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INTRODUCTION 

In the mass of literature on the Robinson Cup Anemometer many analytical and empirical 
equations have been suggested to describe the performance of this instrument. None of the 
purely analytical forms adequately consider the complicated aerodynamical processes upon 

which the action of the anemometer depends. Indeed, the single point upon which most investi- 
gators in the field agree is the futility of attempting any such purely theoretical treatment. The 

need for a systematic investigation of the controlling effect of arm length, cup size and number 
of cups was recognized by Patterson! and an excellent discussion of the problem from torque 
considerations is presented by him. 

Recently large influences of a purely aerodynamic character not embraced by Patterson’s 

method have been recognized by Dryden? and Grimminger.’ It is possible to develop a semi- 

empirical equation whose parameters are in such a formas to enable them to be discussed accord- 
ing to the concepts of modern aerodynamics, and it will be the endeavour of the author in this 
monograph to present his various data in that form. 

GENERAL FORM OF THE ANEMOMETER LAW 

Empirical equations in the form of one or more terms of the power series 

V=aytb+ew+--- 

(where / is the true wind velocity, v is the peripheral velocity of the cup centers and a;4,c; etc. 

are constants) have been used from time to time, but the usefulness of such a form is restricted to 

one anemometer for which the calibration curve is known. The constants cannot be related to the 
fundamental parameters of the instrument in general. 

Lately Marvin‘ has employed an equation of hyperbolic form connecting V with N, the 
number of cup turns per unit travel of wind, such that 

LV — P,) 

at V+a 

where Vo is the wind velocity at which the cups just cease to rotate. Here again a satisfactory 

relation between the constants a, 4 and the parameters of the anemometer was not obtained. 

Marvin actually found that 4 depended on the length of the arms Z alone for all the sizes 
of cups and arms which he considered. Now as 4 is the limiting value of N as Vo 

) 

52800 
Noa 

Ba sir: (for Z in feet and N in turns per mile of wind) it is evident that 4, if plotted 

against L, is merely 

(3) vs. L (Marvin’s Fig. g) 
V v0 

The small variations of (v//’) y_,.. are obscured by this method of examination but it would 
appear that it is a function of Z alone. 

The ratio of the velocity v/Y, however is nondimensional and can only be a function of ZL 

alone if Z occurs in a non-dimensional parameter where the other factors happen to have been 
constants throughout the series of experimental tests. 

= 
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It was decided in the present instance to employ an equation of the form 

E-MF-)# 
This represents a rectangular hyperbola connecting the anemometer factor /’/v with the true 

wind velocity /. Both the constants / and & are non-dimensional and it must therefore be possible 
to describe them with a finite number of non-dimensional parameters of the constants of the 
particular instrument. It is immediately evident that as Y>, V’/v tends to the asymptote 4, 
thus 

h = (V/0)... = K/L, (K = 5280/22 for Marvin’s units*) 

where 2 is Marvin’s asymptotic value of NV, and 

m* 

‘ps 

h 
k= Tet) = 

These expressions for / and & give their relation to Marvin’s constants a and 4. An example of the 
hyperbolic law fitted to experimental calibration points is shown in Fig. 1. 

* In the following, all quantities are expressed throughout in meters and meters per second. 
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DETERMINATION OF V5 

The influence of bearing friction on the operation of the anemometer is embodied in the 

term /’) which may be regarded as the true wind velocity at which the cups turn so slowly 

(v-—>zero) that the relative velocity can simply be taken as Yo. 

v is, however, still assumed to be finite so that the mean normal force coefficient Cy on the 

cups can be found by integration over 180°. 

Thus 
Force normal to cups face 

Cy = r/n f Cuda Cy = N ‘ Aq 

A = area of cup face 

q = dynamic pressure = 3p/’*. 

Brevoort and Joyner® have shown curves for Cy at various values of # from 0 to m and at various 

Reynolds’ Numbers. If Cy is evaluated by mechanical integration from these curves (Fig. 6 

of Ref. 5) it is found that 

Cy = 4+ BR 

(where 4 and B are constants and R= Reynolds’ Number) represents the variation of Cy with 

R very well up to R= 32 X 10! (cf. Wig. 2.) 

-— Air Stream 

Mean Normal Coef vs. 
Reynolds Number 

Hemispherical Cups 
Fromresvlts of Brevoort 
and Joyner 

Fic. 2 
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Although this is interesting, for the purpose of evaluating /o, which is never very great, 

BRis small and negligible in comparison with 4. The condition when v—0 may be written 

= pV? md? D 
nCnu ae ee fe 

(Roo) 2 HD 

where 7 is the number of cups, d is the diameter of the cups, D is the diameter of the cup center 
orbit, and T is the dynamic frictional torque of the bearing which is substantially constant for a 
good ball bearing. 

Then 

[6 
Y= N= 

nCypra*D 

TasB_e I 

Tests on Four Cup ANEMOMETERS AT THE MassacHusetts INsTITUTE OF TECHNOLOGY 

Index a/D ad D Vo A k 

A -052 .O31 604 1.84 3.97 2.93 

B pal 031 331 DaG7 3.13 BROS 
Cc 062 62 gl 2.64 6.58 

D 2) O31 155 3.63 2.76 egy) 

E 062 310 1.28 2.19 6.43 
F 100 . 500 627 2.09 6.4 
G 127 .635 438 1.915 on) 

H 3 O31 0.103 4.45 2.59 1.93 

I 062 2066 aso D3 3.89 
| 100 333 Kaha) Bloom B29 

kK 127 423 535 2.08 6.3 

1, 4 -031 .0775 Kade 2.62 Te G5 
M . 100 Ais 2.34 R202 
N 127 3175 6 2.16 Ges 

O 5 . 100 20 99 O35 10775 
1e Oy 254 69 > 2.78 

Q 6 B27 2116 76 2.46 1.1 

R 7 2127 181 82 2.54 TeO2 

S 85 5 NG) .149 9 2.63 Be 
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It is noted that this simple expression does not take into account the sheltering of one cup by 

another, although such shielding may be considerable, especially ina system where d/Dapproaches 
unity. . 

Then if /%o is known, / and & can be evaluated from the experimental results, for each par- 
ticular anemometer, by the method of least squares. Table I shows the values of 4 and k, evaluated 

from the test results, for different dimensions of cups and for different values of the “dissimilarity 
factor’ d/D. These values are plotted against d/D and its reciprocal in Figs. 3 and 4 respectively. 

Tas e I(a) 

VALUES OF A AND & OpratNneD FROM Marvin’s Data 

10,080 ha 
Index d/D d D V h=—— _ k=—+4+1 ndex if 0 _ Tb J iat 

I 853 . 1016 3 Wu) a8 2.61 2 

2 59 II4 193 67 2.40 1.007 
64 127 .199 67 Die Qi 1.007 

3 42 1016 242 30 220 Teas 

42 1016 242 30 DOK) 7-47 

4 41 127 261 30 2.19 8.79 
5 57 152 265 30 2 6.52 

6 375 1016 271 30 2.26 8.85 
5] 417 TI4 275 30 2.18 8.38 

8 4 27 318 67 D7 3-94) 5 

4 127 317 67 2.17 3-94} 3 
vo 

& 
9 4 127 Be . 30 Di. 8 8.06 2 

4 o 
a 

10 34 II4 SIRS 30 Doo, 3) Bas | Ss 
34 114 1383 30 2.18 8 5 

ioe) 

I] . 46 NUS 2 +334 -30 Dh) 10.65 

12 30 . 1016 339 30 Dao) 10.65 
13 -30 . 1016 = 339 -30 O28 12.8 
14 356 155 435 50 D090) 1-413 
1S 2G 1016 437 30 Deg 11.85 

26 114 437 30 De 13} 11.85 
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DISCUSSION OF THE PARAMETERS INFLUENCING 4 AND & 

It is immediately apparent from figures 3 and 4 that the parameter ¢d/D, which was chosen 
first of all because it seemed the most likely, is not the only controlling parameter but that both 
in the values of / and & there enters an independent “‘scale effect.” 

The scale effect on the factor & is easily accounted for by a combination of the separate effect 
of /) and the inherent turbulence of the air stream in which the anemometers were tested. Thus 
the effect of Y) would be described in the form of a Reynolds Number d/o/y while the turbulence 

effect not accounted for by this Reynolds number could be expressed as the ratio \/d, where } is 

some length introduced to characterize the magnitude of the inherent air stream turbulence. 

Tas_e II 

Harrincton’s Tests aT Various FrRicTIONAL VALUES 

Instrument Constants d=.115; D=.254; d/D=.453; Beaded semiconical Cups 

dV. 
Vo * xX 10-4 h k 

Vv 

272 216 Belo 1.535 
904 of Bes 0.465 
WD 89 Bet 0.625 

Thus & is a function of the three parameters d/D, dVo/v and \/d. The variation of & with 

aV’\/v for d/Dand \/dconstant is indicated by Harrington’s tests® (Table II) on the same anemom- 

Taste III 

Tests or BuREAU OF STANDARDS WITH DIFFERENT TURBULENCE VALUES 

d a/D Vo h k Turbulence % 

Cup wheel . 100 292 38 2.58 3683 4.6 
Dit . 100 .292 8 2.55 ests On7 

Cup wheel . 100 438 37 2.82 2.42 On 
22 Test results too irregular to be used. 4.6 

eter at various frictional torques. k appears to decrease with increase of the Reynolds Number. 

Also for d/D and dV,/» constant, tests made at the Bureau of Standards (Table III) indicate 

that & also decreases with increase of inherent air stream turbulence.* The tests available for 

the discussion of & are, however, insufficient for the separation of these two distinct scale effects. 

The factor 4 may now be considered, and has been replotted in Fig. 5 against D alone. From 

this figure it is apparent that / is independent of the dissimilarity ratio d/D but in general, has 
only a pure scale effect. 

* In their study on “‘The Effect of Turbulence,’? Millikan and Klein conclude that the lowest possible 
tunnel turbulence corresponds most nearly to conditions in the free atmosphere. 
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THE EFFECT OF THE ANEMOMETER ARMS 

Deviations from the general law are shown by the dotted lines (Fig. 5) and represent the 

effect of the anemometer arms. For the smaller cup sizes thearms were of relatively greater thick- 

ness and presented a larger resistance (cf. also Patterson‘) so that / will increase with a non- 

dimensional parameter involving the arm thickness (6=diam. for cylindrical arms) and of the 

Fic. 5 

form 6/d(D/d—1). This simple parameter is chosen as the ratio of the area of the arms exposed 

to the wind, 6(D—a), to the area of the cup face Ka. In Fig. 6 the deviation AA of the value of 4 

from the general law is shown asa function of 6/d(D/d—1) where AA is the effect of the anemom- 

eter arms on the factor A. 

| 
Ob 

arm effect 
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It remains to explain this pure scale effect on 4 which was found previously by Marvin (cf. 

Page 3). 
The Reynolds Number introduced in the discussion of & cannot enter here because evidently 

V, cannot have any effect as V becomes very great and / represents ’/v as V approaches in- 
finity. This is substantiated by Harrington's tests (Table II) where it is seen that 4 remains 

fairly constant over a great variation of V (P. 9). 
Neither is it plausible that any turbulence inherent in the wind tunnel flow could account 

for a scaleeffect such as this; for at the higher rotational velocities the anemometer creates its 

own turbulent whirl which would dominate over any initial turbulent character of the airstream. 

The results of tests made at the Bureau of Standards on Marvin s beaded cup anemometer reveal 

a very small percentual change of / for turbulence extremes of .7% and 4.6%. Table III. 

The influence of the wind tunnel size which might have introduced such a scale effect has 

been shown to be negligibly small for the various sizes of wind tunnels which have been used for 

anemometer tests. 

It is just conceivable that a Reynolds Number incorporating the velocity of sound might 

account for this scale effect but this would mean that very high velocities would have to be at- 

tained within the whirl set up by the anemometer. Radial exchange of momentum within this 

whirl would bring about the condition for the absence of vorticity v,7=const. where v, = velocity of 

whirl at any radius 7, and thus v, would increase inwards until it reached a limiting value. This 

explanation, however, seems rather inacceptable and it is hoped that experiments in a variable 

density wind tunnel may reveal the nature of this scale effect. 

THE NUMBER OF CUPS 

The discussion so far has been confined to the four cup anemometer but a certain number of 

experiments were carried out on anemometers having 3 and 2 cups in order to find out the varia- 

tion of the various factors with the number of cups used. 
Examination of the test results indicates that the factor / is substantially unaffected by the 

number of cups, all other dimensions being kept constant. k appears to be less for the 3 cup than 

for the 4 cup anemometer. Patterson! has noted this in his remark that the factor for the 3 cup 

anemometer appeared to approach the asymptote more quickly than that for the corresponding 

anemometer having 4 cups. 
The variation is, however, not sufficiently significant to enter into the discussion of the rela- 

tive merits of 3 or 4 cups. In this connection the point brought out by Fergusson* might be men- 

tioned. Fergusson has repeatedly stressed the importance of sensitivity of the cup anemometer 

although this question has not been considered by other writers; if, as he states, the 3 cup 1s more 

sensitive it should be used in preference to the 4 cup. 
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ANEMOMETER WITH CONSTANT ERROR 

For a bearing of known frictional torque the curves / and & which determine the calibration 
which would result by the use of various diameter cups and arm lengths have been obtained. 

In any practical anemometer the indicating scale must be connected to the cup wheel by 
some mechanical means and the indicated velocity, /; is given by ’;=Fv where F is some gear 

train factor. It is now well known that, with a constant gear train factor F, it is impossible to 
have ’;=V except at the one point where the line Y/v=F cuts the hyperbola (Y/v—A) 

(V/vp—1) =k. ; 
The procedure up to the present has been to choose F in a rather arbitrary fashion so that 

it fitted fairly well over the range of speeds to be measured. Thus at low speeds ; would be too 
low, the error decreasing up to the point Y/v=F and after that ”; would become too high and a 

variable correction would be applied depending on V’;. This is extremely cumbersome and it will 

be shown that, by suitably designing the anemometer, the error can be reduced to an additive 

constant over the entire range of velocities. 

Consider the equation 

(as SNe 

If we arrange h=F (the gear train factor), then 

V;,= ho 

and 

7 Vit hot Vi + Yo)? — 4(h — k)oPo 

2 

, keh for d=.03) 

shitor d=-I27 

Lae | 

t for da 127 
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The positive sign before the root is significant. 

Then when 

h>k The error V — V; = f,(v) < Vo 

ip = 2 V—-V,=V, 

h>k V —V;=f,(v) > Vo. 

Thus if A and & are both plotted vs. d/D the points of intersection of the / and & curves for 
corresponding cup sizes will give the proportion of d/D for that cup size which will permit the 

instrument to operate according to the law V—V;=V~ (cf. Fig. 7). 
Thus it is seen that by choosing the particular arm length given by this ratio a great simpli- 

fication is introduced into the anemometer law whereby the simple addition of a constant to the 

indicated velocity gives the true wind velocity. 

7 a 
ea ee: 

meters 

ERROR® (v- ov) — Tee 

10 20 30. 40 
meters 

WIND VELOCITY V “sE- ——* 

Fic. 8 

The error curves shown in Figure 8 are taken for the three conditions of h<k, h=k and A>k. 
As the errors are obtained by difference of two large quantities, extreme points for h<k and A>k 

are chosen. e5 
h > kis illustrated by the anemometer d/D = .89 

for d = .031 

A < kis illustrated by the anemometer d/D = .2 

for d = .127 

h = kis illustrated by the anemometer ¢/D = .1 

for d = .031. 

The theoretical error curves are obtained by employing the values of 4, k and / for the par- 
ticular anemometer and computing /’ for various assigned values of -v. The experimental points 

are obtained from the observed values of V and v. (Table IV.) 
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TaB_e IV 

Errors 

Experimental Theoretical 

Instrument Constants a) Vv V—ho V V—hv 

e7 d= .127 Bee 4.92 1.62 5.16 1.86 
= .635 4.81 6.71 1.90 6.87 2.06 

Vo= .44 6.79 8.95 2, 16 8.96 OF SIC 
k=12.2 itty 13-4 2.10 13.67 DBT 
A= 1.94 TGs 17.9 2.40 17.94 2.44 

19.9 DOE RS) 2.43 22.40 2.50 

Ty d= .031 8.05 13.4 os 1272) 4.67 
= .035 Tae 15.6 4-3 Ligaigis 4.25 

(a To 13-95 17-9 3-95 17.95 4.00 
= 1.05 19.4 22.33 2.93 2305 3.65 

h= 2.79 24.0 26.8 2.8 D7. Ab 3-45 te 

olga ges) a9 30.8 3-40 

31-9 35-8 3-9 35-2 3-35 
3455 38.0 3 37-8 3-30 

B, d=  .03I 2.18 4.69 ats 

= 3 4.4 6.71 Pyaar 
Vo= 2.57 6.55 8.95 aa Error 

h= 3.13 10.9 13.40 Ds is 
R= 3.13 Tess 17.9 Dye constant 

19.8 2288 258 = 2.57 

DIGIC) 26.8 2.9 h=k 
Dovey) 3168 220 

33-4 35-8 2.4 
Bord 40.3 DD: 

The theoretical curves are checked fairly well considering that a small percentual error in 
measurement appears greatly magnified in the error values. It is thought that these curves bring 

out the fact that for any anemometer a constant additive error can be obtained by correct pro- 

portioning of the arms to the cups for any given bearing. 
Although for the small cups (d=.031) the dissimilarity ratio d/D for the point h=& is 0.1 

and this would mean an unusually slender anemometer; for the large cups (d=.127) the curve 

shows that the point = would fallin the neighborhood of d/D=.6, and this would be a reason- 

able type of anemometer to use. 
The ratio d/D of the cup system which would appear to prescribe to the law Y—V;= V9, for 

the Standard Weather Bureau bearing and for cups d=.100, is in the neighborhood of d/D=.7. 

This value was obtained in the manner outlined above from the values of 2 and k from Marvin’s 

data (Table Ia). 
From the extremely scant data on the beaded hemispherical cup (d=.100) the ratio d/D for 

h=k appears to lie around a value of .5, this being estimated from the data in Table III at .7% 

turbulence which is low enough according to considerations in the footnote on p. g, to approximate 

free air conditions. 
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APPENDIX 

EXPERIMENTAL PROCEDURE 

The wind tunnel tests were conducted in a routine manner in the 5 ft. wind tunnel at Massa- 

chusetts Institute of Technology. The true wind velocity was measured by means of a calibrated 

side plate while the rotational speed of the anemometer was given by a counter on the anemometer 

shaft in conjunction with a stop watch. These tests could be made at wind velocities up to about 
40 m/sec. while the slowest velocity available in the tunnel was in the neighbourhood of 4.5 m./sec. 

Due to the importance of the frictional term /) an attempt was made to determine /p ex- 
perimentally in order to check the values given by the formula on page 6. For this purpose a 
whirling arm was not considered satisfactory and instead a carriage was arranged with a 30 meter 
run. It was propelled by an endless rope driven by an electric motor such that the speed of the 
carriage could be varied from zero to 3 m./sec. A considerable number of determinations of /o 

were made by the use of this simple device. These, however, showed considerable irregularity 
but served to indicate that the values obtained by the formula 

/ TO 
Vy = ec nea 

nCp»pra?D 

The dynamic frictional torque T of the bearing and counter used with all the anemometers 

was found by a dynamometer method to be about .o8 gram-meters, and this value has been used 
throughout for computing /9. 

were good mean values. 

With /y) known in the formula 

the simultaneous equations for the determination of 4 and k by the Method of Least Squares 

are 

Diagn = han? + Cyson f 
] 

( Ds —hdign = c-n 

where 

V 

eee. VY) 
v 

qn = (V — V,) 

BS (ay 

The complete results are appended here. 
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Tests oF ANEMOMETERS 

Index Instrument V v Vio h k Tndex Instrument V a V/o h A 

constants constants 

Ag d= .031 4.25 EGS Gowls E, = 062) 4-47 1.08 4.13 
D= A604 6271 a. 36) aeod ea 6.71 mee 3.48 

d/D= .0515 Sos) meonsi 41.07; a/D= .2 : 95 me oe He 

13-4 3.02 4.44 4 4 . 2.2 “7 
42 Vo=1.81 I 6.0 2.94 

hag gon 20 SET PE Shay | Bue Seth Vo=1.84 WIG yobs 7156) -33 i ai 
26.8 Gna ¥4e28 26.8 Qnoar 2er7 
Sia 7.48 4.19 Gis Wht) 2.63 

8 Stee eelik 

rae 9.97 4.05 Gs = oto Age 1857 2.89 
= .635 Onze w2ea8e ue Qe 

Ta = .031 oe 2.88 ee His 2 me oe ae Tors 12.2 
= 0 4 0 -4 D : 

ie ae ne 3.58 Vo= .445 17-9 7-98 2.24 
a/D= .89 22'.33 ool S88 psa ata Wonk} Weak}  aiky 

26.8 8. gil: 
Vo=7.-1 es Oatiy Gants Hy = ae ae eee pe 

G0 WEAN?” Go ikG) = : : : 
B8hon | 12535 3/08 IDS 33 8.45 ae on 

on: a 52 
Bg = .031 4.69 -696 6.75 Vo=4.45 17-9 GecG}  }a0%3} Ai) eee 

= .3I 6.71 1.403 4.78 POR Gs 3-10 
a/D= .1 8.95 ae fe 26.8 ieee 338 

13-4 3-48 3.85 31-3 : 9 
17.9 4-88 3.67 3-13 3-03 35.8 ue al 

Vo=2.57 OBA 41} Be 3-54 40.3 4.4 : 
26.8 Feag Bag 
Gites} Co) Savi G2 =e 77 4-7 162) 2h9 
3558 10:69 3.35 = 0355) agit Poo Oasys 
EO) WAI Bosh a/D= .2 a 95 ae ae 2.03 6/72 

4 5 0 

C4 d= .062 Gorey = aeitlyy “Sinus o= ait 17.9 7.9 2827, 
= .62 (Se7at walks} | SoGG OR  O)pe\G | Gao 

a/D= .1 8. DeOl 3643 
: faa As meng ti 22) Ky = .127 ANQ2 Lies 5i0 281 

17.9 Gog —syouie BO Os = .423 Oost Ao! ASA 
Vo= .gI oe 7.48 Peep a/D= .3 3895 oe He eae 

26. 9.42 2.85 3-4 : De Ds 343 
Ritesy WRG Wo9K5 Vo= .445 ue es Bie 

22eg3nmIOr a2 
Ds = .031 6.71 -909 7.36 

= .155 8:95 2503 4-41 Js = 1 4.92 1.68 2.93 

ADS @ Wott BoD oG9 = offs) Oop Ao Boy 
17.9 5-39 3-32 a/D= .3 8.95 3-41 2.63 
QIEBSIE 7 LOO) | 13852070. Lia7i7) 13.4 5.4 2.48 

Vo=3.63 26.8 8.6 Bei 17.9 Galph GIS GASOHE AIAG) 
31.3 10.44 2.995 oa 22533 = 90 oge) 
DG WAR OacwH5 26.8 116 Haght 
42053) 13672) 2.9355) Ses Be oe 

35. 15. +29 
1 = .062 Both  iWaGit ac 

= .3I10 6r7me E975) 464 Fy = 1 Aq09) 158) 3 Or 
a/D= .2 BsoG BAatby ~ Jog) aba AS; ae ae oe 

13-4 4.39 3.05 = .2 95 3-3 : 
17.9 Osta 2e9ts! 2219) (6443 Rac 50S oe 4an 209) (624) 

Vo=1.28 Gey — BalG? “PaG/s} Vo= .588 17.9 7.8 283 
26.8 10.6 e527 22533) 10.0 22238 
Gites} WAC, 5770) 26.8 I1.9 2.25 

we an ) 4 
nn 
= 

nn 
iS) we a 
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Instrument Instrument 

Index constants 4 7 ie i i Ls constants i y “ale a id 

0, =e OO) 4a0g) Fs03 92.07 B; = .031 4.92 =762. 6.47 
=) 2260 6v7l  2eh1 2267 = .31 6.71 1:28 529% 

a/D= .5 8.95 3-54 2.53 AIDS 8.95 2.015 4.45 
13.4 Gras. 4245) 2238 5 1.805 13.4 3:39) 3-95 

Vo= -99 17.9 7-34 2-44 17.9 4-7 3-75 
: 22.33 9-28 2.40 Vo=2.96 22633) 0 6 17a 3203 Reamer) 

3163 13.0 2.40 26.8 75 3-58 
B13 9.10, 3542 

O; = 1) f.l5 T9214 2.6 Rguoe | Lona 3-44 
= 2116 Gia7 Tas Ome 202) 40.3. 11.88 3.39 

d/D= .6 8.95 3:52 2.55 
T3204 as} het) se C; = .062 4.92, 12333) 13-69 

Vo= .76 17.9 Pui eso =" 162 6.71 1.855 3.62 

22.33 8.95 2.49 a/D= 1 8.95 2.57 3.48 
13.4 B62) sgl 

Ry = .127 4.69 1.705 2.75 Vo=1.05 Tyg), $080) wg.c8 ek aa 
= .181 Gigi Desa = 264 22933 724601 | 3.00 

aD — 7 8.95 3yA2 9 2.61 2.54 1.02 26.8 9-5 2.82 
13-4 SI 2.62 Ble ge 10.53) S207 

Vo= .82 17.9 6.9 2.60 
22.33 8.65 2.58 Mg = .100 4sQL © T.05) 2:07 

= .25 G27 1 223 22 
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