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INTRODUCTION

In the construction of modern metal airplsnes there
are many locations where a more or less concentrsted load
is transferred to = large area of materisl. Therefore the
design-engineer is frequently confronted with the problem
of "shear lag", This problem can be trezated in a few simple
cases by the mathematicsl theory of easticity, especially
by Airy's stress functions, but in meny other cases, in order
to avoid mathematical complexities, certain assumptions must
be made which will simplify the analytical solution of the
probleme. These assumptions usually do not agree with the
actuel eonditions therefore the results are not adequatee
By the phetcélastic method, however, the results obtained
. by the mathematical theory can be checked. It is the purpose
of this experiment to check the results which have been ob-

tained by the theoretical investigation for a few simple cases.



1) Propegation of light in isotropic and erystalline mediae

Optical wave theories describe light =zs a transverse wave
motion. The wave front of an optical disturbance advancing
through =z transparent'medium is considered to be plane in the
neighborhood of any point in the medium. In an isotropic
medium there is only one wave velocity and it is the same
regardless of the direction of travel of the lighte In a
erystalline medium,however?there arey two wave velocities for
each wave normal and these’two velocities are different for
wave normals through the point, in different directionse
This is the phenomenon of double refraction. Therefore there
will be two parallel wave fronts for each wave normal, further-
more, each of the waves is plane-polariged; that is, the vi-
bration corresponding to each of the waves lies in a plane,
end the two waves are perpendicular to ezch other and to the
wave normal. If light of wave-length A is passed at normal
incidence through a crystalline plete of thiclmess d, the two
resulting plene-polarized waves undergo phase retardations,

A, =nd 4, , with respect to an unimpeded wave, given by

A,=2_§’9’/n,—n)

Al=.~_2/\ﬂ_0_//nl_n)

where n is the index of refraction of the medium outside the

(/)

plate and A4, and 4, are messured in radisns. Their rela-

tive phase difference A4 is:
A=A4~4,= ——-——a‘zgd (h—n,) (2)
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2) The photoelastic effect,

It was discovered by Brewster, that almost all transe
parent materials, when stressed, become optically doubly
refrecting, and later Maxwell observed that the relation be-
tween stress and double refrection is similar to the stress
and strain relation. Therefore, we may write, by analogy
with the stress snd strain relation:

Hi—ho=CP + (G
(3

Ny=ne = A+ (P
in which C and C, are the stress-optical coefficients, P and
& are principsl stresses respectively. /o is the original
optical index of the unstressed material. Hence, if we measure
the absolute phase retardations 4, and 4, we can calculate
the principsl stresses P and §, and if we measure the rela-
tive phzse retardation 4 we can calculate the principal

stress difference P=(, for from the egs. 2 and 3 we have

_2rdcC .
4 = —/\ (P—@)

in which C = U1=Co is the relative stress optical coefficient.
If we determine the directions of the principal axis of the
optical symmetry, we shall have the directions of the prin-

cipal stresses.



3) Test procedure:

a) Apparatus.

The apparatus consists of a light source, = polarizer, and
an znalyzer, with their respective quarter-wave plates, &
camera, and g loading frame. Two sphericsl mirrors and cone
densing lenses are employed to give a large beam of light
through the model. The two polaroids are mounted in indivi-
dusl stends free to rotate 180 degrees as required in deter-
mining the isoclinie lines. étteched to each polarcid is
the quarter-wave plate ineclined at 45 degrees to the axis
of the polarcide These guarter-wave plates are quickly de-
tachable as the procedure demends, The camera is mede of a
wooden box attached with ordinary camera shutter and plate
holder made to slide on a rail for focusinge |
b) Model

The material used for mseking the model is Bakelite BT61893
manufactured by the Bakelite Corporation, 247 Park Aﬁenuea
New York City. Among the desirable properties of tﬁis material
are: le linear stresse-gstrain relation, 2, high modulus of
gelasticity, 3e¢ physicel and opticel homogeneity, 4. high
trensparancy. The physical properties of ﬁhis Bakelite is
given by G.Hs Lee and C.W, Armstrong (Ref. 6), Young s Modue
lus = 615 pounds per sguare ine Poissons Ratio Z 0373
Concerning the thickness of the model, it is understood that

a true state of plane stress is only spproximately simulated



in a plate; however, the smaller the thickness of the plate

in comparison with & representstive linear dimensiom in the
plane of the plate, the closer is the similaritye It is also
true that the larger the thickness of the plate, in. comparison
with a representative linear dimension in the plane of the
plate, the closer does the stress distribution approach a
state of plene straine It is only when the thickness and
other dimensions of the plate are of the same order of magni-
tude that & two-dimensional state of the stress is not, in
general, realized, In the present case the dimension of the
plate is 3X 5 ine., the thicknessg of the plate is .23 ine

The model is machined to the desired shape end the finishing
is sccomplished by coating the model with lacquer, thus saving
the time of grinding and polishinge

e¢) ILoading.

Creeping action in bskelite under moderately high stresses
is one of the importsnt phases of the physical properties of
the materiasle A thorough study of the various characleris-
tics of bakelite has been carried out at the Testing Labora-
tories of Columbis University, snd it was pointed ocut by A.Ge
Solzkien (Ref.?7) thst in & specimen + inch in thickness, stresses
corresponding to a fringe of eleventh order can be used safelye
In the present case, the model is loaded in two different
weys: Type I:: The load is spplied to the stiffener at the

top end ebsorbed as = distributed load across the bottom.



Type II: The load is spplied to the stiffener at the top
end absorbed es g distributed load across the webs only.

The load spplied in esch type of loading is 2000 lbs.
corregsponding appraximately to a maximum fringe oxrder of
eleven, |

The loading freme in which the model is loaded consists
of & machined flat zs =2 base, » method of applying the load,
and =z means of determining the lcad. The loading beam is
calibrated, giving dial reading sgeinst load. BSome diffi-
culty wes found with the loading frame, therefore, if fur-
ther experiments are to be made, 2 loading machine should
be designede
a) Network of Reference.

In order to transfer the observed isochromatic and iso-
clinic lines to the drawing board the photographic method is
usede

1) Isochromatic linese.

Isochromatic lines by definition are the shear contour
lines; i.€e lines along which the maximum shearing stress
is = ccnsﬁante The photographs of the isochromatic lines
are tezken by using the circulsrly polarizedvlight. The light
source is = monochromatic 60-watt Sodium Lab-Arce. The mono=
chromatic light together with the quarter wave piates PIo=
duce circularly polsrized light and allows the isochromatic

lines of the model to be observed without the presence of the

isoclinic lines,



2) Isoclinic lines

The isoclinic lines lines by definition are the lines
glong which the directionsof the principal stresses are con-
stente Previously (Ref. 1), these lines have been recorded
by means of monochromstic lighte Then the isoclinic lines
can only be detected by comparing two plates, one taken with
planespalarized light and another tzken with circularlyVPOa
lerized light, In oxrder to elimiﬁate this rather tedious
work, the present suthor used plane-polarized white light
end panchromatic photographic plates. In this case, the iso-
chromatic lines will appear as bands of different color but
of zpproximately the seme intensity, therefore they will not
be registered on the photogresphic plate when developede.
Thus the record is not only essieT to use but also more ac=
curate., However in using white 1light, because of ite strong
intensity the model will be heatede The test performed by
G.He Lee and CoW. Armstrong (Refe. 6) on Bakelite BT61893
indicates that the relationship between the fringe order
and the stress are linesr over the temperature range from
20° to 140°F., however the effect of creep of the meterial
is noticed at the temperature 96-1068°F., 1In order to avoid
thie undesirable effect & water cell made of glass is placed
between the light source and the specimen. Complete series
of isoclinic pictures are taken from zere to 90 degrees in
10 degree intervals by rotétion of the polaroids and additional

pictures were maede in the remge from 70° to 80° where the

line changes repidly.



3) Isotropic Pointse

At en isotropic point, (Ref. 4) the parsmeter of the
isoclinic is indeterminate., Hence 2ll iscclinics pass through
ann lsotropic point and there is some difficulty in constructe
ing the isostatics in the neighborhood of such a pointe Xilom,
Foppl and Yeuber, and Von Mises heave shown that the configu=-
ration of the isotrépic point depends upon the number and
orientation of the directions through the point for which g
tengent to the isoclinic mekes an angle with the x exis equal
to the parsmeter of the isoclinice There are one, two or
three such asymptotic directions in the cases which occur
most often. These types, with their corresponding iso-

statics, are illustrazted in Figse. below :

(D (2) (3)

To determine to which type a particular isotropic point be-
longs, it is necessary to find the asymptotic directions.

Iin the present cases there is one isotropic point on the



right hand corner between the free edges, in each tvpe of
loadings In Fig. 4 The isoclinics through such a point

are drewn to an enlarged scale. Cealling ¥ the angle which
the isoclinic through ¢ mskes with the ¥ exis and plotting
a graph for which the perameter ¢ of the isoclinic is the
abscissa and ¥ is the ordinate. A line AB on this diagram
meets the €D curve at a number of points equal to the number
of a,émptmtic directions, in this case only one, at 8/°

Hence the isotropic point is of type 2.



4) Procedure of Calculation,

2) Principsl stress trajectoriese

The directional distribution of each of the principal
stresses P znd § may be plotted after the isoclinic lines
have been determined; the two systems forming a network of
orthogonal CUIVESe
b) Maximum shearing stress trajectories.

Since the meximum shearing stress at any point acts at
an sngle @ to the directioms of P and Q the directionsl
distribution of Cmer may be similarly plotited.
c¢) Separation of the principal stressess

1) Calibration besm.

The fringe order of the photoelastic material is deter-
nmined by applying a pure moment to a comparison beame. By
using the flexure formula, the stress at any distance from
the neutral axis is calculated, and hence the stress deter-

minstion per fringe line is known; i.€s:

6=
I
Since b=p end (=0 the expression for meximum shearing
stress becomes:
Zmax: "25‘

Therefore, the increment of shesring stress per fringe is

10



the shearing stress at a given point divided by the fringe

order n at the same point, that is,

A Umox = Lmax
n

(Ret 1)
From the work done by previous investigators‘gn the same
problem the A lmax has been determined with the same material

of the szme thickness (€ 20,23 in.):

Alpmay = 206.6 15//,771/»":

This has been later checked with the case of the second type
of loadinges The shearing force at the stiffener calculated
by using the above value, egualsg 927 pounds which is a quite
satisfectory result com@aring with 1000 pounds as it should be.

2) Determination of P-Q at any point.

We have obtained the values of P=9 on the isocromatics
which correspond to 2 tint of passage, but in the case of a
sﬁraiﬁed model, we require P-Q at other pointse. This is de-
termined by tsking pictures of isochromatic lines of pro-
gressive lozdinge Since the load is increased in the ratio

and the material obeys Hookes law (strained within elastic
1imit), all the stresses in the ssme ratio. This gives P-Q;
and we note that the point in question lay originally onm the
isochromatic of fractional order n/k. In this way the iso-

chromatics of fractional orders can be plotted thus determines

11



P=Q 2t sny point of the plate,
3) Determination of the separate stressese
Iwo methods were used in determining the separate stressese
For the first type of loading a graphicsl-integration method
is used which has been suggested by L.N.G. Filon (Ref. 2).
The equations used in this method are given in the following

forms:
P=p + [(P-@) cot. ¥ d¢
A= 0o+ [(0-P) cot ¥

where 9} is the angle through which the stress trajectory
of P at a point has to be rotated in order to bring it upom
the isoclinic at the same point.

The velues of P-Q and ¥ for the various points having
been found by method described, P-§ cot ¥ can be calculated
and plotted with respect to ® o The area of this disgrem
vetween eny two sngles ¥ can be found, thus gives //P“G) cot Yd'#
which is equal to P=Pgye In this case the author has started
from points on the free edge and followed imwards the line of
P-principal stress since P is zero on the free edge. When
P-stress is known everywhere on the plate the & stress is
calculzted, since we know the value of P=Q everywhere on the
plates It is advisable to integrate along both principal

stress lines to resch the sesme point, as a check on the

12



scecuracy of the work, however due to the limited time the
suthor has only integrsted along P-stress lines, and only
a few points heve been checked by integration slong the
Qestress lines, the results agreecing satisfactofily with
each others

Another way of obtaining the principal stresses is
by a esleulation which was indiceted first by Clark Maxwell
(Ref., 3) From the ecuations of equilibrium for the case

when no body forces are scting on the plate, we have:

06x _ _ Gy 08y _ _ Ly
o oY ’ oY oX

from which we obtain by integrastion,

x= (6X)o / 6[xy C/X
(5)

= (6, - 254 dly

In this case, the 6y is equal to zero at the free boundaries,

therefore, our equation can be written as

A
- oy
6y /X 55 dx (6)

where h is width of the plate. In order to find the shearing
stress, consider the condition of equilibrium of a small

triangular prism fig. 1 and 2.

13
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~ Gy + Ly tanol+ @ cod o gty = O

Fic. a)

From Fige(@)we have:

Hence we have:
' — (7
G+ by tanx + R = O ’
= 0 (8)

6_‘/ - Z}\nyno(- &

From Fig, (b)we have:

- 6}{’&/10(‘" Cry + Pf/ho(?%? =0

Eence we have:

-—-6‘x-l}ycfno(+/3=0 9)
From equations 7 and 9 we have:

Ly (tano + clnet)=P-0Q
Therefore the shearing stress is equal to:

ly= -8 sin 24 o)

14



Integrating -%%? . %ngg graphically slong the X and ¥
axes, Ox and 6y at each point can be caleculated by equation
(5) and knowing the shearing stress lry at those points by
equation (10) we can find the principal stresses P and Q by

using Mohr's circle or by the relations:

_ &+G 6x-Sy)% . 72
P._ -.—2_1+ W~——2—) + (xy

6, -Gy 2
Q.—: 6;;24_ /(6;(2 y)+lyy

The author has developed a method directly from this by
which the P snd § can be obtained by a single integration.

From equations(7?7) and (8) we get:
6y — 6y = Ly [{ano(—-cfth) = — Ly cTnol
therefore, substituting the value of 50/ from equation (10):

Gy - 6, = ._'_(_fi;_@_/ Cod 24 (1)

From the equations (8) and (9) the following relation is

obtaoined:

6y + 6y = P+ @& (12)

Therefore by integrating along X axis only Ox is obtained,
and Imowing 6y by the eguation (11) 6y can be founde

Then using equation (12) the sum of the principal stresses

15



P-§ cazn be calculated. Since P=§ is known from the evalu-
ation of the isocromatics, therefore the separate stresses

can be easily calculated by simple addition and subtraction.

16.



CONCLUSION

The model used in this project has been investigated
sufficiently to give a complete picture of the siress charsc-
teristies af the sheet reinforced with a stiffener. In cal-
culating the separate stresses the author finds the second
method is more suitable, since the slope of the one curve,
nemely %:UQZ , is easier to find than the angle between the
slopes of two curves, namely the slope of the principal
stress lines snd the isoclinicse Furthermore inm the Ffirst
case cot ¥ is involved which is liable to give considerable
error if the angle is inaccurately measured. Butl in the
second case only sino and cos are involved which would

not give toomuch error in case the angle measured is little

off of its proper values
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APPENDIX 4,

Photographs. Pertinent data is given on each
picture. The following photo-
elestic photographs are shown:

Pages 1 - 111, The model under progressive
, stages of Type I loading
(isochromatics).

Pages 1V - V111, Isoclinics of the model
under Type I loading.

Pages 1X - X1V . Isochromaticrand isoclinics
of the model under Type II
loading.
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(1)
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- Table III (continued)

(3)  (4)
Ty (&-y)
0 465

71.6 352

160.0 447

250.0 708

3366 900

417 .3 1016

488.0 1135

5333 1325

552.7 1506

560.0 1617

560.8 1665

200
222
316
485
653
760
905
1145
1400
1627
1815

0.0
;48;0
11247
€120
55040
475.3
56543
6234
645&3
63587
6080

0.0 86
6.66 50
60.0 190
180.6 300
320.0 290
453 .5 290
574.5 400
7333 694
810.0 1145
800.0 1600
718.0 2100

0.0 <70
1267 0
119.C 109

222.6 143
341.4 136
500.0 90
770.0 157
930.6 412
986.6 1000
1004 .7 2650

(5)
&

8.52
27,00
47 .85
62.85
59,90
22.10
267
707

108.7

140.0

0
16493
40 .7
66.8
81.5
78.2
58.7
27 <4
42 .7

112.6
16959

0,0
2?‘8
59,69
8666

117 .2
161.0
199.2
2000
127 .7
3562

=68 63

0.0
0.0
9,12
20,95
110.5
177 1
397 0
70640
953 40
873 .0
646.0

6)
(6&

~-465
~345.5
""420 eo
"‘660 v2
"'88’7 ¢2
-956.1
-1112.9
13517
-1576.7
«1725.7

~1564 .8
-2168.3

100
70
9.1
- '79 el
- 3245
41.1
307
549
541
- 127
~-2004

(7)
=2
-465
-339
~393
~812.3

(8)

(-8,
475
420
580
832

=774.3 1115
~806.2 1318

"1090 o8
«1378.4
'1597 04.'
_1854 042
=1845°

290

188.2
- 234.6
- 349.4
~ 470.0

"2154 08

- 86

- 4:04

ad ‘70.2

-126.8

- 55.6
32

i 106

-294

- 889.6

-1529.6

-2236.6

100
70
18.22
= 4:9 015
78.0
218.2
704 .0
1255,.0
1494 .0
746
-~1358

1502
1685
1838
1945
2018

310
275
380
636
028
1102
1436
1672
1883
2053
2190

170
e
187
42
6904
056
1248
1618
1970
2260
2489

0
0
78
243
430
676
095
1420
1957
2460
2926

(9) (10)
P o)
5.0 =470

40.5 =379.5

78.5 =471.5

109.85 =722.2
17035 =-044.7
210.9 =1107.1
205.6 =1296.4
153.3 =1531.7
12053 -1717.7

55.3 =1889.7
3.,65-1948.7

10 = 300

43.4 - 231.6

727 = 3073

143.3 - 492.7
229.0 = 699.0
204 .2 - 897.8
324.2 =1111.8
290.7 =1381.1
19808 ‘1684¢2
100.5 =1952.5
17 .6 =2172.4
49 - 128
31.5 - 55‘7
58,4 - 128.6
150.1 = 27669
319.2 - 374.8
494 .0 - 462.0
623 .2 = 624.8
662,0 = 9560
540,2 =1429.8
365,2 =1894.8
126,2 2362 .8

50 50

35" 35

48011_ 29'9

9609 - 14601

254 = 176,0
447 .1 =~ 228.9
849.5 -~ 145.5
155705 - 8245
1725.5 = 2315
1603.0 - 857.0
784  =1009.5



Teble III (continued)

(1) (2) (3) (4) 5 6 7y 8 9 10)
77N Ty -0y {G} (0}) " m(>+z) E(P-z) (p) { % g
1e0 o9 0 = 410 0 410 410 ) 205 205
9 " 0 = 250 0 250 250 0. 125 125
- 0 -« 20 0 90 90 0 45 45
o7 " 14,6 - 10 5607 =~ 449 17 41 2066 =204
eB M 978 A8 9663 48,3 14465 150 14763 = 267
o5 " 143.,0 52 192.7 14067 333,4 330 3317 Le7
od " 205,0 =100 422,0 5220 944,0 580 762.0 182,0
o3 " 3l0.0 =240 9320 11720 2104.,0 965 15345 5695
2 M 33,4 =17 12700 1287.0 2557 1630 20935 46365
o1l " 1316,7 450 12000 750,0 1950 2450 2200 «=25060

0 " 1455,0 3760 1019,0 =2741 =1722 3570 924  =2646.0
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Curves,

APPENDIX

From the

. curves dre

Figs.

Figse.

Figs.

Figs.

lrand 12

o

and 13

3 and 14

4 and 5

¢ and 16

7 and 15

8 and 17

9,10,11

results obtaind)the following
plotted:

Evaluation of isochromatic
lines . for  Type I and
Type II loading respectively.

Trajectories of the principal
stresses for- Type I and
Type II loading respectively.

n - x/h, curves - for Type I
end Type II loading respect-
ively.

Determination of the isotroépic
point for the Type I loadings

Three dimentional diagrams
of the principal stress -Q
for Type I and ITI loading

respectively.

Three dimentional diagrams
of the princiral atress -P
for Type I and II loading
regpectively.

Three dimentional diagrams
of the shearing stress oy

for Type I and ITI loading

respectively.

Contour lines of the principal
stresges P,Q and the shearing
stress 0lxy respectively, for
Type I loading.
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THREE DIMTENTIONAL DIAGRAM
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OF THE PRINCIPAL STRESS P




THREE DIMENTIONAL DIAGRAM

OF THE SHEARING Srrrss
Fle 8




WWWWWVMMW

CONTOUR LINES OF
PRINCIPAL STRESS

THE

Fl6e 9




CONTOUR LINES OF THE
PRINCIPAL STRESS — @&




CONTOUR LINES OF THE
SHEARING STRESS




sIcsIYLS TVIIINIYL
FHL H0 STIHOLIIN VS L

'$87 000 &

N

e/ 914

W N\

\

SIN/IT DILYWOHHIOS/
SO NOILE I TYAT

S87 000



n— x4, CUARVE

e

=, jpdd

FiGe 14



THREE DIMENTIONAL DIAGRAM
OF THE PRINCIPAL STRESS P
Flte 15




JTHREE DIMENTIONAL DIAGRANM

OF THE FRINCIPAL STRESS @O
FiG. 18




JTHFREFE DINMENTIONAL DIAGRANM

OF THE SHEARING STRESS
FiGg 17 '




Tables,

APPENDIX Ce

Results obtaind from the tests snd

calculations are tabulated,

Table

Table

Table

1

II

IIT

The integration of /P—WC“‘% along
the lines of principsl stress P
for Type I loading.

The values of the prinéipsl stress
Pand Q and the shearing stress
calculated from table 1 for Type I
loading.

The values of principal stress P,Q

and shearing stress Ty obtaind by using
the'sscond-méthod of integration, for

Type II loading. ‘



Line
"Number

1

(1)
¢

80

75

70
80

80
75
70
60

80
75
70
60

80
75
70
60
70
75

(2)
Z/h,

.963
« 900
870
«7 60

6915
0343
«780
635

« 907
«824
<740
« 537

925
-855
.720

4463
315
181.5

« 966
«925
¢740
«435
«300
129

- 990
o444
«268
«102

1.000
852
485
o241
065

« 577
0196
020

2361
«139
«000

Table
INTEGRATION ALONG P-STRESS LINES

(3)
Y,

070
081
055
0278

«133
0122
<111
087

«198
«185
<172
o117

0296
«286
257
<191
<158
133

395
«389
« 355
<267
0236
<206

L] 527
el
«300
«269

- 628
«580
425
356
318

«545
+420

338

« 567
«498
<466

(4)

h

2,50
2,52
2453
2,56

2.30
239
2.50
2661

1.97
2.17
2.41
2.86

1,40
1.90
239
2.82
2.90
2.97

1.086
1.07
2.08
3 .00
3.11
3616

97
3.06
3 637
350

81
«89
2.95
355
3675

2.41
5.82
4.07

336
4,26
4 .50

I.

(5)
¥

98
108
124.5
128

92

9245
100
106

106
‘92
o1

(8)
cot ¥

-,1405

=e3249

=.6873

- ¢0349
had 0043’7
- 1763
e 4877

«1763
1584
«5820
- 02126

ATT0
<7002
«8693
02309
-+531%7
=-.3153

«4040
7673
08745
« 5430
= 3000
-01051

«2586
<8098
-.1495
- 00549

«0000 .

»7813
1.1504
0262
- 01159

1.8040
= 0349
-.0699

- 0286'7
- «0349
""00175

(7)
(P-6

1033
1041
1046
1059

950
987
1034
1078

815
898
096
1100

579
786
975
1165
1200
1230

439
443
860
1240
1288
1309

401
1266

1395

1450

534
368
1220
1470
1552

094
1580
1685

1388
1760
1860

(8)
(p-) cot ¥

~146
~338
=718
-826

- 33.1
- 43.2
~182.4
-B26

144

223

440
-234

2y
551
846
267
-638
-388

177 .5
341
580
674

386

~137.5

103.9
1024
=209
- 50-6

O

287

1405
3865
“1‘7607

1794
o 5502
"117 ¢9

-398
et 6105
bl 53 oO



Line
Number

10

11

12

13

14

(1)
¢

50
60
70

40
50
60
70

30
40
50
60
70

20
30
40
50
60

10
20
30
40
50
60

(2)
X,
+520
.268

~.065

485
« 333
«185

361
« 207
o213

,'1165

«245
«213
<176
.116
0463

0925
«0833
0740
0555
.0150

Table

(3)
wh,
0733
.628
o574

+840
746
.888
«640

« 900
837

790

+'750
o710

0946
«911
«380
«840
811

«980
970
« 947
932
«910
« 887

(4)
n

1.82
4 .85

1.20
3613
4 .30
535

1.55
2,85
4.24
5.26
6400

1.55
2.93
4,36
5650
6.26

375
4.65
643
6.90
7«65
770

I (continued)
(5) (6)
¢ cot¥
150 =1.7321
111 -.3839
95.5 5.0965

140 ~1.1918

120 - 5774
08 -¢1405
95.5 =.0963

127 05 "0‘76?75

117 -.5206

104 -e2493
93 -.0524
o2 =-,0349

106.5 -.2962

103 =.2309
975 =.1317
95.5 =.0963
925 =.0437
93 ~.0524
9245 =.0437
90 .0000
o2 - 0349
94 = 0699
95 -.0878

| A A |

I



Line
Humber

(1)
&

189
24°
12°
o7 °
230

129

(2)

2,

0389
« 704

« 389
704
519

« 589

21.5°.704

250
220
14°

14°
220
260
192
15

10°

0519
6333
«148

« 889
«704
519
0533
«148
- 037

« 589
<704
0919
0333
~148
-6 037

« 389

704

«519
« B33
.148

L =e 037

« 389
«704
¢519
e 333
2148
- o037

889
«704
«519
e 333
«148
~ o037

+ 006

2131
089
2033

e 194
161
« 106
061
o027

0255
0210
0161
« 125
«100

0 384
o 347
0293
0 244
o211

0180 ’

« 487
0436
e 373
e 313
- 277
0253

#5656
505
«433
e 377
0333
« 306

« 666
«598
522
« 457
o422
0378

3.28
3047
3652

.81
1.9
2.82
3ed
3665
3.8

64
1.53
2.68
3650
3697
4,10

(5)
(P-6)

1045
105%

1032
1052
1052

826
1045
1102

1144
1160

640
999

1139

1228
1232
1220

549
930
1174
1290
1312
1314

380
852
1178
1356
1434
1454

335
785
1165
1406
1510
1570

264
632
1108
1447
1640
1595

(s)
P

”4204
=920

=26 36
‘"3002
=202

- 2366
3767
3563
134.5
274.5

571
8365
8365
190.0
22860
R47 65

4762
5566
5562
1212
144.3
152.4

2863
278
396
50.1
7669
7963

"0943
=36 300

472
5,650
18,400
26,900

had 04572
“2083
- o943
943
12,25
1745

(7)
G

~1087.4
-1149

~1034,4
=1082,.2
=1081.2

- 802.4
=1007.3
=1066.7

=1009.5

- 88567

- 582,9
= 91565
“"1055 95
-1038
=1004
== 97295

= 501.8
- 87864
=1118,8
=1168.8
=116767
«1161,6

- 361.7
- 824,2
«1148.4

«1305,9

=1357.1
«137467

= 335.9
= 78843
»1164,5
"1400 & 5
=1491,6
=1543,1

- 264.,5
= 634.8
=1108.9
=1446

~162767
=16874+5

(8)

Sin2A

#5878
7431

«4067
« 8090
07193

04067
« 6820
«7660
«6947
«4695

« 4695
«6947
#7880
«615%
«5000
0 3420

« 0592
67660
25090
6125
<5299
o 3746

+6425
8090
7880
7431
5592
4067

7193
8290
.8090
7660
5878
043580

7880

8480
«3290
«8090
«6157
4695

(9)

£34

-=30'?e5
=392:5

=209 65
=426 60
=378e5

"158 00
“‘35605
«422.0
=397 o0
=272.0

«150.0
"’546 05
=448 .0
37860
=30860
=208,5

1535
35660
47560
414,00
347 60
2464

12261
344 3
464.0
504.0
461,0
295.5

1203
32563
471.0
53860
444,0
3440

104.1
268,0
458.5
584.5
506.0
39860



Line

Number ¢

10

11

12

13

(1) (=)

24,
902
65

50°

703
«519
339 ,333
24° ,148
160 =, 037

g90% ,639

51° o519

40° 333
on® 148
179 037
00° 407
5545% 533
33 ,148
18° -, 037

90° .259
449 ,148
10° <037

«759

(3)

Y,

1,00
0861

o134

0 646
0587
«547

1,000
«866
745
672
o627

1.000
- 866
e 759
& 707

1.000
855
# 792

Table

(4)

N

¢ 18
#18
3edd
4,48
4,93

~od3

o718
4,80
56435

-e43
2,15
4,95
5,85

0

TT {(continued)
(5). (6) (7)
6 P G
0 «1032
’{74@3 92 ”1‘7 9'7
743 3475 =295e5
1421 715,00 =1290
1851 790,00 =1061,.0
2040 816,00 =1775
« 0
322 115665 = 16565
1298 20365 «=1004.5
1982 384,0 =1598
2245 424,00 -1821
0
887 12907 “75793
2044 222,0 =1722.0
2416 Z48,5 =2067.5
G
2044 145.2 =1898,.8
2790 203 =-2587

(8)

Srn2ot

0
« 7660
29848
09135
7431
«5299

0
09781
. 9848
-8090
«5692

0
9336
09135
+5878

0
«9994
6157

28645
36564
648.5
6870
540,0

1575
63860
80260
6270

414.0
934,60
71060

102.1
8590



(2

7

ol
1]

3]
i

.

4]
]
4]
4]
i
t

02

L]
L]

Cw

it
1]
L4
L]
i
4]
L

3

1
"
"
#
]
]
f
0
]

(3)
Ty
0
12647
23363
310.0
354.5
35260
273.3
25803
2853
36667
50440

0

8267
17964
274.0
252660
346,46
36860
42067
512.0
53467
51667

0

96,0
20060
281,32
34067
4057
475.4
51846
540,0
542,0
52467

0
9260
185.6
27266
36060
41260
43904
466 .6
4970
5190
53763

(4)
(6x=Cy)
1100
214
830
810
8658
1013
1230
1473.0.
1568,.5
1559
1490

958
835
798
822
917

1080

1243
1345
1410
1458
1528

810
850
671
802
834
1047
1146
1253
1362
1465
1552

658
504
598
790
926
1063
1220
1360
1482
1563
1591

Table

(5)
Ox

0
21,5
49,4
6667

III.
6
(69
1100
-8925

~7806
«74363

74085« 79002
84,00 - 931

876
8l.4
6364
41,3
270

0

<1142.4
~1391.6
«1505.1
«1517.7
«1463

- 958

2693 = 8321
1072 =787.3
15.95 -806
14.64 -S02

4,88 ~1075

= 6051 "124995
24,44 3694

‘“5101
“8404

«1461.1
~15424

10360 «1631.0

0

=810

= 44,88 «654,9
=11e07 =682.1
=14,00 «816,0
=19,52 =953,5

358"

=4269
“4097
«37el
=32.2
«20e3

0.

| 10828

=-1188.9

(7)

(P+&)
~1100
- 871,0
=731e0
~67646
~715,35
-947
-1054.8
-1310.2
~1441.7
-1476.4
=143640

= 958

= 8292
o= ??606
= 79060
- 887.4
=1070,1
~1256.0
«1393,8
=1512e2
=1627.8
=1734

- 810
- 659
- 6932
- 830
- 973
«111865
123168
"153404

~1399,1 «1436.0

«1497.2
«1581le 3

- 658

=1528 ¢4
=161066

=558

3691 =500,1 ~49662
14632 =58%5,7 =569.4
6549 =74168
=894,4 ~862483
<1026,2-989.4

24.1
3le6
. 3668
2861
51le8
5568
51le2
4563

118169
-1308,2
=142649
=1511¢8
=1545.7

=J14 368
=1266 ¢ 4
=1371e8
- =1450,6
=150 4

(8)
(p-8)
1118
960
943
1000
1095
1210
1350
1518
1671e1
1756
1800

958
842
871
970
1120
1282
1446
1520
1710
1792
1841

810
700
770
965
1180
1330
1480
1634
1749
1828
1869

658
545
6717
935
1166
1345
1515
1870
1762
18%9
1920

(9)
P
9..

4465

1060
1617
189.8
131.5
1476
1039
114.7
139.8
182.0

0
6e4
47.2
9060
11663

(10)
A

«1109
«-9155
=837¢ O
«338,3
=305.2
407865
«1202.4
-1414,1
=1556.4
=1616, 2
«=1618,0

- 958
=835+6
= 823,8
= 88060
=100367

105,95 -1176.0

96,0
6361
9869
8261
5365

0
2065
58,4
6765

1035

105.7
124,11

149.8
15665
1493
12962

0
Rbe4
5368
9646

151.5
1778
18566
20668
210.1
2092
2095

=13510
«145669
=1611le1
=1709 69
=1787 5

810

6795
7316
897¢5
=10765

~1224,.3
~135545

~148462
«159265
=167867
«1739.8

§ 8 0 8

- 658
«520.6
=623e2
=838+.4
=101l4.4
«1167 2
=1320 4
«146362
=1581.9
«166968
=171062



