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Abn.trflAt

Th* iriniwr»l Theory of Int4*f*raro»,

t« Vn« Into nooount the effeet of flr.lt- wourr*
plze spectrtfln S«ti< le pr$m*rt*A In
r«,te.ll end extended to fixnleln th* forwitl*n
of Int»rf"roy"m®*e r.nd op«rntloi of the ?-*ch »
v>hnner Tnter f*ro" smor. \r anelyt" of the
error*', Voludlnr thn"* “u» to bound<rv l«yere,
re fraction end finite *r.*rtur<,, le wed* en-t the
uncertainty Intervel of the Instrument At found
to b* only o few percent, derendln”~” thy epp-
lloetlon.

The Intel fere®"ter W» applied to the m«ew-
ureyent of tier.eltlew ir. two euv-ereonlo nh« .nele,
and the resultlnp derelty contour* ooiupered to
thee* obtained by Characterletlo theory, »nd found
to eorrer onti within the i1CTtelntv Inter#**,
Application ff the Interferometer to boundary
ever flow lr Indicated, and the detail* of the
flow In the ah'™* nele iJ\ccu*"-ed.

Th* we* of pressure hoi *a to d#t#P#In# *
yeferenot dereltv for Int*rferoF*»ie evaluation
l« Inv*«tlc*eted, arid frunJ to fte In order pru-
vld’rp th*t the preeeure hoi** are "trail end smooth.

To*"1 h»*d «nd -tetlc rroba* for use with a
Wadtweter are nallbrmted, and the performance of
larye %nple ooneefor the measurement of M*oh

urber le checked.
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Introduction

Turin," the “roprm-a of <tufly of flow
In Riiv-reonlo chnnnelp In the Techenloel
mnelr.pcrlnp Tehcretor of the University
of the wltv#tererenfl It wee foun-l neo"e«erv
to ohtoln r'ore cuentltetlve <tet,e then we*
v¥, 1'tefl by >hll«r#n enfl r*obee whteh were
nvellebls. VorV. -tore at. Trlnoeton ( Be

n, I'D ) Infleot*4 th-1 a veoh - 7 -in.ler

Int#rffrer""t»r would b» ld«al for thl* type
of m-eeureit-p.t, end th'i Instrument we;c&
I'"'"* a 1 built. It e ptnred hov«v»r tKet the
eve liable referenopii on the operation end
theory of *he Instrument left much to be
itefllred, le.iHr.r 'm"Inly with Idealised
Interferometers, mo that e thorough anelvel*
of the theory wee undertaken, and ha* here
been }.renenr»d In detail.

Th* pepformane* of thr tnterffrometer
he" be-n rhy»nk*d, nnd the Interf«ror«ter then
u«ifir to investigate th» rhennel* and calibrate

the cone® er/l1 rrob»n r»vl ou«lv used.



>enernl interference beory
I |
It h«B been thought beet to present

thegenerrdinter-
ference theory nulte fully,

in «uoh » w»yy th«t itcould be
epplied to eny type of interferometer, or for thet matter

to eny type of interference. Much of the theory hoe hr-d to
be edepted to the %enerml cnee.

1 uve Aflelyaif.

ABBuming thet light la propegeted In »»*»«, It 1%
possible to deduce the »ST» equation without making eny
acaumptlona ee to the nature of the light vector. (Kef.D

The *nve equation mey be written ne

y *¥a in (jt - %)
where a represents amplitude

t represents time

u) end 5 are oonet*nte.

ithen two or more eepernte dlaturbenoea ere
upon anelement in a medium el ulteneouely,
becomerery complex, but in this case theprinciple of direct

superposition m«y be taken to hold, since experiment "grows
with theory based on this -esumption.
ware tr

lupreaead

th,motion etty

Considering two such
*ua acting approximately along the seme line, with
equel periodic times,

yi « a® iiin I =t - *)

yn - a® din (h)t -Xg)
The resultant displacement at time t la

y *yey?

- al Sin (ti t - ¢ Sp in (Ut -?2)

blch becomes

y *a8lniht - ")
here

a ;088* al Cos *g  Coa%g

a inC- Uin< "g Injg

. o b . 1?2/
a oin ¢ a ﬁn,

Now maxima nnd minima depend on the amplitude, which
depends upon the Coolne term



where A In th” wewelrn th.
Cos (|1 - g2) - Cos 21 ( *1 - ip )

"hioh le the phase difference £ between the two dis-
turbances.

Then the marine nd minima occur when & ¢« 0, 3n# 47
etc. end e n* 3rr» Srr. ee respectively.

Hence for » flel! Illuminated by two simller weve trains
the phase difference varying over the field, bright and dark

b»nde will appear, being loci of enunlA . These are known as
Interference fringes.

the amplitude of the disturbance determines the Inten-
sity of Illumination at a given point, elno» the amplitude
Is Inversely proportional to the dletmioe from the source
and Int nelty of illumination le Inversely proportional to
the sounre of the distance from the source.

I o n?

'here I denotes the Intenelt of Illumination.
Hence from e uatlon (2) for e =+ a9

] < 1 ¢ CocA .(?)

2. trlnge Analysis.
2,t .quatlob of K 'ngeft In . pact

Consider two exactly similar sources close together
r dl"tlrg wave trains of enunl wavelength In all directions.
hen ft point 1 In space the weve trains «re In n condition
to Interfere, fringes appearing as loci of enual phnse
difference.

wuppone th* ouorceo AA # are s distance o0 apart, end
the phase difference at Is 2m

The "ocut of P Is ahyperbola, of equation

1 v (4)

In three dlmentlons the loci will be hyperboloids of
two rheete, the equation being

1 ) 's Sk TRk L g 501 ( 05 -
For e completely general cnee the system need only be
rot ted t rough an angle w about the / «lno» rotation
about the axle will not alter conditions.

The general equation of fringes In sp-oe then le

32 * By’ - ?Hxy - Os'l- D - 0 . . ')



D«m I o -Db )
H 02 int-.Coee

".2 .ouetilon of Prince, on n ov

If » noreen le wWOW pieced on the X exle at a dtatenoe
d from the origin, persllel to the X z pirns, the enuntlon
of fringes obeerred on the moreen will be given by the Inter-
penetrntlon of the screen with the hyperboloid*.

Henoe getting x - d In equation (5). the equation of

fringes on a soreen become*
Jr - iy - c.i
ttiere
C - m

do? SInG.Coae F- n5! o' - dll) - (e Coe"8
- «?)d2

hie le * system of oonloe, displaced from the origin.

Peitloular oaeee will now be examined.

(e) 6
ilere B - 2 i -0
2 F* (o - * )(m- - d?)

and equatlo (6) beeomee

y e (02 - m?)ld? .

This le m family of oo-axlal eirolea. of radius

LA n VA n r z Z 1 . . . .

or approximately. If d» m o>m
r0 : 54

putting Im and for a particular fringe a . nA

where n la in arbitrary number, the radius of a fringe le

T ¥ |8 A e s
mhioh la the same result obtained by approximate methods
usually a ployed. ( ef.'7)
(b) 6 -n

Here B to - m) 0
C*m F of(c" - m? ¢ d")
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s
ElSateSs™'i-u-"- .

iqumtlon I1/> becomes

ZJ . ef

n { _ W?) (0 . . . (10)

111# represents « fally of central by;erboles, their
distance apart on the T axis beln given by

R p

Ageln. npproslrantexy if d,» m o » »

or os before. In term* of vrvelen”tb

n Xi .d?a)

-hloh again te the result obtained by approximate
analysis.
(e) >0>0

In this oese the typ of ouree the fringes assume may
be predicted by sxamlnlng the discriminant of enuntlnn (6).
nD 3
a? (m* - o Sin 8 )
Case 1. DtaolmIn-nt positive

or Ine < 1 § .
11 ;m B e

ithe curve; are ellipses, vith their centres displaced

to one side elon, their mtjor atie.
Case 11. Ulaorlmlnpnt «ero

or mIn3 «t §
The curves *re{p r bclie also displaced from their

centre
C'ae 111. Discriminant negative
or Infi > 1 "

The curves are hyperbolas, elmll rly displaced from

the origin.

In emeu case, the centre of the system Is displaced

lest'-noe ( .1-n the vy «x1s. hare
Is T O, =0 e, (15)
m - o0? In G

In eooh C"se the y Intercept will be



1 4
Or approximately, ii d* o. ex-m
y : a,, n
a .wluo - » J

Hcace mt bine * § , or In the owe* of m pmrmbol*

from the foregoing It onn be eewn that th* *a«p* of
fringee de;ende upon the relative positions of the eouroee
A - ti with reepeot to the eoreen. veryln* from »n straight
line when e « 9t*, through hyperboles, pmreboln*. end ellipses
to olroles ot b - 09 the spacing of the fringes depends
opon the relative ereln of the eouroece, nnt their Alstons
frons hr so:sen.

j. rmctlcni onelderetlons end visibility

In /rriotlce it is possible to produof interference only
by arranging reflecting surfaces or lereee to produce two
Images of he esme suorce. the were trellis proceeding from these
Imaigee then being In « condition to Interfere. Ilhe use of such
components will naturally Impose mlimit upoc the field of
Vior, since they are limited in else, nd It win be ness-
ae'-ry before proceeding further to develop* the Ideas of
field and aperture for an Interferometer, The concept Is not
as simple ms In the ¢ ee of s lens sywiem, since the interfer-
omet r has .strictly speaking, neltner object or Image plane,
bu © the usunl definitions of aperture ”“nd field hnve been
used nd adapted. ( ,*e Kef. 4 for umv 1l definitions.)

1.1 ngular Arartur" »n! field

The Imager of all the stops ¢nd dlcphrnma of the system
are plotted In the fringe apace, whioh may he termed the
Imige sp*co of the Interfere eter. (ee Flg.t). There will In
general be one stop which subtends the smallest angle 0<
at the centre of the image plane, his will be the image of
the cperture stop A* and * *¢'/ be called the nculrr aper-
ture of vh eystes. The epertun limits the area of the source
illuminating any one point In the image pi ne.

In iddItlon there will be a further stop which will sub-
tend the em licet angles at the centre of the aperture atop.
This will he the Image of the ftelI stop F*. end the angle J
may be termed the *n,;ular field of thr Interferomater. The
field obviously determines ho portion of the fringe system
which will be visible.
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An latereatlnfi ueeful onae occurs when the eyetem
ie teleoentrto. TLle ie tho ayaten usually employed for the
Keeh-iehnder Interferometer.

If « lens t« Introduced In the image epnoe, at a
dletnnce equnl to its food length from the aperture atop,
the jmwrte cf he »uerture stop will be located at Infinity.

( ea Ip. 2) The aperture "top A subtende e smell finite
angle 6 nt the flret nodal point of the lenm system L. By
the property of nodd points (Hef.2) the Image ef a. l.e. A
must subtend this exwae mngle at the other itvlel "olnt S'.
eilnae A’ Is ut Infinity however. It will subtend the same
,nKle 8 at any other point of the system. her.;; at thk
centre of the Im «e plane I’ Thus by deflnV ou. the angular
aperture X of the system will be e uni to rngle 8, the angle
subtended by the aperture stop at the node point of the
lens system u.

dlnoe A' now lies at Inflnl*/. ;he angle subtended by
the field stop at the centre of A will be sero, and thus the
angular field >-0, althougli of course the actual size of the
field will by no mm*ns be zero. lhie implies that the portion
of the field *fl fringes in view will be infl"ltely ar.ell, but
since fringes can be made as close together as denired bv
altering the spacing of the sources, the fringes over this
portion of the field may be taken to be straight lines. This

Is very useful wherever straight fringes are desired.
3.3 effect of Arerturc 9ft visM Iljz.

In practice, sources are always of finite aperture, and
can be considered as many point sources side by side. :>oh
point source pair will In general produce Its own aysto:.' of
fringes which will not generally coincide with the systems
produced by any other source pairs. Thlr may cause the fringes
to overlap and be joice blurred or eveo n liberated, and poss-
ibly distorted, and it is nessesary to establish conditions
under which frlngen may hr observed.

Vlalulllty will be defined In ‘he name manner as by
micheleon (Ref.3)

T - (17)

“mex. * *mln.

with finite aperture illumination will no longer be
either maximum or a minimum, but some intermediate value.

iSach pair of rays will In general have Its own phase retar-
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Krom e”untlon (55. for e*oh point eouroe

Inti“r clni® over the whole eourte, the Intensity wt
point P le given by
A+d
I « "¢ (1 «Coed).d

wher 7 Ir t o ivixi? u- Inorement of 4 over the eouroe.

I « ?2«/ (2 2+2 olno Coe ¢)

cor 1l mmzlmum A "0. 2IT ...eto.
Imex " ( ¢ dIlh I H
Por I * minimum. & " "r» S ...eto.

Substituting theee vnluee In eruption (17?)
Vv -

whloh 1s the seme result obtained by '»loheleon for hie
Interferometer by other meene. (Ref.5) It may be noted that
eountlcn (IS) la nulte general, no aeeumptlone having be
made me to the moana er.ployed to produce Interference. In
order to obt«ln the visibility for a given met of conditions
It le only neeeeecary to find the maximum p th length dIff
erenoe end eubetltute thle in e-uatlon (18). \

5.4 ioeltlon of learnt Confusion.

.xamlnlng equation (16) above, the limit of / on
approaches zero la unity, BO that Visibility le grewtclt
when * le least. It is uneful to see what thle Impllea

Consider two extended souroee (“lg. 5 ) Illuminating
a point P on the ocreen. wince the sources ar< Images of the
snracobject. cboosir ; n reference point In A will fix a
oorrespondln point in ti. Imllmrly a point C in on« will
have a corresponding point D In the other. If 4 end C are
a distance b npert. mnd the listeners of Aand P from 1
ere dq and d-respectively,

m(PC ¢ ID) - (dA - d2?
or rearranging.
y « (rC - dl) « (PI
Aseumln no™ that source A is fixed, but that sour-e
H can be tilted, the first tarm of equation (19) remains
constant, while the second dependk only on the inclination
of L, and ¢ 7 le- ys bemade ecu 1 to it by suitably rot-

itln H about Imin Itr x ne.forone p rtlculr
jonltion of d nd D.
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Under euoh oonlittone. *~ will not in *ner«:. jero for
any other ro: li ton of C »nd D, but it oen be >en tbnt there
will be eome I/.illnation of b with rcapeot to A ouoh that

111 be 4 minimum for ell polrte in the aouroe. Thle poe-
ition will »lv» the heat visibility of frtawoe at P. end the
Hyato-1 ney tnen be regard-d n? 'eln/; In fooue. rt la inter-
esting to note th«-t enoh point P will have - condition of
fooue whiori la not neeeeanrtly the earns as that for any
other point /’ hay, e"d the fooue will r duellv deterior-
ate "1th distance fro? the centre of the aereenL. i

ihe oxcot mathe.-ra, toal treatment of the conditions

f fooue t vary complex, end of little wvalue, since foo-
uesing 1» usually moat conveniently carried out by obser-
ving the fringes at the Instrument Is adjusted.

T'uir

blase it is deolrable in practice to use am large a
aource as possible, it is useful to examinethe effect of
source size upon visibility.

*ferr!r « again to Ir. 3, we hove by the geometry of
the figure

o ?

Cp e« di *Db" & 5dib Coe -p
3

PD? P 4 bior Joe I

From equation (19) we get

P
2 "(di +h +?b11Coe»“ - (dp” + b* + 2bd, OMH& -(dq -d.

ihe terms dl.dp,” , nd # can generally ¢ fr0$6)
the geometry of the particular interferometef am—
Inatlon. Inoe the sources may be conslderea P 111
be the greatest diameter of the source for E Thus

? may be evalurted for typical conditions *nu substituted
in eciiation (*8) to obtain the visibility.

Jheckin our ease, the source im* -¢ distance is hjem.
or an order of interference of ?00

45 43%0115? 5760 A
at . - I m38°
Then for n source sire of 5 cm.. v le found to be
- 0%*00,100

substituting this in actuation ( 18)

V- 0%010.0990

0:000.1000 9978

If >« 1, but V »88*5r 88 , with the eome
foregoing conditions.

I - o.ze'."so

- ULAJ.3614
V- Bladdd



V « 90-6 A

Thle in *imll»r to the result obtained by ennet
(Hef. 12), who examined RB Idenllamd ract' n“ulnr moh-/#b-
ndtr Interferometer, under epeelei conditions.

i'rom these results It le evident thet for m oorreotly
focussed Intfrferomotsr n source of 5c¢®. or lerqer could
be erajloyed. The limit Is uauully met by the accuracy with
which fooueel o«n bo o fried out.

1f'n ::on-; o'.0”onooun 1;;ht
4~1  ffSQt of ;rordenlux of the peotrnl ;and

In practice no source emita r-dletlone of m single
wavelength, end In order to allow ms much ll«<ht ea possible
to enter the Interferoreter, 1i Is dealvnbie to
brird f apeotr L bend s jer'-Issnble. It will therefore he
r.eseeeery to Invemtirnte the effect >f bromdenln# of the
epeotr i bond upon toe visibility end fringe epnolng.

The width of fringes depends upon wavelength ,equation
12s), ihun If « whole series of rndlatlonm of different

wmvelenpthr are nresent, sach will ,reduce its own system

of fringes, differing In fringe width from the other systems.

rilngee will overlap and becctme blu red , and unless the

range li small. the fringes may eoc:e obliterated.
fLtl..yi-e.l.blllty in on-Koaogenoous "1&ht,

Consider two hoi ogeneou" be“me superimposed on one
another, with the samn”'-'velength. hut with a constant ph*ee
retardation between their.

by equation (?), the resultant Intensity Is

1 - i1 (1 & "osA)

If now the benme are composed of a merles of wave-
lengths. the energy dlntrlbutlon of the spectrum being
determined by f(X ), then the result nt Intensity will be
the summation of Intensities due to e>oh wavelength.

X
I" 5 f(X) (I VcosA dX .reccvnnncccnnnnncccssnnes (21)

following roughly a method u-ed by i.elislson In des-
cribing his interferometer (Hef. 1 A ? ) we proceed *m
follows.

ihe phaoe retnrdrtlon varies wlth »'v«length according

* AL 2m

&

If we write X » >,¢ A
here Ale an increment in A

ifl



» 1

12

or > <+ Xp(l e )

Then wr miy write

I-ifA) ;11 g1+ J* A.

1 1

i'tlb 1ntm%rnl fnnnot he eco»ved me It etRnfln, hut
-,y be nnpr-ixtmated to by Vmylore expen#lon.

filing
(i *j A (1 -%*) & ... ..
At
mnd neglecting higher power* of * , we hnve
aA -(22)
expending
I : ff(A)aA ¢ CoB N~5 |f(A) Cool A)aA
A, _HA’
¢ em jf(A) iUn(*"1A)aA
A,
2n-1
how for 1 a minimum 2m * ; X,« 3/2 Xceee ( )X,
(23)
I IA1§1d for#I1 e m rlmum 2m - 0,1 Xl n'Xe
i Ai E1 | T 1 A & . w1 (7%)
lra> f(A) r 1 ¢ uoe 2ntr™ aA - :
Ai

I1f f( 1) le known, the Inte"ml*

-"bowe -my he mvmlumted
nnd eutetltutea Vrto e uettnn (17)

to ohtnln the wl.MMlity,

Aproximate Infilc peo”r*—ml !

Althuogh the spectrum 1lln.ee of most gee dlaeh'r,: ee

more remdlly reee.tBle the h,w##l,n Intensity function.

It
1- often useful

to roughly check Tlslblllty by .seumlng the
lino to be ot m enu,re sh.pe with on ebn.pt drop of Inten-
sity on either side,

In thifl o"ce f(A) 7

end jX » Ne
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ne
If the spectral half line width Is J" equations (?3)
mod (24) become
* 1
max - 2af FE1 e Joa  wi 'ea
-f

ERCRTE B Au -n*f,}

"min » 2112 IJ X 1 - Cob(2n-1 )lrL ,4/\ I
y
4m™  jf - A*——— 3In( 2n-1)1Y~~ >
\ (2m-1)ir 1
Visibility then le given by
n - R I 1
V - 2nnf Sln?nn Vt2n-i)-ilP1?2n-UTF — . . (25)
"m ' SIn?mr-<2- - . wSIn( 2n~1"ev + 2
2nV X, (?n-i)n f* X0

If n le very large (2n-i) * ?n and the expremelon
elmplliflea to

Jg uin(2m /)

n represents the nuTiber of phase retardations and
corresponds to the number of fringes counted from the fringe
produced by zero phase difference I.e. the central fringe.
(This Im rjso celled the teru fringe by some wutbors)

Visibility vsrles Inverrely rlth "he frin" number,
decreasing es n Increases, end thus the visibility of the
fringes dlmlnlehec for fringes further from the central
f.tnge. 'nly a limited number of fringes will be disting-
uishable. (ihe vlei»H tty (h *lee 4ep>wdawt £*

e-revtv&to.

upposln that the required number of fringes 1r 400,
I.e. n-200. Xf* 5760 % and the line half width

rt



then froru * uetion (?50 th» Visibility 1b found to be
0#«87?, which Is just about the minimum to glva H
sufficient oontrnat for photography.

-aua.»Inn, inton.jlty u nion Line

hlle spectrum lines o- <Ji«oh*r«ee under condit-

ions of hia temperature end pressure ere known to have
-nvelopee differing somewhat from the Ceuaelem Intensity
function, this function will none the lees give a sufflo-
tently accurate picture of lines generally met with In Gee
discharge tubes employed for int»»*eremetrle work.

1

In this case f(A) .- A

it will be considerably simpler to Integrate equation
( directly.
*e have

o I > Cos Ir( 1. 4A..)1dA
he constant k is uemdly very large and therefore
lha error Introduced by writing the lower limit of A ee
Instead of - A,, will be extremely umall when it Is
ooneldarefi *hat X is of the order of 5000.
y >1 roe Integral Ho. 4U2

I .] os M jr ,
* oor i ¢ - .Mte . R
{ 57 _
'hen for I a minimum . &%. g/2 x (2gzl) A
Imln w
mnd for I a »aXipum - 0. A, ... nA,
rtf f
vex T ( It -

Substituting these values into the Visibility ecuatl
(18) we get



Ir n Im very thl rpproxl'nitely redurew to
jd il
7 - x?F" (29)

Uetn-., the same voluee me for he previous example.
V - 0*765 which le ooneid*rably better then the velue
obtained before.

iiennet ( Ref. I'l) uelnt; a different definition cf
visibility obtained n elmllrr reeult for the pnrltculer
oeae of an Idealised moh-Zehnder Interferometer. Tt may
b» noted that the ebove treatment refiulree no epeolflo
oondlttone for produo . 1 -torferenoe, "nd equation*) (26)

end (?9) oar be applied directly to any Interferometer.

h.r rror In irlrL*c D&cISA Au2 la labamc

To obtain an expreeelon for risibility 1. the previous
section It wee raaumed tb«t mrxlmr end minim* of Intenelty
eppcer-d where "m 2n/ end ( n-*)> respectively. Thle la
not otrlotly ecour to emoe the frWrfea due to the wrlou#
wovelengthe are not evenly rnnnred on either aide of those
due to the ms'-n wavelength, thoB* due to the maximum wave-
length belnr further fror the mean th»n those due to tUe
minimum wavelength. ihue the position of the fringe la dis-
placed slightly towards tlv end due to the hi her <'velength.
vuoh a displacement would disturb the even eipeolng of the
fringes and may ie/d to error In evr.lurtlon where displace-
ments of straight friln.et must be measured, he error Ofa
be evaluated by tnt< :r,ting enu tlon (27) with respect to y.

For n maximum or minimum 4y < 0

fble Implies thnt I*n from enuetlon
(27)

riting

m<e 2 end *

then

Tanx - 3
'his can br ev”~lu ted provldin. that la snail by
neeumlng V. » nTf - ' where 6 Is small

lienee



or £-T

»od <x * ntr(m o
1

tiubetltuting for x and p we obtain

T-kT &1

f
2 11+ 4X~SP

3m

-ubntltutlnft for m fror" ecu-tlon (“?) we obtain

S1 A»r * !

where only -sf.xlma and tnlir-e are ooneldered.
I'M a value of yQ la greater than equation (12) by a
factor f where

*x .V
/ TTtTTT

Considering the line X,- 5760 A and of half width
at half IntensityAg *4 "

.2 log, 2

41 logr 2
which on evaluation becomes

/ ZU22**1i8.9
71,796.813

The error la entirely negligible, end It may be oon-
uded that no error will be Introduced Into evaluation
of Interfaro re ic due to e non-bo;noweneoua source.
This >t<etn til lee with the conclusion# of ennet ¢{

11)

<*6 hlte yight <rln“ga

If fbecome» lar e the * rroxlih tlons used In the
foregoing ere no longer valid. However It le obvious rh«t
Visibility will drop off very rapidly after only - few order,
of n. on*y about 10 fringes being observed In practice. This
1 wvery useful in setting up end will be referred to again

lator.
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vitn =
Comrider » doublet, with predominant vrvelenRth*
X, Xt » i vI1lh« *X uni ~ % "r.erry

*? * cr th* relative erarpy of the on* to rh* other

j 0
Then
Amln, = ti Ci1-jrm; y ff IhC - ?)nl]]
InC'n . 2jrrj'?
(*n - ?)n
c i - zAr S8lntini',i 1

T Ctp w iln*nnt ]

The viwlVIllty then Ir Riven by

i illt ~ ' *ntil.
“nnt - ft,]

In general, for r line#*

7 1 Sin ®xi j n

AT 7-TT?7 ,
*_ 11

The eolutlon epnllee only In the rlene of leeet
eon fueton or for two perfeet mint enure**. ?nr *n
evtonded eouroe, the above value nuet he multiplied
by that found > eatlon 1i.f.

The r*ner»l eolutlon 1* m Fourier «»rlee, «
with eerteln epeetra may *lvo rite te prour* of frlneee
with hither vlelMllty then th»l* neighbour*. Thle
rheltorenen l« ohferved with ur filter* roury vo o«r

11=ht.



M acA -.eL ajar I'n terferometer i.Uaoi

1. Chnr-’oterlot Ua or the Interferometer

/ITthuvth " number of interferometers bnve been uttl-
Ited for 6enmity ermluntior, the one due to zehnder end
L. eeh le by fnr the most eulteble for w.ind tunnel eppll-
o»tlone ee It ello*3 simultaneous density measurement over
the vhole fl Id. *I1thout trnyersinr the test section twloe,
which would Introduce 1 r*e refraction errors. 11 the theory
of the foro&olnR chwpter applle« directly to the oh-Zehnder
interferometer. *nd *111 bnre be extends to deeorlh e the

prctioal operetlon of the Instrument.
1.1 Description of the laments,

The layout of the optics! t,ystn» In shown in 'Ig.*.
O Ir the LI#;ht source, filtered to obtain monochrometlc
11 ht. L1 Is the colllnrntor lens ueunlly Introduced to
produce # teleoentr’c system. O Is the object plena, or
the position of th* wind tunnel, end errvea to focus
the object plens end thf fringes, which ere localised in
the object plene onto the screen or photographic piste P.
The Interferometer itself consists of * mirrors, arranged
ft the corners of * rect”nttle, we echowu. elypore 1 and ?
ere only lightly silvered to pertly reflect end p-rtly
tronen.lt light, end ct -i"beor. splitters”. Vlirrorr 5 and
n mre firrt surface mirror . he 11zht entering the Ini r-
feromcter is spilt into two beams at "lrror 1. recombining
ot mirror 2. those tvo beam: ore In « condition to Inter-
fere producing fringer *t r. ihe Interferometer le In effect
an extended form of the Jnrln refraetometsr with the two
beams separated further, time giving o much larger field
of view, the four mlrrorr or.a be 111t«d xbout horlxont 1
md vertical axes -nd mirrors J end S may be traversed
along the p'.th of the Illif.'it be”ms.

1.3 ..In««'r Interimron,. ter wucioay
In the tl.sor-etle? 1 epproaoh of the lest chapter the

Interaction of VWO trains frt# two coherent sources vnti
(Jseorlted. In orde to e .ply this to the oh- ehnder
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Instrument it le only ne-eeehry to tr*oe b*ok the roya through

the interferometer rnfl Locate the virtual Imigea of the
eouroe. 'lit i-.ioie vnbtrumont #& then e repi* eed by vhe
aonlo y of thee*’ rouroe !®» %e*. If we oonei !»r the ml-.r ire
me! ulghtly tilted. l.e. no Ion sv p rf llel to "nlrrora
7 md '« . ?nd then trace b ct t’-t + ye ae shown in fig.5
the poaltlona of the rouroe imago# S* ini 3" duo to the two
hwjjma oen #kelly bo eat”bllehed by simple geometric oon-
Btderetlone. In moat epplto tlona it le not neemmary to
determine the ex."?* location* of i’ and s"* but only to
Viaunllee their relative positions. If the effect of the
cortrolR of the various mlrrore on the position# of the
uouroe in ree Is :<no n. then it is possible to replace the
interferomet er hy Ite analogy in ordir to understnnd the

ediuetln : technique.
-TTooX of tl.r .nntrolJ.n.

It erm he seen ( ilg. r) that mirrors 1 mnd 7 effect
the position of the uouroe in e I’f md that mirrors ? and
h ffeet the position of tho sourr- ircoge . . .here *re three
posnihlf adjustments to the mirrors, each of which will now

be considered.

(1) Notation about a Vertical xia.

if 1 mirror Is :uVttrd "lout its vertical exls,
the respective source ’ f.r vUJ -1MO he rotated about th'
enme exit in norlzontel plena, but through twice the en”la.
In the 098# of mirror# 1 »nd 4 the source ins -e will rotate
about the imrge of the mi»*ror *xe# in mirrors * end ? res-
pectively. Vhe nett effect in n horizontal r.leyl.ioement.
combined with slight tilting of the imnge pi me nbout e

vertlesl axis.
(11) Rotation ibout s Horizontal vie.

[frirror is t 1ted "bout its horizont a av#.
the respective soure-imn”s rill oleo rotate about this *xls
lor ite image. #e bove). In thin c »e, since the mirrors
ere all dfied rt 4/5° to the optic 1 axle, the nett effect on
the source ir"ge will be ' vertical movement, combined with
« #11'ht tilting of 'he im ye plane Dbout the "Irror axle.

* smell liorlzontnl movi nent «n 1 very sm-fcl tilt bout a

vertical xte will also be present.
(ill) itrror freverse

If mirrors * or * ere tr versed without rotation

the respective source imm™'# will move in i line normal to

L



the cnlrrortt I.e. t *5° to the opticrl exla. remelnln% p«r-
ellel to It-elf. .tn nr>tt venult In movement or
amy from fchu screen combined with «r e u”l jorlfortAl £le-
pl' oeo.ent. he Imé6||i j-' & la not tilted.

Unfortuni'tely these itovemente ert- not, up simple «-
may be deelrf . lor quick eid e aj odjuetwent of the rel-
ative yoeltlone of the nource Itatittoe. but the nource Imsgee
on t least be sd.lur.ted Independently, vhloh le e oonold-
srnble edventtige.

1 .n , oni;KB<nft.

It has been Irdte*t»d In hnpter 1 ( «et. 7.%) that

the fringes are In fooue on theeor- an only whenthe touroe
imagon ;re Inclined et the proper rel'tlvo rn”lr to enah-
sther# Renee. If we oonalder a* fixed for the loraent.

then for a prtlcul r rouras spacing i.e. for a pcrtloqlar
position of L", a" muet be inclined »t the proper sngle
ralmtlve to -1 tc bring the fringes Into focus on the moreen
'lilting >" to the proper «n(sle without ehemlr.g Ite pos-
ition can be accomplished by rotation of mirrors >nd 1.
if mirror * is rot-tod. > will move li terally, and will
blho be tilted, tilrror 4 oan then be rotated In euoh » ray
that a" In returned to Its original position, vlnoe ." h”e
now baen rotated -bout, m ohorter radium however, the tilt
due to rotation of mirror 2 will not be eouml tothe tilt
due to rotation of mirror andthe nett result will be
> residual tilt if the source image ". If the process Is
earrlad out In lie rl it direction the source Im-ge .V may
be tilted in any way -md io any dm r-e to ootain foeus. It
,ney be noted that for djustment about horlsontal ml ror
axes there will In -ddItion be sf oil reeld, ¢l horlsont 1
11/,placement, which of oourre alters the source image poe-
Itlons ral' tive to one mnot .sr ell ;tlv,and must be com-
pemt ted for.

r»;u2#tn,; oeuld h-re h en carried out on source Im”ge
,V by tilting mirrors 1 and 3. or oy moving both sources
wdepin,: their specln ¢ >-iet«-nt. but Iterlr- their relative
Inclination*. Thus focus In; cm br r cried <>ut using mjr
Xna mirrors, the most rapid mffaot Vein produced by fd.lus-
tinr. mirrors 1 nnd 2, wince the 1lffer-ncit of their die-
ty»riae» from the source Integer, and therefore the r-dll of

ilnn. rente ,-t.



The frinr* nh"p* and #p*»@Ing h*e 1'#-en 4hnm to be
opendent on the relative poaltlonn of the sourer* ( Chap.
1 Seot. ). .ipselng of the fringes Is deprnd-nt on the
*ouret- t«i :e ejrein ¢ “o. and the fringes re circles, ell-
ipses. p-rebelsn. hyperbolas, or straight lines «s the nngle
0 Isos asp.l ret.”.1) v rls from On through 91'°« (fig.6)
AdJusteTient of th* source Image speotng end relative pos-
ition orn be c-rried out In « v nner similar to foeueslng.
Referring to .motion m4 on foeueelng, if mirror * were
rotated In eueh e wcy thnt S" is returned ot Its original
tnolln' tlon Ineteprt of its orllnol roeltlon. thee the nett
result of the adjustsments *111 be s i.nteral dlapleeement
of the sovnos Imege, without -Itrriln the eondltlon« of
footie. y treverelng one of the mirrors the source 1msgee
n n be "oved m rer or further from ttn screen. mnd tnue
any deelred rclrtlv# (oeltlon of the source Images eon be
achieved with my desired focus conditions, he movement
of the source Images is not simple so that a considerable
amount of skill if Involved 1r edlnetehent. nly rrpf-r)ence
will indicate ahlch "dj* o, 1s indicated for » desired

It may be noted that when 8 Is rdlusted to 10° by
suitable traversing of the mirrors, then the sourer Image*
ere ¢ utdlstent from the worsen and the p»th length differ-
ence Is zero. Thus the white 11.-ht fringes will wppemr.
hen using non-'ionochromitlo 11 ht It is n«os«*sry to «d,l-
art for the white light fringe mince the visibility herdle
gre«teet. only « limited number of frinr«e hein. oba rvable
on either side in ”*pl ined In hepter 1 ( .sot.*.*)

If tno eysteru Is telecentrlo ( eot. 5.3 'h"p.l) ell

the fringes e<to'*pt those for ertremsly enell 'naslse of fi
will appear to be straight, or snaoll 8 only two or three
fringes will be in view nt tbs « * tl*s dur to th" er sl
field n Is of hf symtem. bus ourvsd fringe* ¢ n only be
observed if >he */>¢em Is no' ‘elesentrlr, and if the field
ingle Is cults large.

)r in addition to mdjuatlnv the sourc-* Im gee to be
eouldl .tnnt fro the aourou (I.e. 8 « 90°) the source Image*
nre tui'l:) p r 11*1. then tne p* ;ie rotar: tlon orsr the
flild *111 be const' it and *he whole field will be light or
drrk, hie ie ter «d infinite Ilhtorfersnee, minor It mny be

rden ¢ fi«d 11" Itin, ¢ ar of left ni‘sly v'd frin %oe.
This O'as is very useful and will be coffered to fln letor.



nttherto It h-«p heen S«iui*eil

the ruodlum In rhloh
thr 1

plio-d la lioaoaeasoue, "nd of uniform
refriotlve Index, f denatW dleturb«noe Ir nei
into the one hr-m of .hr Inta-feromet r. theoptldnl r th
length of that henm 111 alter -nd the pb*»e retardation
between the two b*,-rr- wiU fct obansed. vow the fringe width
h e been nhown to depend upon the pb *# ret rd tlon (.'hep.
1 oet.’.?) end hanoe the frla *» wll* he dlnpleoed. If the
density rtleturbanee «m not uniform, but oan be demorlb-d
In terau of oo-ordlnatee y nd * perpendicular to the llfibt
path, then the de«$ree of frin«t dfajAaecement #111 rleo be
function of y *nd z, -ed by ev iuutlng the fringe die-
pl,cement orer the -hole field. U le poaelble to eriev.i.t#
the density distribution ores the field. The frin«# die-
pleeamentr will be due t » wum-tlon of "H
fields encountered.

introduced

d'nelly
«o that only wtrlotlf tron4imenale5fl
or nxlrlly syms.etr e pb*no*ef.a < be evelu- ted.”,

.he dtepl ofll fringe p-fcterj oan be rhoto”r-pked eno

1? termed n interfere TV'm.
o > tin, of :'Inlte :r_lilif".

Conelderlifi a two dlmenei# J drnelty disturb nee.
the relation bctreen frlnre rhl/t
m9y b, ret bllpbed no foil ova:

if s,y I',fee tt «*Uth , lenr.Lh ¢ In ‘he ’ ec'um,
first with refr. otlve Index ~ nd then "*-i*
indvx >v the optical p tb difference till oe

A (A )t
if the surrounding mod":, h e h refr,otlve

nd density disturb,no,

refractive

Index
& become.

wE L e (*+)
|/

mhere Xvle the wavelength if the light In n vrouum

nfl X the wavelength In the medium of refractive
liow the oo-ordlnate of c fringe 1,

index u0

I "A
she breadth of a frin*# b then la
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Nov the ’Ivdetoae-"ale l.*w et-tea that

o?<
e Utinstent

here . ta the 'Jettelty ead k the .1- detono-Iele eouetent
Meriting we

¢ fr (36)

d”uetlon 136) 1« of the foro

I .a e - ** o+ (« | | M
a-re A *nd p, rr e”cetmta for & tiven ?#t of toet

oond) tlnnw. .lei ending only on the oonditlona » the 4Bibl«*nt

*tr. lenae # aeries of ecelibr -tion ?2urves cm hr ftern,

w at roe " F.lvep vrlue of h, from "hi oh the derel t> 0,n

regally be re«d off for eorree ondIng v"lu»s of y. (‘lg. 7)
he 'T"rhlorl orthod tvr been found conrlder hly

ffeter then the celoul' ttone of ersheder end Inkier (f.ef.

i 6)

2, mluetlon of.j,nTir

In thle o«eok e -.eiel «y dl nturbonce will produce fringes
, Ixloh 1< loci of e uni density I.e. Isopyennle, end the
wtrole Interf*rogr*» mey be eve)urted b> enleul' ttng the <$ n-
slty ch'-ivT ;<> fringe, nd numberIn/; the fringes froo en
orea of known dennity.

"o* we heby enuntlon (1%

A .t t

or w0r “ phrnee reterdntlon d* n »nvelengths A« nX,
n

Th# ~ledetone-L-ele ®"y be written

wo-r tor * )



"Od hence
- - *
(v ) Kf . I >57)

The d aolty Then e r*r fringe -r ieoiycn.l will

be
HCa iw-
1
«y afiuntlr.g friM «. fro, of . .00
(I,n,,Ity "y be +Veltteted from emu.tion. (3?) or (38)
-4*1*11/ symmetric henomen.
if thri fio le not *trl*tly two dlrenetonel, thep
; f_»el‘U,3tt0n Weelhie onlst m_ee.ee ywith eUpie
symmeétry, -uo exlelly eymm.trlo phem-*n , e.,;. *

The method of relation entnli.

oone !nm molrculer jet.
fima mto e ]*r,n number o-

rfii ttln. the olrom.r
rln e, »nd eolwlng >oh r,n« In turn, be**nal»< with the

outer one. /him »»*!« ¢ mdl-1 denelty function method

e Irf,t ' ' by Ohmrfln, fiRd 1* very lehor’one, In-

volTIn* the uee of « table, of 5'M coefficient*. (
K*f. 6 &< ore oompUteted flowr he,o not yet y.Ud.d
to eolutlon.

1 .rrorc in vnation
Z,1 ero “rore

the *fot hf't hs oi tlerj comj onente of t&#
'h/undle

to

ntrrr«rometer ere not perr.etiy finished,
;.,f£f cU-Ir-Mbt, ,h..h -U1l

tur-d frill. . , H ot , .
ntr .. e “"eU tton. Ir
r ito. or or,MI. of f, .. u ,, .

riinnln,( .111 odl forth.r .rroro. hr order of -hr..

r-ror oen be eetl ited by emlculetin®* th,, ALty
oh'nfliM ier frln o anirt,
rc¢ e Uf-tlon ( tr) ,» t.le

(
a0- 1) 9

JLo.

—

b >»0)

yr



mm

o % Aid ~ ity bf r»loed m* -
o nt- <&b. .»<nee >for Kt< lepend upon th» densitye it
If< evlrleit thet n hi U It., wind !* rrnel *111 mtn-

Imlitp the error* or thl'l re non, » tunnel operating

et ¢« hifh neh umber rlll ;ener*lly Involve a re ter
xero e-ror th -n ono perutlt. t » oderat' oh umbhor.
rrori' -ry Iro br reduced by u-In > shorter wmvelsn#*h
of 1lIglit or 1 r. or wind tunnel.

rror due to round nvor

It If- Impossible to vroduee e truly tvo Im*n-

slonel 1iietuft ee, elnoe t , moving elr confined by
solid boundary Implies the evleteneo of « boundary

1 ynr. 1Inoe the 11 ht r-ty Into - ter h wn loue den-
sities trevImrd, It Imneoef"nry to "llo* for the
boundary leper e feet, jerechedcr he# Iven the arloul-
etlon, which 'r re-toduoed nere. { ef.0O)

The u- uni method of calculation of density foll-
ore from « untlnn ( 1) “hloh nay be fitter

e' * (o- xt N

wher' g' le the observed density
If now e boundary 1 yer of hlckneen 6 1« 00n-
eid-red. In which the density dletrlhutlon le ~iven

by f(?)* anl writing f - t1
A - Ko(f' ‘¢ I®o,f * *1 * o 41>
and % H WwWm 1t
i xe- *0<t'’> - (o'fl f"KD -( FP«"

hare ~ If the true innelty
Inco th' boundary layer density (*) le lemm
than y we may write
~(F) mh - *3(2)
hare ¢ derot n «n Innrenont
hen f

tAft" K@ - fj* - "e (,).d, . (*?7)
U"tln< e untlona (hi) an (H?) we have
e

f mc'" *r I NC17’7 (M)
o



ib** correction Inte>xrnl of e unllon (*3) »*y be M
vniuntr -1 from t eorotlonl conelderetton!. 1t<rn*tlvely
if the density profile in the blunder} leyer cea be
found by u*e of tho interferometer, thf function '£ (1)
cnr. be plotted nd he latesrnl f*und by meeeurtnF the
ree under the curve.

3.7 rror due to >efrectlon

he 07lutence of Ir>r e denrity r dlente In the
flor norr ML O the light direction will eruae % certain
'mmount of r-fr otlrn. hr 11 tfit beam will be dcfl nted#

and will trnverne m different denelty uonfl«turrtlon then

it would h tve if '"h* e»n. o 1 ot iv'n refl ted. hie
io shown in no ex gpier“ted manner In Iff.t wevr**
fcy >rmrth rlnotpie it if k'ot thet the .dfr-ctrd

ray end tu* refracted r-y will both trevere# the orme

optical path lerv.-th e ; rrlve t tb' ee*'- ioint on the
screen Al, providing thet they or! % ted »<t the seme
point, hue the only imiort nt oonelc...rations ore (1)

Imejie distortion, end (11) the difference of the optic-1
p«th length within the ch«nnel.

ersbed-r ( ,ef. 8 h v Wen th< relevant theory
hioh 1B briefw reproduo d here.

(1) in order to ev iu tr- imi e distortion it ir
nooeseer to clcul te he dlstnnc' R ( I#» 1")» &
beln*; the point fro whlcl tne mye eppe«r to emrnete.

asumlnv thet the density gradient is eufflolontly
uniform to consider he redlus of our ture throw h ’he
teat a-otl n uniform, &nd * et this r dtus 1- much

larger then £, then h ve by the irmetry of 1 , 10
H
(4 *m)
Ten i - /\AD LA o -
Ton 6 * | —.s-
t (R & ()
>hore SB -J hD 7
Hence
« - *( nn oo - inf)

R -tV

No and It Is poi iHI i-at i COmM-
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#
n«e <ivon the rel tlon for
homceenr
rco $rentest r»dtent,
(44)

IhIR "euntioa will be dlsioueeed further.

(11) Xo oeloul~te the optIn 1 p«th difference we
any proofed e follows

Len«th F - ti.6
- 1. vfiH.c;

or the dletenoe ?P* will be Riven by
pp* - R - (HP - E")

where z 1* the dleteno# of r from
Inoe R x> «

the average deviation 7 of r-y fror the prth
'C will then be

The awerege refractive Index ..ion the p th there-
fore 18

(Md m,

end the difference In optical p.th lue to ref-
motion will be

12 ,
& ("1 ¢ Hred .i)t ( * ~f~ ) -
herei® 1 the -pfr' ctlve Indexation - n
ilrlt inf™ f i # end ~ ~ r.d .

we obtain

o gmd' u)



™HA M J la vener«! v*ry um*ll <o thet LLi
1 et tprii my he neglected.

srad”?ix

K*1'

mr-p-Tr gr-d

‘hi > produce* sn extrr* fringe echi ft
the obeerved deneity will be tnore”“eed by »n ° amount

E &

hxpreeeing this me e pt,re ntage

K7 rnd
e " Tnff, & e

«r»d p can be evelui ted oy mencuring observe*'
Increment* on *n Interferogrrm

The method 1* not exnot, the grenteet objection
being thet the density gradient 1* eneumed to
etent. however the density profiles do not change rap-
idly enough over the small rnnne through which refraction
occur* to warrant the extre mnthemntlonl ocm.l1l cation
of an exact method. the omlcul tlon will In any o ee
Indict# th* order of error involved.

1'4 Kry?r due to Divergent ..ight

If the source hen » finite size, ell the rays
passing through e point In the foel plane ofthe channel
will not try»verre he e«me p th, rnd hence Inthe region
of high density gradients, will not traverse the seme
density field, him I* illuetrnte In Fig. 9

The rays outside the channelwill again h ve tne
reme optical path length by orm t’e rlnolple. inoc
the greatest angle of deviation Is email, It is logical
to "eeume that thnt the various rye will appear to pro-
ceed from very ne rly the s me point. It 1- thus only
necessary to examine the additional ph ne retardation
due to my being inclined at a a 1) an le to th*
optic 1 axis. method of calculating the optical p th
lanrth of much ray has baen devised, nd vrocaad*- *e
follows.

If 4B represents the direction p- mllel to the
optic *I xi* end norm 1 to the greatest density fr dtent
I ee Klg. 11)



«r»a « if la /ecerel wvery st.nil bo that the
1 at tent, my he neglected.

r*d2ik
wu, B

K?1?

trrN -rr gr d

ible (reduce* el extre fvln ;e shift
the observed density will be Inoreneed by nn amount

n &

i-xpresnlng this us »n percent'we

is K!
. gred p
5TTe +Trf.

:rsd p can evaluated by meneurlng observed
Inorementr on sn Interfero”rnm

The -%f#tbfd Is not exeot, the greatest objection
being thi . tue density gradient Is sssumed to be eon-
stenw. owtver the density profiles do not charge rap-
idly enough over the small rungs through which refr«otlon
oaoure to warrant the extra methemstl©«l com llomtlon
of an ex-uot method» the calculation fill In any e s#
Indict' the or.irr of error involved.

to ;ivo

If the source has . finite sire, *11 the rays
P eelng through mpoint In the foe 1 pime of the ohsonel
will not tr*-veree lhe aame path, md hence in the region
of high density .crodlentf, will not traverse the seme
density field, his is Illustrate i In rig. )

Ibe rsys outside the ohmnel will ngnln h ve the
oeme optical path length by Permit's rlnolple. Ilnoc
the f.reetest angle of deviation Is email, it ta logical
to cssum* thet thnt the various r- yr will epponr to pro-
ceed from very n* rly the w»,a point, it Ip thus only
necessary to examine the addIt mcl ph we retnrdctlon
due to a r«y being Inclined *t e sm 11 on le to the
optic 1 xI1*. method of (i"lculstin the opt'eel i th
length of such » r*y bee been devlsedr nd proceeds «»
follows.

If i'B represents the 1lr«etlon pal..*.?'¢el to the
optical xIn end norm 1 to tit* gveitrvt >nelty r dlent
I *e rig. 11)



hive from J ometrlonl coneltier<'tlone

-B* tJoe f ¢ HU..In * . . (47)
w 9 «n
B’D - H - (ft - AB* )" * . (48)
BC ¢« (D

- *.Tfin * 4 ¢cM

1-7"= » *iw&qr

I/i'enf & (£joe» ¢ HD. In#)
Now ;D R ond Sin# ~ f « R

ihr-refore nealeotln” second order terr-f we s?«t

I c| ¢ ¢ 1 All
JO
1.Tenf) + Coe|
1 - ~ Sin#

Minor .In# -< R, we mmy necleot g Sir# with
respect to 1 end write
*2
iD - I.Tent | "Cos#
Ate section HP’, distent z"from A

B

e z.Ten# ¢ if"Coe#

Then the evern«e devl'tlon ~ of
will be

the rey from M

(t.Ten# o fpCoe# ).d*
7dZ

* 4 [.Tea## & I fr Cee#

Again from equation (*7) and (*9) A
h’> . | coo: ¢t T n#. Im + 4[: . In(

(?D
ow H* where f [Is the er.&le subtended by D
e msy write, ne”’lecttn higher powers

D *% Ah’ * 2 Re’

*
or for (¢ A

AD » AB* + PP (52)
6R'



Then the optlonl path length dIfferenne between
U nnd AS will he

A m (/*,+ <fsrnd ik) D - t

>

substituting fro* enu”~tlone (50), O*), (5?7) «nd
simplifying we mey w:-lte

&» 1'¢ gredix ¢ T A7 %rpd 1 4 '* 74

where D » Comn* end netting In$ * mn() «

Coe* « i , »md neglecting third md higher rowers of
grr‘d>> 'nd *

From enuetlon («5) for - rey *t normal Inoldeno

we bed
#?

A»e+ k, gr,a -
Therefore the additional optlecnl path traversed

b

due tu the w»ngle of Incidence * le

"o [red 4 11e* 13)

or In terms of densities

rr'dr ¢ (K ,+ 1)£*

Now the maximum variation of optic 1 pith length
m-y be assumed to be twice that of he variation of the
mean fro* the cxtr* e r»ys. vhus taking * as the maximum
angle the Visibility vIli be Impaired by e factor

AnJUM from equation (*§)

?2 > A

The fringes will be widened by a f otor ,
the fringes due to the Inclined r-fa beln distributed
on either side of that du to the ray at normal incid-
ence. It Is possible that the e>n losltlon of “he fringe
will be nltered, since the fringes re not distributed
perfectly evenly about the oentr 1 frln e, «nd thlc point
will be dinouseed later, when n estlm te of he errors

involved will he made.



It Ow rj’ ;

An r*ter ferouetcr » 'ty :le f«T um v 't e
x1ftlnp c>annele conetruoted Iy (A:* mnr -old
vmv m ( ttnd tvlit after eoreful study of the
theoreticsl iequlret.srte end tetet eneei or, exletl p
In*tmsentr ( f1.r,7)

The le?dIn( tpeolflcetlons or the In.tru »r,t %ret+

Slte of Cytlee y i,

cl*# of i»tetferoo.cter 6“* 18"

f.Ue of laid $2i" epprex.
hfifnlficatlan 1 «1

] PI W ] 0
liffht ou cr ); vetcuri w1 A

t dimpra of ihe o ° val I'.yrtt, Irrlf.-, :.r nu>-
Ul.-ry 'tIfht tourcee U .hcur Ir, If. 1*. FI,, i;
vhovs the 'e.¢or forn. ter vIth il eu/Ul.tary -« ties
remove,: Droty, r Ifr.14-16 ere del 1
Vlewp o the app”rntus. he Interferon -ter plete

hcldern «re -hown In ipe.ITtI".

i*- 0 mb o "1
nnecatle r##len has « pilf vherever
'I,, to @ttn , ,tat'llty o1 the

lute; erofco?tor plete* re tieuoted \

on oaiv haivmvd wonleal oinle. Yry »re hely#f*
three herdenev Wills ty errIn, rer$uie te en.ure o%*.
itlee p*eitle:lnp. he tyfcalt ere controlled >y
edjyetiaf eereve korHnp eS$elr.*t etirr sell rin
In etioh # way tat )nrleentel an, verticnl adjaet -

Ite ere «c.pietely Independent. It set feu ¢ neo-
eeeary to provide * fine edjttelenmt to *:iov crit'e*i

foeuei In . hie 1 of the cant liwr“r 1 rln tv,#,
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»ico¥*n In  1r»17. A lull turn ~FV tie floe afl'u t;.vni
perev rivee z,pro li fitely 1' of are
Pllswtn® a vary control.

Th* two fully s’lveret ,h to# &.V t. trnvar Sed

1 icunted or a can lap# eupportw! oc et»»e telle
rtrm n 'i mover » tr flat e ovr. vo ,rr.ove¥
*t* leer cere."Oily tachineC .< etonaf to (rive a
i.oot! trevel. the <rrrli, « . -eel- tfcvr ty rprilt.;
\ m

run  In »1 *Juetetle Vrete nut, rnf- tg fitted * ‘h
« fcall dlgtece plfv# to prevent any Lrtwtelerity

-n the rerev «ove tnt hev ; ire--..liter, to tbo oerr-

I»pe.

I Coreful denlf-n end iraehl Inf her resulted In
an Instrument wtilcl Tt reoaWtit ly the /TrlOfe
pattern no4 drift'.;.- =z.preclatly frci. day to tiny,

he Individual plate holders are .n.;-rt«
heavy wel ed atari ’ere on thi«e I»ifened ecrewc
7 < L1 Sl 1.e -e ¢ fl>t, rc r>e »*lv

a- oved and re, Iwae without jertely elitr rf
the ad .uet: m;t of the inrtniu <ei, he ,etup 1* very
flexible, and the latet j te Indernh»i "t or re-
arm it am decited. he :n*« rei-tt 4  heavy velde<
free# baited to

It rat lon Anf taen con.pletelv orev* m* ty floatlMp

the ra i, which ' very t tv> eo truet" on, on
fuur i" two-: -11, miiter a tl-vili-tlan Xxouots.nre
t mpe< oi VI.. A% * 0X,.it 1« -- #*> @l over m

4 c.i.r, tar it hrivlly dm , t mp* colt.'.n# re
further leclated fin. he concrete floor Mr ceene of

rather rhia*.



?2v interVerometst »l:. t«t: »re »«&# and

loan ed try the Council for ‘ulentlflc and industrial

B

e ire/ 7" Is. -1m epeel'let

o

eteet el- ittorla.
to l-e g frinf.a ; Ifme end ¢ :.t
Mi vculm i»i; fo leave ,,uol to* cOfcli ed, hu* the
reeult 1I- # e cell end 11'"<#r ;-ro<wood with
these 1 tee ' 1 .19) hnve beet, ound to te ntrftirhi
over *he f eld te within he etperl. entel er«or involved
In rjestiui ewent, he elumlnltInf on the Iften we$ lot
ulte r*rfect, end eo-e hleel chei t>-ow u, PI dark
are# on tv* Intfrferofrr 1. "‘<doe- nfh sever Inter-
fere with eveluellon.
Several -oritert have ruceeefLlly uneti plate
rtaai channel windows (r.e 7) eeerrh %** med#
01 sultable Inae. IfUK le a tv 1eal tsauli. cue
,
vhle flees ere show
"tr.f1 A", ott hew < nil 1irOf/;<l£rl to

etrletio , as well « = 1l1ttli ¢ > ft re. ..cnl

ol'alner for the wuch < chs-.rel. .>r reeulta rre rnt-
lafsctory. 0 ,less eculd be ot ‘el.ted for A . *».h;
channel, and 1 sui . wit’ this f' ncl re ‘¢cere'or ot
lelli vle.

v I1f* rouice t a :t:cury vn our type .TA
leap uned with. sr. Ilford f67 pelstln filter to Isolate
ftr 1°f1 ? lreen lire, capable cf »r lw Ir> stout 1 C
cie 1 it ea. t 1 .loed with u 1/10C*‘h reoftnd ihvttei
we. : uni to i« ruffle'*. | Inee t>« :lov 1, steady

and mhe <* e li . ecu. « ve<d for #ett> u; an

fast to rtop a*y low drift Ir ebe frVtfec due O

« veof! or te ernture e! ecte, tut »,y 11 re d



eecilletlen of the fringes will c.erolyh Oftfen t.h#

UIl1fhti mg:vint « .t*, . 1f on. $in :e ffv« top*.
tlhkr if ¢ fr uve* «rf -

>ole centeluefl in - pM 1 i 1 1"i. »rp. it * file

L. L*lv r ww< «r*, ti f « 'Tep.t of w 'o> jjVWSE

ell. i tffillet. tui 'n-tee*e the rroc Is Cai'#<K

to mtrr ,1. v *

fori 'm ! 1 1 1 wn us< t ir,vml-.outBl &#V
e leirec Inoutlic ! 'dro ulnt » eolation# #n I’ s*quently
trn*1-- v. f ;»n«*rs « urer to r * e jaua cr

?. AU, .ii't P:f

nI»1F1l sejw: woo i-frr;«4 cw W in* s»the<
"fET" *6 !n :*f,C. lhe Oecuer telesf t"># >« ured to
fi e wl# 1,5 * let* t*V # t oupM Into

*1 li=nl t ly 1rin, « Into or m If* r* V > tvo ;«*«eee®

ireduced on th* screen tWI'V Mt
intei :er :ter, .*th >ere id* rou vty e u»l
uein( a vte*l rule, t#¢ vnt iM/Mm*1° ( wns

liot founr* necessary.
it war rvee "at fur ad ur’taent was fleet-
ly If :1 tnted v '.ntreduclre tt cocti .at ec ¢ v whit#

1 *ft Into the field at ihle olnt :n addition to ty#g

Li "t .11 e>c AfE. i.r;’ il:ory
alrrorr we's lac* r.oer WU e 1l 1la <nt to it at
itey rtrucie t4* 1ll|>t ‘“ro 'I> r.uro#, vMoV
h e .u.f ' P ectru , tut re'lf oted I' tt t

* £10If,JNl 30> t*<.ur* .eic ty \ecour )i. , sK
an Incan t

"'r-e 1 r'* areas, ill » rt*0. v *0
.JI e,i onoctiJ] mtir iourre at < wl:‘» r ire* are e|»uln
tte flei

lh'n u <4, lit- n- »e viK «t  rt ctét» " t, ent"



je
one of the ta ;l1lllery lrrcr: at '« ooll tajst<r i»n*
*F ttF 6tr iuhfV" r. /i oolv *v > t 4lree edjuet-

friuv nr £>oul- m;ear It.the tel arenas in the

fc-Oi%el t c-tilAt ¢ are®. Its* c*r. not t< caved lv ,.erely

; . *r e: ? e m. Lem e°r irnveffl
to o?tein equal nrv 1*r:ftt: trever$Lnr l« nerr ed
arca 1 %« » #d 15 at, .r- . 1lj a. car in
> 1 rroe. 'lu VT *v# meia Gfutce. It r>e<erf*ry

to fro ,e-tlr resdju*t fr-r ¢ 1 melnp tg ropuet] due to
'* o, ¢ ft t ke * wlit 1 (  >e- in Hr$ver$
f ’-* fr' @ are cVsetvi y t-Ir-i <»; '», reVei than

br; the 'oreen, readjuftie it t he In?ri need net ta
eetrled <§ut eo rre u itly, clnre frInge c*r he seen
ucb ore upr! ly. If at ‘hir olnt tixe filter Ir

.w* w<« n ¢ t Iteve r" «rt r. nf B-e Ilirt

from 'H .0'.,- rtvTf 1- ftlteteti,Hk.re* vtllBalreer

) ion
thete 8ill  Vteoi-e ,,ot< 1st el, H - ..hit 11fht cr
eenti 1 fxttf-:;: ': «lly *;,** 1e running cont :* uourly

*.T , o; * ! ie ly,

At V.tc >vOin‘ the frilnree ut* hr feaur ed
onto fhe f reen and t< ut ted to -he ree',red or 1*9tat lor
fii e viK!e. Do ¥ s roc*r- e‘le . revat P1 if#
i?7 ffu e !*&&, ei'ltioel foeucelnp war done oheerv*nf the
fj e* ti it"' are#., t ‘ice "* foeu t edit on* for
# d’ff'.f* eourne axe ...oie ci :t uel llan fox * o'n*
amr e. he final *dju#t»a-1 is f aii r, the channel

s M efeu 1 ;eir«mlr *he 11./- wa,, .,

treatenIn* the frIinfer while ee; in; he
x*1ll cne fr’.~e eover, the whole fl#l<
Infinite or contcut frim e# »r# r

mini "hf le report >n ¢ « thtei far u-tax ere
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-i-h * st. slstw J hnc mg** 1 rffvect on ft :nt» vieth

t«l |ii>  -iin, I very ;:tt:., tut eEjstt

He focus, .hi. U vety useful in lettlnj u, .
tar Hr wi< well cunted! 'nftr Ue fr'iiyee,

t-.or . tal or vertical frinfee are t fluced ty tilling
late 3 about lie boilrental ot vertical »>I# respectively
and retecuefinr ultL 1#te 1. if let# 3 bad ,«,r.
tilted " thi ¢, pVIV.t# direct ' n, t>c frinte
-attain | oul< rove leen eroduoer, beta ft 'n er
would dietort in *r« oppoilts direction when * density

dl turlance 17 i ti duted. Thus five alnty; *p o:

"k, -l« nml-Ip # - e rire iia 'm 1lrr.
3-ff e 'tie type rVewlrr *t< . -st del* 1 « fa Fired
area 1* V. e o1 : ue* In p tott.

here am two technique* r tree* frtneee throurh
b shock front to parml* frlnpen to >a
ry ur-n white iiu>.t only 1 a frir.t ro e-duced

I tfs can't Si :I r.fG gj"B-pny 1 1 ¥

channel imsil htiy « #2 0 thet tle ebook

'Ct ai’nccl per fee a: "if 11 it th, 7 :r»-er
throu ht t%e r'rtcch re *read ap-il s-.d ca tv traced,

bis sffoot Ie r*-ten1t In if.Sri. The Ir.t ?rferorr#:.

oa not I* evpiu»tu <l art no, ured I the

* , 1t ‘he r "'r or i m« 11, i-n la

isd.
h1f.SC & Illustrate tfce <d for oara]

Li»eu; Irif. f he *-=+ nel :p no< ! cut v It- *c,ean

b c-i-h rofb a.feet 11 ,eAio ed, vi-’¢' K y atsoure

ict of the detail In the vicinity of the shock waver

and .ountiary layers.{ af, )
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,i:pa'c )('#]
ih* ciheifQul: eon fitrue t«C 1y .oe HR#

‘olclo ¢ ( sf.14) an< «te iTeilpned by the fri'gjbleftl
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cr n il <%*r:!» it r = eobl.-trs

s c,uive.
ie r>«lre< t B e t«f on o* cOhl lerer.
»e uf 1.t-"' >»e pi .t e » g, w«r i lit nrt «
e e * 0 c«— -re. A" oe idoily v oevr 1 1ne-i
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'.fere e«cl test m.-r-. > < .\ o' * 4->"rrr,tea
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\ "9 o Interfere re; . aken, r-- « e« one shot- Inp
('intrant - H#4Ion. <o 4 »rfet rJIrkiss

her4 t# te I»>en Ir cever tVc c‘m.nel  elnoe the fi Hi)
11*1 t' nr t>e > ¢ t)-r rvt inel B. r "erence
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;erciiao. e at oet tmw % dr' te vli Wj the
>C 1 PCS arter oe »d of e u* erferopr**,
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tre ‘uel ei " ¢ <c

A M e iu.ltel eeevt tr of fr vie the

T'n, r -n ehe Interfere;;: vcre o numbered
f rr'rt at t—r]% #f 11 cult de the chftr.nnl ¢’ ‘he
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on -te tl -1 ntviferu ret.r. ere traced

t Tt ul ve vCi 1 it V.V he aW of »elteyvd
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a. - <1 £ 1, v t I or -«.-.ate,

t eadr /1. - were reit offtovr IN channel,

Il 1. eat-- it < "frrt it veil " 1'ttu
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1 cut tmr centreline, cr1->r «h« chw»r.ael
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tie ftht.-nwl, th» oh- rel ->* t'ifi 4 thr-ouRh onll

nmt mn-peviro no'lxa **x lot erf«r»Ron. w, > 00
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Ilrht benrr »r#l *) to the ?l-»eii well,, fhiele
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0
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* 1 hhnnel*, h*r» nr * *#relty enntou. *»lth
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nite ltit«rf<i >pr«e eetu”tVn uetnr *he roorr,*t-
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pXnvr oh- rnel f-ne» " faulty imerf*ro,. ."r
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Inn ho# h»*r b*##f »« rh« flntt* frinr* *V*lu«

1.4 ‘mmm-i»njjL-LnYfr "v-.'yr.t.1"ja
rh* boundary 1 y®r env* ¢ 1*0 #v» u»
I
Many or.OTdInmtf# "*r* r*~d off dnnn- » <h friflrt
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p#l  -It*, = 1ih p'-rr** o n |lc *il*u-
ift*d ee I*r’r*. %ty rofV *e in th* “ «oh ?

rh o*1 nr* 1*n * Urnt 1 fr I horl Onl t n#Pe-
ttve lot*r f - r o pn * h wvn) oov*¥ in the thro-»t
and exit oeott 'n*. It: '"*» 4#*ur 4 th-1 the error*

1 ¥ly rffeU ov*r thy i»h rt dletene* ory»r»d by the
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Itj *“e«»ii"t the ailelty the rtr
(Itd /vn «tt r « rr'ritbly ov r th# fle-* c-v? a*
Vjr thy frV  * tr th** boundary 1«**?* mp Shmt th«
vir i-tt rn in y ee«or "tndt--. omM h* n«w-1«nt.’
-rid th« hound rv Vy*r #er»ltv -r-ftV 'otted
" »trmi dt't ir\r» frnr eh» nh-nn»1 ¢°11 'trmetlf.
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Th* e'r*efltlcn *v#f wm then th* dtfltmru'* b*tv*#n
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r wit* wm> ehnvn tn [*bl* No. 13 « %R #x
lottpf 1 6ur V-- .7 >, o XI"« .I%*
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n I* live O the 1 W "11*"' 1*¥ -, *)"h*
lotted t eV’-r, e «* curve* ... - ‘t
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th* lipht b**'r i* <'rynttv ml*1lar to th*t on e%*e
hr- ee At* ehl”h h « b'» evmltirt*<9. "h* " fud-
nrv l&v*r o rr*6t lon f*otor 'sen therefor# h* found,

fror r »otV'n JO(Ch*rt*r 7u

m- (*).»
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ft*’* Mr-.-- d* Mty. « « "vm , «n
urcO /1 'he crrectl-w f et re f->unfl. » >‘eulte
rl 'tv*~ in .*.1* o. 1 . Curves .f crreetl-'n
feet > v-rfue rlet oe stor the ehennel h*ve

"h »> vn, idm the re ulr« correott»fl fector*
Den e ’eecefl from thee#. (Cnrv* 1. >0)

-to ectt 't* of th» -Onr--ry 1-yer thlekneee

a A ftom ¢h t-'4' -fopy Xe-m -t* ole rfll-c,
the ihlokn*#* « c-plnr In B#hll*r#P lefure* w»e
"V" -ceFur»n<l fror -Iff. p£ h#«# r* eh-vn In
~*bl "f 15 enr plotr-.r’ re f-. --rt Viiv of the

*-vr, #he ehiga# in < v o. hi.

U ~L H L -L .. =«

11 rreccur** w»t the r«e«ur» holer «re r-cfl

I the <t'-e ti e e In' ov#ero$>r-f-e Fir. 15 i<S

A\
Jf It ipcy be OEW n th»t th r«<**upcr

th rt itnr reei’ure u ry layer, eM if fiyn_

be feunhfpoir the leentr tplo r»l«tlrnr.

i/s
f = i e o m - o <5=1

-h 'e euheePl t o efurr to <¢-yn-tlon ocoitl.

tt ! *moe  rr;| .

The e»n il t- fleet 1 o-"l.e W t 10 - >
lette'l in flurv* »*, 't5 A t* «— -th»r with vr-lv e
h'» Vityrf>rr-etrt>*-Uy, "IT e, «« . -net
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"to ' eV t*!? eoMI1bl* errcr <fue to »mw-u»-l1r

r*ttur. voriFtton, a *rrl*T of t- t- wr* mn

lhe« v-.lunr nr« lottec tn Curve o. 1.
OrtpV »lly h-1"m ,#r# drills Into .I t*

»re rath#"" \«ro» rar

ersl *r* ohl ed har, r

InnV'». 'h«e« #1V wv* t m

Th* rvallt* of th# t u«le thre* m *y
f * M e i and hiva >»« 1. <l o

*ffoot of the alee *nd ah*i « of h 1* on th»
"r ow. * h --"[t" @ v th - tic T
rl #, well# w*re ' 11 -nfl th r., th*f#

»l*o run *Ith lain oitleal ule*a wrna rlthout
re erure hi 1-a, mr, ih»sa -ra trd w'#
to chaelr the *ff»ot of the holee u on the

flov, nu of Interfe”“oerome, eohlteren

m a
e I, ¢
nth the ehonnel in itf normal f.

sitlon tr.d alee #th th# channel turned through

I*JL£Z £1"

Po # arm flolelouphf »f. Ib)h*v« ue*4 w«-tir «na4
totnl he*d prot-ee tn ne**nr« th” flew
til t1 -ielt «lv nth the intention of nainp » Y,rh_
*ten. eheek the v-1idltv if eelnp n »t«tlo
robe in thte r ne, « ntieit*r if %%*« were run
with there rnbee In the inoh P ohfin »T uo »r
nr mttl e elml! r to ft re ,r-"**llln# f r | »
il[4d«rfarn-et«r t -tr. "h, robes v»r» ¢ m 0"te<
hr thr eroee elide, br«e'ur«r .-,r,

rad on a -ereurr manometer for the ntatle rroba,



p,'1 9 te*t :"P f<l» the tf.t-t he--1 robo, "
rrobee were e’ r-fullv mllrrd «rell*1 to th*
ehw.nel frin 1td <'v b»t th# p;V«s / 11", md

fioved to » o»lllon neer am# brma# well «t th#

' wrt ff thie tctu»» the V Vitl"l
rco# ronttSrAf Th# #Ir v»p turned or nd rrob*
mflyeF#u'-i* "MwS'dkth th# - *t vertoo# ; *rl-
t\-rp ecriso »nd dr 1 th- ohonr.#11 *t th# °fid

of th# run 'nother letur# vee t»v*n to ft* the

ftnoT of th" mb*. Int.dt«te rnel-
tlon* "out™ h* found ft 'dtnpF on tb# ore*#
#1 Td#*.

T#ft# .ror* run In th* #1 end *2 ehennelr with

h*v« b»on ;lotted on their corr.* ordliv eros*
noctton e« ! ># iJBjurv¥e > * J '*2

* r¥*»* w% 'orowF e-»aleetlon hntr*
been tHkeri
»t»tto trobe rreeeure* hews I»*en eonter ted to
<-nettle* uelnp the leentrot to relrtlone *e be*
frre, 1 lott 1 fL*V# ' IS, (7> 1« . 21)

?h*  r##Hturd o d by th« t ># * ) #mr#*
et.ond* to th* etepn-tten r#**tsree fg b*htnd *
ror-it #h(?0> 4M*, "nd h'-v# h*en * -»inet
d’ t-noe dowr th" oh”nnel in Cure* ro.
$§T"bi# o. 2?2 A 71)

To pie# # d*' of th infliieilei of th* ]rone
on th* flow, 0 e#frl»« of Sohlleren loturre#
t*¥*t*n with <'flh ino># In onflow# roelttpne -.arny*
th- oh»nn*1. Three *re ehawn in rip, 5&-<7

If th* #t*fn tlon preeewr# end the fr«# #tr¥e#

known, th* fro# *tr* + oh number

m#J U
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rvVi
P 11 r erf< *ft#r n piene
It h"# b*»r *#*<- f thit the r*»wwr*» r«<'4
t thy v»r§ tap# anrt tie wmefc# norr** to
j”~. The et*'n tlon rr»p*ure" -t. t16 ee “n9ir.p.

r¥11trr « h=v» WM® n r-tv fr =Curve h?, ml the

wmek IS 7—d fry# Cnputatlor. "urwerlotMr- the

JUULU.
The t oh lo. »f th* f" wb ®&t' -l«' fr«

th* ahook wove *nel# oh s ooo* In the fl1 ’A
eertea of mme® with different % er enpie* vere
Ineertee Into the orktn® soetlee rf th* oh”nnele
'nC Sehll»rtn letur |t ven. The "h ok »ve
mnplee thta tieeev¥ eh u®I the trrv»i -in*
eleroeeni e th* praCwte#iriletlrp table.
*T*e r*rve ¢ t* t* >rer »tth fhe ®oh?

oh. -1 i*Inr n, I,.'" fla#* "M#*, r

®ble ?J * ?6.

T»*|s ware *1*0 r'’" allt htty hleh me
low --tervolr r*e*tiree, »" v*1no the ah-fl
r¥-- > tnete id of 8ehller*n In the v»eh ? channel.
*hye« '**nV" -re ¢h" m I*¥ ’'n>le 1. 7. Atvr-
lo*]l aet f <'r.# teat# V «h wn In Flm M-?
(*> ) The b-eh o. we r oomt UtatlOP

eurvee lotting th* Taylor-'angoll foletl*# for

h- -  f «*( (1)
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i& xI& r-L

\rrur>r*r-y

n Jn% T f *
*h* »EIt* ** elva> y * u t]l n# *ny
. = »1,

will tow <a lIft*sse»d.

e nt *?roT ir inxolv d in evslu«t ten,
] 1, of m  *Jjn "t

o' fr Lee- . y -@ r 11
"EE fr’ e thy ynoertwlnty Intervwl HAp M***
"*tl~ md to b» « 0,05 #!mPt "10th*. ThIP I*

eer far v»rl u* frl th*.

(b) ’1lra *r'-ore
0 Fo# n-wbwr af r* Ulna* wi#r* ttk,r
frlnr—s tn r«a© Krtwrfsrorr*

obitourly i “eai tl error®*, frlnre oisrintvrt m#

the entire fi* 1.

It bife Mijre d tlonll th« ur*
tl## we Fufflettn on« to f>V¥rt P« eot «n)
1 I frt e** rior*i * |, *#  taMutlMe t
t ket Iret rtr aurr-nt#, frin 2ln mf

(0 Two <t~*dl#O" "lllty.
in
erolvhl o9 bow *»ry Vvy»r <+ fourd4d «>t Inr,
then » r.‘r viw# o, 1%, It 1» |» - O»l#
to «-tr '-el-t* tht» »"Olt to to# «th"fon*l

"IthruF i tHI* *rtr *jei*tl#n Jitet be r*IV< |n
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nf
to tftf errir Ir which l« < >t«r th*»
X 0,5 % no thftt tnlP 111 & e wef* vilue tr nf ».
(#) refrnotion.
Cvy»r th' lrrp»r ortlon of thi eh- «*1, the
Cereltf «: -dtent Is v rv -"ill.
the «Ltyr*fle atytf>rtlor <liw to «i*n*t Wbi s,j
lent t* plver. 'V «*u tlon dl. Oelnt""--v-
*wm vail » -f *1ty prnaiert foen fr<
houT '"»rv own?#*, 1.*, be,/<m, ‘t,/1 o ,
r
ke cf th- -r 'me if h,? y Inch*".

Tho >r«lf vSith » of tho eentrel meirtiiwa of the
*Sliffreetlort t" m of th» Vn« In thtr eer* t*
fif th® or *r of 1.5 * IQ* \nehee, o I»» » *1*-
tortlon vTh -r*fore I- If rneul*
hi Ide true for Pehlleren o# "ell, «o th-1 bound-
-ry Ir.yer lhl«knee**»« O»n e -w surefl fr m
’yhllfrer lotui » with oonf't Vnee.

ine uri r In An»ltf fu« to r*f*-etlon If i
Iv u tlm 456 . The erropr fr> v r’oue 'r m'lente

feu-'1 In the fliv »ni ) 'uro-ry I»jr*P &*** b' on

-vrn> m >t »fr r 11ln.

n
" ft*'nee '>nr nrnlJ >-fHy n’OP
TAr**1

O.-'hl

(*) tv~rp,rt iv nt

The error In 1 th l~n#*h due to 4lv<tt*«fnt IIf

1 iv-" ty " u tion 54.

tr to ett* >poHb*H» . r.y el Inaitw W
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thl* \n» errorn ve hem atloul't for

ferror®* du# t*> Divergent Light

fltt.fi.rj(litif./lt oh *PIO’;<T Ineh#» < XA
0.05 r.o
0.5 2.7
1.0 4.4
1.5 5.<
2.0 Ne
5*7* erlnttneting on *14* -f the e*ntr#

of th* biertur* will r >Sw* frinff»* 4iPt;-|hnte4
or #lth«r wide of th» rentr®l one, enl the t"tol
v be toghtn- Of th* fflr e bv

f*6toe roughly %rle» thot of the v*lue In th*
1 *t fi'lu-n. this te owrMnlhle for r*dl*ntB
enroui.Vred out*Ide of the bound ry ley~r* ,n4
ehoov +«d o0, but moy oevee fringe* to overl-:
-nd v* ohneured In »re«e of Irr»e denetty *r»4.
lent. It le for thl* re-eon thet fringe# often
hev# oor vieit llity m town' ry leyerr -nr -eT
**eek '***  ven rher, th< r--i of th' field
;ile’y.  The sffe&t o«n he re we*4 bv > lu«l tg
thc torture.

fringe* reduced by rejrg on either eld# of
the eentrel rey * * net neaemerlly dletrlbuted
evenly *b*ut th-- oentr*! fringe, end th» "**18§.
Vh* reeul tent *hlft 11~ -rob-=blv E#e* tfvmn
I/ ¥ of Th* eetloum eh! ft «o~ vt*d "'ve,nr In
th' htrheet denelty r tlont, I[**# t"«n Q.0P
fr’ me fldth. Owier th.-** c--ditt # 1 , , **
vn-'1d b- vw»rv 1-d) -ttrot, th*-# fauld 1# a

higher vnetrt*Vtty in ?« aur*e#n%.



Mbtnln«r tI' ;- In y on - 1ln-
h# »u > 'm> th" r»*viter.t -iflVH tntjr

Vie"v 1 IF 6.11 frWe Wth.

IL)—2a*
») rrln«w8 In till CII*.

vmlu# of y0 V»e t-kwn to b« th» over#Ate or-
dln't* of the eero frli»»* mitilde the «lr Jot
leeulry fi'ni* the ohmnnel. The wueetl'™>n *rtweF
tf vhetney the ®tr In thle region le ruly
el. tior.«ry nd et the no flow Aer.alty. 1lhe
,ere fpl..» * orl*lnelly etrat-iht t» within
th- eeew-Mjr rcrlouely aieeuoeefl. DKi -yplh «tlce
ph<«e« thle frlriP4 to be ullghtly otirr»<! t
th« ohm-"el It otitnl-* the jet hound.rtfr.
rtrepotsting t*1 ourv tureve.y firon the Jot,
It owl" that 1: y0 vanlwtJLo I *rr-T
to th* #-n*r of 0.U fringe width.
(b) U»- * fr. o V'#» end nt ne *tt> r—
t,
VQvalue ft-r- tfc® th-'oet Interferggy*# tee
»t rro-n th* frtncn ihtft four If tg» E
ofit li-«*rf«royr-m. Thl« 1lwv'vte th>» ur-o f-
umty intsrvai of th t.-1 InW ffefegr# es»Alt,
in “ddttU-i to t- - oAeWtiieAjy involved in Wtnhr-

»

taken t« M £ #.C, frs i-nhn.

1.3 *
The fringe width w»3 t he# * th* neeh <f ¢

l-tp gueflw of ' cnneiderabie
I, VV Iv-A due to thf. !Iffir Ify ifitl-

Inf the centre of *h- $>tnp#», Th? uroof-

AhIT J ter-el W'|jt.*Ven «n tw I* u»l t« the

»!»tton of ¢ rif-Uo**



ileh 1 11 r 1 m in'tertml tt Inletvy»X of 2.5

— 1
v meeeuretrtnt, *h» fllenel 'mW if
the e™w #1 v#re to 'lthin «g

r i.0fl* on *h* flleff to el'**" Hr= nlon.

B
B

<

-orl>g - o«

troe herle rsoeur- tem- ere tore were

m*h» 1 *»alnve og-rlr «& "mCmA toI-I-Ilt]!El:In + «3 of
18 K

th»

'weeM -t "ir t'-'iidltv.'-f*.
fnftrv Ir «our» « read to 0.2% ml.,

It vw* weeui»*fl th f th* r mdlnpr r» |thin

—0.4 ft o tfur « #»rv Ir 1 « ire, er-

voir t*». emtnre wWd *eeu e< to be ecji«1 to

Irdlfi »te thij~aie "raid be ellphtly hlph.md

on

ty 1.i*«yv-i @ _ 1.51 "o #e*loR#4

on thlo beele.

1,f nrmd-ry ? r r-rr«otion.

v

~ correction " illed to th* ebe**-v,,e **r.«lty

it*¥*°If rot + *.ot, being r'ir mt*d Vr" 1 ww»

eorner "ff*ot, tb dor" nil n t the hriipd-

efy leyer ourvf 1*difficult to find* wver vin,

from t*ro «t he v1l to the full oorreetten In

10f, «o th t *I" r*» under the curve " v hr

to I m crur te to rltbln — 5. “efrootl;n

eertelnt/ Int-rv»l for tho oorr*0lion intecel

day b» t'ben 19 6? 1 the voret condition, or

f;-r thr 1 nhf ehrr*1, / ThlwBklIll oorr***

-f . 1 V1
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dot:*Ity.
™ V ent or-'"f tn a Vy,
1
Cl)
, I'"fB t« »re the =

AVIE  elee - orr* 'rflnK te#r»' 1 tr Ini »rv*ls
* h , L Jv - 5 -
m* -*f. Ifi.)

Fr + « vntlnn <9

‘t o« 14°! T {Hfj' T
MV »e rl - e>- v0 to Nt 9.7* vhere y, = ?.1i
in th« exit Int*rreropr*e. Thw 1 r?*rt «rror

t y: C.7% nnfl “nr- -tn.lv.
?hl«i wii) aleo V’ th* filS’ea une«rt«lrtjr for

1h* t"'rfi<t *r, V free
vIll’y o,H? fri, rldth.e,
h#u,cer*»lr.tf Int-rv»1l 1, x4> thus ,, rl,,
fro® j v-ur 9.9? frV - rlflth t rtt, to 0. 5
frtnp* -Idtheir t ., t*re.t, the t rVhI" uni»r,,
e »"*I: 1r i* t th 1 ftort. trtv In 1,
y-f eou-nor hfl, thl* Uollw ,me»fr*inty

In the
h* uncertainty due to F T * f j*
>y = F? v I
' 2P, Vb

T™< 1" 1V V 1#
?h* vneofVihty Interval. in den”fl virtou.

foot or. t eivirt #
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*rror.

LrJ.dg*rlie ,in _
" jusv* "l1re fly fount* th* o> If m
i-mr' ntr of i C«C» fr?n mtfae gy# tr orl-
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unc»ri Intj In m Thif  Iv«t* r* ul-
t« t u.e*i e Inty mt«rv 1 rf » 0. $6 frl tOthi,

or if th* f?n"lly t
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by fnn.ftl 7n 40 *r th*
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or
the 0 Oof t * “ho f] "1, V' L1l
"he v o*ri irtv tnt rr<il *111 ' th* trio*r—
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J »l: 'z "ir. . t&AAc jrei, gf
Thf ei»no«et*r f>rrur#»ev r.ey be taXir to e the
capllllery error for eercvry, whteh In thl*
o«»e te * 0.05% or 'J.-'e'.

In addition there 1* « fixed error for * Rlr*n
tap, "terrlned by its chepe en-i ei*e, r'm oy the
eonneotlr-;- tvMnp. o uuentltntive work eppenrs to
hrte h*«n done for esepereonio flow, nlthough th* error
for »o'"onlr flow esn ur >r o«rteir eonditione be-
oewe r'm Ificsrt. ( *f.l ). 'n - 'itional fix'd error
m»T b involved bv eetj-’inn the well rreeenre to be
e Del rvvy "tree' *r«" L-*. b- " O* error

will >* ryferr*4 tf -»pel & "xter.

"h» eetireted *f*rvreey of the_i«reewure rue’w
SaH
u*» I r*e«eur*-*nt war ",?1 "I. or \
Ir, thi« e*»e», m Mr*' error -rev be 1 trodunef
> b

.« before, end this ill rlao be 41 eoue<-*-1 let***,

m»« v¥*rr irou 4 to within .1 of r. "irrl
erifles “he ur'C-rV-Inty in »«*eure emt w*» of the
or- er of from rr -ate<* eeeF'nurw--' rtf, fr'
ooru-motive rune, -hici rlv**- en u«ow»rtelrtv i-terwel
Ir ihe "eeh *o, of er ut I#,

>hotr rnphio dietortlr- ehoul® be oheert, n®
(fieeueee# under refreot irn, en the "tn unc®rtetntv
1 1 in eettmetV r ‘he row»itlor of the r nl front,
rerem]l ehedO' >re*e w”re ty»>wn for or*ierVe , «, t e
results ver* erretie,e 1lhougth the chock fr -* le
more eherrlv defined. Thl» 1® no dnlbt Ai» to fh-
nt th»>t for ehedowpfeme th* rlet* 1# moved from

the fOCel TIli'ht, er 1r«fraction th*refo- fi' Ocuee



Dlscuofilon of result*®

1t -1 Y\
The reieulte obtained in t»*te h**v» be®n nr"-
*r*® to rh flow r "lot by eh-ory. The th*or-

«1 «innlviile hsr bexm e-irrfv' out -1 ToiiOVe.

.1 Ch-T-.rT.-jrTlr ib*hry.
The «lrr 1 0of "O-urete for e tvo
fltmirelnnel flow rubier %uoh «* flow In o
enn*'1 tr th Cher-'pT*rfftio hethorf(’ °¢. 17).
* Mceh n“t To* th* bneh 2 ohon =1 >« dr*wn
inrl/? eri nelon en/rl1 InoT*ir-ente(Curve 0.45)
nf for th- booh 3 ehnnne1 urine ig »y: 'meion
n i* Incr ;itp(Curve* 0, 4 ). A Be--l-etriv h-
<> method unin® en”e of the »lymentP of the
n*lytloel -»thefl of 5h- Iro mr* '.delrrn('--»f. 1°5

ve ve#6 to f;*ed up the wor%. A lerue eco-le

rouph Meoh »t v ? ornwi; out, ’inlno no sO-le, ®nd

The oorreei -ndrt’ deneltv r“tlo, "noh nurber end
ech enrl* c«n then > norouted ond h>» been
tv¥n Mt f. If e re-Todueed In T'ble ’o. ?fl.
*t*"d of eeloul«itlne en-ordlneto* of th* Veeh
t, « eomewhet le«« roour*te hut ruoh nor# rn-Id
eult v-n obtained by 'y vinp th* Vw»oh 'et to
-1* nrinr rh -- v luw<- of th» ’,»rh -in'fle. bu®
thy» fnot to t th oh'-nnel i« **etpn*d to r**oh
* "Im Th iitVer «ftpr »v*rtl r- fl*¥etton*,
*ny of the ‘1 n#nV of th* hoch »t h*v# the
nurt*r, Ath rrn hi<s 1 wthod o* 1b* onrried
i". tdiv. n*neltv oontomre w*ere d -vr oonn»ot-
nte of *qu«l nutp.ber. For the F-’ch
o-ordinet”e of theme oontiur# w*r*

ff, -r" the enmity rlotted « n fi-ir't!-5r, of die-

ine dovn V= chenn*liti Curvee It0 to, T». v



ortilntt#'* «t Integral value* of leneltv ere rtafl
off frot these curves, *r« lotted <e iao* yen-'le

In Curvr No. 33, for oompBelnc: 'Ith th-- trot yen*!*
obtained InterfercT.'trloilly, The Cer.fal D-nrlty
lotrlbutlon her o“en » ott *d In Curve Jo.

"o/ the v-fih 1 Channel, or<1" t «* of d#rrl Ly .-on-
touri *vare re«< from 3»rve o. U6, end plotted

In Curve ‘oS1~.

1t? Cr.e—htrren* 1*n"! Theory.

Th* n ov nr»fi*+«vp r-tv *1*0 h« rredtrted rv
one dl fen*'orrt'l thy»cry if th« mrirflnn of rrreel
nel “rr elero*'- th* direction of flow V n*pllolblr

If A t« th* re* 4° th- re nlr-d r“ntton, *-d

\* th throat are* then

The Mach Kumber hrn b"*n r 1 from oot uV’tior.
curve* Lotting thl* re i-t lont]J'ef.16) for both th*
1 oh 2 and Mach 3 Ch*nn#I*(T rlem Vo. 10%*31).

e denelty lB#Ii.#*l*ted to the Maoh Number by

(AD

Vo''ue« of liov" "*en ' -=>d fr eorn utatlon
*tyrvn* (r»f.1 A,

""Oh “ti""b*r -pd Penalty hnye ha»yn plotted **

* function of dl»tnne* down th* oh*nn»l In Curv *
wol 3U,35 ord 3A.
Fror Curv* "o.14 It o*r b* *e*n th"t th* r*«

*ultn obt oln*f* by One-Ol*ien®™\on»'l *nd Ch-"-ot«rint lo

to*orv correspond v«ry v*Il in th* o**e of th*
«oh 2 Ch-nndl, Volno rithln of *>eh other.
For th- -eh ? nnel (Jurve o. 36)th differ-

ence 1 rr t-r, eii't.untlar to " ruch as 6jl In



)
some il'-cee. Thin t® t6%x« x1th the

3,.3 Verification of Ipnntroi Ir *lov.
The flow ]nttern obt Vned Irit"rf*ron'*trlo«lly
for the hieh 2 Channel have I»*% oo«>aj»<d to th«
. v‘vgthm
mttern iretilot d by Oh-.nctefiktlo Theory In
Curve :0. 33, ‘'here leer venal# here b‘*n plotted.

The two oor’eepond very well, the Tw»n«ured flow

being »t * elifhtly lower “eneltv but within M
of the theoretical. The Interferometer 'nvolvee
*n uncertainty of 3#IChert»r S)«o th-» the exr »r-
leientoi <ina th-or* tloel r-nultr «pree to within
the n?, ntai error, '"hln o-n aiec be ec#n
from Curve No. where the ourve* eorreenonf
to within y -roert at W>l>r1t, The ov-roor-eotlon

*t eslt 1” due to the boundary layer thlohenln,t,

The fact thet th< meaeured riennltlen were
lower than the theoretical Ip rrobnbly due to
the following factor*;the uncertainty In eat"-
bilehlrig the true omltlon of the undleturbert
aro fringe, end the uncertainty In nifesurlng
the rer*rvoir 0 -.ditlonr. Theae two f-«t re to-
gether could "fount t nimo"t h< nnoordlnp to
the -nelvflle of Chapter 5.

For the Fach 3 Channel, the "“«*eured der-
eltlrp nr« about 10-15* higher than the theore-

tic*! V'l n®*, telng at «n »lmo«t conetent Interval

Pert of thl* 1a >rnbn' 1y due to fired error,

Introduced bv the reference d“n«l*y calculated
fr m No. ( Pr ’pputf hole. «o. ' hoi« w-p rot
entirely reliable dvr- to th* foot that It wam
( irhtly rhlpt cd. "he ffeot of ohli < ond “n-

largement on vreeeure 101*# le dl*ou*"#d In fr

fheii 111 vitu th" h oh . ,re* ure h'le t”#te.



Con rV*<n of iierwlty contour®* ort*tn d
thy»crftloell v( 'urv- Vo. 33) 1th tho«e o t inert
by finite frlr.ree, Infinite frinA»*(Flp. 3?)
nnd Contour rrinp-m(:lp. 4$)«howq thit th» r-el
flow follow* thr: Fomewh"t uneven exponnlon or*-
flct*d by oh-'reot rlstlon, *nd th* contour® hfv*
tht pime “n-r"! «hroe. The Meoh 3 Chmnei h%*

-'O-,, even *xtmelon, oe rhovn tv both th« th»or-
etim]l rurv®e(Curve No. Af)r,n* Intyrferopr"mi.
t-'IH, Uh, 45) There 1p however oulte » pe”“Ved
difference In the dene Itv contour*, *h« t>enr*

'cel cent *Mm® beflnn'nc tu cuv'e toward the
»xIt et nbout vl 0.7", while the interfe-opr-i-'i
"how the ¢ the e -tt urr dn rot ch™n™* curvn ¢ lxrr
mtll y I 1.5". Thl* Ir no#' Iblv due to the nc

uniform flow In tn* throet,(eee followlr* mention.)

12,3%

The Method of 8h''rncty»rietlc* reoulree em e
condition th”t the flow icrc”e the thro«t should
b® uniform snd eonlc, I.e. Mrl. Th* oor meepondH rvg
neneity in tale on * le 0./hyg 1 e/ou. Inch,
From Curve No. 33 It cm he aeen th*t th* flow
Ir rot uniform for t*** vcoh ’ ohsnnel, t klnr
the ccrt'-ur 1cb*11*d .24 ”~e th-' sonic 11 , the
flow h”* re«ohed M«oh 1 before the throat, « -
oert. necr th* centreline. Thl* err*ere to mod-
ify the flew irmdt "telv aft »r th* thrent, the
"ontouv* b«lno curved more towerd th* thrct, »e
frr -voprl* th* oontcure 1~ JlI*d .17 »nf.IR
Thle I* notlolbi# n'ro Ir curv*« 21 to 10, 'here
ther* I* 1 ccrelder*blf dlverR*no* In th* thrc*t

*re", the curve* ther”nft-r crnv*Tvine. In the

heeh 3 Chonnel the ernlo line 1V* between the
frlr.Rep 1*Lelled 21 and 22 in the Infinite frinr*

Interf»rectrrer VIR. 40| and 1# wlmller to the M*A

2 re*#. Howev*r here the flow * »-r* to be

modified for Q much premier dletmoe, du* no




doubl V thf r*"i*r “~Ivnrgeno* or the * lie,

liJLJJoV--1D. th*. Te°l Section.

h(» hlfh uncertainty Interval of 3* le l-rr-ly
dwe to the unoertaltity In me-j«urlnp the unt’leturb-d
frinf t f, hlch 1« mmui tlve error, n'
tJw vm lour- fived errore eceoFClnted with meepure-
rent of ryeervolv eondltlcne and untileturbed jero
?r',ne* roettirr. If onlv t-elntlv- oh«ng«e of
ier.eltv «X»m» t" eet.her 1- th- oher.nel »r» to be
ifisrirthee® error* m-y be n"~1**t anfl
the orly uncertainty to be t»Ven into locount le
‘h't 1r.vorv~1r dp tk* <ewmure'rent (* fl Ir."e ’Oelt t.on,
hlrh le 1e*e th«r V?< »e found In Charter <
Thue the finite frinrew *F well th» Infinite
frinree v*11ti Inform 'tlon "b*-ut th* detail" of the
llovr, vhloh mnv Inv-lve ohanpee of leee th«n 3<

th. [ | 1 I

The "r*" of uniform flew bounded by the lont
*XT'anFlon wave* rnti the exit rhoo> wave* non«ti-
tut“s tho teet mention. Curves 13 to 21 show th«t
thl« *rem ham  uniform density to vltriln % to
1 1/2* In the Vaoh 2 Channel. There 1# no tiatn
for the v»oh 3 Channel.

Th*. f-ehlleren ,'loture of th* M»oh 3 Channel
Flp. i/l ehowe a wealth of It*oh line*. The rehll*ren
mymter w-p ne| for maximum a*nrltlrlty ao that
v¥rv vea’ «hook* ar» eh”wn rlearly. An 1lj«« of
the w-Pillttftie of th*"* dietin-haneeca can b« pained
"rom th" infinite fringe* ri*. 3P and 30, vO0et
of th*-’ o"uee only a email fr otlon of « fr'npe
width dlatortlon, "n* or two amountIn* to 1/U
frlnp* width. Thle "orreevond* to a 2* chan##

In tienelty. Ho'*v*r the dlatortlon l« lloit«d
to the Ir--iedi«te are" of th* we”v ehook the tier-

"Ity contour* not bain* altered, ao that the**

Irturbnnoee on be ne”i*ot*d.



ofl
veek -huek.e ->viglnst,e ». mrill Im' ev-
f<0rm " in thy rh»nnel vr* i«. Th» “oeh ?
ahrnntl »*1 " hn-l h«en flightly r uphpn*a by ,ro-
loiv-edl Uf*, th‘llr nrlpinil i»l1*h h-vtnp been
rerorsd by th ibnelve notion of rfu=t In th» elr.
Tne fchildren -Icture tnken yemllel to the
gl*»e v 1]e(iln. 56) ehowe e eerlen of week B
fihocV wnfee oelglnetim wlthlngthe channel, which U
.re etronp er. vrh to be observe @ by Hh-dowrrnm
(Fig.55). Thee ere abeent In the #"V2 Channel
(Fig. 50 "nf 51), wnleh Irdlonteo th«t th-y ere
oeueed by the rr»enure hoie* In the glee* well*
of the 0?h2 Channel. Th» Inflrt» fringe Inter-
feropr”ir nh"-re th->t there are again of v ry nm*l11
magnitude, mrd dr mot chance th*- low evrreelnbly,
ever If It Im oormId-rth”t th» dteturbmroe
conn lew only a fraction of th- channel ,idrh.
In erf-otlone In th» glee* ,-aii* of Hhe ’'-ch
1 OhnnnSl w*rk the detoll* of the flew, *c9thnt
no reliable Inforr tlor. can be obtained -Ithe#
frrir the Infinite frlng»ne Fig. 00 to U3 or fr"m
the 'chlleren Fig, 47.

It— boundary Laver F~flv.

Fringee ar* in ,h*r; forum right through the
bound ry layer, end the Interferometer Im there-
for* Id"*! for boundary layer evaluation, epp”o.
tally mince It doe* not Ir nv way dlmturb the
flow. It hem been mhown In Charter 5 that th*
error'- M to t f*"otlon etc. -re -mall In thl"
oece, ac th't :refi11»* have an uncertainty of 4
or 5T.

vo cnri"*1 "tlor rlth theory ham v*en -tt 'mrtefll
for the following r»n*on«. Theoretic. 1 ao"' utlone
heve =o fej* tie*n rre**nt»fl for a fin* plate In

uniform flow, 'i1th #*ter,"lnna to o*rt«tn r”ofll **,

fn this e»a* there «r* m*verm oh"ogee Of
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Im"i:pt.«rp rtnfl «>11 he =* conduction end rough.
,="s 'e Ufncult to -flrer. Thyr-' 1* in -<.e-
itlon th- uncertainty of .nnnlpnln* ¢ Reynold,
Number due to the difficulty of chooelnp
phr»T-30terl«ttc lennth.

Kuon more me-nln'ful reeultr would be obteln-j
H t y tudyin,- the boundary lay.xRon fV.t plat*
V.vc 'uvoed Into the tw»#t aeotlon, which rould
Juettfy tb- labour involved in maklrn* « theor-
etical malvale of th- rrohlem. Tf the channel,

F
re ertended to five - longer te*t e*Otl<MI, and

irren*»<l to dleche-r# Into p r >olev«r, -fhloh
could he maintained at n variety of preeeure*
the -etur would be ideal for boundary layr

etudie- oyer a ranrc« of Reynold# My pere .

I1*] Boundary layer rofllea.
number of preliminary rtmorx* oon f¢ made
*bout the boundary leyer. In both “ch 2
v.noh 1 Channel*! the profiles a,- ear to alter
marvedlv Mt bout 0.5" downstr’em of the throt,
'he profiles hnving « much "t»-per prrdlvnt at
1 "f-r point. >amtnetlon of th®
aoh 2 BohlUrsn picture (Fig. 46) shows whnt
Il I"*r4 to be a boutiRary layer transition nt
ebout this point. Th* exposure of thle e<icture
too lont to show up th® detail of the turbu-
lent Vy-r. Unfortunately all detail in th®
»-oh > channel 1® obscured by etrletlon*. It
orroerr to h® - rh-rflet«rletto of th® lamln-r
1 yer lo he'* a a"W®ll gradient nt th® Well a*
00T' red to tV- turbulent Tay®p,

Beyndery l-y*r de>,eior«,«nt Ip ,hewtt clr -rv

th® 1ljjerrs.elv* profile* of Cwm* "o. 37 nnd

18. The thlokneer estimated from th®®* ouiv##



mV-ret*d fr ma Sonll«ryn(Curve o. "“0). The
curved TA rnnllsl nffr th» boundary |*yr
tr'reltt n. T - dfaoriO i* due to < niifrb-r
of rm«p-rp. It l« dtfflrtUt tr 'oalf* eveotly
vhere th» boundary lever end*, end th® corner
off*er di.fiHeeed bv P“rebed«r(ref. A)'fo%]ld
oeve +th- l«y«r a-n.ny thtflXr In the Interfero-
HTnn. rurthecTrn-, the eW<ot foeltlon of th»
11 i+ msVed by diffraction, -r -p futuro
errerle-ente It would by wall to provide , r»-
forer.ce Herb In the focal plena of t'4 len* no
thnt th* «v.-0t roeltlcn of the tall rryb* de-
terr*.ned, In the !Uchller~*n rloture, oily the

"Te” of 1*rgi der«lty gradient ehowe up, eS thvt

th. layer a .are thinner. The true thlokn«ee
therefore Ilea somewhere between th* to.  The
bourd-ry layer In about twice ye thick ** the
allowance of 0.005" rer Inch need In the deelpn
of h* 30eRfie Ip, owtver 1* ar e*re tn<it thie
le correct, *Inne the channel# r-aeh th«lr d#ei*n
> (h Munber.

The laoh 3 fhonr»: ird*rv l»yer IP non-
elderably thioVe- but shows th« fnee pher*ot»f..
"»ttOP. On en eeeunptlatl that the <Unwen06

-hruld b- about helf »h» thlokneee, th- allowance

av»yrap* M«ch vurber meneurad by core, nearer the

deelyn 'aoh Cumber. (Table to. 26)

ZtL fiau~tfy Urrr xu _iy@
Ct.rvp Ko. 1 to 20 rruld heve bean u”ed to

plot « ,ire detailed re, of density oc t.ur. In
the ,:re, of the i,tt|lorn»r where the exit shook
"I in tee. ,~>vir a Jttt.r plot would hMk«

b*an i«lned by elna on, omit, fringe., with



th# frtni'se -i.lu"4 '@ to tw* narrow.
Hevp\ -r th  i*o yemle(Curve o. 3D»n<l the

1-'"flr.ite frl;- a (fig. 38)$b.ovf me'* Interest-
ing features.

—foT4 r«"Ohln," the echonk. the boun<>ry [*ver
tht?' 'en*, <fue to the higher reennr* beyond the
ehooV Yietnp trene-rttted throurh the eubeonto
ort on of the 1”"yer. Thxe O'-ueen * amell pre-
liminary not pr"*ei.on 'estee to be fo’-ited, whloh
le ehovn nl««-ly in "ever**I of the Sehlteren
tot ef ' , Th” e-ve 17 «0
"hnwn In Curve# vo. 1 to ?h, tuet eb*«d of the
"HocV  ov«. It nviy noted her# th-'t th* *hock
‘av¥* hvif V'en Indicated t-y n #lorln m”tr*tpht
line Inthene curve, fot.vant of better tnfor-1
motion. Actual'y the “hoo> In of onuree v¥*ry
much fitlei*r thai ;ht«, but itn --ot roeltlon
l« not ehovn by the interfere rob.

The thlOentnr of the bound, ry l«y»r doe#
not extend to the ear « extent elorw the pi,**#
fell#, #o th-t th* bound ry 1*y*r correction #t
th# #vlt 1 « 11t +1* too hlch, Thl# account* for
th* fact th t the c rfelted d*nelly -1 »*It 1»
hlrher than th»

Th# ehnoh Vev* ltr*t f eprenrs to originate
"1 ebnirt kin* in th* hou e-ry i«v*r * 11ttl*
ahead of * ' r-rr-r. Both th” IchMerenfFIff,4<5)
end the Infinite frlnv*(rtr. 3P)«een to *h r#
that th* *h”’nV do*# rot r*noh *11 th# --ay to the

#11, ap reuliS b* * t**ty»d, "ince » <hopv can
only *1 t In "uvr#onio flow, hut orli 'r- te*
t the point where the mubeonlo boundary 1 wv»r
han, -p in thlcknee*. Al-o#t Immediately eft r
th* eoi. .dary lov*r I* om ?*#*e.- |y tl¥# higher

r e»pHur* 1)- hind th-; eb'-clt.
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jo"**>n or this hm the qtm* *hmp* »*-th- profile
on th# hrnpm \'nllR >t

3.: "rr-?2tkrnm.i.y.,

Ith -it different frln « nonfiyur»tlors rot.

Pirl ' Thf Int»rry»ron«ter v ver- tll« «n«>tru-

For m«t vor> it * mneIp th«t eor-ro-it*

"-Inrtt *111 h# TO0-t weftl, "ire. thlr method

h-n r.nv Z-vmt c 1/ v-ry mrrew frlrwet with

»r. need, enntvar-. ehrv.

the forget
In, r-.UfmM. djP"Wgg, ¢g . 0(. hlph fan 1
-lir rndi.rt o-n 1 , oith I ry Uttl#

effort. The m-. nti* - Aterfe-oftnre of

vent,,,, i, gth-t by ,ovIin,*h. fin . ,w.f%0k ?

'nt-rf.Toprmc. with r.’.-.nt to eh other, rontcu»%

ep the evilmtlon »*or Intn“uoed by the

ureert.inty In ""-rrlnp the orl,iml frlrp- width
.r. -'utom.tin., iy no,li,d n,t, ,,
v#n,’, tn* htfft-yet nreu-rpv. -ht. W furt

-rhen t-rf - ip,., pP life rl",* - ,r-»d, ,nd

tv. »r- ft' -»v - 'Mrhtly r.M' *d

"to,y.r, flrite fr',r*. mile mfnr t'on not

"ot * vt I finite "Mrrm, .«r.clou.y
There the

bv r
pin -rp-n of 1 - de.mlty dient, or
f-'irM In th" fin* Involve lee, then one frinp,

"i1stortion, -I,oh in th* tee* motion of tv

" * 'h fln' >-t-r tuti n u«lnr fir ire

frin.per i, <.'frn-.iy i,.“rinue. However, fine*
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t'OFlte fi u * tFtncf4, tbj war<r-u ¢ ,T» tlvre-
fluced bv "valuitlnp th- rener»l flo unla*

! Lplr frilrii-e, -ml “nlv i-1 ¢ thf flnlt - frin'"e
Ir ?r... ,-her- dfltlo ',1 Infmotion If required.
Finite frTr:?*r 'ir» nl *» -c-1 ureful dm *itr
rro”ilFF rye to A mme”~fur»d, euoh «p in boundary

I'-yr*-, 'Freol»1lv if the tot»l d.mltv ohenpr |*

Trftrite fr ‘nP1" vI11l oftx»r mnv det* lie
rot "how- tv rt*s* -Fthod.-, ""id i< “»nnttv ornf-
t'nt- r* hlmh «0"” rern om oft»n
bf tiF»d to Fdvintop" InF*eed of the gooi o«lt*
fr tnp”«, cuoh mlr th(= thro t r-». T finite
frir-*« rlno 'tv- * > od > ' of quellr-»tWe in-
formation -'bout det<-lie Of th» Mnv, but h-ve th'
"tcoov-.j|/flr* th t V Stte.-t oo- —-t.F it, th-

Intorf*ro-»tpr murt be of hl*h qtmlltv to reduoe

f-'m Denelly uilnr jr;-i-ur' ;-:p .
rv-lu<>tlnn of or, Inr » 'meropr-'m in term# of
s:r' utf eorltv r- ulr m =11 th* - - lut* d#n-
”Itv nt "nmnB r*fere-e# coint In th* fl*1d b- Vnown.
Thl# u*u«!lv r»culry# crr-* Inf® er™ont re”our *-*nt
Of rt 1* ot on* of th* flow -'r —*tar,r, I* th*
den*Itv «t th* r®'*—re- - v - -nr-ot be o-le,l

theor»t'o«n v. ft m-v >« not*d that th*

d*n<-ttle* 0-n h» *"t-r*' rdFd =ztth or«tt
to th* denritv t '-eferenr* r-Int In th* n.-1,’,
ev¥*n If th® r® e»> «no* n«lty le unV,ovr, . ¥ thtr

. , v¥!11 - ful 1 foi-- Von.
Fc- th# vnoh 1 Chenr.el, th* r-fereoee <* vtv

- cdyt>>m da, vv-<. nur*m*nt of th* #*-lle jr «#-

Nol 35 o « r-% *h r-eeult# obtained in th* Mnoh
< Ohomr®I by WIn,' Infinite frin ># zIth th* fr«*

Ir oui*l - th I;t on 1'rler rei rFnoe, *n

11 ' "Ir r' «d on a >r*#e,ire t-
mf



«n'"'uTd > 1 th-* Deenupf t p n-"mgure-
mntF by th- leenTroilc '"lotion re nipr loittd
In tile r-"wr, WV th?r. 11* >moct »r ctly a. th«
nurve ictt»d Ir - theory, 4#"'-';»tr'itlnp th* v*
Hfllty of th.tr *oo*rlurr . H-wevr It «hould he

not'f th-t In noirfut.lnp tl» ¢eoceltt**’ froel the

Irfvl*-- frtr »f9p, the heurd'-rv l«y % »rt Von
m/.ip 'Iret PIL1t>"tP ~0* fl PT' the veep,lrn %* pee”tnp,
in"lthl ®a V' 1 p» r*f”vere- in lehel.l.inff the nit**

the mrre p -1 rp boun**rv Iny*r non*#6tlon th*
t lr e -I«dtd, Tf t.htr 'P not /t-rt, »h» valve- f
th- throat "hey- th oorrentlon 1« "a'nUer, ’fill
bc too hirh.

Th" ' T? y -reuree t F»verel r‘'ervotr r
>uree -r#. ¢ ott'd V Cir\ ’o. U, For the . »
Cha-nel rellm i1 w11 ¥I1“R /are eotievlv’t

°.2 6 h Ite tera r«>tner i*r#e

(. *Ver) :t.u.,» *l'a m--u - erly
ch '"ffA 7he tosses/ 'wmltciinj feints 4re kaJUj

P B thf m e, thi' V >C'mtlme
Inoot'Flet—*r.t ovat th“rorre of r»riervolr rre«-
sur**, rhr Inrth t thn flow ov-r th*a» hol-e a,

trturbed mn-t c»yp*d Y B - .epiefr \rrorr 't

'--r,,r,~4. Thun th- fiv.n »rrov “e. nn th»

", e+ erpp p-ntl for «-711, r Ooth
""he hphiter»r elature n'i tnterferoprnv of

* -nr pel F'p, olv that tr.

1 -taeevr- rmlee niye r1-e tp apa-evhoi -tr->nper

*hcoke than the »? W e,, 1thourh the dieturhnve

r» -till ,*en.

'"The ?>? h”lee ver all tl'lf-tntorv
»r In t«- t-. TInfortvr,-.«:,iy |h« only re

Vil 1 1, th - Mftrh

l-r, ¢



KI1.ITOfifl’

Denpi t lee cr"i uten fror t- T10 probe ’rae-
ei.refl '17 leo 1lotlfd In rur .78, -tv lie
vt-r-v clofe to the theor-tlecnl ourv*. y* oe It
r«v b' ¢ 'icluded thrt the probe could *I#c be

upf » ference for tne Iriterferometer, ro-

vlr'lnp thot the emell dleturbenoce Introducer uy

Curv-6 o. kr »Ti-> "3 tot t'"e ..PFP ;re«- rend
W the ,robe In irevereee fror -nil to -vail, In

th* r'rloil rerr th* * It of the ”“henn*!. The

r##*urf* nhnnp* -n liBi 1rr th* vicinity
of the x-«7,, A omlrmtlor of th*~ “ohl.lerer. le-
tur-« (F1P. 5@to A?)#hov ne«r the rslle, the

r mprenFlor enye fro® th* tli nf the -robe In re-
flect from th« >,tl mr tnt»rf»r»« with th*~ flow
t th* hole. erl»ct.Intf the reedlnrr n- r fh*
-1-.g, the ,reeeurefl rtlll v ry by "Pout

Thlr mny be Aiie to "'"11l 1loC" dleturbeneee In

*11fr'*nt» of the 'robe with the flow nf e

th# necennlty of h r- of rivare
Inge .
Th- curve# lott’ :"l he'-'"" preenure #1

t + channel rurve "lo. t for th« *1 end i1®

yrr -it « fixed diet* it 1. <" nrnot.
Ti-ir onn he "mounted yo" by ve’letlor in m
nnnv tT O M110r” fnr *vr twe t##c#.

The 'mh iitbe* eomrtitrd etetlo «nf to-
t«l he-d .T-erem n rlptt.'C In f 1lirV# n.
Thin I- nnme 5< nff th* thFonet 10el fI’irV#.
Ir ,, hebiy fu* to no 'eecoumul"tlofi o" rh» error"
Involved Ir. th« um pf th" prebee m<T prefewe
hoi*'", fin* Indl<v t*# th"t th# u** nf « M*chro”ter

*m loylnp tot-1 h# d robe end »t-"tile r eettre

te i t-unr»neble® mm t ", # rru.oh eheaV.



of rh* frr>T-b1l' "o, ?5 infl

nrr«e vl 'H th< theoretlonl eich imber to -'Ithln
* 1% unocrt Intv Vnt rv*! for the “wwech ~ Chnnn«l»
ml within £* for th* rh 3 Ohnnitol. In the Mnflh
2 Channel the nhnok v* firiroc on the lorfter rone#
(Fit . ft3 to ?2) 1* -tronfly curved, nnd therefore
ilfficult to m =eure, wherene the f-hook on the 5°
rrid IOOOAn*s Ir v-n in not clcerlv dtHttnriilrh~
eble. Th# If0 »rV 20C w-T Jtv* th» heat reeuit e.
In th* t eh 3 Channel, the 2hr *rv ?5° con»e here
n lerrer e<:eti nsrle than ,: V-eh fever *n th» flow,

th* ehoek vnvee «r« 'tr-’nety curved on-* in the
c«oe of oh« non- «Hphllv d*t*eh*d. e'hie #r-
muntr for th* lev v”#lie* of %ioh dumber obteined

mm'tth th*ee cones.

tcinte for f ether : mmmoe-rch.
\raurrh»r of tnt r«*tlnp 'rob empe ™ n be studied 'tth
the M lh- ehrder Interferometer which h»e been oon-

"met 1, '< ’ejoctl'-  '1th thf **-11 «u' -re .I*

*) Study of v rloue chenntl cont Hire for
in euiereonic win !, tunnels, iuoh of < rh-rp corner
nozzle, or fl1* Ible end ovntlrv ou*iy v rinbl* nn?-

rlee.

b) -tudy of flow in eurereconlo ')irfur»re of
various t vr»e,

c) tudy of etucr-onlc jet-* 1ir nirrinp, «f-
flel* ey of v rl nu« r -?l»e for ,jl*ctlon etc,

d) 0.tvT> of bcuttiNry 1-yere, v*¥ Inc Ir*ul"ted
or he*t orpduottnc fl*t r1 ‘»*, mir cornu®* or rouph
1#tf" In the t» * nee' in”™l of 1lh’> h ri *1*,

*) tufv of check wev*—-bouodnrv 1*y*r in-
ter'otion, ’'nt -1lit 1m -cd oh r fl eintion of rhock

* vee.



ConrJL".1lonn

Thy foiloftnr ¢ .nlupt-n* my b " # from

the worV.

The K*oh-2ehnder tnterfiro”eter -filch h-e be»n
onpiie-1 o bulll, h,> ’rov(l rntle”eoi ory In the
K*-rui -r.ei:t of dent'tty dl=trlbuttone In nhnr.r.-1
fl V, mt4 ‘ou"* TV 1 yvr vtth »n vnc»-tninty in-
t*rv»l of only ¢ ffw .ercent. Com let# tneorv
for the fornetton of fringe# nnfl O] eretlon of the:
Instrument -rlth r*otlr»l irren *W®ntr of fli 14*
ny"T’ur* end #>eetrme wt’th of the --oiiroe h-e be*n

preeent «d, toprtl" v\th "™n en*ly*1* of the errors

Involved.

Fpr th® «~ch ? Chormwl, th® flow oorreer -nd«
rrof<tpt-e t'V ehitlet'rtetle t'»wory to vtth-

tr >ne »m! 'Ttm#ntei er’-or of If. fo ooneluelor.®
“rewn from th® ireeent wm*t- forth® veeh 7 m
Chennel, dv# to ' r«e rere error- ®»«oe<tt®t»d 'lth
the rlflpe ell#, md the uncertainty of th® refer-

iQ¢ density r loul 4 <fro"* th* preeeur® t"p.

Flow tr» th® Vooh * te-t --otton I® homo." *n-
eoue ®ml uniform to within 1 1/2% »#vtns5 It eult
tble for use «= e r-<11 vlnd t’hnel. oln no d-t

tr. vw»ile> 1® fn> thy» ¢ooh 3 Channel.

Th® flow In 4he thrcmt of both oh®nnele le
not vvlf rm and ®m'nto, ® neew® 1 In th* 'ecaten
of th® rhenr In. ?ht* do*« n-t ®  *®r to affect
the flow i®t«rn M - th* 4-« section, hut M
ft®e th* to > o®rtaln *-4ent In the ore* 1"-

mel«telv dcvretream nc th® throet,

round -ty I®y*r MfOftlth may t)< Hired -1th

1Q reent vnoert- Intr int a-ynl bour 4rpy



Inyor-ehooV f<w» Intwr«<etlonF '"-v hy» itu-M**,
Th» bnun”nrv t*y - ir rh> ehnnn"l«i und«»Po** «

tinFltton at hcut 1/? Inrh Aown*tr*n” of th*

PrefFUre t<emw ’lv» m<l r»ltable
remit?, ;roTidtne th# hole Ip emooth I»«r
than 0.020" in diameter. Lor,; r ho'*R with
ehlr.refl burred Or i K ed edge# Introduce Imrpe

flxt.fi #n «ps.

The U?e jf to d»t ‘rTr>'re th” ypflh
Ntmber by the i Iph Mot Tub” "-luettnn, *n-
vnlvee -in uncertainty of noma <§ In +hle e*ee,

enf th* uee of " f'chr-1»r with th* ohrnnel* I*
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y
000

05
10

15
20

40
66

z
.1550

1563
1598
.1635
.1673
.1824

1975

Co-ordlnatee of No.l

Prsesure Holes

000

.05

.20
3u
,40
.60
.70
.80
.90
1.00
.20
.40
.60
.80
2.00
.20

Kach

X

21 13
1P?": 1.739
12cU 1.456
1220 1.246
1240 989
1134 742

Table No.2

Channel mlzes

30

1.00
.20
.40
.60
.80

2.00

Width * .6260"
1
2127
2278
.2430
.2547
.2637
.2688
.2700

Co-ordlnateec of >b;2
Pressure Holes

oV NSENY s

1 Channel Sizes.

.1550

.1565
.1585
&..1654

.1750
1855
.2045
.2195
.2390
.2590
.2820
3075
3575

4055
4480

4850
.5190
.5490

Co-ordinates of Pressure Holes

Jo
.60
.80
3.00
.20
.40
.60
.80
4.00
.03
—00
-.05
-.10
-.15
e-. 20
—40
—60
-.80

0.

Width 4 .6250
5750

L6FEQ
. 66°0
.6700
.6738
.6740
0.1550
.1566
.1580
.1630
.1705
2210
2210

I 13

1.765

1.533
1.267?

1.016
756
.509
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mutn - t - wltv Di%irip © on

Froc- Fig, 35
Atm, 'reaaure: 11.Vi rala.
It : 1ie . eraturfi 6. " o
y*
X mo. 348
-5 11.8S2 2.534
4 11.61%* 2. 508
3 11.330
-Z 11. 148
-1 10.916 2.367
0 10. W 2. U0
1 10.450
2 10.226 2.226
3 9.'840 2. 148
4 9.754 2. 131
5 9.526 2. 084
6 9.292 2.0)7
x m0.277
11.8K« 2.563
11.660 7.517
11.426 1.47?
11.188 '"'Vi
10.950 *373
10.714 2. VS
10.486 2.179
10.254 2.232
10. 022 2. 143
9.796 2.139
9.540 2.087
9114 2.041
x m0.267
5 11.916 2.569
4 11.700 2.525
1 11.462 2.477
2 11.220 2.428
-1 11.010 2. 385
0 10.866 2. 356
1 10.542 2.290
2 10.S504 2.242
3 10.076 2.196
4 9. 850 2. 156
5 9. 638 2.107 H
6 9.426 2. 664
7 9.254 2. 029
8 9. 120 2.602
8 9.050 1.988
8 Ea. 88b 1.955
*+0.262
5 0.708 2. 121
6 9.510
7 9. 136 2.046
6 9.200 2.018
I 8.986 1.975
9 8. 760 1. 929
10 8. 668 1.89V
11 6.324 1.841
12 0.073 1.790
13 6.07% 1.790

Humidity: 64%

748
- If)
- 119
- 127

. 145
. 159
. 152
. 102
.073
.944
.058
.051
. 044
.058
-. 055
-.041

271
3)0
. 302
252
.3)0
709
294
364
280

1m
451
.701
1. 122
.822
. 115

673
.815
1.0t»3
1.465
544
.558
722
672
.579
44)

1x0.04661'

P'

.0606
.0608
.0585
.0855
.0606
.0606
. 0601
. 9614
. 3541

.0599
.0599

.0624
. 0626
.0625
. 062"
0617
.0OblS

'.0615
0615
.0608
.0605
.0608

.0636
0641
0619
.0614
0641
0677
.06)8
.0635
.06)7
. Of 38
«0'»44
.065)
.0676
0716
0667
0621

. 067.3
0687
0710
0748
0661
066)
L0678
067)
0665

.0652
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x» 0.»7
li.
11. 726
11. 400
11.242
11.042
10.614
10.610
10. M1
10.182
9. 962
9. 764
9.616
9. 462
9. 306
9. BO
9. 062
8. 868
6.686
8.462
8.216
7. 992
7. 774
7.614
7. 266
6.978
6.726
6. 460

0.242
9.878
9.670
9913
9.366
9.204
9.072

8. Zal
8.030
7. SCO

x » 0. 247
11. 128
11.610
11.382
11. 172
10.966
10.748
10.390
10.764
10. 166
U. 000
9. *6.’
9.67*
9.306
9.148

9.200
9. *18
3. 830
8. 646
8. 476
8. 008
7.838"e¢

2,792

2.304
2. 258
2.217
2.177
2. 117
2.103
2.071
2. 040
2. 008
1.490
1.931
1.914
1.869
1.819
1.773
1.729
1.697
1. 62a
1.568
1.517
1.463

2. 166
2.114
2. 063
2.032

1
1.992
1.936
1.916
1.878
1.828
1.781
I. 733

2. 551
2. 537
2.461
2.414
2. 376
2. 332
2.292
2.232
2. 214
2.161
2. 146
2.115
2 081
Z.r S
8.018
1.968
1.947
1.906
1.864
1. 777
1.752

437
473
.380
480
.580
394
.60S
, 7130
.673
1.015
1. 1it
1.601
1.937
2 251
1.863
1. 029
1.237
1.272
1.201
1.215
1.272
1.586
1.065
.822
. 729
572

1.427
1. 521
1.858
2. 194
2. 487
1.906
1. 179
1. 322
1.463
1.394
I. 386
1.401

.687
945
959
1.037

1. 194
1.317
i. 460

1.936
2.208
£. 544

3. 108
2. 463
1.622
1.944
2.065
2. 169
2. 301
2. 765

XXJi

. 0644
.0651
.0655
.0646
. 0655
0665
,Uub6
0667
0679
0692
. 0706
.0731
. 0760
.0792
.0621
.0765
.0707
.0726

.0723
0724
. 0730
.0759
.0710
.0687
0679
.0664

. 0753
0774
.0816
.0843
.0739
. 0721
.0734
.0746
.0741
.0740
.0742

.0694
.0499
. 0770
.0708
.0/17
0722
0736
.0749
. 0760
.0794
.0817
.0649
.087-*
. 0901
.0841
. 0761
0792
.0604
.0813
. 0826
.0869
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7. 564
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Xr 237
11.912
11.71b
11.3%6

1. 304
11. 108
10.912
10.726
10.534
10.380
10.206
10.038
9. 856
9.614
9. 486
9.304

166

. 952

764

370

304

ICO

398

. 682

. 472

7.244

7. 040

6.634

6.616

6. 378

6. 138

5. 890

5. 600
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x m{, 227
~66
11. 666
11. 464
11.29'
11.080
10.900
10. 736
10. Sift
1J. 374
10.174
9. 986
9. 776
9. 564
9. 368
4.216
9. 000
790
S46

« 320

1.687
1.641
1. 390
1.545
1.497
1.437
1. r/2
1.310

568
529
486
443
403
365
328
.293
268
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.637
798
754
711
668
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2559

477
443
. 399
303
330
294
256
2lo
178
. 133
. 092
. 032
2.022
1.976
1.935
1.886
1.84

Yhb

2. 372
2. 386

2. S0
2.014
1.621

1.232
1.416
1.494

1. 739
1.901
2. 109

2.608
2. 17
3. 108
3.313

$. 708

2.337
2.394
2.579
2.611
2.386

2. 808
2.886
2.963
2.979
3. 100

3.237
3. 207
3.264
3. 086
2. 843

2. 18)
2.302
2.37«
2. 630
2.839
3. 151
3. ISO
3. 366
3.703
S A

4. 031

2. 551
2. 60*
2.687
2.636

xxiU

.0633

.0823
. 0328
.0826
.0799

.0782

. 0728

.0743

.0730
0762
.0773
.0788
.0808
.0831
.0853
.0876
.0910

.0921

.0916
.0958
.0881
. 0829
.0833
.0852
. 0853
.0833
.0862

.0873

0881
.0888
. 088)
0901
0910
0915
0911
0916
.0899
. 0872
0812
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-1

U4
910
703
496
264
076
854
. 646
6. 446
6.236
6.042
5.316
5. 576

13*
1.082
4.754
4.332

A i e

*0.216
11.350
11.638
11. 460
11.250
11.062
10. 886
10. 686
10.450
10.242
10.012
9. 880
9. 564
9. 342
9. <10
9.000
8. 804
8. $30
8. 310
8. 108
7. 908
7. 796
7. 482
7.274
7. 068
6.848
6.648
6. 446
6.236
6. 046
5.828
S. 629
4411
5. 188
4. ibl
4. 750
4. 500
4.244
3.77b

« *0.206
12.024
11.74
11.57
It. 374

I. 335
1.291
1.250
1.205
1. 159
1. lib
1.066
1.014
0.919

2. 591
2.536
2. 500
2.459

2. 794
2.915
2.993
3.072
3. 150
3.250
3.26b
3. 386
3.507
3.607
3. 750
3. 764
3,736
4.686
3.593
3. 157
2.550

2.973
J. 073
3.280
3. 380
3. 566
3.794
3.93;
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4. 001
4.423
4.051
3.087
t. $08
2. 608
2. 751
2.572
2. 608
2.729
2.851
3.379
3. 008
3. 108
3.207
3.265
3. 386
3.529
3.607
2. 771
3. 829
3. 926
4. 007
4. 043
4.057
4.1*5
4. 064
». 950
2.914

3. 748
3. 566
3 794
1.916

.0872
.0883
,0891
.0898
.0905
.0918
.0918
.0927
. 0939
.0948
.0962
.0963
.0960
.0956
.0947
.0906
.0849

.0889
.0896
.0918
. 0%27
.0944
.0966
.0979
.0976
.0986
.0985
. 1024
.0991
.0899
.0844
.0855
0668
.0851
.0855
.0866
.0877
.0927
.0892
.0901
.0911
.0916
.0927
.0941
. 0948
.0963
.0969
.0978'
.0986
.0989
.0990
. 1007
.0991
.0980
. 0881

.0961
.0944
. 0961
. 0971
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11.154
10. 940
10. 720
10.488
10. 242
10.012
9. 782
9.572
9. 398
9.216
9.814
8. 788
8.518
1.114
8. 106
7. 902
7.682
7.472
7.210
7..1
i #VI

1.
6.436
6.228
6.032
5.61E
5. 608
5.408
5. 198
5. 000
4. 798
4. 6ro

4.200
3.970
3. 710

.196
it. 640
11.426
11. 196
10. 954
10.726
10.492
10.250
10. 020.
9. 796
9.1t
9.466
9.810

1.034
8. T(«
6.428
8. 120
6. 104
7.890
7.672
7.462
7. 260
7. 046
6.634
6.632

6. 222
6. 026

2.414
2. 371
2.326
2.279
2.230
2. 183
2. 116
2. 094
2.058
2.022
1.981
1.935
1. 810
1,639
1.797
1.755
1.711
1.668
1.615
1.583
I. 539

2%
1.416
1. 376
1. 133
1.690
1.250
1.207
1. 167
1. 126
1.086
1.043
1.005
+958
910

2.613
2. 480
2.423
2. 174
2. 328
2.280
2.211
2. 185
2. 139
2.096
2.076
2. 024
1.988
1.931
1.462
1.840
1.796
1. 791
1. 709
1.666
I. 625
1.582
1.539
1.496
1.456
1.415
I. 375
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.0988
.0991
.0991
.0986
.0985
.0984
.0994
.0921
j .0847
. 3961
. 0862
.0045
. 0857
.0866
.0875
.0881
0868
.0875
.0905
.0910
.0923
.0935
.0944
.0957
.0965
.0972
.0986
.0993
. 100*
.'018
. 1031
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. 1055
. 1055
. 1052

.0993
.0999
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.0994
.0-95
.0992
.0968
.0989
. 0991
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.0958
. 0853
.0869
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.0849
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.0871
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.0875
.0903
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.0931
.0942
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12.024
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10.762
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1C.300
10.172
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9.146

9.248
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1.703
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1. 19
1.575
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k 1
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2.241
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2.713
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4. 150
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5. 133
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. 526
. 778
. 028
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4.616
4.423
3.987
4.259
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4.244

4.831
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2.680
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2. 729
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8.330
a. 100
7.170
7.0 38
7.416
7.211
7.006
6.792
6.576
6. 370
6. 180
5.980
5. 786
5.60c
5. 406
5.216
5.022
4.6,2
4.638
4.446
4.260
4.072
3. 890
3.714
3.932
3. 346
3.17)
2. 382
2.804

x m0.064
12.016
11.004
11.692
11.370
H. Vv
11.062
10.746
10. 662
10. ".6tf
10.232
10.010

9. 726
9.496
9. 262
9. 020

12, 042
11.812
11.564
11.170
11.202
11.004
10.632
10. 62#
10.468
10.246
9912
9.7.2
9. 498
9.264

2.,31
1. 962

2. 594

4. 456
2.424

2.275

.. 124
2.079
2.031

Y/b

2.694
2. 6%6
2. 701
2.633
2.729
2. %29
2.950
3. 007
3. 064
3. 1*%6
3. 360
3.453
3.636
3. 843
3. 986
4. 171
4.314
4.500
4. 664
4. 828
5.014
5. 199
5.407
5.635
5.£42
8. 049
6.278
6.463
6.692

5. 780
5.059
5. 894
5.637
4.566
4. 194
4.360

3.001
2.758
2.772
2. 744
2.694

5.609
5. 823
5.816
5. 894
5. K!
4.652
4.5W
1.600
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2.571
2.737
2.772
2. 744
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9.026
6. 792
8.554
8.332
S. J9S
7. 863
7. 628
7.412
7. 176
6. 960
6. 752
6. 664
6. 358

6. 168
S.972
5.784
5.582
5.400
5.202
5.010
4.822
4.634
4. 442
4264
4.988
3.89=

ES 3.712

3. 520
3.334
3. 160
2.984
2.898

X ¢ 5.3»0
12,030
11. 804
11.572
11.356
11. 136
11.020
11. 862
10. 768
10. 476
10.192
9. 962
> 736
9. 304
9.214
9. 0*%6

x e+ .002
12. 22
11. 804
11.574
11.350
11. 132

10.542
10.178
9. 962
9. .'48
9. 500
V. 266
9.024

1.983
1.936
1.887
1.842
1.79%*
i. 747
1.699
1. 656
1.608
1.564
1.522
1.484
1.442
1.404
1. 364
1.326
1.285
1.248
1.208
1. 169
1.131
1.093
1.0*4
1.018
0. 982
.943
. 906
.867
.819
. 794
758
741

a 0.0%4
2.592
2. 546
2.49
2.455
2.411
2.387
2.355
2. 336
2.277
2.219
2. 173
2. 127
2. OKv
2.021
1.963

1 2.390
2. 546
2. 500
2.454
2.410
2. 371
2. 290
2.215
2.173
2.129
2.079
2.032
L'yftS

112.715
2. 708
2.658
2.694
2. 686
2.65b
2.629
2.708
2.679
2.736
2. 586
3.022
3. 122
3.307
3.450
3.636
3.757
3. 964
4. 107
4.271
4. 457
4.642
4. 807
5. 035
5.264
6.426
5.635
5.799
5. 985
6.235
6.463
7.099

3,766
5. 760
5.773
8.830
5. 887
b. 373
4.687
4.260
3.016
2.773
2.767
2.601
3. 794
2. *10
2.713

3.723
3.780
3.795
5. 809
5. 866
5.030
3. %94
2.687
2.78:
2.844
2.772
2. 763
2.713

gSiM’ » W
L S1



yl

6. 894
8. 546
8.314
8.084
7. 860
7. 644
7.410
7. 180
6. 946
6. 746
6. 348
6. 354
6. 162
5.972
5.782
5.592
5. 392
*.200
5.012
4.634
4.642
4.460
4.278
4. 100
3912
3.726
3.334
3.350
3. 158
2. 966
2. 600



RffIS

Mach 2 Pencil

Atm >reeeure;
Atm. Temperature: 71.4 /.

SO0 aNOhw o N W —=O

—

AR P — o0 dRUNR LN —D

OPhWN —=O

8. 020
7. 842
7.654
7.462
7.296
6. 982

o. Ifcl
a. 022
7. 8G2
7/738
7. 590
7.466
7. 116
7. 164
6. 990
6. 800
6. 608
6.344

0.171
8.034
7.890
7. 744
7. 602
7.462
7.324
7. 188
7. 046
6.910
6. 768
6.630
6, 461
6.298
6. 176
6. CIO
4. 890
i. 744

0. 161
8.038
7. 692
7.750
7.604
7.458
f. 329

TAIIL' No. 4

t roci Fig. 56

11.f'1 peie*

.83;
.795
757
. 716
.084
.620

.831
.803
. 774
. 744
17
.688
v.657
622
.5%4
.645
491

.834
.805
776
.740
716
691
662
.034
.606
677
.549
515
. 4%2
467
423
.399
.36V

.836
.808
776
. 747
17
.691

HatrlbuUan

Y/b

Humidity: ow =+

b:0. 017M

P

.1146
. 1149
. 1147
. 1144
. 1152
. 1087

.1145
1168
. 1190
. 1208
. 1234
. 1256
. 1272
. 1278
.12°d
. 1274
. 1213

. 1152
. 1174
Jd111
. 1214
. 1237
. 124
. 1285
. 1308
. 1332
. 1393

. 1428
. 1438
. 1471
. 1490

. 1199
. 1174
1195
. 1216
. 1214
. 1264



7. 190
Y. 048
6.912
6. 780
6.634
6. 498
6.362
6, 22

6. 092
5. 948
6.810
5. 662
54522
5412
5. 310
5. 194

v. 151
5.022
5.688
5.312

5.336
5226
5122

66)9
. 6)4
. 603
379
350
. Mil
490
467
440
411
. 383
. 363
324
. 302
281
258

Y/b

7.28
7.51
7.76
8. 05
8.27
8. 83
H 81
9.06
9.34
9. 57
9.82
10. 02
10.25
10. 66
11. 10
11.49

10, 35
11.26

12. 06
12. 50
124 69
13.23
13.61
13. 95
14.25
14.6'

19. 70

21.11
21. 71
22. 36
22.99
23.6

9.54

10.21
10. 49

xxxiii

P*

. 1287
. 1308
. 1332
. 1359
. 1380
. 1404
. 1430
. 1454
. 1460
. 1501
. 1522
. 1543
. 1365
. 1603
. 1644
. 1681

. 1310
. 1556
. 1509
- 1021
. 1650
. 1696
e 1737
. 1776
. 1812
. 1341
. 187 s
. 191!
. 1934
. 1979

244"
L2310
2581
2636
£2690
. 2737

29011

1160
1178
. 1197
. 1216
. 1246
. 1261
. 1282

. i%Oé
. 1404

. 1430
. 1434

1477

. 1498

1330

_ 1361
1387



19
20
21
22
23
24
25
26
27
26
29
30
31
32
33

35
36
38
38
39
40
41
42
43
44
45

CRX=ANEWWN =D

5.450
5. 340
5.2X2
5. 126
5.014
4. 902
4. 60(1
4.784.
4. 568
4.456
4. 330
4.224
4..,21
4.C4d
3. 966
> 690
3. *04
3.738
3. u7i
3.60(
3.Sit
3.476
3. 402
J. 334
3. 21
3.18%
3.108
3.0111

0,110
8. 062.
7.51%
7. 764
7.608
7.404
7. 322
7. 176
7. v36
6. 950
6. 782
6.628
6.492
6. 366
6. 222
6, 084
5, tw
ft. 826
s. 706

A#
5. 4&<tb
,. 3S9
5,240
9, lit*
8.018
4. 4f8
4.(417
4.693
4. 694
4.476
4. 374
4.282
4 .94
4. 108

316
287
.266
244
221
. 194
. 178
. 175
. 131
. 107
.083
.061
,041
.024
.009
-. 006
-. 82>
-. C36
. V56
-. 064
-.077
-. 090
~ 101
-, ilti
-. 133
-. 146
-. 164
-. 182

.616
77

747
716
.669
.660
631
.6:4
576
.549
931
.4 3
466
436
A41$
. 316
.962
. 530
-it3
L2vii
267
244
J¥12
202
. 181
. 167
)7
113
. 092
075

. Die

10. 88
11.26
11.70
12, 12
12.50
12. 92
13. 36
14. 28
14. 11
14. 47
14.83
15.24
H. 71
16.25
16.45
17.46
18. 00
18. 6A
19.28
19. IU
20. 56
71.22
21.82
22. 47
23. C7
23.67
24.24
24.76

5.97
0.20
6. 38
6. 52
6.70
6. 98
7.20
7,43
7.71
7.97
8,2%
». 50
6.7,

9.29
LS>1
9.90
10. 26

SO. 96
11. 12
H. 71
126 12
12.53
II. Of
1». 44
13* ft#
14.2'
14. c1
14. 07
15.54
tf.Pfl
16.61

XXXIV

Pl

. 1624
..1659
. 1701
. 1740
. 1776
. 1816
. 1656
. 1932
. 1926
. 1960
. 1998
2012
*+20?b
2127
E 2163
.2240
2290
2352
.2410
.2469
.2510
.2592
.2648
,2709
2764
2821
.2874
2923

. 1164
. U86
. 1203
. 1214
. 1233
. 1259
. 1279
. 1301
. 1327
1351
. 1378
. 1401
. U25
. 1451
. 1475
. 1561
. 1532
. 151*6
. ISOt
. 1631
. 1665
. 1700
. 1740
. 177b
. 1833
. 1PO-t
. 1897
, 1841
. 1C75
2016
. 70%;
2)11
. 2262



Em

33
34
35

37
38
39
40
41
42
43
44
45
46

RN NN N —_ — e —
SRS DR AR R R R Rl LB R R R REN RS X I E RS v aa b~ =K

y*

4. 028
3.460
3.672
3. 800
3.780
3.662
3.590
3.522
3.446
3.382
3.310
3.226
3. 148
3.068
2. 962

X ®0. 070
5.07v
7.926
7. 772
7.618
7.472
7. 120
7. 178
7.032
6. 898
6. 762
6.622
6.490
6. 334
6.218
6. 100
5, V72
5.830
5. 730
5.602
5.498
5.3QU

8, 142
5.032
4912
4. 622
4.

4.600
4. 492
4. 400
4. 322
4.24a
4. 166
4. 090
4.018
3.932
3. 858
3. 788

3.646
3. 580
3.500
3.430
S.32

3. 198

041
.00,
-. 039

024
-.02a
-.052
». 066
-.080
. 096
. 109
- Z1>
». 140
-. 156
-.172
-. 140

. 749
96'>a

*976

446
416
391
. 367
. 341
319
.290
271
247
224
201
. 182
. 162
. 137
A17
047
.061
*t06
.049
.034
019

-.012
-. 040

» 065
-,085

- 13!
- 1%6

Y/b

17. 17
17.83
18. 38
18. 48
19. 37
20. 23
20. 86
21 48
22.06
22.71
23. *4
23. -6
24. 46
£5. Pi
25.

6.03
6% 43

3.75
4.63
9.39
9. %

10. 40
10. 70
11.12
11.50
11.84
12.20
12.61
12.97
13.47
13.93
14.27
14.66
15.20
15.77
16. 37
16.42
17.51
18. 12
18.67
19.30
20. 51
20. 55
21. 15
21.80
22.35
22.98
23.55
24 .12
24.72

XXXV



46
47
48

O R

1Q?

11
12
13
14
18
16
17
18
19
20
21

22
23
24
25
26
27
28
29

31
32
33
14
31
36

38
39
40
41
42
43
44
S5
46
47

= RN O

6

3. tOb

3. 026
2.930

8. 082
7. 924
7. 778
7.620
7.468
7. 322
7. 172
7.016
6. 882
6. 746

6.472
,.346
6. 226
6, 104
5.982
V 862
5. 742
5. 624
1.444
5. 3en
4. 262
5.142
1,036
4.930
4816
4.710
4.606
4.506
4.420
4. 340
4.264
4. 194
4. 118
4. 046
3.986
3.893
3.813
3.743
3.676
3. 602

3.443

374
3.296
3.210
3. 134
3.042
2.949

8.086
1.931
7.778
£.6,3
7. 780
7. 310
7. 176

.164
-. 181
-.200

.844
,811
782
.750
719
.689
.659
629
.600
573
444
5717
491
467
442
41H
33
. 360
345
319

272
247
226
.604

. 160
. U9
. 119
det
.085
.06
.055
.040
.019
.009
-.004
-. 020

- 04)
%o 064
-.080

095
-.110
-226
-. 144
-. 159

178
-, 199

.844
.813
. 782
751
721
.691
.660

V.b

24.79
26. 28

v 00000 P WH—

65'1—-000\0)_\0\10’\&'\”—‘

O OOFF ¢« VAT
=)
=

—_—
=N
e
2308

XXXVi

- 3065

177
. 1169
. 1210
. 1223
. 1240
. 1219
. 1278
. 1296
. 1318
. 1344
. 1365
. 1391
. 1420
. 1454
. 1484
. 1516

. 1584
. 1617
. 1646
. 1682
. 1716
1743
. 1789
. 1627
. ZM3
. 1904

i&
. 3019
2092
2144
2204
2260
2317
2370
2412
.2485
.2544
2600
2646
2710
2766
,2822
.2676
2929
2981
3027
. 3073

. 1177
. 1193
. 1210
. 1226
. 1254
. 1264
. 1279



[.O1l
6.876
6. 736
6. 604
6.47/
£ 346
6.222
6. 102

$ %64
o S4/.
6.624
5.300
S. 382
5. 270
5. 162
5. 042
4. 428
4.816
4.7V

4.610
4.530
4.446
4. 356
4.274
4.100
4. 132
4.054
3. >M
3.906
1. 830

3.686
3.620
J. S42
3.462
3. 390
3. 308
3.232
3.146
3. 055
2.952

Y/b

7. 38
7.58
7.83
8e 11
6. 39
8.70
9.03
9. 39
9.81
10, 12
10.44
10.81
11. 14
11.49
11.89
12.25
12.66
13.05
11 44
13.86
14. 32
14.84
16.3"
15, 96
16,51
17.11
17.73
18.33
16.93
19. 56
20. 14
20.76
21. 6
22.0%
22.59
23.1S*
23. 76
2431
24.91
25.46
25.90
26. 39

XxXxVvii

P,

.1296
. 1315
. 1338
. 1365
. 139!
. 1420
. 1451
. 1484
. 1624
. 1653
. 1584
. 1617
. 1648
. 1681
. 1718
. 1752
. 1790
. 1827
. 1863
. 1905
. 1946
1995
2046
2056
2151
2207
226 >
2321
2377
2436
2491
2349
.26%3
. 2667
2710
2773
2829
.2881
2937
. 2989
. 3037
. 3076



7.027
.. 376
v. 73S
6.604
6.477
6. 346
6.222
6. 102
5.992
6. 864
5. 346
5.624
5. 100
5.382
5.270
5. 152

4.426
4.6V
4.7V,
4610
4.520
4. 4%6
4. 35b
4274
4.20'
4.132
4.054
3. 964
3.900
3.33

3.7(,0
3.686
3.62 "

3.4v-
3.390
». 303
3.232
3.140
J. 058
2.952

Sl
. 104
.068
071
.056
.042
.027
012
-.002
-.018
. 012
-. 047
-.060
-.070
.092
-. 107
-. 124
-. 119
5%
-. 174
. 196

10. 12
10.45
10.81
11. 14
11.49
11.89
12. 25
12. 66

13. 44
13* 88
14.32

15.96
16..51
17.11
17.73
18. 3]
18.93
19.56
20.14
20. 76
21.36
22.02
22.59
23. I1*
23.76
2431
2491
25.46
25.90
26. 39

xxxvU

. 1315
. 1338
. 1365
.1391
. 14Zv
. 1451
. 14%4
. 1524
. 1653
. 1584

. 1648
. 1681
. 1716
1752
. 1790
. 1827
. 1863
« 1905
. 1946
. 1995
2046
2090
2151

2207
226,
2321

2377
2436
2491

2549
2685
2067
1710
2773

2829
2881

2937
298,"
. 3037



3. 600
S. 800
4. A0
4.200
4. 324
5.612
5. 650
5.700
3.723
5.750
3.773
6.000
6. 300
6. 600
6. 900
7.200
7. 300
7. 800
6. 100
8.400
8. 300
t1.550
6.575
8. 600
8. 625
0.630
8.673
6. 704
9.940
10.400
10.200

i’rea”.-re:

a

-0.4J62

«

3657
U2
2848
.2 <97
. 0008
. 00*4
.0186
. 0236
.0287
.0337
. 0793
. 1399
.2006
2613
3220
. 3827
4434
5041
. 5648
.5850
. 5951
.6002
.6032
.0103
6153
. >204
. 0263
8763
9644
9289

11.95 psia.

tot

IALLE NG. 5

XXX Viii

Mach 2 v.waity Distribution Alona th.s
cm -M ?!*.

71.

r

1.330
342

< 330

4. 34K
4. 612
4.202

4.0~4
4. me

4.00C
3.99t

3. 998
4.03?

4. 4C
4. 040
4, os:

4. 067
4. 07?
4. 078
4. 084
4. 06d
4. 1CC
4. tad
4. 170
4.23%;
4.294
4. 336
4.420
4. 336
4. 544
4.54,

y

. 1047
.1072
. 1088
. 1088
. 1084
. 1011
.0788
.0530
.0432
.0380
.0376
.0376
.0445
.0461
.0461
.0481
.0505
.0525
.0530
.0350
.0558
.0382
.0639
0.0736
.0853
.0975
. 1100
. 1224
. 1464
. 1480
. 1472

. 1180
1182
. 1187
. 1188
. 1188
1189
. 1205
. 1223
. 1243
. 1236
. 1284
. 1304
. 1320
. 1342
. 1960
. 1367
. 1370
. 1371
. 1373
. 1375
. 1377
. 1378
. 1980

>

ST - _

rlumidity:

Y/b

0. 521
1.216
2. 028
2. 334
2.493
2. 510
2.560
2.099
2.421
2.479
2.479
2.467
2.454
2.482
2. 500
2.497
2.432
2.239
1.9f6
i. 611
1.241
1. 167
0.466

fc9

.0662
.0728
.0804
0632
.0847
.0849
.0854
.0810
.0841
,084b
.0846
. 0645
.0643
. 0946
."348
R A %3
.0848
.0825
. 0798
.0765
.0730
0713
. 0657



»:ach 2 C”ntrai L>en«lty L>IHtributlon

4tm. Pressure:
Aim. Te riperftturet fc8. 6°

1.415
1.319
1. 190
1.081
. 999
.800
618
. sio
432
.360
*2b6
219
. 120
. 0S2

t'ror,

. 0865
0%5

- 109
11

. 19
. 16
.17
. IK

42

rtn o , ml s.

11,93 pels

Correction

.01)0
. 0010
.0038
.0032
.0028
.0025
.0020
.0015
0011
.001)
.0009
.0008
,tu07
. 0U01

p

.0975
.0950
. 0988
. 1032
. 1078
. 1125
. 1220
. 1315
. 1411
. 1510
. 1609
. 170#
. 1607
.2001
.2200

P/P0

3917
4.021
3. 866
3.701
3. 543
3.395
3. 131
2. 904
2.707
2.529
2.374
2.236
2.114
1.909
1.736

tumidity m 64"
PO » V. 3820

1.905
1.955
1.895
1.827
1.814
1.771
1.701
1.631
1.562
1.494
1.438
1. 371"
l.R

1.222
1.045



Atm.
Atm. Tenpenature:

Z

—

SOOI NPR W=D

y reseures 11.93 psia

1.32
1.85
2.21
2.61
3.00
3.26
3.44
3.62
3.78
3.915
4.038

68.6°F.

1.411
1. 174
1.013
0.833
0.659
0. 542
0. 461
0. 381
0. 310
0.251
0. 199

tumidity m 64%
) p- 0.009363
iba/cu ft

PV

.0975
. 1069
. 1162
. 1256
. 1349
. 1443
. 1537
. 1630
. 1724
. 1818
. 1911



TABLE NO. 8

Atm. Pressure: 11.9b psia
Atm. Temperature: 71.4°F.

No.

ok ek pd

y* above bottom

2.53
2. 36
2. 04
1.72
1.45
1.285
1. 16
1.03
0.905
.800
.700
.615
.580
505
462
415
. 375
325
.285
.235
. 190
. 120
.085

DM..** «#w#Hm - '

XIL

Humidity m 69%
)p =.009363 Iba/cv ft

1. 140
1.050
0. 879
.709
.565
477
410
341
274
218
. 165
. 120
. 101
061
.038
.013
-. 007
-.034
-.055
-. 082
-. 106
0. 143
-. 162

"EpS



%

OIL

TABLE NO. 9

Mach Z Central Denaitv Dlstributipn
from Composite Fringea t'xg.

Atm. PreHSure: 1V.956 nsla Hi.-nldity:
Atm. Temperature: 6 F.

1.356 0968

1.24 113 1062

1.99 967 1155

2.37 770 - 2249

.635 134?

541 . 1436

466 . IS30

401 . 1623

328 . 1717

271 . 1811

224 . 1904

. 188 . 1998

. 152 2091

. 126 2185

62%



M ach

C ent

ral P e¢n

a lty

D int

ribou

tlon

from Infinite Frinaes Fig, 40
fbaaed on pressure iaps)

Atrru Preueure:

Atm. Temperature:

z

D —m = e = e i e —
SOOI UNAWN—ROOXOA NP WND—O

21
22

y

.75
1.13
1.43
1.67
1.94
2. 14
2.32
2.47
2.61
2.73
2.87
2. 94
3.04
3.115
65

W W W

. 333
3.410
3.495
3. 590
3. 720
3. 840

y

1,942
1.649
1.446
1.285
I. 157
1.013
.906
.810
.730
.656
591
516
478
425
.385
.347
. 310
267

227
. 182
. 131
.062
-.002

11.934 psla
68. 8°F.

Pl

.0381
.0474
.0568
.0662
.0755
.0849
.0943
. 1046
. 1130
. 1223
. 1327
. 1411
. 1504
. 1598
. 1692
. 1785
. 1879
. 1973
.2066
.210;
2253
.2347
. 3441

Corr.

.0076
.0065
.0056
.0049
. 0047.
.0035
.0031
. 0026
.0023
.0015
.0016
.0012
.0010
.0008
.0005
.0003

.0457
.0539
.0624

.0711

.0797
.0884

. 0974

. 1072
. 1153
. 1241
. 1343
. 1423
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