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70 WRITE(696)229FW2
6 FORMAT(23X93H W=9F134894Xs4H FW=9F138/)
80 AA=AA+0,2
IF(AA«GT4540)GO TO 8
GO TO 9
8 CONTINUE
100 STOP
END
$ENTRY

$IBSYS
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$J0OB 003715 SAHAY 100 010 030

$1BJOB NODECK
$IBFTC
C DETERMINATION OF THE LOCI OF VERTICAL TANGENCY OF SINGLE DEGREE
C OF FREEDOM DOUBLE BILINEAR HYSTERETIC SYSTEMeX1=PSI19X2=PSI2sWPSQ
% =SQUARE OF THE FREQUENCY AT THE PEAK AMPLITUDE RESPONSEsWVAsWVB
C ARE THE FREQUENCIES AT WHICH CONSTANT AMPLITUDE LINES CUT THE
C LOCI OF VERTICAL TANGENCY.
ALFA=0e414
A=1le2

10 X1=ARCOS((A=1e)/A)
X2=ARCOS(~=1e/A)
C=A%¥((1e=ALFA)*#(X14+X2=SIN(2e%X1)/2e=SIN(2e%X2)/2e=1e57)+ALFA%¥3,414)
U/3e14
WPSQ=C/A
ZA=WPSQ=(1e—=ALFA)*(SIN(X1)+SIN(X2))/(3414%*A)
ZB=(1e~ALFA)* ((24=(SIN(X1)=SIN(X2))*%¥2)%%0e5)/(3614*A)
WVA=(ZA-ZB)*#045
WVB=(ZA+ZB)*#%(0 45
WRITE(6s1)AsWVASWVB
1 FORMAT(3E2049/)
IF(AeGTe64)GO TO 20
A=A+042

GO TO 10
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$J0B 003715 SAHAY 100 010 030
$1BJOB MAP s NODECK

$IBFTC LTS

e RUNGE-KUTTA SOLUTION TO THE DIFFERENTIAL EQUATION FOR SINGLE
< DEGREE OF FREEDOM DOUBLE BILINEAR HYSTERETIC SYSTEM
C F IS THE AUXILLIARY SUBROUTINE IN WHICH THE EQUATIONS ARE DEFINEDe
C YI IS AN ARRAY IN WHICH THE INITIAL VALUES ARE GIVENe.Y IS AN ARRAY
C IN WHICH THE STORED VALUES ARE RETURNEDeR=AMPLITUDE OF EXTERNAL
C EXCITATIONeW=FREQUENCY OF EXCITATIONesAL=ALFA«XMX1 IS THE MAXIMUM
& AMPLITUDE IN THE POSITIVE QUADRANT OF THE FORCE-DISPLACEMENT CURVE
C XMX2 IS THE‘MAXIMUM ABSOLUTE AMPLITUDE IN THE NEGATIVE QUADRANT.
C H=STEP LENGTHeN3 IS THE NUMBER OF INTEGRATION STEPS BETWEEN EACH
c EACH STORED VALUE.
EXTERNAL F

DIMENStON YI(3)sY(3+3000)
COMMON RsWsAL » XMX1 9 XMX2
R=0e3

W=1410

AL=047

XMX1=0e

XMX2=0,40

READ(591)YI

H=060025

N3=4

C THREE FIRST ORDER EQUATIONS(REALLY ONE SECOND ORDER)
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CALL RKG(FsY53530005N3sYIsH)
DO 10 1=153000
10 WRITE(652) (Y(KsI)sK=153)
CALL EXIT
1 FORMAT (3F1044)
2 FORMAT (3F2049)
END
$IBFTC FUNCI
SUBROUTINE F(YYsYK)
C YK IS THE ARRAY OF DERIVATIVES AND YY THE ARRAY OF FUNCTIONS
c DEFINED BY THE DIFFERENTIAL EQUATIONS.
DIMENSION YY(3)sYK(3)
COMMON RsWsAL s XMX1sXMX2
c THIS 1S THE EQUATION FOR THE INDEPENDENT VARIABLEsINITIALLY 0.
YK(1)=1,
YK(2)=YY(3)
IF(YY(2)4LE«Os)XMX1=0400
IF(YY(2)4GEsOs)XMX2=0400
IF(YY(2)eGEeOeeANDaYY (3)eGEsOesANDeYY(2)eLEala) YK(3)==YY(2)+
1R*COS (WXYY (1))
IF(YY(2)eGEaOeaANDeYY(3)aLEsOasAND&YY(2)eLEelaeANDoXMX]1oLEsOs)
1YK(3)==YY(2)+R%COS(WXYY (1))
IF(YY(2)eLEeOaaANDaYY (3)aLEeOas AND&ABS(YY(2))eLEwTs)

1YK(3)==YY(2)+R*#COS(WxYY (1))
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IF(YY(2)elLEeOeeANDeYY(3) e GEeOee ANDeABS(YY(2))elLEe]eeANDeXMX2eLEeO o
1)YK(3)==YY(2)+R*¥COS(W*YY (1))
IF(YY(2)eGFEeleoANDeYY(3) eGE Do) YK(3)==AL#*¥YY(2)=(14e=AL)+R*¥COS(W*
TYYL1))

IF(YY(2)eGEeleeANDeYY(3)eGEeOe ) XMX1=YY(2)

IF(YY(2) eGEeOeeANDeYY(3) e LEeDs e ANDeXMX] eGTele) YK(3)==YY(2)+
1(1e=AL)*(XMX1=14)+R*¥COS(W*YY (1))
IF(YY(2)eGEeOeeANDeYY(3) s LEsOeoANDaYY(2)eLEe (XMX1=1e) oANDeXMX1e
16T ele ) YK(3)==ALXYY(2)+R*¥COS (WYY (1))
IF(ABS(YY(2))eGEeleeANDeYY(3)aLEeOeeANDeYY(2)eLTeOs)
1YK(3)==AL%¥YY(2)4+(1e=AL)+R*¥COS(W*YY (1))
IF(ABS(YY(2))eGEeleeANDeYY(3) eLEeOeeANDeYY(2)elLTeOe)XMX2=ABS(YY(2)
1)

IF(YY(2) eLEeOeeANDeYY(3) ¢GE Qs ANDe XMX2 eGEols
1YK(3)==YY(2)=(1e=AL)*¥ (XMX2=14)+R*¥COS(W%YY (1))

IF(YY(2) eLEeOe s ANDeYY(23) eGEeOee ANDeABS(YY(2))eLEe (XMX2=16e)e
1ANDeXMX24GEe1e ) YK(3)==AL XYY (2)+R*#COS(W%YY (1))

RETURN

END

$SENTRY
0400 0400 0400

$IBSYS

MILLS MEMORIAL LIBRARY
McMASTER UNIVERSITY
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$J0OB 003715 SAHAY 100 010 030
$SEXECUTE MIMIC
E DIGITAL ANALOGUE SOLUTION FOR ONE DEGREE OF FREEDOM DOUBLE
C BILINEAR HYSTERETIC SYSTEMeXMX19sXMX2ARE MAXIMUM VALUES OF X
C FOR MASS M IN POSITIVE AND NEGATIVE QUADRANTS RESPECTIVELY
CON(WsRsDTsALFA)
CON(QsPsFsG)
DTMIN EQL(0401)
DTMAX EQL(DTMIN)
Y1 FSW(XsFALSE s TRUE » TRUE )
Y2 FSW(DX1sFALSEsTRUEs TRUE)
Y3 FSW((ABS(X)=1e)sTRUEsFALSEsFALSE)
Al AND(Y1sY2,Y3)
Al Y EQL (X)
PQ FSW(XMX1sTRUEsTRUEsFALSE)
A3 AND(Y1sCOMI(Y2)9sY39PQ)
A3 Y EQL (X)
A2 AND(Y1lsY2sCOM(Y3))
A2 Y EQL(ALFA#X+1e—ALFA)
XMX1 TAS(XsA29sF)
coyl coM(Yl)
coY1l XMX1 EQL(0400)
XM1 EQL (XMX1-1e)

Y4

FSW((X=XM1) sFALSEs TRUEs TRUE)



A4 AND(Y1sCOM(Y2)sY4sCOM(PQ))
A4 Y EQL(X=(1e~ALFA)#*XM1)
A5 AND(Y1sCOM(Y2) sCOM(Y4))
A5 4 EQL(ALFA*X)
A6 AND (COM(Y1)sCOM(Y2)9sY3)
A6 ¥ EQL (X)
All AND (COM(Y1)9Y25sY34RS)
All  § EQL (X)
AT AND(COM (Y1) sCOM(Y2)sCOM(Y3))
A7 ¥ EQL(ALFA¥*X=1e+ALFA)
XMX2 TAS(XsAT7sG)
b | XMX2 EQL(0«00)
XM2 EQL(ABS(XMX2)=1e)
Y5 FSW((ABS(X)=XM2)sFALSE » TRUE » TRUE)
RS FSW(ABS(XMX2) s TRUEsTRUEsFALSE)
A9 AND (COM(Y1)sY29Y5+9COM(RS))
A9 Y EQL(X+(1e=ALFA)*XM2)
A10 AND (COM(Y1)sY2sCOM(Y5))
A10 Y EQL (ALFA*X)

DX19DX2 ARE THE FIRST AND SECOND DIFFERENTIALS WITH RESPECT TO

TIME OF THE DISPLACEMENT OF MASS M

DX2 ADD(=YsYZ sR*¥COS(WxT))
DX1 INT(DX2sP)
X INT(DX15Q)

FIN(T97540)



110
0400

$1IBSYS

0430

0400

HDR(T9XsDX1sY s XMX19sXMX2)
HDR
OUT(TeXeDX1sYsXMX19XMX2)
END

0601 0670

000 0400
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$J0B 003715 SAHAY 100 010 030

$IBJOB NODECK

$IBFTC

& GRADIENT METHOD APPLIED FOR THE ITERATION OF STEADY STATE EQUATION
C OF TWO DEGREE OF FREEDOM DOUBLE BILINEAR HYSTERETIC SYSTEMsSOLUTIO
C OBTAINED BY KeAND Be METHODe

C A(1)sA(2) ARE THE AMPLITUDES OF THE MASSES M1 AND M2.W=FREQUENCY

C X1=PSI1(1)sY1=PSI2(1)9X2=PST1(2)9Y2=PST12(2)eALFA=0e7s

< Z1+22=PHASE ANGLES FOR THE MASSES M1sM2 RESPECTIVELYe

DIMENSION A(2)sY(2)
COMMON WsW2sW4
COMMON C19sC2551S2
EXTERNAL FUNC
READ(5s1)A
W=1450
GO TO 11
10 W=W+0405
IF(WeGTe245)G0 TO 5
11 W2=W*x2
Wa=Wer4
WRITE(652)AsW
H=041
I=1
VL=100000.

20 CALL GRAD(FUNC»29AsHs10sVsY)
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WRITE(693)I9AsVseY

IF(I1eGTe30e0ReVeGTae99% VLeOReVelLTeleE~-8) GO TO 12
I=1+1

VL=V

GO TO 20
SZ2=(=2¢%#C1%S2+S1*(-W2*A(2)+24%#C2))/(C1%#C1+S1%S51)
CZ2=( 24%#S1#S2+C1*(=W2*¥A(2)+24%C2))/(C1*C1+S51%S1)
R=0e5

SZ1=(C2%S522+S2%#CZ22-S1)/R

Z1=ARSIN(SZ1)

Z2=ARSIN(SZ2)

WRITE(694)21922

GO TO 10

FORMAT (2F10e4)

FORMAT (1HO929X93F20e9/)

FORMAT (20X911092F20649/5X93E20e97/)

FORMAT (2F20497)

END

FUNCTION FUNC(AsY)

DIMENSION A(2)sY(2)

COMMON WeW29sW4

COMMON C19C29S514S2

IF(A(1)=1)30930940

Cl=A(1)

S1=0.



40

1

50

60

70

80
1

2

$ENTRY
0e1810

$IBSYS
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GO TO 50

X1=ARCOS((A(1)-1e)/A(1))

Y1=ARCOS(-14/A(1))
Cl=(A(1)/3e14)#(04300%#¥(X1+Y1-SIN(2¢%#X1)/2e=SIN(2e%Y1)/2e=1e57)
+2198)

$1==0,1910%C0OS(X1)

IF(A(2)=14)60960970

C2=A(2)

52=0

GO TO 80

X2=ARCOS((A(2)=14)/A(2))

Y2=ARCOS(-1e/A(2))
C2=(A(2)/3e14)%#(4300%(X24+Y2=SIN(2e#X2)/2e=SIN(2e%Y2)/2e=157)42+2)
52==041910%C0OS(X2)
Y(1)=(=W2*A(1)4C1/2¢ ) #¥ 2+ (=W2HA(2)42%¥C2 ) ¥ (W4*¥A(1)*A(2)*C1/(C1%*C]
+S1%#51)=W2*A(2)/2e)42e*S1%#S2%¥A(1)*¥A(2)%W4/ (C1*C1+S1%S1)+W4*¥A (D) *%2
/4e+451%51/44-0425

Y(2)=(=W2*#A(2)+2e%C2 ) #%¥2-C1*#¥C1=-S1%#S5]1 +4¢%52%S2
FUNC=Y (1) %*¥2+4Y(2)%%2

RETURN

END

Ue7270
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$J0OB 003715 SAHAY 100 010
$SEXECUTE MIMIC
< DIGITAL ANALOGUE SOLUTION FOR TWO DEGREE OF FREEDOM DOUBLE
c BILINEAR HYSTERETIC SYSTEMeXMX19XMX2 ARE MAXIMUM VALUES OF X1
& FOR MASS M1 IN POSITIVE AND NEGATIVE QUADRANTS.ZMX19ZMX2 ARE
G MAXIMUM VALUES OF X2 FOR MASS M2 IN IN POSITIVE AND
C NEGATIVE QUADRANTS OF DISPLACEMENT RESTORING FORCE CHARACTERISTICS
CON(WsRsDTsALFA)
CON(QsPsFsG)
DTMIN EQL(0e01)
DTMAX EQL(DTMIN)
¥ FSW(XsFALSEs TRUEs TRUE)
Y2 FSW(DX1sFALSEsTRUEs TRUE)
Y3 FSW((ABS(X)=1e)sTRUEsFALSEsFALSE)
Al AND(Y1sY2sY3)
Al Y EQL (X)
PQ FSW(XMX1s TRUEs TRUEsFALSE)
A3 AND(Y1sCOM(Y2)sY3sPQ)
A3 ¥ EQL (X)
A2 AND(Y1lsY2sCOMI(Y3))
A2 Y EQL(ALFA%¥X+1e=ALFA)
XMX1 TAS(XsA2sF)
coy1 COM{YL1)
coyl XMX1 EQL(0400)
XM1 EQL(XMX1-1a)

Y4

FSW((X=XM1) sFALSE s TRUE s TRUE)



A4

A5

A6

All

A7

1

AS

A10

AL

All

A7

XMX2
XMX2
XM2
Y5
RS

A9

A10

YAl
YA2
YA3

AZ1
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AND(Y1sCOM(Y2) s Y4sCOM(PQ))
EQL(X-=(1le~=ALFA)*%*XM1)
AND(Y1sCOM(Y2)sCOMI(Y4L))
EQL(ALFA%*X)

AND(COM(Y1) sCOM(Y2)9Y3)

EQL (X)

AND(COM(Y1)9Y29eY39RS)

EQL(X)

AND (COM(Y1)sCOM(Y2)sCOMI(Y3))
EQL (ALFA¥*¥X=1e+ALFA)
TAS(XsATsG)

EQL(0400)

EQL(ABS(XMX2)=1s)
FSW((ABS(X)=XM2) s FALSE s TRUE s TRUE)
FSW(ABS(XMX2) s TRUEs TRUEsFALSE)
AND(COM(Y1)9sY29Y59sCOM(RS))
EQL(X+(1e=ALFA)*XM2)
AND(COM(Y1)sY2sCOM(Y5))

EQL (ALFA*X)
FSW(ZsFALSEsTRUE s TRUE)
FSW(DZ1sFALSEsTRUEs TRUE)
FSW((ABS(Z)=1e)sTRUEsFALSE sFALSE)

AND(YAL1sYA25YA3)



AZ1l

AZ3

AZ2

CYA1l

AZ4

AZ5

AZ6

AZ11

AZ7

YAl

4
PZQ
AZ3
: 02
AZ2
¥Z
ZMX1
CYAl
ZIMX1
ZM1
YA4
AZy4
s
AZS5
YZ
AZ6
¥z

AZ11

AZT7
b 1

ZMX?2
ZMX2
ZM2
YAS

RZS
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EQL(Z)
FSW(ZMX1s TRUEs TRUEsFALSE)
AND(YA1sCOM(YA2)sYA35PZQ)
EQL(Z)

AND(YA1sYA2sCOMI(YA3))
EQL(ALFA*Z+1e=ALFA)
TAS(Z9sAZ2sF )

COM(YAL)

EQL(0400)

EQL(ZMX1-1e)
FSW((Z=ZM1) »FALSEs TRUE» TRUE)
AND (YA1sCOM(YA2)sYA4sCOM(PZQ))
EQL(Z-(1e=ALFA)*ZM1)

AND(YA1sCOM(YA2) sCOM(YA4))

EQL(ALFA%*Z)

AND (COM(YA1)sCOM(YA2) sYA3)

EQL(Z)

AND(COM(YA1)sYA29YA39RZS)

EQL(Z)

AND(COM(YA1)sCOM(YA2) sCOM(YA3))
EQL (ALFA*Z~1++ALFA)

TAS(Z9sAZ7+G )

EQL(0400)

EQL(ABS(ZMX2)=1e)
FSW((ABS(Z)=ZM2)sFALSEs TRUE» TRUE)

FSW(ABS(ZMX2) s TRUEs TRUEsFALSE)
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AZ9 AND (COM(YA1)sYA2+sYAS5sCOMI(RZS))
AZ9 YZ EQL(Z+(1e=ALFA)*ZM2)

AZ10 AND(COM(YA1)sYA29sCOM(YAS))
AZ10 YZ EQL(ALFA%*Z)

C X AND Z ARE FOR X1 AND X2(IN THE TEXT)sDX1DZ1 AND DX2sDZ2 ARE
C FIRST AND SECOND DIFFERENTIALS WeReTe TIME
DX2 ADD (=Y sYZ sR*COS(W*T) )

DX1 INT(DX2sP)

X INT(DX1sQ)

DZ2 ADD(Y 9=24%YZ)

DZ1 INT(DZ2sP)

4 INT(DZ1sQ)
FIN(Ts7540)

HDR(TeXeDX19ZsDZ1)
HDR
OUT(TeXeDX19ZsDZ1)

END

$IBSYS
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$J0OB 003715 SAHAY 100 010 030

$1BJOB NODECK

$IBFTC

5 842 POINT FOURIER ANALYSIS MASS M1sM2

C ARRAY A CONTAINS THE VALUES OF THE DISPLACEMENTS OF THE SYSTEM
C AT TIME INTERVALS 0401 AS OBTAINED FROM THE MIMIC SOLUTION

G NEAR THE STEADY STATE

DIMENSION A(842)+B(842)

C ARRAYS C AND S ARE FOURIER COEFFICIENTS(COSINE AND SINE TERMS)
DIMENSION C(10)s5(10)
N=842
READ(5s1)A

1 FORMAT(8F1046)
DO 100 I=1sN
100 B(I)=A(I)
ZN=N
AAVG=0,0
DO 10 I=1sN
10 AAVG=AAVG+BI(I)
SAVG=AAVG/ZN
WRITE(692)SAVG
2 FORMAT(/9H C( 0) = sE1448)
DO 20 JU=1,10
ZJ=J

SSUM=0,0
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CSUM=040
AL(J)=642831853%ZJ/ZN
BT=240/2ZN
DO 30 I=1sN
Al=1=-1
CSUM=CSUM+COS(AL(J)*A1)*BT*B(1)
SSUM=SSUM+SIN(AL(J) *A1)*BT*B(1)
30 CONTINUE
C(J)=CSUM
S(J)=SSUM
V2=CSUM#CSUM+SSUM*SSUM
V1=SQRT(V2)
ANG=ATAN2 (CSUMs SSUM)
ANG=ANG*57429578
WRITE(695)J9C(J)eJeS(J)sJsV1sJsANG
5 FORMATI(3H C(9I294H) = sE144898H S(91294H) = sE14e895X92HV (]2
194H) = 9E14e895X94HANG(s1294H) = 9F9e494HDEGS)
20 CONTINUE
STOP
END

$SENTRY



113

NORMALIZATION OF DOUBLE-BILINEAR HYSTERETIC SYSTEM

Let

Fn = vyield force (in lbs.}b

K1 = spring stiffness before the break off point
(segment OA) as shown in Figure (19) (in 1bs./in.)

K2 = spring stiffness after the break off point

(segment AB), (in 1bs./in.)

1bs. x sec2 )

m = mass of the system ( in n

Ym = maximum amplitude under steady state condition
(in inches).

Y = actual displacement of the system (in inches)

T = time (in seconds)

P(1) = external force of excitation (in 1bs.)

With reference to Figure (19) we can sce that there will-
be eight different equations of motion along the eight segments of
the restoring force curve. Here we shall take two typical

segments, and try to normalize the corresponding equations of motion.

The equation of motion along the segment BC may be written

as g

2
d7y . dy. - g e
m de + le + (sgn E?J(kllYm] - Fn)(hl-kz)/kl = P(t) ... (A)

The equation of motion along the segment AB may be written as:

2 (K, -K

d = d 172

m ™ + K,Y + (sgn ai’—q Fo—) = Pl1)  * eevvnnennnn. (B)
i |

rof<



F A
B -—
A 1~} tan"'(x
Fafp = — —— = el — (%2)
h,;l(m)c !
. ) Ym i
D
€
FIGURE 19

UN-NORMALIZED DOUBLE BILINEAR HYSTERETIC MODEL

( F = Restoring Force, y = displacement)

//7

FIGURE 20

Representing the hysteretic curve in some real
structures. Note the "pinching together near the

origin".

A similar figure was shown by W. D. Iwan

[1] at the Winter Annual Meeting, Chicago,
(Nov. 7-11, 1965) of the A.S.M.E.

113a
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If we substitute the following quantities for normalization:

K

[

X

5]

,,
n
”q';jﬂ
[
—

p(t) = FéT)

.ty

Then the equations (B) and (A) may be reduced to the form:

a dx
L PR (sgn =) (1-a) = p(t) S D)
2 dt
dt
and
e dx
;;§+-x-+(sm1a?) (I-a) (Ix,|-1) = p(t) cees (E)

Here p(t) is the normalized external trigonometric excitation,

given by:
p(t) = R Cos wt Gesma (F)

Thus the equation of motion along any segment may be normalized by

using the substitutions (C).

Equations (D) or (E) may also be written in general as:

d2x
>+ f(x,x) = p(t) B (G)

dt”
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where f(x,X) designates the segment on the normalized

hysteretic curve.

NORMALIZATION OF TWO DEGREE OF FREEDOM SYSTEM -

Let
AKl, AK2 = spring stiffness corresponding to mas Ml
.BKI’ BK2 = spring stiffness corresponding to mass M2
Y1 " = displacement of mass M1
Yy = displacement of mass M2

[measured in a similar manner as X, and X, in Figure (9)]

y maximum displacement of mass M

ml 1

maximum displacement of mass M

Ym2 2

[on the un-normalized curve Figure (19)]

Now, let us suppose that the restoring force characteristics for

the masses M1 and M2 are similar [Figure (19)] but not the same. Thus

let, at a particular moment, mass M, execute its motion -along BC,

1

while mass M2 has its motion along AB.

Then the equations of motion are given by:

) |
My G + AR Y, (san 4 ) (A% ) Yoy} = Py} (AKi-AK:) /2K,

- Bk, Y, ~ (sgn ;_':a) Fra (BK,-BK;)/B‘K‘ =p(x)---(W
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dy
sz’r:i + z8K, Y, +2 (59 ;\—;) Faz (BK - BY)/BK,

_ Ak Y, ~ (597 T2) (A Il - B ) (ani-Aka) /=

._0-(1J

)
According to the postulate M, = M Ak, . BYe

1 2° A¥y K, A (since
the hysteretic curves are supposed to be similar for the

simplicity of the analysis).

Substituting the following quantities:

X‘ = i, \j,
v Fﬁ’
BK.
K, = 32
2 F=n2 LI ( ;r)
+ - ’ bK. .
' B (T)
t) = —
b =

the equations (H) and (G) may be reduced to the form

%, + X\ & (5‘3“ %%‘) (\—o() (‘xm\\—‘>_°<"z
G 2)(-0) = P - - - ©®
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K2t 2%, + 2 (s9n %D(Fok)

e G j——:')(\-«) (WX -V)=0 - - (V)

In a general manner, these last two equations may also be

written as:

'i\ * -&(X,,i,) - ‘S‘(*Z, X,) = Pt‘:) S (M)

A, vy 2 §0a%) = §(x,.%) = o N )
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IWAN, W.

TWAN, W.

RUZICKA,

THOMSON,

KLOTTER,

ARNOLD,

CAUGHEY,
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