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#mong ‘the verious methods for measuring the velooity :and

pressure at & certain point 'in»flow:lng water, W ,pi-' '
tot tubes are of great importanece., The behavior of such tubes
| when submerged and held in plece in & stresm depends -on the fact
that the lkinetic energy of the water is trensformed into 'PTEBSUre ‘anergy
a3 & result of the f;.-as:l.sﬂl;tmoev offered to the flow by the area 0f the
+ip ofL;};; 4;‘; ; Jifr; ‘hollow tube is bent to a right angle end -held in
sach & way thet one leg s oriented againat the stresm end the other
is held upright, water approaching with e veloeity, ¥, pushes 8 column
of water up the rising leg to a certain heighg—\’ e_ibove the surfass of the
stramn'f » this vertical diatence being directly proportional to the
-veloeity head, ;73-2- » @t the opening on -which the flow reacts, The
height, 2 , is exactly equal to .2.2. if the preasure on the opam.ng is
not altered by -the latersl spreeding of the flow lines at the rj.m |
of the opening.. In eny event, the relation,
D= f(g) *

shouid be determined from s -celibretion; after which the veloeity at
‘the opening cen be computed .from ‘the observed value of a,_.‘

Because the direct reading of £, referred to the surface fo:é

the stireem es a datum, is subject to difficulties, the -vartioal leg
ot

+H
is lengthened by Joiningﬁit Ma certain w abova
0 Gleloms idats wodolal, aniy oy
the surface of the str‘éml},,\m supplied . with e stop-cock at ﬁa ‘upper eond.

Then the column of water in the glass ‘tube -can 'bs sucked up to a cone

¥enlent elevation for reading. Whem ‘this is ‘done, .a ‘sacond tube 1s

/Tequired. The opening at the.subyerged -end of this tube 15 in & plame

\




parallel Jo the direction of the ‘B¥resm lines; -thus no impact effeot 18

registered in this tube and ‘the top of ‘the water column will stand at
‘the same elevation as the surface of the atrea‘m. Qf course, there are
fmell disturbances at the 'auhmergsd-Opening fﬁeeause ‘water flowing _-pést
it ie; divided at the edge directed ‘upstream end, -thererorz;, eddies are
pot up.though they ere indded émall. The nat change in ‘the he:lght‘o‘t
‘the water columm .as @ Tesult of these ‘eddies ‘amounts to ‘only & emgli
fraction of the differential, heag and oan .be dete:minat.l fur:lng the
‘celibration of the pitot tube. Hepce this -Becond tube messures the
‘hydrostetic pressure ‘acting on the 6pen1ng (assuning .a constent depth
of fiow at the point of Heasurement) while the Pirgt tube meesures

%}nlv
the dynemic head. Suppose that -the Sesend tube 1s algo lengthened ‘so

~that 1ts upper end ‘can :be~et:bnected 1o the bPrevicusly-mentioned stop-
. _
tock. Then the two Acolumns cen be drawn .up,'.aimxlteneoual}\:hy ‘8- pare
e S ‘
tiel vacuum 4o & convenient elevation’, However, the .column in the Cynsmie
) ' .

tube will still stepg A higher then in the static tube.

The fivst design of sueh .8 measuring device Beens “to ‘have
beer developed by H. Pitot 4p 1730. " 8ince the differential head,
18 quite emall for low velocities of ﬂow/t-leas ‘then ‘0,5 feet per
‘second), the static tube-uums ﬂalso/\bent Bimiler -3o the dynamic tube .
‘but was oriented in the opposite direction, thet is, -downstream.
4 suction iz developed at tnis ‘downstresn opening ‘which increases the
differential head, L wWaver, ths ‘inorease As:not suffictent to ‘be -eque).

to .2('%}; -on the contrary, ‘the differentigl 'h'qu “‘18_ little more than

’LM o P%& g g
the wweloeity head ,('g). New experimants tnd ospemteas. have resulted




A

f"n
Qv Clhidota g et

M
in ;n,}”ontinunus 8upply of new designs. m lansr of these are avail—

abla,\ana have been celibreted in ‘the Barl:ln Hydreuwiic fgboratory.
The resding of the level in 'I:he glaas tabe is eom;:licated
by the-memniscus; the smsller ‘the . diemeter of the tube, “the agraater
“the adhoaion of ths watexr to the glaas,&hns raising the boundary of
the -surfece -above its center. Strong napillary act:lon ‘is .8 distinect d:l.s-
adventage in small bore tubes and 1is.objectionsble in tubes. o Loss |
then sbout 10 millimeters in diemeter. m:.rthemore lerge ®ITOTS are
introducad by pargllax when 'tranaferﬁng ‘the height of the edges to
the . soal'a:} If the tube 15 dirty, the meniacue s apt to be 1nolinod.
If the tubas are mot uniform in diemeter, the columns will ‘not be of
comparable h!eights because the capillary actinn in each tube is dirrar-
~ent. All oi‘ these factors introduce errors-of observation which in- B
crease in relative importence the .emsiler “he -'di;'rerantial bead. The
following methods of decreasing ‘these ‘8ources Of error mre used in tha
Berlin 1aborafory: & atrip of mirror with mtablel :Beales .on :each o
side, as shown in figure 1, is placed -close ‘behind eaeh glals tube and
is long enough to cover the full range of - ‘differential head. The: ..
meniscus appeers in the mirror even ‘bhough -the -eolusm is read from the o
8ide. & readj,ng is made ‘when the meniacus -and 1‘ba image 4n tho ‘mirrox
have a common horizontal niae boundeary ‘line - which ‘can 'be aasily read
on either scele. .A.nother device .conaists of -a movable ring amund a
tube and ‘vernier attechment whioh ﬁta cnugly to & baae acalo. g With
$thie arrangement. the menlscus is read -in line w:lth %he top ot 'tha ring.
The ‘fellowing exemple shows the ar:tect of an exror in w zsir’ cp.a

T ‘1 millimeter arising from .eny of the praﬂously—mt:loned souroea ot
d..—




. error. Wi'fh v=0, 14 meters par saaond {0.45 feet per seecnd), y‘
the corresponding velccity head 1! .é.é. =h= l millimater. Assun:lng
e coefficlent, ¢ = 1 obtained ‘ny ealibratinn, far an smr oi‘ 1/2
millimeter, the percmtage error amounts o 50 perwnt md tha eom- |
puted veiccity may be elther C. 10 or. 0. l‘? meters per sscond. For‘ -
v = 0.10 meters per segand cnrresponding to a velouity heed, %? =h ==
0.5 millimeters, other conditious remeining the same, the error By
amcunt to 100 percent, the computed velu\ci vy being eithex- 0. 14 or )
meters s-cond. For still mallar wal.tar:;!.-@ﬁ the Pereentege errox be- .
cocmes very ‘graat. 45 the veloeity i,ncreasaa tha percantaga emr o
decreasee and the spreed of the computed velocities also bsnmnes lra‘sv‘s.‘
Unfortunetely, deviees for magnirying the reading (ro:r example _
oil .on water) are not pemisaible: for veloci‘hies less than O. neters
per second -.(O,.,..S feet per aecond_} fqr‘- other AT W:;ﬂu uhich
produce addltional errers. 'Tharefoi'@ for 'ieiéaiti‘ea 6f gbout 0.1 ,or even  :
0.14 meters per :seaond (_0.35 oT Oaﬁ"feat per saao_ng the‘ use of Pit'bt_"
tubes is not to be reccmaended. | _
Rubber w.bing ia uasd to co:mect the glaas tubea to tha two-‘
metal legs. .Alr can sayarate 1n th.e wbas when the water colums aze‘.
sucked up to & height of sbout -tmo-metez- ‘(5... fect). Tols air usuall:;r;
collects 1n level sections of the wbes to tom air bubblos or air
~poc;!§ts. For & given hééd. é:: bubﬁlae .ereste a poaitive md:l.ng |
error, It is thererore stmgly recomanded th.at the rubber tu.bss be
drsio) Y O

. f aﬁ Fres S——— airm Tonding MB by aqueszing the tubing

,{F)W_ﬁfxurm! N
pnm m'om the lowor md to the top. .

Small dirrerential heads cen be read with grea'_ber pmiaion o




by e inclined gage. o qgain ai'ter mwj.ng up ‘bhe m water rsol- :
‘umna t0 eye-level using an air pump and than elosing the air conk

the spaoce above tha water columns amn lm Iillad wilth aome :t‘luid Whia“h
ﬂnats on matar ‘such &8 hfmzine. Arter 'bhis is dona the third ‘cook 1a
=c1qahd i(.aea figurs ‘2). The appa.ratuu 2ow hes the fom ahoun in figurs
2 to the left of the dotted line a-a. Let U= the speciﬁc gravity of
the auzil:lary rluid and assuming c=1, ‘then for the horizontal lina :_»
-1 we have for equilibrium: ' |

-

Py ?B’IH

Dkp = PL-mp={1-7) H=1h

= (1% b= u =
for a d’ = 0.9, .n = 10 and B = th that ia, the original d:!.f:ferqptial
head, b = 1( P - ,p_g) is magnified 10 xtimes. For :Large valocities, hmt-
’-aver_, the glass tubes .must be ver;r :Long and readinga cen no longer be |
made at the eye level. There:rora this device 13 on.ly convenient 1:0 usge
r velocities Less *l:han 1.2 meters per aooond {4 Lest per: aemd).
| Ve:l.oc:ltiea bet\men 0.8 and l.2 meters per sacond {J. to 4 faetg per asc-
-ond)} -can be read w.l'th lmfr:l.eient accuracy A giiny C' {'
oahos 16-*4 ”C&.w nr,._wt‘?_f,- "J‘w e
- No great oonﬁ.denca can ‘be placed on readings i‘ox- velocities less than
0. 1 meter par second (0.33 rest par aaoond) Since fbhe opmanga tn
the stresm flow are amall (say about X nillimater), and the inte:nal

diameter of the glasa tubes am J.&z-ge (aay 9 to 11 millmetera), 0On-




,precaution is :ﬁo't iiurricimtly 'dbseri&sd. ‘The erlsemal rornas for low
~

velocitias are not aurﬂciant to_overcome the Tes stanc&v‘;m( Bion and ‘

Wl Tz -meliisn ww“a :
well friction) M At‘he fluid through the uhole systam/ef _ 7
glass ‘tubes, rubber tubing ‘and metial legs. ‘This is espeeiell‘y tme ﬂith
'umavorable sxi:ernal temperatures._ Thus with v = D 1 metara paz- aecond
{0,533 Teet per sacond), the d:lrrermtial haad. 12..—- 0.00051 metar =

' od w0 28
about- 1/30 cantimentaz;\. On 1 'square: cantimatar of the cross-aacticnal

, -r"
erea, the fnroa &, ww,a,.-sm'.,r'.,m.ﬁ) '
F= 1 grm/on® 11 en? “kﬁ on = 0,05 gram. |

tith v = fO.‘Q5 meters per secand i(-:O.ii:B feet per seoond—) this forece amonnts E
toubnly'lﬁ"milligrams It is ‘therefore Belf-evidant that reli&hla

o

measurements cannot he anticipated Lor- velicities ﬁ0.0S neters per sacnnd

or,less unless some \other-method ‘-18 .aVailable. ‘This aame 1imit appl:lam
also to reliable measurements wWith current meters of -the present day
sensitivity, o
The -Berlin .laborétory has made :_systﬁmat'ic ‘test-s on the prop_

erties when used lwith water of various auxiliary fluids such es parar-, o
Tin oil ‘enige o0il, petmleum, manhine o:I.l, ethyl ether, banzino. toluane, ' .
-nitrobesnzina, ete.). Theaa are divided into: tha rollowi.ng thz:ea gmups'

L. Thoaa whose speciric -‘gravity 15 leas than 1; = f

2. “Those with L T e 2

'3, Those with ?‘3’ 7 ' |
‘:m Fluids 1n &roups 'l and 2 increase the reading thoge :I.n group 3

decraase ‘the - read,ing of the differential head 4in 'bhe glaas tnbaa. i,

:U—tube 18 ased 5,n connection with the last two gmupa. In thig :eaao .

;r’*r




Fluldge whose specific gravity is close %o 1, 'although tharoetically thay
produce the greatest . magniric&tion of raading, .eennot be used ‘because

they have ‘B- tendency to mix w:lth water formi.ng streaks

h/ w-k.ﬁwl; i "U‘\«*\‘x‘ N _
) . e
‘\)_-.y-Q_Q—d\ﬁ'j )‘..- ff ‘Gmup 22 ?< l . S §

—

Ethyl ether (0 '?4) n= 3, B5_.gaod muniscus ‘on water, its speeiﬁc grav-

ity generally varies when it is in cuntact with water. .
g:ﬁ‘_c../ + :
4nise .01l (0.98 - 0. 99), o = 50 to 100, clings to end read.ily ‘oon-

geals-on —glass; hes tendsney to form streaks -j.n .water. o
'3. ‘Benzine (0.884), n = 8.6; must be colored (i‘or sxample with iodina),
good - meniscuS' after loag contect with weter foms a. la;-rer of Bsoum:
at the surface of separation, atmngly corrosive to rubber tub'ing
4. Fennel oil (0.97 )\n..— 33.3; similar properties fomﬁ" .
‘5. Camphor oil {0.92) = 12.5; 18 attacked by weter, hence not stabla.
Linsead .0il ‘(d 94) n = 16.7; ;eestor- oil (0 9'?), rape oil (0. 91), )
olive - 011(0 93, turpm‘tine (0.87); and whale -0il {0, 92) n .= 12.5;

QobesnRs R < P Y. :
1n contact with wate’z;\ will m rorm stroai:s and m cloudy

emulaions.

.7. Mineral oil [machine oil) 0. 90 4o 0.93) o= 10 to 14; adheres
RCPV I SOOI

simangly to glass' ;s0me ©0ils .are not stab].e and OuhBl‘S are ‘Nery vifs-

) . - _'4_,:‘.;

Paraffin. oil (0 868) n=2,7; guod menisous in.. wa+er', sf.able. ad-_ -

heresdightly to gless- walls,

9., Petroleum: (0 7¢ %0 .0 82) n = 4.8 to 5 63 clinga somewhat to glasa
‘ a4

‘wells; forms .a &cun at the surface o?f sapura‘bion a:f‘tar long con- S
tact with wqtar. -

-_ﬂ'qlugue {0.872) ‘= 763 _gcoﬂ Mmeniscus; atabla after a month’




tact with Water, no need to dbe’ colored because it retracts light

well, tharefore :ls well suited &8s an 1ndicator. B

Group II, 14&‘-& 2

1. Aniline {1.02 to 1. 04) a =50 to 25; _sshows taﬁ&ancf'f&io form Streaks_ -
when in econtact with water. T |

2, Nitmbenziﬁe (1.15 %0 1.20) 1 = 6.7 %0 5. Freezes at +8° C. ‘(46'6.1“.:} «
The vapor is ‘dengerous to heelth; after somstime & grayish-white -
J.ayer of ‘&scun forms at the surface or separa‘bio.a between the watez;
‘and nitrobenzine. This floets in the water in flukes. The memism;s
1z not stable, ’ | -

5. Carbon disulphide (1.29) n .= 8.45; thig fiuid;” does not eling to

gless and is stable; Tocommended as suiteble (pungent odor).

- Group II-]VI,’ wr 2
1. Bromofom (2.8) n» = 0.53; good meriscus, which 18 slightly convez
towara the water; disagraeable oaor, poisonnus, beccmes cloudy ar- _
ter's s/i;-n 13} appears to be. slightly soluble in water.
2. Mercury (1%.5 to 15.9); n =.0.08 to 0.073; stabl-e and suitable.
Meny of these fluids, although their speciﬁe gravity changea
only sliph,tly when in .contact with water, neverthalssa ma:,' ‘esuse errors
in measurements requiring = considerable period of time. Figure 2 ahous ;f-'

ar,k\_fwu‘:.f i
& PIepel by-H, Kdey for detamining tha apec:l:ric gravity o:t‘ the auxiliary

fluid while 8 test ia in progress. For this puvpose, -'the heights a and

b are reud in addit:lon to 2he differan ,.;m head. H. For equilibrium at -




the horizontal plene passing -ﬁhmﬁgh T - r*, as_si;ming the fspecﬂ’i'c A
gravity of weter to be «ﬁnity, vie "have. | _ | |

(75 +%Z) + iy o) - {yz+1b) -1y =
or . Fv+ias=1b -

et TekEa-g

The first equation for H may now be written:

N ='—r:§%»% (P = %)

‘The actual speeific gravity of the suxiliary fluid 'af the time or‘

messurement can be computed kmowing the ratio j % . TFor ezample,

if sthyl ether is émployed for the euxiliary fiuid,-its nominal neg-

nifiestion value of 2.85 could be mich more '-9ccurat:ely- determined.
Figures 3 to 22, inclusive, ab.ow. the various types ol Pitot

tubes tested by the Berlin laborstory.- The results of the celibretions

“and also special comnents are included in these -ﬁgui-gs. Valuee of

¢ as defined by |

h = E_z.

2g
/’v-d‘?uzo—u...u
are given Por assewsl angles of Ylow maasurad from the exis ot the

upstream dynemic leg. howaver, in generel, these engular ﬂows only
included devietions in the horizantal plane.

Since 4n practice, conditions of flow are ususlly ﬁresant in
which the stresm Btrikes the dynamic epening from ahpve or from bed.ow,
B ANt Gn s dnilgh oy B e, oL -
(turbulenoe), only those Pitot tubes are suitable whoae coerﬁcients )
follow rthe eosine law .or yemein -conatant“" throughout an angularity
of +20 to -20 «dégrees. Furthemore, those Pitot tubes nh..ah are 0O~ o
Ppletely Symnetrical with raapect to the axis or ‘the dynamic leg are

to be prei‘ez-red. Grapna of € in relation to tha ang].,a of meidanoe ‘or:.f_- o




of the ﬂow measured from the axis of the. dynamio leg sre shown in
figure 23 for some of the Pitot tubas. Small variationa in ¢ are

reflectad in emeller variations of ¥ computed rrom
v= Yo Vzam

- For example, the Pitot. tube in rigure 6 gives the i’ollowing variation

5

percent. This tube appears to be the beat of those tested. In gen—

eral, tue coetﬁciant or an ordinary Pitot tube does' ‘not vary appreciably

with the veloci‘cy. Whether this is true for velocities less than 0.2

meters per second (0 65 feet per second) is doubtrul because maamremants

-0f such velocities are not sui’ficiently reliable. For this reason, |
mee.surament of velﬁcit:les lower than O 85 reet per second should not be
attempted with a Pitot tube, .l:lso any Pitot tube whose coei'ficient

variea with the velocity ahould not be used.. ‘I‘he ﬁow through the vemturi
Pipes in figures 21 end 22 18 apparently inrluencod by the rrj.ctional

resistanco. . An investigation shou'ed that c for mch tubea rollowa

E=7 ‘ﬁ“
Reynold's law of similitude, Thoew inveat:lgetions ma R
P UMRASS Rt B i o) + B

m arter this papar went to presa..

Aceording to Aabove remilts, the pressure and. velooity of

flowing water can be maasureﬁ raliably by Pitot tubss ror va].acitias

'ordinarily encounterad in’ strem or from o. 2 to 3 neotars per soaond

(0.65 to 11 feet par second} providing a Pitot tuba is employed whose

coerficient does not vary mough to oreate arrors of moz-a than 5 pex\p




' ) . Lo
cent in flow oscillating between sn apgulerity of from ~20 ‘tqt +80‘_".

Such flow is Jikely to be sncourtered .1n"bu1'-bulant".'s_treams '(mmdaﬁﬁg‘
8treums). Pitot tubes which are symmetriesl aboutsthe exis of the -
upstreem dynamic leg -are pertioulerly suiteble.

Velocities from 0.1 to 0.15 meters per second (0 5% to 0.5 Toot
n‘_per aacond.) cannot be determined with suffiocient accuracy unlaas aoma |

-meene of megnifying the differentisl heed 1ls used.
All devices for magnifying the differemtial head fail for

velocities less then 0.1 meter Pper second ..'(..O. 33 feet'. per second).




SYNOPSIE
The action of phewemshgmm, pitot ‘tubes end mpdifications of
the Latter - Influsnce of errors of observation or ‘the ;accﬁracy ‘of
measurements - Adventeges end dismdventages of devices for magnifying
the differemtial head, h; fluid frietion in the tubes - Influemce of the
menometer fluid (20 kinds) on the magnituwde of the heed reeding - De-

termination of ‘the specific gravity during velocity measurements - Re-

sulte of calibrating 23 types of pitot tubes in turbulent flow (inclined

flcw) - Varistion of the coefficlemnt, c.
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FIGURE 4
(Dimensions 1A milimeters)
g:,: ' 0 o 5 0* 0 0" &0 30
[ 100 1L04R 0% 099 0.0%  ~0487  ~0.6%5
Khrees GIass tove Not te be used reor wolls, Very sonsitive 15 flow

FIGURE | drrected trom Relow or cbove, al 't 20% ¢ 076 ong
119 respesrively.

$10p-cock tor . Stop-cock for =4
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e ——— e B3

ot 1Y e D et |}

-3 ' FIGURE 5
[Dimenstons in millimeters)
] o* &4 ot 20" ao® s0°
[ 110 K1Y .42 (X1 184 0.73%
If the streams tiow oscillates aven o small amount  this
2it0) tube it not relabdle, for the possibie error in v iy thea
:.lE_.‘_"‘f =110, thot is 10 percent,
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SECTION a-b

On, emer or
simiiar fluids

in
=="1 watar . [N S 7 T |
-FIGURE 6
(Dimensions in millimeters)

[:] o* L 0° to* a0 80 90

c 09a  avey  0sn o8z owse 1LO4 =083

Darcy's design. Usabie in narrow sechions as wel Qas negr
wails. Afso well odopred 10 flow oscilloting as much as 30) 'when
the probable errorin v oMounts 10 ﬁ% . 1025, 0f Gnly 2.8
percant. A complelely symmatrical pitot tube is of great ad-
vantage lor turbulent {igw,

FIGURE 2

FIGURE 3
{Dimensions in mittimelers)
o* A 0" 2o* -l g 45 60°
- (2 132 143 168 174 1683 092
Not recommended tor use near walis, It {s sgan 10 he
unsotistaciory when inclined to 1ha dizection of the stream, FIGURE 7
. {Dimensions in millimetars)

-] o s° et 2ot

) < Q938 030 033 1ORY
Ua to 207 its behavior is similar 10 that of Dorcy's dewgn.

X-D-2325




$3CTiION a-b

- =

FIGURE @8
{ Dimensiona in millimerers)
B 4 [ 8" w | {*d 30" N L o0
:c-’mm oDeNing)} OMen 0SES 08I ONY OO — —
© fimatt ing) osr - T T 048a -aMe -asn lDimensti:nﬁquRE:llllmcrcn)
nm
Cetign  occording ta Prandt) and RosanrmUtier. Behavior
os for o8 20" a% previcusly glwen, a o .8 10* H-J 30 A8 90
. c 1LO& L1066 1091 1LOBO  G.BET OTH -~D3BA
Flow 0scilloling as much as £¢° is' measured relicbly.

R R L e ey
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S s 2 0y 7 1 it B
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-FIGUARE 9
- { Dimanaions in miltiscaters )

[ [ s et R0 30 . o 20
c 131 131 3% 53R 10T - 2%e 040 080 S€CT1ION a-b
- Dagign by Gebars. Maosund very raliably How oacliiohing FIGURE 12
o8 -much o 200 (Dimansions in millimeters)

1] o 3L [1-LO T L TR LY
¢ 084 Oosst -a¥ss 020 0884 Q.18

Improved Ocrcy pifot tube. Usabis in.strongly
cacillating tiow {uptodor), yates / Vasie s LIS, 0F
-a ptobable error of 1,5 percent; The prolile of the
tp is rounded to o circular orc ond is. lungenticl
.ot ihe sransition jo the cylindricoi tube.The com-
.pletely symmatricc! design permits its use in
turbulent flpw.
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FIGURE 1O
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FIGURE 17
(Dimansians in mithmeters )
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 Pitot tube according te Boyerhaus . Vary

sensitive to inclined *low ond hence an indicot-

ortor the dirsction of flow, but it 11e surted to
FIGURE 14 valdcity maccurements.
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‘PIGURE 8
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This design by Beyerhaun givas results simidor 10 tha previous cose.

"FIGURE 48
{ Ovmansions 1n millmmatars)
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- Design by Biosius(See Zantroipigtt
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D2sign by Blosius. Not adapted to inclingd tlow.

PSSP §

--25¢

o
y

FIGURE 16
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. 'FISURE 2]
{ Dimansions in millicwters )
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“Piot tubeusad by the ressorch luhoramryforiudnl purpooss.

“.Unobig in rapidiy oscifteting tiow (up to ¢}, The valua of. ¢ vories
~with This v2kocity thas:
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: The cowtliclamts for the proiaching tube Glone cre as follows:
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Corspicuous {sae also tigurs 21) becouse of its highvolues of ¢,
_Usabiy for strongly oscilioting fiaw{up fo 30" ). Tha valuas o ¢
:{for &) vary with v os foilows:
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The caytticients for the projacting tubes alone ore as follows:
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