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Abstract:

In this thesis we have obtained a solution of the partial differential equations governing the flow of
electricity in a transmission line of finite length 1 (miles) with constant parameters ( L henries/mile, R
ohms/mile, C farads/mile, G mhos/mile). This solution satisfies preassigned boundary conditions at the
sending and receiving end.

The analytic expression for the voltage drop e(x,t), x miles from the sending end and t seconds after the
line has been energized, is given in the form of an infinite series. This series is found by applying the
superposition theorem to two elementary solutions of the transmission line equation which satisfy unit
boundary conditions. The current i(x,t) is determined from e(x,t) by the use of standard methods and is
also expressed as an infinite series.

No attempt has been made to use the results obtained for numerical calculations.

100878



O THE SOIUTION OF THE TRANSMISSION
LINE RQUATIONS :

by |
ROBERT B, H{ MURDO

A THESTS - N
Subm.ttad to the Graduate Faculty
partial fulfillment of the réqﬁiyements
J.or i;he degree 0P .
Master of Science in Applied T\{@.ﬁhematms
at

Montans State Colilege

Apprwede

Waﬁ, M'L;m epm%ment <

?./4/;—,@/0:.,

Chai nyéy/ Exammmg) Committee

00/ Jeloos |

Wm, ‘Gn’adﬂati/ Division

Wy
SO,
3

Bogeman, Wontans

fofoe
l’ ’ b

.y,




Cb™ai1PtZc

OfF2-

1.

SIS

2
CONTENTS

INTRODUCTHION - - e ececeee e e e eeeeee e
SOLUTION OE PROBLEM I e,
SOLUTION OE PROBLEM Il coooeeennnn..
DETERMINATION OE e(x,t) AND i(X,t)...
DISCUSSION OE RESULTS AND CONCLUSIONS

page

12
14
17



3
ABSTRAGT

avermiapica

In this theésis we have cbiained d solution of the.
partial differential equations goveéining the flew of elec-
trieity in a transmission line of finite léngth ) (miles)
with constant parameters ( % heuries/wils, R ohms/mile,
¢ farads/mile, ¢ mhos/mileé): ' This solution salisfids prew
asgigned boundary conditions. af the sending and récgiving
end. 9 | ! - SRS
Thé smalytic expression Loy the voltage drop o(xut),

% miles from the sending énd and t secbiids after the line
‘has been evergized; is 'giveén. inm’ thé fom of ah imfinite
series. This seriés is féund by Bpdilyifg the supérposition
theover 40 two elémentary solnbious of the transmission =
line squation which satisfy unit boundary bonditions. - The
ourrent (x4} is debermined fvom &(x,t) by the ues of
standard methods and is al#o éxprebded o an infinite .0
serieg, S " CoT ) RS

Wo attempt has beep msde 16 use the réswlts obbained

for numerical caleulationsy -

100878




4
1 INTRODUGTION

The baglc equations for the transmission ling ave

(1.1) e . ... 3L
: Cox T RLY ﬁ§?
(1.2) g g;_; 2e o
o L <o a}: - G'e ‘*“ Gdt . oo .‘- “‘ | /,‘ .

where. e(x,ﬁ) and i(xmt) arg the voltage and curvena re&pead

bivelys thé Varxahle B (mileﬁ), mEEQured Erom the $end1mg

end, is restricted ﬁe thé inﬁerval ®<fx‘<1# the %araable

t {seconds) to tiz@; Th 11&@ parametﬁfs (Ry Ty G; and

@) arve eonsidereﬁ canstant, tmmughmt ishe problem, .’
By'dvfferentiatmmg equatianm (141) wwtn respeab ﬁe

¥ and {Ls a) mth respesm m by wa qsm olmminaﬁ@ i(,mt)

and abtamﬂ

ge 136
57 = Ree + (RO + 10)2% lgatz .

L

07

()

L Wé sball salve squaﬁion'fa) un@ev thé baumdawy comw
ditions

Set A) A L
( ) e(0,t) = B, sin wt




l.eyy we sha 1 pPEUGW1be ﬁhe sending aﬁd reeelvimg end
v:eltag*e'm Tkniss will ena‘ble us to detemme 'sbé @e:z’fc;mw" |
ance of the line for a glVen sendimg end *voli;a,gey Such

1

that ﬁne recemvxag end voltage is thslﬁ (wt+a.); ]
Fuﬁhermere, Wa asgume %he line te be energizad at t“e,
3.., B3 fex’ a’il Values of %sa the 1me is &ead, Tms
yielde fha two tnitial comaitlons’

(Xyﬂ) = 05

3| =7
Bt | =20

«

We shall first solve two subsidiary prabl@msf'
1. Problem I, .' o _ ' | o
We shall obbain a solution of (2) satisfying the . ..

boundary conditions
(set B)  U(0,t) = B, sin wh,
U(l,t) = 0.
‘This solution will be of tue fomm
: : xr: # - : . .
(38)  Ulxyt) = F(0) ulx,¥) + ofzs“(-r) W teT) ar

whers F{t) = ®,, $in wh amd u{xy i} is a solutiocn of (2)

5aﬁlsfylng the ccndatloms




| 6,
(set @)  u(o,t) = 1,
E u(lst) =70,
u(x,0) ﬁfow |

dup .
 B%|gmg

&

-‘Jl
T S
N it .

f
L ca . ' T
1 . J b,

L‘quat‘f on . (3";} w oemmea y ra.. ev:t*ed 'bo as me Superepﬂs:.-f.f:"f}l
tion theox?em& o A o
2.}Pro*blem II. o . . e R
: vre shall a’bﬁain a 'samcwn ef (a) aammymg the
bcundarry c:cmdmtz.ons ( ' 4 '
(set :n) IR V(o ) = e, o

V(Z,*c) = Emggw {wh. +0'C)

This solution will .be of 3 :ﬁ‘mﬁn'i@éﬁ’tical With fééuat;ip;}:@
{3} where Fit) = Em gin {wht o) aﬁ& u(x, %) is i"e‘n’ia_{zfg&u.
by @ solubiony ¥(myt)y 62 (2) 3;&1;::% sa’gisme‘sv the @m;} 3
di%ipné ‘ o -
(8¢t B) S v(05%) = 0,

Wi,t) = 1,

v{=z,0) = 0y

a,v . » . ‘,\ :
at 't:{)” Q ¢




v
¢ . . oo
Upon adding U(%,t) and V(x,t) we obtain
(4) e(x,t) = Ulx,t) + v(x,t), _ o
a smlutmon of (2) satisfying the c@ndmtlom$ of: (Set A)a .
Subgtitution of eqHatlnn (4)‘1ntc (lhz) yields - |

G Bi 3¢
é’ax== Ge + Ogm*“ »@(x,t),

whénce,, ﬁ@on partiaiw;ntegratlon Wlth respect to Xy
(8) 1(x,t) = /<P(*:fc) ax + f(*b) g(x,t) * f(t)u

The arbitrary fun@tiog f(t)_is‘éater@iﬁed by mgkipg'gge“
of the preassigned initial conditions eud substitution *
of {4) -and (5) into (1.1) which reduces %o

& o ey & m

Ila‘%" + Rf('ﬂ) = O
2. SOLUTION OF PROBIEM I -

In ordér to sfmplifyﬁea;éﬁlatianslwé vewrite (2) as.

6 Fu., 2%, y3u L
(o) ' 5%t at=+b'é’“+““”°“

where & = <IC; D = H(E@ LG), and g = -RG, ‘We éssume

u(z;t) = u, (x) * u,(x,t) where a,{x) shall satisfy the

K '

boundary conditions

(7) ‘ u,(0) = 1,




Thé @eneral solubion of (9 1) is

particular soldtion

.8
ﬂ,(l)’-‘*@&.

Then, by virtue of the épn@i%ieﬁs‘pflfﬁéﬁ €)s uz(xgt)
must be determindd according to the ¢onditions
(8) ,(%,0) = ‘,"‘u(‘(x)} .

ug(0,8) =0y,

uz(z’t) = oﬁ

% “ﬁ' 0” . ,-':' ’ , ’:‘vl‘\" . ‘

I
[

Upon substltutlon QE u(xﬂt) lnte (Gj we have two

differential equatioﬂs ﬁa uolvap

o a’ )
(9«1) ~ . %§%L.¢ cu, = 0,
. ‘z 2oy ' T

u,(z) = A mosh-/‘ﬁ" Fx+ B sinh#ﬁe' Eo

By applying the bouvdary condltmons (7) we obtain the

(10) a, () - éiﬁt_;,/ﬁé’ 74x)




. ‘9’ K "
- Ty solve equation (9.2) we amme’

&(x)t) = <9(:e) V(i;)

5@@& subsﬁm%utasm (9 2) becomes '

11Y " 2 . e
{11) . M o V( gtgr+1a1!) i,
in whieh the variables ae sayar&ted ,Heﬁée

A '

: 49 o

'(12.»11) ' oaEE Tt 'mz.."’ = 0y

B ol | Y ;1‘,
- aE Tt (osm)¥ = 0,
Wn@ra m is an awbitrary cnnstaﬂﬁ %a be ‘détermined. 1ater,

The general solution of (12, l) zﬁ

@(x) A cos wx + B 31n mxc

rmyasing the baunﬂary cenﬁiﬁlﬂns (8), we find that any l
one of the P (%) = gin m*mﬁ mwjr' Where nE 1;8,{f“3.q1
will b¢ a particular smlutzqma The funatlaas @n(z) are
the gigen funatlans asssemated Wl%h %he sat Qf emwen .
v%MMémw%E ,nﬁ 134**\ , _ | , .

T g saive (12 2) we Lived deteﬁmima the xaots bf

the qharaeueriaﬁme egmaﬁinn

Y= b +1/6 4-a(c.— )]
2= R




Thevefove

A1l summations used in thig thesis will be from m'= 1

o w M
We sel mat smc@ ba?ﬁ‘ = (RO & lﬁ) > G5 ”M’J@»‘ d:,smwma«“‘;'

inant A = B= 4a¢ et & (ac u:%) s 410 %E wiin e ‘jlf;

.....

L@, Ty, 'md, G: .L'b :ts evz_ém*b ’thaa‘s *thﬁ%re always Eﬁﬁ’bﬁ a ‘

positive iﬁﬁagaﬁz‘, -ﬁ-gyk sueh that ‘hhls“lnéQhali'by nold$
mm:' all m>n & We sha.ll assime- ‘mrc\u hou‘a that @ is

n—.,'yy

”reatmcted ta *i:he.se valuess m arde:ﬁ* to eb'bam selaﬁxons:

mon’ommng sing ané casme termm @ﬁhermse,, 1‘}; can
be ‘shmm that no sqmtrisozss em_% samsf;;rmg @'ond'i'bwna_ )
(8). T
Putting A = eéél.(’m)’.zf;,/,‘ we obtain as 9 general sol#
ution of gi;a .2) | B |

(15) llf,, (t) (A’ sin 9,6 + Al cos t)e %a
'u;g,n(?“ét) = ez“ (A‘ sin, b + AR cas 11) sm“%"’"xl;,f
and
3 T P ntX
(24) w (x,) = 628 Y (Atsinoft + Aleds Ht)sinTy” .

o

to n =0, To determing &, and A we Peo all that
ulx, 4) = ;é’*‘S‘.mh-VRG' S 1-x)

CoginhyRE L




1L

Waking s, of the well knéwd fowmlas £or e Coerfiow.

NP

ients in & ?auﬂmer Bé?iéﬁ*ﬂé abtalﬁ

i
i
Ay
-
. . ol
and ' - R :
;
- “ Tk o b ’
¥ ﬁzﬁo & .
., i
~ K:“.| ¢

1F we deffine

and .
. .

Bo ® Tos ;,'Am»’.- R

them the solu%zan.gf i6) will be f~,~“

(15)  ulx, +,>~ Slﬁ;ﬁ%‘;’“ + af-dz B‘vensm 5)s1s

Applymng the ﬁ%@@?@ﬂﬁ&ﬁlﬁn %heﬂrem 4 v(x,zT# whare
7(t) * 8, sin Wy we will gbbain’ U{y@h} s definedy’
Puﬁtlng




)

12

B

p'n v iq = (%,; + i) % e/

Py = ( ) —P')/n s “W B E sww din, E{T) W
‘kbw ,
q a g e

we find; after ebnsiciémmrg ﬂiﬁp‘ﬂ.ifizeé‘ﬁieﬁ@

- -~ 8 hﬂ |
{18) UCX'H"EMIS""”t 3mh%ﬁsgz “ wE’”’e zath""?

cos§, +t wg cos.'wt- cosén}_.{hnﬁ’:‘_gn 5"”(25»;-'2{?)1-

wg eos (%t ;-S,,)‘} :’ i

3. SOLUTION OF PROBEEM IT

The selution ¢f problem IT proceeds along the same.

lines as pProbiem I, We abtam ’

- smh/RG ®
(27) v, {x) = STERVRRT ¢
and

: R S R '
{18) Vg(‘-‘ﬁﬁ&-t')‘ = k'e“ Z“Z(«Egain%i; # K;:@aaa{,*b)ssinﬁ-z”-"-‘ﬂ

where

s fi P
sarf PR,
&




13

- fé ¢ PEx. . nrx
=TS ‘ési“tp!én%zz“ sit 7

a;tld ) . ‘ ) . e . " ‘ . ' ‘ :, ' );
. . , ’-h ‘:' ‘: ,‘}\i“; . N g o
{ T WA oA
L {«i)'m +B M Ges s
Thepéfove

(19) v(x,t) = g—%ﬁ . oha Z’_’B,,aes(-/ta«-qgsm o

By means. of thé superposz,ﬁwn ﬁhaorem e fmcl V(x,.,*i;) i‘;e

e ’ .
ﬁﬁ@ X
(20) Vxp = 2 Sinlutsa) sn/n/""z *E 2‘“’ h e}z‘aZ
X
'8 —i‘-g%-[ %’é ['P"eos(eut'-i-tx) + 9$m(wé*+06)]

cosJ ..;.. w9 cos (Wt +QL) Cosé wp,,casé am(wt’-&m)} -

{(;aacosos‘ﬁ- Q,SMGC)C 53, Scn CZG,, ,,,-é) +‘”7"9'5'°‘,
'C’;:s(?"f';é )nw,e,,siad,cas(y?_é )}] +

£ sinwc s Zé easéw § )sm

mz‘




4 -

N 4 PHIBRMEINATION OF e{x@c} AwD g, 8)

Whe axyreaaion wr tlﬂe v&lﬁage e{:x:,,t) ig obtained by
adamg Ul;h) (16) and V(,a:,,t;) {20); e T

e(xgt) 2 Ulx,t). + v{xgn}, * _

ﬁémsmg that Stame of the ﬁém&s c&n%am the éie,mpmg ﬁ‘actaz*
e:.% P! mre shall sepam’:je the expréssmn J?ar e{x,t} :exz:bo the
shealy state parm s{#,t)y and the tmsiemt parm
et{m'&)»

‘The ateady n*ta*be pawi;,, 'sﬂﬂgﬁﬁf}‘@,i"‘iﬂ\;gg;.ﬁwﬁd 16 be,
(22) &5Cx) =;7,Tﬁ4ﬁavfz[5w?"”‘”f SinhARELR)

Emzsinth-wL)s:I'nly /PGKJ+ w-‘/l(gf) 3+wa' %

/Ei#fm; +2 )™M E,, 57%“5; Sin(uwt+e,) sin 2L

A+ 9 ;
where )
tane,= (-1)” Emﬂ*’en + L, p Scn (6 + 64)
TR en £, 0os6,+ E,,mcos (o + 8,) J _
22t
- sind, twgeesdy - _ b €= 7F
tan On= oo g sin 6 ~ Wy, CoS S, W  Hat

and the transient part, e, (%t)y i




. - ”anl mrx £
(22) Cplxt)-= e '?“ Z,?azzmz 2 Z c—o-:zi [smoc

" cos(%E~4,) m[(,a,,e::SO(.-f-QSMOQCOSO( + wzj"‘ ’
o~ n 7?’17
cos (%t +4,)~§ 5]+ 05 5 z+ g%) '

cos (5¢ + 4@ -8 )}

whe re

' _ % (o, cosK +G Scnal)
tan d @)= _L(Pngosqg +9s(”ac)+w(yaasot—/b,,sehoc) !

i‘an 40 = 26, o

To obtain’ :t.(x,’c) we svbstmuﬁe el b) = egfxu8) +. .
e, (%) inte equation ( 1‘@2) and infegrate the ?ﬁ?‘;ﬂﬁ%@gx
é’:tpré‘ssfiqn partially with respect 8 .x. Thig .Bﬁiﬂidfﬁ:i: -
after ’simplifibaﬁibm‘g |

{23) (o é) Sc:/h:’/ﬁﬁ'l {Em: CGScna/t+wC'caswt) cosh -/,{3'5’(1_,0_.
EMZEG-sc'n(wt-i-u.)4chos(w?'+0£)] cosh /?GK -
-‘/ 2 M@Emﬂi -
G+ ) st v/ T

[Gsintwt+e,) +wC eos wa?+€n_)_7€°,5 ”;m "'
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LG - RG ) r;'x
(e 2“2}6%%7? cos 7%

cos('}’z‘ 6 ) W&Fqcasw-fgscnac) cosal +wij -
cas(')’f-+4,,(ac) 5):}+”—%’L;"—é—'zm

o
. cos &, [Sm@(

2‘!

a(P&+93) s
cos(wm@ ,,)]-;-ce aaZ/—%’z—a—_}% cos-’-’-z—"-’f- {
Em& e ! ‘ ‘ :

Cos §, sinoc sin(e-4,) ':l//,T‘g,_——:;T[&P,;cosa& 49 St )cosol

Cogek _ (1) Eppy | €~ el
W’ ]% sin (%t +4,,(@) 6"):] + “eos Su “9"5:72)

Sinpt +o@ -8, + Fey.

The function £{t) iy determined by sibstitution of
e{x,%) and i{x,%) s‘;n‘bo'éf@a"sipn.‘s (1.3). Upon inspection
we note that £(t) will e of thé Form

. -2t
| ‘ £(8) = Ke b,
‘ Hénce the s%eady a’tme part of ke current i(= u) ig of.
} the form
i .
|




. (
(o) /t'g(x.'t) = —;;%7 {Em,CG-sm wt +wC coswt"}
cosh /P (Z-K) Emz[&s:n(wz‘-f-ot) +wC’casté+oq7ces/n/r?G»\'-

2 Eq+ Ej,ﬁzc-l)"*'s EunCoS, |
w V "'“’ Z/PGZ"MEW”']/— | /a,,'?-/-y ‘

nwx
o

l
54 DISCUSSION OF RESULTS AND GONCIUSTIONS

[G s«.n(wt+£.,) -+ wC cos(wt' + e.,)_] cos

mh»a axpresmma Tor the ‘v‘el*bage aﬂd current éi::.s’cri-»

’outmn along a transmiasz.on :Limejr emmawil,f fourd dn’ te&;t,
’baokmam I . - |
t25) | E{x) = Eg ecshﬂ*ﬁ'x # Lg% smh-,/ﬁ’ %y
I{x) = Ig coshﬁ":: w Bgl, smh-/‘g' By .o
ithers g= R% jul, ¥ y= 6+ §ul, za-f ‘and Y, ﬁ’
When x*Z s thea .' : | _ ‘
| B, = B, coahﬁz"l ’-:» Tg %o ‘smhﬁg"z P
& Is cush/y—'z”l e ESY smhﬁ'z"' _____ .
£ we det B, = E_., aud I, & Ig 'y i,,aw if we aggume tha:b
the. ampli“wde of the vﬁltage zm:i Gurz*an“h Wa,vea za:b thé
aeﬁding and waewmg ends ave aqma&, men R
(costyFTe = A)Bg % T,%, slab/FEL £ 05 -« -
(Gosty/TE? ¢ 1)Ig » By¥, sbulyfTl = 0.




ig.ordef‘ﬁhéﬁ thesdé equations be Gomsistént wé must

have ‘ L -
coshﬁ"z 1. s, :éfirihf/"’yz 27' -
:,:2; ) "
«'-Y;, ‘smh/""yai-  GosyFEL, & R

Thlﬂ gmvv$ tué d@ﬁditian co&ﬁ#?h? = 1; Whiah is a cenh,~
\élﬁTGﬁ upan the line paramet&@s By 55 L; an& & ag wali

88 the 1ength of the lmn&« Eu%mlﬂg _:”

_—, Mz zw
Whenee o |
YFE = Mcos @ ¥ iifsin ¢y
we obiain

éasli-;/a'rz"'l & goshi(lMeos? feps(lMaing)

i_-du.

h(zmww)sm(zmm@} 4
= 1‘ . Lo
EQuatmmg reéal an& imagiveary @mrta we finé Hhat uhé §w9-f
sguations ‘ S - ;
aaahxzm ces@) cosézm ﬁiﬂ@) =2 1, o ;v
- sinb{l¥ cos®) sin(l MW ﬁmﬁ$) wv@, o ;
muat be¢ satigfied simiitaneonslys Tﬁis leads to ‘the twa
efuationg N '
VI gosP = Oy

1Y sin® = 246wr. -




S e : o
@ne: a8t @f vames %1 Jﬂ whic:h w«:mld. ﬁamsfy ﬁheae écman‘:ims ,

isg 4 #"g " M = 2;1;1' ; 31 = 15.«@55)-” :
sinee o | ]
u L(G &wc )(RZ+W2L3)3? N '_
it iy appavént that ‘the equa’bion M =3 B?” mswiaﬁs the
pessl’bie valués o Ry G‘, L zmd Gy ‘afe fzheréﬁ‘ure c:mclude
that although it :us meeratmauy paaszble to. mms bruc:t
& 'Bransmwsmn 11:% fow Which '%me J,nput eqvals %he oat-»
put such & donaﬁmo?;@p may nob be feasﬂale from the
practical pamt of viéwy m-themwe it is seen ‘&h&ﬁg
ndezr Yhis as;sumntwgz, thé esqumiens (25) do not 3.ené.
“bhemmmeﬁ TOLY. rea&ilg 56 numex*icml aalculati@nso S
£ wé ms,@m{: ‘c&ae ﬁteady s'bme pam:-'i: es(m,t) vaf tkze

yolbagey waith we obtiived as - -

(31) escm W[Em,s‘”‘”fswéﬁ"a-%) + .'

E:'m&nwf$¢l74f—'g+ “A (a

EA+ES, +2c-l)""’Eml=mz¢oSo£ > ' .
5&' ."Wl‘"‘f' ' u
'\/ /,&.4.? T H( ’«UE‘,,')SM 7,
we ne’ciae Yoat 1t 18 of the %‘mm ,

(X:t) s A (:x:)sm(wt*- Q(x) +ZAk(x)sm(wt4~epL(x)),

-"'

P R
)*“’ f@zamzrr&

~
!




2
. ﬁ-l/‘ﬁm,u‘,z(*:) * Lmz‘\n’(‘ﬂ) 5

SLH mah@ 5

ta.u“? (:&) 7 z w_'x'_) k> Em eosac smh;/'@

}“J'ixthe'me ré ,-

- ([2 Zgﬁ’ |
/4 W= “’7/( ) +w# /P(',zimawz Sin azs

t‘,.:f *Emi + 2(—1)"*’49,;,5,% co 5ol
/ /a”z.,.?z o ).

aad

v ey i e o §#E) Bsind, T, Bys sin('ﬁ,%eﬂ' ). r'
ta‘n@k(x)? tan = %";‘l"ﬂ Elﬂl 0859,, e Bmgﬁ}@&‘%(d' '*‘Gn )

= Roy g * 1;‘““
waich is imdapeﬁéent of x&' o
Henee the steady stats pav% es(x, t) is expressed ag

| es(x, b) = E ) sin(wt # tp(x)) - |
whére the “emplitudey, ¥ (m) s amd, th@ phase angla, @{x) >
depend upon x. only. ami i‘ubhemm:eaﬁ o

B,(0) sin(it + 9(0)) % m,_sin wt,

B1) sin(ws + 9(7)) = Bypsin(wt +o£) N
Wotbe, alsa that *bhe :Ereqmeﬁw of thisg stead:y' s%a:i;e voltage

is aqual 0 the frequemy af t}:ze input voltage., This. |

v




was 8 be expeated aﬁ Wa aﬁ%umad hha 1ine @arameters
acnstam% almng the lxne¢ ‘ '

q '
. K

Upon inspectlon Qf thé %ransmént p&rﬁ of the valﬁﬁj

agé . .
'-b-z (I)néﬂ Em
{22) et(X t) = przz.,«. zi,,,:z Sin _’Zﬂ' cosg [sina
cos ('V:,'t 6 ) W [( "cosa(ﬂ'QSLﬂ d)e,ascx +w3_7 3' ‘
‘ 't' A (a(_) - 5&] ' -(-————-M & -/ i

- eos (¢ +ACo)"'5 )J?

we ses’ it to e of ths form

Et,(}iét} = ""“ZBI;(::) gin ('Vt -P ll'/n)
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imation to- the e act valyes of, ﬁné ﬁbaﬁ@y sta%e part
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