - k ll+31 .21 . 2F1 lt,3/2+ti, t+2; \l * ,-t-3/2
(r+t)z*3/2

The leuoa foLlore eaatl-y by [L: pp. 13g].

Theorem,2.L ffo((tl ts of nornaLLzed bounded varl.atlon in
val o ( tgi R for every posltlve R and lf the integral

F
(2.1) f (e) - J^ "-".n"f"( 

\,-t) d 
4r)0

r*1

EI;'
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conversea fot s 
70, 

then fortgilgt*C$IT".rfrfil nf O&,Artf$gogd$"tgn[lm{F,

" i rE i  . ;€  ln rou  .nn t , t
, f "ur , .3 

l rov 
.r ' ;a. l

t**-.!!"::L{ . i-

" : r . - , ' ,  A I
[ r - .  

r i+ . i , . : : -

r"r.:iaa:t;?. lru ",tl"trt")-lJ \\< 
ffi ' 

lr((t)HG)(2 '2 )  
'>o l  r ro+  |  t r

ir.z> ,H, .f,;'lS:'tl*[,< n,*TF* {-=#PP-
ego+ l  I  t -> .a l  t t

t'l.

Proof :- since the r"::F-ftL(l.l);1e1"94ee" for. s 
) 0., we-have by

theorem 2.4.L l?t  pp.201 " ' " ' -  
, . , ' ' .  

i : :  i

6

. i tat' !t-A.qf : i!-s'tr*rtt { lg1;.,* xr.:3€t1s.)='i l ,o( (t) dr: i i i :r .

i  
. . l : i 1 . . .  . ,

Then 
@

^ :^ -- ..

"'r(.") 
- A = 

"'*1 
5 1"-"*r'r"1j;, - L"*29t("r)-rl ti(t)- ffi, u..
o f  

. ' , ' . .  : . ' ; i r i s . ,  . : . .

If T is any positive nurober, Lhen

| "', 
1"1 u ro o ! <" 

"'*r 6I,11 f,s trrre <.y'E1 a4g-?e t 1s t 1 +t 
{"< t.l - 

o.' Ju.
I  f -  , 0  |  H ( r ) l

i . ? r j . j t . T . : r .  r .  : : . 1 ; . .

I  "f tJ., 
.1.-sfprrc(r sr)r;e-2st(srl- 

j t  
ld<rl- * l  . ,

.  ' :  '  
t  i - " t r "  = , "  , t a i .  : . '  l  

-  i ] ( : ) l

T
_r+l_ L

A l  d r

rs{r} s1:ij p: lo}Jstrsv b*bnuod bBs.tj..e;m:roir lr: :' i..f _i.Ll j:l_g:::gs-Jilq
- 11 - '2' 

.tsrgsJat slJJ 1l' bilA .[ gvtl.ieoii q-;s,.-. -rc] ]J t;T,; 
-i-;

Uelng lema 2.I 
, 

we find that ci

r.".#)Fd.<ttff i lV ),r1u'"-u 
"i 

= (a)] (t.s)

rl- -( o\+\<T | .t 
- ^ 

|, '



t
I

41

atitt f ol iri{E .i6t!i' ttiet''b€Uagsiirr6?'rtllehbragr _ptopetttei 
urt41t1 , 

' 
tor-

1orylng fr6n the convergence of the integral (2.L) I2l ' w: can, fi.ltd ?
coribtarit' ll t6t uliy itoiattlii€ Al$utlii-th6t'i 

:r"ii'

| * , . ,  #  | a  
u " &  ( o * < t c o d ) '

Therefbre @

r2
T

= *r*1 
{* 

.-("-zal(r+y)Errc(iG'(r=) dy + ::

@

*b"*t 
*( "-zt"+l 

(r+v) (s(rra))-L dy

= *rrr 
"-rC"-zs) J e-YCs{rrr"C.,/i66ll cty

0

f

* k""r*t .-zr(e4) t ;zv("€(s(r+y))-% dy.
' J 5 '

Slnce the l-ntegrale on the rlght hand slde are flnlte for a 
)2t, 

we

have

1in 
12 = 

ttt 

1"r+1.:T(s-4)nsq"r+1.'2T(e{) 
l

s ? 6  
" a a  , ,

= : 0  
.  j r . . i r r : .  t .  ( e  

7 2 3 ) .

Thue

"i l" ',:"1 
-+1... '::, 

l i f* 
A

SLnce the left hand slde of..the above lnequallty Ls lndependent o f  T ,

I
I

I

we a11ow 1t to approach zero i:tiU':'tlbtelr-

I i '  r  r _ . .  |  l i '  I S I ( ' L _  o
I  s t ( e ) - e f

s - ) 6  I  |  \ \  t + o  I  . '

2*--J
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ThlE egtablLsheE (2.2). On pr'irceedlag alntlarly (2.3) aleo follore.

Cofollary 2.1. If for eone uoD-negetive number r 8nd any conatant A

d (t)

then

f  ( a )

lrhere

I
' l

- *
r"*1 J [e-sturrc(nl?i) * L"-23t(".)+] rt .2et

0
- G(O-c.e,r)

E(r)

d t
I

I

G(G,e,r )  -  B( ! )  t t  
R*g/zr-  - -
.(*D2r+.312 (t _F"le)r+3/2

2EL lL,*312i t+4 @-1 +
' 

2e-[c

and lt(r) le glven ln lema 2.1.

Proof followe aa Ln lennr 2.1.

Theoren 2.2. If the htegral (2.1) coavergee for a $)flhere Ife
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where G(Era;r) le deflned as ln lema 2.2.
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Problem $ection

The Section of the Report r.s devoted to problens and theif sorutlona.You are lnvlted to eend vou, 
"or"tio;;; 

;" problene ro any Dember ofthe Coordinating Connlttee.. One solutLon tf .""t problen wlll be pub_''shed 1o r'ater lasuee.of the n.poii *i.ii Jleart given ro the solver.Other personE who subml-t correct Eofrrtior"-to the aame probl"en will beacknowledged by nane' you re arso i""il.a-t. send your favorite prob-rene for lnc'ueion ln rhie sectloi to-"t.ii."g" otheis. l, soruiion naybe aetrt along wlth the ploblen lf one i" ti.*.

Problens.

1. You are gLven atr obtuse trlangLe. Can you a1$ays cut lt lntoacute trlangLes? If yee, whai ie the ninlrn-trn number of trLanglesthat w111 eufflce ,.n any case? iniii,l."r rir" ii"ri,--i"'ril

2. Let N be a natural number whlch is not dLvlslble by 2 or by 5.shqr that there iE a nultlple of N ;;i"; consLets entlrely ofouea.

Suppoae thst the functlon f whoEe donaln ie the real llne is con_tlnuoua at a poLnt c and sat{efles the frmctlonal 
"g";;i;"1(;;)

-  f (9 + f (y)  for  a l l  x  and y.  prove t f ra i - i (x)  = x f (1)  for  a l lx. (Thue functlonal addltlvitv pi""-"o"tirriray at e polnr lupEeellnearlty. )

Let f and g be differentlable functloas of the vartable x. student'oftel 
!e11,that (fe)'(x) ehould .q""i-f i" l 'e,("i .rri-"." 'ai"_*='.",

appolnted when they learn thet lt le not 
-generally 

eo. Flnd func_t loae f  and g for  whlch l t  ts  so;  thaf- i " ; l ; ,  whlch ( fg) , (x)-  f ' ( x )  g ' ( x ) .

3 .

4 .
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