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| A ganm& ammt.&m of Mmma'ﬂ Heoation

has basn given @, by Profosaor Dairatow, as

golution of an intosral of mtim‘ i T ﬁ’am M’ msa
solutlon indigutes that, | rticular boundary,
suetesdive Intesrations W m ousdary values of the
harasnle Punotion have Lo be perforied. This

' rwmwa. in o partiouiar exaaple, an inltlal imowledge

of these boundary mlms and the subsoguent propedure

‘hno heen nluatmwi axm oalliy for the oeso of the

toraton of an o12iptic oyiinder,P and raphlonll
i’m:- boundarics of AoTe M‘lwgv ﬁ;’ v

e solution mm be nhmm#ﬁ howevar in another
fors, sosh that the mowledge of the Wv yalues
M’ s 0ot reguired.untdl the fingl of the
A u%m mvam in mw ne 6 WWMM’

fune spending ahape o boundary
io awaam. whioh oun ﬁmw ba mmmm with the
boundery valaes, approp mw L0 any problen involving
this boundary o give wmamd» wmtiem.

™e davalopsent of this "golv mum'* and
the metiwd of its nw&iamam h ﬁ m with in the
Fresunt pOpePs
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of sn inv am d fluld round an omiinary acrofoll on
the asswiption of the pragsunos of siroulation round
g;m Iz;gg, & Thesle for Ph.D dapres in the University
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| Sucoessive or iterated ”1ntegrnla play a major nart
in the theory to be zivun, and ss 2 guide to the order
#nd manner of the in agv:ﬁiuna, a system of dsscrintive
tufrtxas 1e adopted.

: Gonsider a redius veotor rutatinm contrualaakniaelv
at a point (Fig 1.) from an arbitrary imown dstum 1ine.
‘$hen it rasses through & point the angls &t has turned

»through 1s drgoribed as . wnlon 1s an angle meagured
to « For a radius veotor coentred at _
sngular position of is defined by ’ ﬂhiah
1s an angle measurad from to .
- If the data lines st and are parallel and in
the seve diregetion, then when and hoth .-
have their amnlxﬁai values
H
and An gonsral
- whore ie intepgral.
Henoe |
2
when = and re points on a olosed curve,
is & ¢hord whose anzle wtth the datum line at gives
» ¥%hen is extremaly olose to {(Fig 2.),
 begomes a tangent to the ourve at and the
1im1ttng vnl«a so obtained for the angls {» degoribed
| 1f traverses the olosed gurve from this
Itmltl nanitinn until sgain at s the second limiting
value of the sngle is given by .
Sometimze, when both and (for exempls) are

allowed to very in position, it 1s desirablo for gruatar
cleurnasa to write a dttfurtwttnl

- Whlch expresses the differentisl at of the engle

? cambmidma Tvuctn in Mathomatios and Hathematloal
Fhyslce, 10410 «» "in Igtroduction to the Study of Integral
Equuttans by Naxine ! oher De 194
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The work which follows is mainly ooncermaed
with solutions of Laplagls equation for a megion
bounded by a -mgu finits olomed ouwrve and extending
to Infinity in &ll direotions. The nzﬂns auvo 1
reforrad to hoveaftor as vtha boundaryl

A varying sangle t t. ta successively Mtasntad

times over this - r{ fis writton,
It is an sngle that definds the pomition nlutho to a
fixed point ’ ar s point which traversges the
whole boundary. \ i integrated over tm
complete circuit with respect to an engle
neagured, se varios, from g Tized point
tg; mau‘.tt mn dsama anl on the pogitioms of
f;

must bo a funetion of
and . ¥ 9 {n t.um In aong 1derad as moving

over the boundary, this funotion of s 8nd baoomes
n variable which when integrated with resmot to some
snirls ﬁtna a funotion of

only. Ccmumim he susosssive tntemuon in ‘bh!.u
way, t.hn ( } integwation e

ntepration 1s performed with mnmct *0 m an; 1@ ¢
,givimg a tmﬂm af » 8na + and finally mmcing

| the  integration is cerforned ot

givimg e mne{ion of , 8nd only, which mrws m »

varies in position.

The progass of itersted integration Juat desorided
is exmressed

and the suffixes of the integrand
ard differentials exhibit the fact thet the result 1s &
function of s and only in that they all osour in

mh’l m ] ﬂﬂd &*
¥hen the etresmefunotion at ths hewndary tu intamted

mneeuiwly timas it appears under the integral aigne
The vesult of the m«mﬁam, ! luu

aflwhéah iu at s 18 necossarily a otion of

only

and the ghape of the doundary - a constant.



Batratow considers the equation

with the values of sither ar glven.
It oan be golved in terms of ntnvlo gourgss on the houndary
1f the motion is -aralia.f

To £ind the dlstribution of the sgurges mwund the boundary,
the effect st (Fig.3s), 2 Doint alther without or within
the alosed boundary, of a numbay of ¢lementary sources ls

sompidered.
At s the elomentary scuree =, adds to-the Stream
funetion at an amount '
- Honee
It often happens that the haundurw‘wtlua of in

unimown to the extent of & oconstant : aguation (2) is tharefore
writton |

This equetion satisflsg.the negessary condition that
shall vanish when i3 at infinity, providing that
is contlnunuu and acyelic.

Following Batrstow ¥ and interchanging the variuhlan,
it follows that

and also that for ald ¢ (Flg 44) Infinitely olose
to the boundery, integreting nantraclmektiaulw fyom the
tangent aﬁ y (and mtuwmhavtng that = R R

# gee psds footnote (4)



the alternative mlﬂw mﬁ ne tlﬂ signes boing
respegtively avvrovriate acgord s 18 tho
1imiting position of e point in thu ﬂau uxtamql
- or Intevnal to W Wm

The in a ewucm {4} Ls solved w
tlomvtllet's mwuain subuut.uu«m, for

and similerly, m-idcﬂng as fized, while
traverses ihe boundary

Likewine

Substituting

the solution dovelops ae

on

Fop to be finite when signe are taiken
end single wvalusd when alm are wm, l
is nocessary that

’ camm Tracts No. 10 (mee footnote (9) Dee) Delds

7 This 1s the same as squations (9( and (10) on D460
of Roy. 5004 Progeadings given in footnote (pﬂ p‘h



4. Heoiprocal Form of Solution.

Consider the gunaﬁul torm

of the sories for {ArteSs oon (7)) )

It implies that the boundary valueg { )
of the streaw=-funoction srve integrated with respeet
to at all points in turmn, and
that the resulting continuous fungtion fg intograted
with resnest to ; s 8t all pointa in tum,
and so on, 'mtil the " succesalve integration 1a
performed at s %0 give a value depending on
the position of :

This value may, however, be d4ifferently obtainod.
Gongider the sontribtution to the multinle integral

(1) of an sloment, of the boundary located
at ¢ (Fig 5.)« The element ig sunposed sufficiently
small for to be gongidersd gonstant over it.

The contribution to the first intogrations, performed
at the points s 1o

which varies as s varios in position on the
boundary.

Tha gesond intogrations, at the pointe

show the gontribution of the element to the second
integral to be

The eontribution to the third integral is

The revlacing of by ias a step to preserve
the gonventions gat out in the lagt Mmragrath of Art.l.



Finally, it 15 seen that the contribution to the
integral 1s

wheve the miltiple integral is s funotion of  ,  onlys

¥hen tho complete bmhﬂaw 18 bullt up by @dgggmgﬂm
‘a1l sontributory eloments such as simaltansously,
‘the effeot at s 18 S

So when the elsments  are infinitely smill

whore

continmious in the range

Hoanoe



This reciproecal ralatiﬁnqhiw mey be gompared with
Voltermis Reciproosl Functiona. o

1t 18 necegsary that

ey

9 cambridge Traots Nos 10 (see footmote (g) Dee) e2l.
7° arted. eqne(S). |
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(a) From now onwards, the external fleld/will.
be considerad, - _
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is a solving funotion of the type desired, 1n that it
depands only on the shepe of the boundary. B

~ In the orlginal aolution (eguation (7) irt. 3), the
Cingreunents &8  arg continuous durding the integrations,
g0 the angles & in (1) mast be regarded as coptinuous
in the rangous indloated by the limits, ihis mesns
that the ratursl discontinuity whish an angle Sk

has at Q (ee Pix. 8) auet be wade ineffactive by mn
addition of 7T to the valuss of &pe oecurring nfter

Q In the spuras of the integrations. - The reault ia
that % /8.0 a8,, sonsidered as a veriable over the
boundary with . fixed, la a funotion dfscontinucus by 7T
at Q. - Oontinuing Lo presarve the contihuity dwing
Cintagration, all the sucoessive tarag in (1) devglop

a8 funotions diacontinuous by A at Q..

The resulting serles 1s vergent ﬁ; this and the
eyelic nature of 1ts teorss malke i1t wnawitebls Por
graphlosl work. an equivalant mmnu@riamt.a@riem cane
be deduced, however, froa which this eyelieity 1a ebgenty
its Integral teras are continuowns over the hodndary, and’
80 he preservation of continuity by additions of 71
Cdurdng integrations, which 14 a hindrange fimn & graphiosl
- view point, s not requirsd. RN :

: If funetions of Py only arse edded to, or
subtracted from the solving funstion es given by
(1), the value of the right hand alde of squation (Se¢)
Art 4, 13 not affeated, as thess Punctions of ?1 |

g of. later, exaaple of irt. 7.



give zero when opersated op by way bo
ramlncaﬁ by a soxvtng Punetion

and 1t %s ehown later thet 1t is posaidls to find

valueas of : sach that the
terms, waieh rorm 8 dauhle series, tend to two functions

of and callinp theao ltmiting volues

/!

(s)

By ecquation (6) Art, 4o

%0 in equetioﬁ {Be), irt 44, mey be replaced by

the terma of whieh converge shsolutely to zero,

9

The fagt thet, for fixed, the inte@walm 40 not tend to

a sonstant fopr all polnts . on the boundery, is worthy of

specliel notice.
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The series in egetion (8) is of no more use for
graphical computetion then thet in egustion (1),
for the values of the ' and terms cannot
be pre-dstorminedy but it is pogsidle to express
es a fPully determinate convergent series of iterated
integrals whoae begis is the engle ' considored
‘digcontinmonsly’s 2 'diseontinuous' {nteprstion
is written

and is performed streightforwardly, sllowing the
diucomtinuity ot to remoin o3 such, The differancoe
botween the 'eontimuous' and diseoutinuous' methods |
of integretion is illustrated in Fig. 7. ' :

The integral (8) 1s e contimuous seyclie funetion,

and the result of successively integrsting it will
therefore be a continuous seyelic Punction.

Conaldor the gensrel tarm of the sericas for
{aquetion (1) )

from Fige 6e & T« it ig eloer thet



Henece

Then the suceagsive teras mey be written

and go on




Matting

]
ot

it follows thet

i 4

then from souations (3), (B), and ‘(9).

By aguation (5) t@mtm,

|




211 three of whlmfh. gerisa ara abpolutely convergent

(C) Tne most convenient of these for grephiesl
work is (12b) but 1t 1s improved 1f the sngles
meagured n pointa to pointe using constant
direction detum lines, are replsced by angles
mesgured o roints from points » using

detum lines which ape tengents to the boandery cmrve
at the points 1.

Heforring to I‘-%tg Se

N

§
!

\
|
i

do {1en) boo*ml\\_
! }\

|
\

N

e S S

In practico, the integrale
~ 8%c., Are gucesssivelv defarmined until grephios
constency representing (14) sbove 1a sttined, This
valus ia then subtrstted from omch of the
?ve%uatod integrels to give the series of equetion
16 ' e '

|

1s a8 eonstant for ﬂm boundepy Pop fined,
footnote to p.  Conversense to & funotion of @,
and  would heve heen 8 dtewback, grephicslly.

{

P

!
o
h



‘ (: 1a given by equation (9)

' | jon (3) /vt Sag

by eguations (m) umd (1)), At Bby by squations
{18) ena (18), m Ge.

. From uqmuom (4) At Ba. it followa t.hat.

From equation (8( irt 3, and by the srguments
ol Art de

Henee, from (18) snd (20)

Equationa ewmummd&n@ to (18) (o) and (21) follow
similerly for o

Prom equations {20) sbove, (16) (Art 5(b), end (18)
Art B (0).

end.
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€. It 4 proposed Lo work fwo esneples 1ilustrating the
uge of the thoeores gtated by egquation &, art. 4.

The first (arte 7.) oonsiats of the sethesstiocal
devalopuent of the solving Punetion For the fileld exbenel
to an dllipee, and the soubinatlon of shis funotion uxﬁ the
boundary ve.des of {oguation (B) srt. 4.) 40 pive %
ever the boundary. It s then poasible, if desired, to
ehtaln for any position of ¥ iIn the £iald by aeerg of
gouation 3, # 4rb. S

The gwcornd emaaple { Art.9) Lllustrstes the procedurs
bo be Poilowed In sesve where anaiytioal nsthods sre
impossible or umandtable. I% sonsists of tha grapniaal
development of the solving funstion § » in She fora
glven by oguatiom (16) art, & o, for the fleld extermal %o a
boumdary of Joueowskl asrofoll shepe; of the coabication of
At tore boundeary values {enuatinn {(B) arted]
Lo motaln § s of the working of the right bhand
side of equation {4), 4rts ¢ 45 & olonk.

T Splution Por the SEilngu.

_ {a) ihe ellipse consliderad (Fg. D) hee LU soatrs atb
O, and wador and alpor axes Ba end &b, e positions of the
pointe P, wre given by the eoveniyde eoples 2 OF the
points by the socantric englos L, and of the points

by the sosermtrlo angles 03 Batog weadurad Pros the
positive Mrogtion of the K « azla. \

the retic I ealled K., and ia the Mret of a
paries of beras, | Bpe Kga Kgveers winiah avise, In whioh

- e e [l)

it gen saslly be ahown ey

f  rutting P for &



18

(b} Conaldering the original fora (eguation (1) 4vt. B8.)
m&im fop _wmmmg i‘&mum, magimﬁ atap in w‘m )
ovelustion of o

Ware  and e aantiouows

Proa the geouetry of Mg. 8,
ﬂm!.ﬂhu‘wd;ﬂuw‘nwut*ﬂ" _
' ﬂuhﬁmnﬂ#nﬁgﬂﬂdﬁia)
and these angles are respsotively sontinuous in the
vanges and
- Bow the Antepvation i3 perforucd ower the latter
rango, &0 at | 1t 48 necsusnry to introdune the
teorm to noutrelicy the dissontinuity whieis goowrs Sn
a8 O passus thvough «, | _

» Alan, to evold any cablguities ‘m the sowras of the
intogration, $% lu advisabic to wette tho angle a9

20 that the fowerss funstion(«X=) concwrned uy elweys
mnmwt an sngke nunerdoally less than + Dolng then
idcua and sontinuous in the renge -

On thess procises

«%e whioh 1s



Proa (8)

Referping to S
Appendix X ) sommamaman (5

whars the inverae funetions ars 2yello
{e) he sesond integral of the series

Has now Lo be wamﬁmﬂ,
It may be written

L {1

and o —1

Integreting this rmmum a3 Pequived by (6), the -
mgﬁ of the mumm at G 19 egein niawa‘w;
16 1 nVerse LT 1a howmsvar,
already sontinaous and Mﬂmgiui valad In the renge

Honaw, by {8) and (e}

$a & funotion of P and « , s o

funotion of %«  emd 5+  The Jaster la cbtained by
replacing P by 4 In the Poraer, that 18, LY replecing
by in {B) |



Referring to
Appundix 1

-am e (8)
(1) vroseeding %o the Bigher ordar intesrals

prosedurs is sltomately thet of ssstions (b) mﬁ (e)
or tmm artdola, and

and o one _
A3l the terus not odnteining ara Panetions of p
only, so 3¢ as given by eguation (1), art. B. 18

sritton down, it gan be mmmww wand a3 tho Mlﬂmﬁ
funation, the teras oeusing the divergenoc dlaepy

wnder thd operator dkg It fa aove coapeot, mww, w M

"“o ,



N,

- So,{equation(R) irte Be)

wwwwa{d)

Tere ia no advery ¢ 40 be peined by subtvasting
and ml‘m the teruis ﬁg ia ‘mmﬁﬁ
of equation (B) art. B So gdve & 3 the fora &

1s the oot suitable in the present esauple, and the
final Intagration S may he Lmedistely perforasd o

w oo owow {10)

ww o oo (21}

2l

g of opmuion () arte 4
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m) Eﬁ_a h seriea whioh gonvarges to sero (ave mmﬂma {4}
(®) tow | | e (12)
The comatent O ey !m obhtained by equetions (18}
or (80 4. B8 Using {18) ¥ o (

08 e .

e

Bguation (1) may be written, tharefors,

By sppendlax 11

where and honoe

S0, by equation B0, art. 4, patting

wmemamas (17}

o« 3 | m"“"“”‘ xﬂ"
or

Pre———— mnwm‘”) .E.#

$ whioh of ww wum«m wmmwa (4) w&a. ma
Xs Roferaenae Lo D473 of thu Royal dosliuvty proossid %w mlwﬂ
Mm ta m« gm m;s.a solution Lo mwmww
W stasation o | eorvespond
the exturpal fuld. voa m” o

A of. sppendix 1311,

a
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The swocessive Integrations are perforued Ly uesne
of tho wheel-arm of a Corsdl planieeter, asslisted ig the
gluple apparetas ahown in Plg. 9 P and Mg, 10,  ihis ey
Yo desordbed as & frane, and sonalsts of Powr plases,
Referving to M. &, 4 im of transparent oellulold and
garries & base line u, scored on the alde next the papars
an thla line 1s the naevdles-hole v, its gga&mm is, whthin
mits, arbitimry, bub most convenlend In the poslilon ahown
in the rigwre, B ani 2 are gellulold strips betweon which
the beokewhgel of the plenineter 18 to run with o sinluwn of
telaranga, To provide sgalnet varlation 3o tho width
of the slop betwaosn the strips dus to warping or alight
inagouracies in the waking, they ere swoured o the base
plate & by sisall nuts and Dolts whioch pass threugh olongated
holea (Mz. § (b) ), -'amma%fw winer adlustaent when
roagulraed, D is 2 milllvetre soale on whilts aslliulo’d,
2deins leng, and marked fyou <12 to +1R s smtizmetye
intervale, The basae line of the seale 435 a narrow
graove whish takea the tWrucing point of the pluniceter,
and at avery millimstre 1% la provided with a ainute osvity
dado with o needle, whioh is aufrialent to hold the &m&:&x _

- pelnt ab the deeired positions on the soale during movesent
of thy systan, - ' \

dhen In wae, tho planloeter ari rests with 1ts beoke
whoul in the B C groove, 1ts brecling point in the doale
.ﬁwvmw. and 1ts resording shesl on the papey 3" the syaten
& sapable of rotating about & short needle *“*passing
through the hola v. : o

¢ The dasnsione in Plg. 9, ere those of the speclaen
astuslly woed In the graphleel woric to bs dessribed.
e instrwsent oan be made to osther Hluenslons, but those
Aven are sulteble for the usual sisze of planiveter :
{wheal ars % long.) :

A e cholce of unit La arbitrary, but the contiustre 18
the aost convanlent Cfor the oize of fraue $llustreted.
The langth of the soele 13 also & satter of asholae;
1% ahould be as long a9 possible, and sogual w0 the
ength of the B 0 slet, |

oLe e noesdle :Mt. Ba shoet in opder o alear the | mmﬁ_izx%@m
About ) en. aut Pron an ordinerey sewing needle $3 sultablo.
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(1), The sgale of mgmmtw 13 adjusted so that
whon 1ta polmt 42 at paro of the seale D, rotation ssuses no
shange iu the planimster reading.

(2} Bofors the apperates 1s used for integration, the
traoing point shoudd Be run ihe whole length of the seale
with the fross stationavy, and 1f, during the pum, the resling
of the planimeter changsc, the stiips B end O need adjustuent.
It §2 scmotinen 44fficult, however, to oblain parfect and
paraanent sonstancy over this renge, 30 the trzoing polint
should always be moved o %ers belors tho plenineter is reald
to neutralize any errer dud te the teo grooves not belng wisr

{3)e 0 find the multiplier m with whioh to convert
planizeter resulis to the values of the integyels they
ropragent, the trating point 13 placed on sero, s reading
taken, and thon soved L0 the polint representing unity to ths
goale belng uged st the tims,  IP the 10 on. sark represerts
1.0, tha tracing polnt iz moved e 30, and the systen ia
rotabed adOUt v through 0 o The tracing point Ls uoved
baek to 2010, and the z«amm% GBlan. If whe aifferenan of
the two mﬁima i g, and AF {ea in work of the kind deslt
with 4n thie gmgez-) - of she intesrals to Be Pfound will
be required, m ia chtained fron

that s,

Both planiaster end oolluledd soale are a little
aflfected by ellumelo vardstiong, 30 odjuatnents Lo proserve
the gero and the parallolisn of thoe grooves ars sovetines
negessary wian the worle extaends ovor gwveral days, #hen
guch adiustoonta are nade, the valae of the comatant m
nedds roviaion In gongsguencd

(4)s e ?rma&w@ for integretion over & oloasd
boundary ia as follows, _

_ Points on the Loundary ere selectod, 1f possible

a0 that the veariation of the funstion aﬁ their poaltiocna to
be Integrated mg be gongldered linear P over the intervals
betwaen thea, withouy affesting the order of scouracy poasible.
Tangenta %0 tho boundery curve are drawn st thess pointe,

which are rosorded, with thelr posltionsg on the boundury,

and the sorresponding boundary valuss of the function in the
cuse, in the mermer shown in Table 1, Cola. 4, B, I.  The
moan values of the funotlon over the intervals are next writt.n
oo in Col. 1lo. of this table; they are seans of adlscent
YoiU08 30 LOLe Jy _ _ i - _

Ihis 8 sorwenlent but nobt sssentisl. The oblent s to

be able to write the pean for the intoresl wa the dean

of the valueg ot oJthdF ond of 2t.  If, for any reason,
this dogree of linearity s unatiainable, the reguired nean
for the Interval wuast be othor wise dbtalined « by estinating
froa & ourve for instoance,
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e proiisdoerias (.d. (2) and (3) having been m%mvm,
the wma% of ok g@mﬂm with respast Lo ecch of ‘;.m points
o 3 ssa2nsdB P oan by po rarmed ., A8 &N XA
gm;i%m;lmu integration wit.h rogpect Lo the point téﬂ. M

n J9%I1%s

be 2855, he base 1ine 4 Lying aieny the tansens st § {de
QU 2 base iins u 8 and o u &
PAige md it is jotended a ways o ratebs the fyasy and
planineter sonirae-cicokwisely s a0 40 thda Indtdel position,
it 1a mgﬂ aggwm&mt that :ga wm of t%aﬁanm ig b; !e‘g e
right of an Shasrver uppPos awﬁmﬁaa $ o
noraally into the hounddd aron. zﬁw&mﬁw ia placed
~in postiion with its polnt abt gore, md ¢ reading noted.
e point 3a then aoved Lo uw valae 68, the mesn for Lhe
intaraal o7, and rmxm 3% in ¢his poaltion, %w A %ﬁm
13 rotated wotil tho bas Uy 1303 tarougn ifia patad
he trasing polint 1s mm ma& 1 :] e.m mm «T5, and mg
aystea 14 N!M.m untdl u lles thy g& thia procedurs
13 oontinued until, with the W&m m * the b&u Mna
onge uoew :La«m on izm Sanzant at &, bavi: ok
The polnt is brought to sere and the ra m
rosult of subtracting the ssoond vesding m the **‘im ia
then wuwum gole 31 b, This figure, mmmm hym
gi&i reocrdad in Cols JI o, and is the fntegral aaltiplied
v

if the colwin 1s ammp&a’&m bg Nmumg the progeas
with v a% tho points O sonnesDpTaronenendliy, and 12 1t
Lo oatred o broat node $10. aa 2010 1 has betn treatod.
36 42 sefe w0 sssuas that tho approximately linesr _
variation over the Intorvals Oel, 1ol owiioh wan trae
for Col. 1, 43 truoe for Jol. rm for the changs over
any am.awal iuv Gol. Iio, 15 slways smaller then the
sarrgsponding change in Cole 14

g or any other polnt on the boundary.

o whioh is conslatent with the conventione of APbe R =¥,



9.  Solution for s Joukowski Aerofoll Seation.

(a) The boundary chosen for sxhibiting the grephieal nethod

of obtaining the solving funotion is the section of an aerofoil
of the Joukowski type. A% the time when the work was started,

it was felt that the result for an asrofoil hezsed on the
Jonkowskl transforuation

g

w1}

was likely to be of more interest than the solution for an
aerofoil of more evrbitrary shape, but the oholse was 4in one
respect unfortunate, as the fine tall, ending in e susp

is unsatlafactory to deal with graphically in the same manmer
a8 the raast of the boundary, f?g :

. The actual sestion wsed was the one resulting from the
transformation of a olrsle of 6,63 oms radius (P.19,11) the
anzle between the first and second axes being B8° 43%and
the origin of coeordinates in the plane being € snma
slong the sesond axig fron the point of interscetiion of the
axes with the cirocunference,. : '

It 13 necessary irn the courag of the work to draw the
aorofoil shape many tiaes, so, rether than perform ths usuwal
geometrioal gonatrucstion ¥ on each veoasion, s template was
sut t¢ the shape of the section in thin eelluloid, with the
gecond axig serihed on ite under side as 8 line of yaferende,

The perimetor i1s 49.75 oma long, and a scale is supposed
to traverge it contraclockwissly from zero at 0 (Fig. 11
round Lo 49.75 at O agaln,. Positions of points on the
bowndary are glven in termus of this soale.

(b).Por cne position of ¢, the values of % {equation
17, art. B¢,) whish are to be found at various points P, on
the boundary from o continwous curve; positions for . a¥e
chosen as far as possivle 1n the way that best asslists the
drawing of curvaes to show the variation of for any
ona position of P, when ¢ varies in position. All the
Peasons legading t% the aslection of the various positions
for 4 in thia exanple are not given hare, In any particulse
exanple the desirability of certaln oholces makes itaelf
apparent a3 the work progresses,

.

See M. Glauert, Aerconautionl Journal, July 1923 p, 542 et.seq,
Geomatriscal aconstrustion p. 364,

Profeasor Balrsiew has suggested that sueh cusp-ended tails
will be more conveniently 3ea1t with bf means of zeries
evolved by sonsidering doublsta, (double sourcea) or gven
double-doublets distributed on the boundaryg, rather than by
means of the slanple sourcs dlstribution whioh ia the basis
of the praasent work (Art. 8.) - :



In the Joukowski section, the tall point and
& point on the nose are obvious cholses. e next,
howaver, 13 arbitrary. Let it be at the 27.22 am,mark,
The procadurs i1s then as follows for i at this point,

At ¢, 2 tanzgent to the boundary curve 1ls drawn,
At sulvabls intervals (Pig. 12) angles are drawn,
producing lines radlating froa ¢ and marking the
positions of points 0, 1, BevevsnesedEs Tangents arse
drawn at thos polnts; their poasitions on the bouwsdary,

and thalr angular values expresssd as ualtiplisa
{h) of » are glven by Cols.d, B, I, of table I,
The £irst step 13 to cvaluate it may

~be wrltten {or the moment

It 45 convenlant o express these integrals as multiples
of s 50 the operation to be performed is

whioh has the dlmensions of he The next swegessive
integval is glven by ' and so0 on. ¥With

this arrangeuent, the 10 om mark on the sasle D of the
frame conveniently represants unity, s0 the nonstant
m is givan directly by the equation (i) Art, 8 b,

gcol, 1la of table I, oontalns the main values of

for the intervals between adlacent points, and,
following the dirssiions of art. 8b, an integration over
the boundary i3 perforisd with reaspect to each of the
points O, lesvoerervrsldd g in turn. The planimeter
results are in o), IIb, and the values of are in

Gol, ITe: these ara multipleg (h) of  and are plotted
in Fiz. 13 on the perimeter ('S' from Ool. B.)

Next, in Sol, IIXs, meana of values in the prededing
column are written down, and thesu are integrated at each
of the polnts P, -~ L, 1; Ersevsrieseedd, to produce Col.llle
which contains the values of - these

valuss (h) dse are plotted against S5 in Mz, 13,

gy
&L

# If the integration is witn reapect to &, say, then
& 1s P, while O, Qewees5iTrere+s15 are positions of
4% A note 48 given in appendix IV {e) pointing out
the slightly different progedurs when P, is at 0,



Proceeding similarly, the 3«feld, 4-fold, and
gubgequent integrals are svalusted &nd, belng plotted
(Mz. 13) show the corvargense 40 a constant
The asuccessive integration is continued uatil thias
constant iire 1s resched ;3  theoretisc:lly, an infinite
munber of integrations Is required for this, but a
line sufficlently closely approximating to the straizht
line is srrived at generally befors twenty sets of
sucesssive integrations are ocoupleted. The firat ten
for « abt £7.22 are shown in Filg. 18 ard finally it 4s
found that (Col. iic - :315}; {Cel. IVe "0816),(
(Col, Vie = ,318)...,, are then written as in table 2,
and at the points P, = U, 1, serrasssdd the additions shown
are aade, fivirg & sst of values of

which provide a ameoth gurve representing the vardation
o owey the houndary. .This curvae is marked
27.22 in Fig. 17. '

{a).The results of guccessive Integrations for  at
22,21 ams and 24.6 cus (nose) are given in Mgs, 14 and
15, and show, with Flz. 13, how the genae of the
convergence changes &3 « passes the nose of the section,
The surve for 22.81 cas (Figs 17) is rouchly
& reflsction of that for 27.22 in consequence.

The: positiona chogen for g ere at 0, 2.3, £.2, 17,
20, 22.81, 24.6, 27.22, 3¢, 39, 43.4 (49.75) owa,
gwrves of variation of over the boundary for some
of these posltiong ere shown in Plg. lé. :

Por each ¢ poeltion, the progsedure described in
detail for ¢ at 27.22 cuwd ls foliowed, and 1t i .
interesting to note that qualltetive ldess of the ragdity
of convergerae to he expected for the curves corrasponding
te thoge of Flg. 13, are suggested Dy Mge 16 ¢ for the
tors neerly the plotted vaiugs approxliwte Lo the
gbraight lines A3, BC, oD, b3, bBd in thae figure, ithe
nore rapid is ths convergongo of the subsequsnt integrationg.
This shows that the convergsnce is most papid around the
noge, ¥ and siowest at 0.

The surve of variation of for each poaition

- ghosen for ¢ 1s given in Pip.1l7, foruing a fanlly of
gurves whish vary resularly in shape and oricntation as
R traverses the houndary,

25

g compare Mz3 B, 4. 18,



2

| The gurve for Q at O 1s shown incoupletely and
dotted, as the convergence of the integrals is extrouely
slow and the extrapolation found to be necessary implies
an order of ssouracy different from that of the other
gurves., 4 note on another aspect of the sucoessive
integration at 0 is given iIn Appendix IV (b).

(d). The variation of for Q varying, while P,
roneing fixed in any desired position, is now reguired
by equation (85) Art. 4. ,

. Por thia purpoass, positions of P, are chosen at
intervals of, in general, 1 om. in the tail region and
2 oms elsewhere, and the curves of Pig. 17 are arosa-
plotted at these positiona,

The result of this 1s shown in Figa, 18 and 19,
which =xhibit the solving function in a form suitasble
for tho final atsap -

As an example of this atep, let the gerofoil mestion
be supposed inelined ao that the sseond axis is at B°
to a horizontsal iine through the tall point O is
- reprasented by the ordinates of the points P, measured
perpendicularly from this 1line. & The positions chosen
for the pointa Py (0, 1, 24 wresewreve32) and their
values are given in Cola.lI and III of table 3.

The operation iy now

perrormed for P, at each of the points O, 1; Brevsersd8,
The oonstant ¢ ¢an be left undetermined for the moment.,

For example, consider Pﬁ 8% 8, that 23, at 12 oms
from O, Prom the curve mariked 12 in Pilg. 18, values of

~ are plotted egainst the values whioh ceour
in Qol, III of table 3, &t the corresponding points on the

boundaryt thus for'3 « 6 oms, 2 =38 18 plotted
against s «803 for 3 g RO oms, 3 =155 18 plotted

againat 1,00 ote. The result of this 1z the olosed
eurve marked 12 in Plg, 21. The area of this curve
repregents ~ # to gome soale, and ia
given as 189.8 ous® in Col. IV of table 3,

Precisely similar prosedure 1a followed for all the
positiona, Py &t 0, 1, 244.44e38, and the resulting dsurves,
marked with the diatsnces of Py from O, ars ahown in PFlgs,
20, 21, 28, 23 thelr aroms complate Col. IV of Table 3,

A of. Appendix V,
g or



30

Thy deteraination of the seals for obtaining from
Cole IV the sotual) valuss of 15 strelghtforward,
In Flga. B0, £1, 22, 23,

10 cxa hovizonlally ropresent 1 owm.
10 " wertioslly " 1 unit,.

S0 100 emz rapresant 1 integvel unit.

, Henge, thu-regquired values of , | are given
by Gol, VI ﬁ1%53 thess values are in Col. V.

0nls VI oontains

wanmmamen{S)
ohtained Ly adding Cois.lll and Ve

" The gonatunl © way be deturmined by equation {2} ars.
B d., when the agolution ia counplete. In the shegk now
propossd, howaver, 1% 45 obiained without special intogration.

™he cheok consiata of substitution in squation (&) art.
34, wRizh aan be written ,

AP e W 0 o G0 (nﬁl

Foliowing the msthod of irt. 8b, the mceans of adlecent
valass In Sol. VI arve found, end integrations ays performed
for coeversel points P, on tho heundary. The resulta are in
Gol.V1Xl, The vaings of 83 giwn by (4) follow
by subirsoting Tol. VIII, froo Oel, Vie They arg glven in
J0ks 3K, Yow thias solum should 4iffeor froa Oole LI,
which sontalns the irue yaluss, by a aonatant C. By
adding C = 1478 2 Sol.s IX, the check values of {Cals X)
2ay he coapared with the trus valusa. The dagres of

agrecaant 13 shown in Pig.B4, whers ia plotted on the
viual 8 baas, with ths ohsok values Indigeted by ringed points.
% subtrasting 80 ¢ 3.80 frow Col. VI, ia obtalned {Col.
X1} and 43 plotted in Pig. 24.

The woets antissable dlserepunales bBatwean fue and
aheok veluas of . osour in the tall region, shers it 1s
d8ffioult o deal agourately with the lewge valusa of
SaouUrring. 3atisfastory agresuent at the tall will only
be obtained by working these on the boundary drawn to a
larger scale, with a more powerful method of attack designed
to deal adequately with the cusp g. A boundary whose
curvature was everywhere finite would have provided a more
exact check on the graphical processes described.

# See footnote A&/ page



2ABLE 1.

{oms.)

1
{a)

N
Y

o B R ERBRPED o0 « 060 s an v o

| 8,49
18,72
119.00
| 20.8
121,42

22.18

1 22,99
25,73

26.6

| 8846
gl
| 2080
38,48
 39.36
4.8

49,76

«133
=14
«30
+30

50
«&0
+70

«90

s 58
m, 1.00

«08
10
12

«153

.98

1878 .

.06 |
09

13

- L,um o812
W17
. 0845
o35 1212
a5 1686

.m.w £0656

5 D513
a5 W29
. 3978
o3 O3
_ agmw

- geor

sz

1038

ogle

__tn)
185

@ «162

o5
«18
«20

.ma
58
4
Y

«56

82

584 _og

_umﬁ M
.op 090 .
R as

1416 |

»641

£52

e |

0BEB5

113
2020
g1

2412
2620
2621

2171 |

1676

o8 | .

264
250
328
.34 .
a7
2502

476
415

+169
+164

| ,-g

|28

1101
9 171 |

U

1708

Ly
a3 1562

(441 qp 2938
o461
483

47 2020

“?

‘Oﬁﬂ ”N@O
[y 2248

|

.36 2342
1989
uM@WM—Nm
Nt

@wwam *

«£38
211

i

N

i )

| +395
4

.
| .38

37
| +38 Ndﬁm |
.38 1892

i
i ‘“w

30 1883
i

.24

+225)

1838
1860
13890
w7

1936

1363

281
=507

+»338
+« 345

. «337

«208
+863

.36
.uwa _
.367




* | 190° | 9B

* 090" OIS
avo* 0TI

bLo® S0P

vior ocez P07 ugae  acor  wer Y7 sesr uwer s MU qror

BEEC PTOT WALD

! . , |
- 192* ot geEe® wee

- “ﬂ; ,“ . _’.A m * anag:ﬁ ; ,

)

g@t=0 A

. ﬁw.,tm, n L2 e G3%=0 qQ % o @2~ q w mm.ta-n»;

XT o SN ITA

b -4




77y,
Con'y

-
e
-
orge
—
o1e°
—
ote*
ote”
a1g*
a1ee
ore”
-
org*

g1e°

gree
eTe”
e

L12°

144
Pte*
e

ste”
- opee

g1

oS | e

018"

sue
Lie
sig

Big"

gt
LIE*
LIe”

axee

Lt
¥ic®
ste*

S

- g1g*
- aret
o ATet
oTe”  ue”
ote
ote*
sts
ote"

eta
gre

e

Lig*
higT

LIS

L18*

gis”
1°]

gIg*
¢ ¢~

e

mow.
etsr
o1e*
- oTree
eter
e
g

a1e*

osge
 omer
st
gT8*

ate”

gre”

L1e*
3te*

o

gtes

e

ane”

-2

ogo*
80°
930°
&30°

990°

oLo*

2L0*

$L0*
o
»L0*
€Lo*
eLo*
8.0
Tu0*
650°
€3°
ogo*

- gpor
8%
zoor

alo”
8LO"

Y
o
9o

wo*
SL0*
€wLo*

oLe*

900°
9g0®

8%0*

:anun#nahmagggaxﬁm

CUITIAX

_ s
IIIX

gateo




ﬁ/., M,
{

\

FARAI AT ue e ety ot

(e

LERY= Fnge~ bmmww,%%mnl. NI oee 36%°  ©8g* G6P* SOP | BEZT  PETT QLOT 8R0t= 018~ 366°- L0e°- MN

r—_- - sty PP W e ey . e rrsmirtivern i e . " ' e B S —— i,

- f T . . : e R i -~ ‘. » =
TO0S Enpte N4 s AES 1S ¢ i ,, : _ GO0 TOQ= o0~ GIEwDITIAY
SN oot e
AN €51l oot | Too® OO0 oot SE O & S ¢ o b TEO=  BROT= gL0%= | 912*-014AX
8Cat~ Boot~ foot= CIeOt  EO0* 200 Io0t 1ot S SRR K Toos oot ToG%=  SOC%= 200%= | 91D =UALX

o 2ot | g0t Bo0t TCO* DOQT=  ZOCT- CT0°= Q18 =-0IIY

ik
!

»
@!
&y

»
¥y
Y
o

OT0%~ LOOT= QU0 o0 B00T 800°
6I0°~ LI0'~ 9UC= Too*= S00*  TIOT  TTOC  TIG® 600 BOO®  400* 800° BICT 000 BO0°=  OIC*~ E10°=  OYIEt-0X
oOte TOCn'- TOT'~ To0®  ATa° €30 930°  $EO* T BTC*  9T0C QIO OT0Y TO0 0% GB0'e 020°= OTE*-0IITA

0* 800~ 3T0%= 0G0~ 9TQ*-0IA

L G30°= Q80~ STt~ Toc®  ger* SB0° T40° TEet 80° OBt QelY €80t ZEct 8o

SOT"= LEC*= 40~ TIO*= £30° PEG® PILY 0 AT DT SEO T&EO Pe0* Le0* QMQ. Gt 0T 30T~ FIE*=~0AL
I3T*~ 291"~ BTT'~ Po0°~ PE0° Z0T*  ©AZ® Qe pToe L 7T gB0*  TCO®  Pu0®=  PET*= BAT®~ IDI%=  QIQ*=0TL

TTGLRES ECY G060 E5°0F 0506 Ba°Li 370E 9°%E GLYG3 86955 6158 BPYiE G0E OUeT BLIT ERE T W GG
. stoers o (eRlE
2. er....»T __ £% o A % A | €. g Bl 2 b S g PR, | %

N R



i
!

ST TE  E E Tl Y I X A

-
ointy Dist v o | gcéz+za il g YA

- ﬂM@J? A @GY'f,fg ‘zwﬁ”f-ﬂw% LA i
| 0 (=3090) (=30.9) (-aa.a) (e, @31{"§6531;1. +67 (=34.4)
23 («12B0) (=12.5) (=1243) (305 o) 11.078~1.285 826 (=18.8)
45 “8B5  wBeBB =84l _ g op | 6402 <118 LB7  «ll.6
SO ATl aTL =400 o ﬁ | - “TeBl
+80 588 3,28  -2.48, o - o =B.98
.89 “209 #2400 LiB0 _ ... =48 =T 1,08 4,70
0B «lB4T =127 896 ;  w2,61

o ST : 1.868

10 1.08 +11l4.6 +l.246 3.@3& 3,606 +R2e81 - =76 1.07TB 14265

12 1.07 189,82 1,898 @ 2,97 | w585

| ; 3.86 ;
16 1406 BB RWBOR  B.B6 ... 40475 «.915 .835 *.08

16 1,006 204.1 2941 34946 4 oo § T
18 .98 3e 3.22 | 480 Bu1B | =88 480 7O
80 1.00 8388 3,380 439 oo, | | 3 ? £9
21 1,06 340 3040 4udB g .o | | 95
g2 1.6 335 3.33 4.9 4 age f | .99
161 3187 5,187 | 446 o oo | 3  2.295
2.43 282 8 .82 B85 , ? | 1.7
3,03 280 2460 B85 o0 4e6 1,13 2,88 2,13
3.6 240 | 2.40 | ﬁc@;, 6,066 g - ? 2.8
3,89 827 R8T 6u10 o, 408 2,08 . 3.83  2.66
.01 075 2,075 B985 . B.79B 2.1 394 £.485
- :

- 5088 183 1.89 5’8$j 6&5& | E | - BelE

.61 146 146 506 . 3.15 183 5,68 1.86

3480 88.8 B35 4”6 , . j | .87

2,88 11,6 .16 2,986 [ .. ? - .535
42 2,36 36,8 =~ .858 1,60 . | | 8400
43 R.,08 ~164.3 1,643 435 wagg | g 34065

180 BTRT -RTH7 036 o -l .05 L.OD ~4.43
8 48 1.20 BBl BBl —4.611*g.&ﬂ$ =4:06 =055 120 .1
9 4B W STH STTA ST oo w6.15 85 .90 «10.8
Y 48 &9 ~860 w60 «840L | ‘(*m y «13.51
1 40 (=22 ) [(uz1.5) | {#15.8)

2 49.78 0 (=3090) («30.9) (*3@:9{ (;33-9) *loﬂ@ 87 {wB4.4)
: ¢08 :

T S R S Y

W D 3 O ;o GO0 N O

® = D

44808

T EHIEERG
sgg¥ L8 EEBER



36

{a) It fa2 roqulred to apslusts the partisulgr integral
mqwuznuun‘l)

- Bow

Honigo as 2

]

£

wheve

foplusing

and putting

~~ﬂ~w~nuwn(5)

Mﬂwmﬁmung uander the integral sigm



whorne
wawmmwnaonfd}
whars mee=(B)

it 4z oconvenient Lo express the intezrant in
partisl fractiona. et
wwwoni ]

nen

selving these four estuktiong simdltoenesusly

Lldd



| mﬁtﬂuﬁmg the oxmaﬁmu (8) in the identity (6)
the sxpression (4) aay be writim,

Dealing with the irbegrand of the third integral ferm

int i subtencting (10) in {8), and evaluating the

wnwn{ll)



Integrating

Prom {B) B e
Cs

wonue(15)

—mame{l4)

R—TY

i



Also

Hange, by {(12), (13} and (14)

wane{17)

{(b) 3t 48 required Lo ovaluasts the particular integml

wnasf{lB)
Proseeding as before, leb



Then waumme 15)

- By conparison with part (a), 1t 28 saaily sesn that the
W&Wn for ia <Mﬂ'w chanzing the adgn of the

right hand side of {11), snd changing the 1imits ¢to Tan ( )
and 9, the constants being given by p z,mng for

in ;('ai. ma-m;m% the expression (18) is repoated
oaactly, and 50 are (13) end {34} Substituting thoe
values of B, C and D, it follows that

{e) 30 ir general




It 19 reguired to svaluste

liow

Henewe

. Putting
q; besomae

The sseond intepral in the braskets is serc,
Evsluating the first e



So

Siadlerly

Le0e

There u o



*hen Ahe intavoel field is mﬂmﬁ. 1
e eanily seen by vefeyence o sgustion (Su) srt 4,
thet the anprepriste solving funetion is

end henee (Sguation (B) it 4. end 2pt Te) thet

which {s the solution obtained by the direet
mothod, on P73 of the Hoys Soes Proseedings
glven on pele fmm {ple



APPENDIX IV,

(2) When P %3 &t O, it may bo aonsidered as the lindsing
positicn alther s pointa on the lower murfres or polnts on

the upper gsurlfase, of the asrofoil.

In the foraer case, the frane i3 Pirat of 511 1{1:&?
on the tangent at O with the gnnle Lo tha operator¥s vight
hand, 1 tho goetion i3 plsaed aa In Mg 12, Referring to
2able I, the planimeter having been read, the frane is Surned
from 0 to 1, with the tyscing point at .iaa, and oo on wtil
with the yo§n& &% +125, 1t 18 baok in 148 Initiel poaltion.
he frans has, howsver, always %0 tum aantraalaﬂawisaigé
through ¢ 30 with the tracing point on .133 (not ,138 or
+1858) the frase 1s turned through on to the tangont at O
agein, and ths planinebeor resd, The differents in resdings
givea the dsaired integral.

Alternetivaly, of course, 4C P 1a supposed on the uppor
surfase, the turn through with 133 on the soale 48 the
firat stage, and the traveraing of the boundery the second,
There o no differense in the roault, and 1% ia cleay that
the rotation through nead not aotually be pesrforaed, for
the result of it 1s neconsarily 133 (3n this ceas), which
oan be added 1o the figure given by the reat of the boundery.

(b} T®her the point - 18 &t O, the singuler neture of the
guzp introduses a speoisl sonslderation. :

: Cénsidering the point as on the lower surfase, the
values of - 4ys thoss in Col. I of table 4. The point
0 haz a1l values from O to 1,00, Cola. 118, D.ee0

sre only steps in the magnification of the values of Ool, 1

to inaresee the asouracy of the graphiocal integration, whioh
produces the velues of given In f0l., IT 1 hoere
snother point pegoullsar to this oass hocomss apprrant. it s
the two values assirnad to O, '

¥heraver © b6 on the houndary, 1t lfa olesr (ef.Table 1)
that the reault of tha firet Integral for P, at o 18 necessarily
«&  Roemambering that O has origirally all valuess of () between
0 and 1.00, this i3 gloarly as trus for « st O a3 alsewhere on
the boundary. But O 1a equally well the limiting position
obtained az sither 1 ov 12 epprosches infinitely closely to the
tall, and the 1imis for fros this Jewpoint 1a 0.

The ascond Integral for all pointa exeept € 43 uneffected
by tha .5 value in Col. I, but a%t 0 1t 13 casily seen thet two
valuez are ajaln avallable, nemoly (.8 = 005) and -,000 ) senlEsacoob
8im3larly, the thixd integral at O gives 4498 - 0) and O
and 80 on (gee tadble 4.)

It followa that when a large nuwber of svegs asive
integrationa have been perforsed, and ths sonstents
subtracted, two # valuea of are obtained for 0;

4 Af the (15b) form of equatdon 12, Art. Bb. ia takon (128)
or{l26) would give an infinite nGMher'af éalnaat ( /



one 13 oontinuoua with alsewhars o the

b¢mr§, bud the othar ig a large positive singalar

:alaix:, 2 4f 4% 18 asyuusd that the asans appilas
a . O ’

Horoeovar, sonaidsring the point 4 et O 4o be on the
upper swrfaas, the (1) valuos ars given by sdding unitvy
to Cal, I, and are therelore botween .0 and 1.0. Thelp
firat mt.@:%fmls ars of ths sane order; but the altorpative

yaius for O 13 agein 8 Afbor a large nusher of
intagrations the constant 1s found Lo be asueh that
pentinususz valnsa of ars amivad st ldenticeal with
thoge shtained by congldaring %0 ha on the lower surface
at gﬁgut the sitgulsr velus at O 18 & lergs negetive

ua > £

Thege singuleritles st 0 are interosting, but 4o not
appear to affect the finding of the avlving fungtion. In
the graphioal worl, 0 43 looked upon aa the limitive :
position for a point approaching infinitely ¢losely to i,

4b

# Fob nesansarily infinite,
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Xt f2 ropreseried w ordinatas measured
&2 shown in Pig. 25,

: -m&-nw“‘l”

shere  end 6re the cowordinetes of ¢ with respest to
azes fized relative to the bhoundary snd ie an srgle
definirs thelr orfentation, :

Thus 1F instesd of the single sngle of incidence shosen
in &, @ 4., $¢ 18 desired to sonsider o ser 93 of sugh
angles REESRNEEED , the procedurs deseribed In Art, 9 d.,
for the svaluation of (1) above need only be followe? twice -
onas 1o obiain s Snoe Lo obtain

haing new aured with reapest to the Ysacord axis® and g
perpandicular at O, a3 co-ordinate axag,

Cx and Oy are obtained by putiing and in tum for
in equatidn (RO) art. 6 4. .

#,
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