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|=Q@ |r}rLD VwQ l} 'OwW|t sm =L CqO=at uOW |]NQ}e Ea=@ |HQ=N w
w |e=QJ "OvO=O x�=Q= |}xv=wDU= <=We w p=}U |m}D=DU= VvmQOv= |]NQ}e R}r=v;
xar=]t Q}PBh=]av= |}xR=U u=wva x@ =Q |m}DUq OU l} Q=DiQ [17 w 16]'u=Q=mty
xR=U pmWQ}}eD R= u=} QH |@O ?} Q[ |Q}PB Q}F-=D |xwLv OwN pOt QO w OvOQm
Q_vOt xv}y@ w ut}= |LQ] x@ |@=}CUO |=Q@ =Q xR=U - p=}U VvmQOv= R}v w
p@=kDt Q=F; |y=oW}=tR; |R=UpOt x@[18]'�2011� u=Q=mty w swUmwr@ "OvO=O Q=Qk
|rL=U \N |m}ORv QO ?; =@ xOW Q)B Q}PBh=]av= u=Q@ttw�S |xR=U w p=}U
'Cw=iDt Gwt Q=WDv= |x} w=R xU |=Q@ =Q OwN |=yV}=tR; w 3 pmW OvDN=OQB
'u=W}= G}=Dv "OvO=O s=Hv= hrDNt Gwt |=y`=iDQ= w =} QO ?; Cw=iDt jta xU
|=yxR=U xm CU= xO=O u=Wv w xOQm O}}-=D =Q xv}tR u}= QO |r@k |=y|Q}oxH}Dv
QkDUt u}tR |wQ |Q=OQ@ Qy@ |=yCr=L QDW}@ QO |@ wN x@ w OvDUy Q=O}=B QwmPt

"Ovv=t|t
|L=Q] |=Q@ |]@=w[ u} wOD w |Q=O}=B R}r=v; x@ [19]'�2015� u=Q=mty w u=Q}m
QO uW R= xOW Q)B w l}DDvUw�S |=y?w}D R= xOW xDN=U jQeDUt |=yumWGwt

"�4 pmW� OvDN=OQB pL=U |m}ORv QO =} QO |QDt 4 jta
R= C_=iL |=yxR=U u=wva x@ Q}N= |=y?w}D R= xO=iDU= w |L=Q] =@ \=@DQ= QO
|=yQDt=Q=B |R=Uxv}y@ |xwLv =@ \=@DQ= QO xar=]t x@ [20]'�2015� |O}WtH 'pL=U
jta w xOW xO=iDU= |=yIv=B sm =QD QDt=Q=B wO QF= w CN=OQB p}=DUmDw�S |=y?w}D

"CU= xOQm xar=]t =Q =y?w}D u}= |WWm Ctw=kt |wQ Q@ =yv; Pwiv
|=y?w}D Q=DiQ|UQQ@ '|m}DUq |=y?w}D R= xO=iDU= |=}=Rt wC}ty= x@ xHwD =@
|=ywQ}v w |Q=PoQ=@ |xwLv w Q}PBh=]av=|rL=U Q=w}O =} umWGwt u=wva x@|m}DUq
VywSB QO "OUQ|t Q_v x@ |QwQ[ xv}y@ w ut}= KQ] x@ |@=}CUO |=Q@ '=yv; x@ xOQ=w
p=}U |}xrO=at u=tRsy pL |=Q@ |Oa)@ wO Cr=L QO |RmQt p[=iD VwQ R= 'Q[=L

|L=wv R= C_i=Lt Qw_vt x@ p}=DUmDw�S |=y?w}D R= xO=iDU= R= |}xvwtv "1 pmW
[9]"|Rr=t QO |rL=U

CyH =m} Qt; San Luis Pass QO p}=DUmDw�S |=y?w}D R= xO=iDU= "2 pmW
"�|Oq}t 2000 p=U� pL=U R= C_=iL

R= xO=iDU= R= |}xvwtv [10]'�2007� u=Q=mty w 2RQ=wr; "OvwW|t s}UkD |HQ=N ?;
pLx=Q h}YwD x@ w xOQm KQ]t |rL=U |xR=U u=wva x@ =Q p}=DUmDw�S |=y?w}D
4 pw] QO jQeDUtxt}v |}xR=U u=wva x@ =yv; R= xO=iDU= CyH xOW P=ND= |vi
|=y?w}D Qw_vt u}= |=Q@ w xDN=OQB 4wm} Rmt QO 3u=D=mw} |r=tW pL=wU R= QDtwr}m
jQeDUtxt}v |xR=U l} u=wva x@ w |L=Q] 5u}rB wQB|rB R= xOW xDN=U p}=DUmDw�S

"Ov=xOW xO=iDU=
x@ pYDt 7^i=Lt |x}q l} R= xO=iDU= =@ [11]'�2004� u=Q=mty w 6s}m
|}=yV}=tR; TBU "OvO=O Vy=m =Q =y?w}D VDre w VRer 'u; CUOq=@ QO ?w}D
=@ w OvO=O s=Hv= Cw=iDt |=ypw] =@ ^i=Lt |=yx}q x@ pYDt |=y?w}D |wQ
?rY uw}U=Ovwi l} pt=W xO=U |r}rLD pOt l} '|y=oW}=tR; G}=Dv R= xO=iDU=
|r}rLD VwQ l} [13 w 12]'�2008� OvtWv=O w wrv=wk "OvOQm x�=Q= \=U@v= p@=kQ}e w
?Yv w =wy =@ xOW Q)B u} Q@ttw�S |=y?w}D |xDi=}pO=aD pmW |UQQ@ CyH
|=yR}r=v; |=Q@ R}v |r}rLDx@W x=oO}O "OvOQm x�=Q= ?rY |=yuw}U=Ovwi |wQ xOW
OvtWv=O w wrv=wk \UwD p=}U R= xOW Q)B lR=v Q=OH h=]av=p@=k ?w}D |wQ |Oa)@ wO
|=y?w}D |xDi=}pO=aD pmW u}}aD Qw_vt x@ xm 'CU= xOW x�=Q= [14]'�2009�
sQi QO u; |RQt \}=QW =@ x=Qty sm =L |]NQ}e |r}Uv=Qi}O |=yxrO=at 'QwmPt

50



4/
1|

xQ=t
W'

36
�2

|xQ
wO'

�13
99

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt

"xOvwQV}B Gwt |=yQDt=Q=B h} QaD "5 pmW

%CU= 2 |x]@=Q CQwY x@ CaQU p}Uv=DB Cr=L u} QD|OQ@ Q=m "OQw; CUO

' = gH
2�

cosh k (d+ z)
cosh kd

sin (kx� �t) (2)

u=wD|t z=0 ZQi =@ xOW |]N |m}t=v}O \QW QO CaQU p}Uv=DB |Q}oQ=m x@ =@
%OQm u}}aD 3 |x]@=Q j@=]t =Q Gwt K]U MQs}v |xrO=at

� = H
2 cos (kx� �t) (3)

QO Q=Wi |x]@=Q CmQL |xOW |]N |xrO=at QO CaQU p}Uv=DB |Q}oQ=m x@ =@
%O};|t CUO x@ 4 |x]@=Q CQwY x@ Gwt \}Lt

P = ��gz + �gH
2
�

cosh k (d+ z)
cosh kd

�
cos (kx� �t) (4)

|SwrwODt "3
p}rLD VwQ "1"3

|x}=B Q@ w nQR@ |=ypmWQ}}eD uw}UqwtQi R= xO=iDU= uwO@ Q[=L VywSB QO
|U} wvxt=vQ@ =@ 'xR=U uOw@ Q}PB=v pw] Q}}eD ZQi =@ w |RmQt p[=iD VwQ R= xO=iDU=
xOW xDN=OQB |Oa)@ wO Cr=L QO =ypmWQ}}eD |UQQ@ x@ '?rDt Q=Ri=sQv \}Lt QO
|m}DUq ?w}D '=OD@= QO "CU= hrDNt pOt |QU xU pt=W 'Q[=L VywSB "CU=
x]kv l} x@ Q=yt u}= 'Oa@ |xrLQt QO "CU= xOW Q=yt u}tR x@ x]kv wO \UwD
Ov=wD|t ?w}D 'xH}Dv QO xm &CU= xOW xDW=OQ@ Q=yt QN; |xrLQt QO w xDi=} Vy=m
CWB QO xwo l} R= '?w}D ?ka x@ wQ CmQL R= |Q}owrH |=Q@ "Ovm CmQL xv=O=R;
xOW ZQi ?rY uw}U=Ovwi 'QwmPt |=yCr=L |t=tD QO "CU= xOW xO=iDU= ?w}D
Q=Wi pt=W 'pw= |Q=PoQ=@ "CU= xDiQo Q=Qk |Q=PoQ=@ wO CLD ?w}D 'xt=O= QO "CU=
Gwt R= |W=v |wQ}v '|rN=O Q=Wi Q@ xwqa 'swO |Q=PoQ=@ QO w xOw@ ?w}D |rN=O

"CU= xOW p=ta= ?w}D x@ R}v 's_vt

9 |RmQt p[=iD VwQ w xR=U Q@ sm =L |m}t=v}O |xrO=at "2"3
xOW pOt |}xR=U sDU}U l} '|]N |m}t=v}O MU=B Q@ sm =L pO=aD |xrO=at

%CU= 5 |x]@=Q CQwY x@ OwOLt |=yu=tr= \UwD
M �U + C _U +KU = R (5)

[19]"�2015� u=Q=mty w u=Q}m C=ar=]t QO xOW xO=iDU= umWGwt `]kt "4 pmW

Gwt |Q=PoQ=@ QF= CLD |m}DUq |=yumWGwt w |rL=U |=yxR=U Q@ sm =L 'xR=U -

|=yQ=Wi R= |W=v nQR@ |=ypmWQ}}eD |xr�Ut xm =Hu; R= "CU= xOW xO=iDU=
'OwW|t|m}DUq ?w}D Q@ sm =L |=yxrO=at uOW|]NQ}eEa=@|HQ=N w|rN=O
QO "CU= xOW xO=iDU= |RmQt p[=iD VwQ R= QwmPt |=yxrO=at pL Qw_vt x@
"CU= xOW ZQi u=UWm Q=DiQ |xOwOLt QO ,qt=m xDUwB Q=DiQ 'xOW QmP |R=UpOt
u=wva x@ |m}DUq |=y?w}D |xDi=}pO=aD pmW uOQw; CUO x@ hOy =@ 'xt=O= QO
|=yCr=L QO |Oa)@ wO CQwY x@ =y?w}D '8?rDt Q=Ri=sQv R= xO=iDU= =@ 'umWGwt
pOt Q=yt uwO@ w x]kv l} QO hm x@ xOW Q=yt 'x]kv wO QO hm x@ xOW Q=yt
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'|rN=O Q=Wi Q@ xwqa swO |Q=PoQ=@ w p=mU=B 3000 |rN=O Q=Wi Q}F-=D pt=W
OQwt u}= QO Gwt C=YNWt "OwW|t pt=W R}v =Q Gwt R= |W=v Q=Wi Q}F-=D
xOW xDiQo Q_v QO p=mU=B 3500 R}v |rN=O Q=Wi w CU= p@k Cr=L x@=Wt

"CU=

Q=yt uwO@ Cr=L QO ?w}D |R=UpOt "5"3
|t=tD QO xv=O=R; Ov=wD|t w 'OQ=Ov hm x@ |Q=yt xvwoI}y ?w}D Cr=L u}= QO
xHwD =@ ?w}D ?ka x@ wQ CmQL R= |Q}owrH |=Q@ u}=Q@=v@ &Ovm CmQL =yCyH
w ?w}D Q=yt Qw_vt x@ xwo l} R= [23]'�2002� u=Q=mty w nv=y C=ar=]t x@
O=yvW}B T=U= Q@ 'xwqa x@ "CU= xOW xO=iDU= u; VDre w VRer R= |Q}owrH
l} j=Lr= =@ [11]'�2004� u=Q=mty w s}m w [23]�2002� u=Q=mty w nv=y
QO ?w}D |oO=DU}= 'OQ=O xt=O= u}tR |wQ =D xm '?w}D |xvO@ x@ 15^i=Lt|x}q
Q} R x@ ?; Pwiv R= `v=t Ov=wD|t w O@=}|t V}=Ri= G=wt= R= |W=v Q=Wi p@=kt
OQwt wO x@=Wt R}v VN@ u}= QO "OwW ?w}D CWB |x}L=v x@ u; QPo w ?w}D
?w}D x@ 'G=wt= QF= =@ x=Qty |rN=O Q=Wi w |rN=O Q=Wi |Q=PoQ=@ ẁv wO 'p@k
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,=vt[ "OQ=O Q=Qk C}ty= swO |xHQO QO hm x@ p=YD= \=kv O=OaD w CU= ?w}D
|Q=OQ@xQy@ '`=iDQ= Q=yt uwO@ |Qo}O w Q=yt =@ |m} 'u=Um} C=YNWt =@ ?w}D wO
OwN |xDi=} pO=aD pmW x@ |QDq=@ `=iDQ= QO Q=yt uwO@ ?w}D w OvQ=Ov |v=Um}
|xOwOLt pt=W Ov=wD|t u; CUOq=@ ?; R=QD 'xH}Dv QO "CU= xOW Q=O}=B w xO}UQ

"OW=@ ?; jta w Gwt `=iDQ= R= |QD`}Uw
=y?w}D|}=yv w Q=O}=B sQi x@ \w@ QtG}=Dv|HvUCLYQw_vt x@ u=wD|t =yDv= QO
|y=oW}=tR; G}=Dv w Q[=L VywSB |R=UpOt R= pY=L G}=Dv j=@]v= |UQQ@ x@
|xOW Q)B |=y?w}D u=Q=mty w swUmwr@ "CU= xOW xDN=OQB [18]'u=Q=mty w swUmwr@
xm 'Ov=xOQm |UQQ@ pL=U x@ C@Uv x} w=R =@ w pL=U O=ODt= QO Cr=L wO QO =Q ?; R=
VywSB |OOa |R=UpOt \}=QW x@=Wt |OwOL =D u=W}= pL=U O=ODt= QO Cr=L
swUmwr@ |y=oW}=tR; |R=UpOt w Q[=L VywSB G}=Dv |xU}=kt "CU= xOw@ Q[=L
wO u}@ |m}ORv Q=}U@ Cy=@W '=yxR=U Q=O}=B sQi Q_v R= xm OyO|t u=Wv u=Q=mty w

"OQ=O OwHw G}=Dv |xDUO
O=a@= =@ |}xrwr pmW x@ u=Q=mty w swUmwr@ |=yV}=tR; QO xOW xDN=U pOt
QO u=W}= |R=UpOt |rm \}=QW w xOw@ QDt|Dv=U 304=8 � 60=9 � 22=8

"CU= xOW x�=Q= 4 pwOH QO Q[=L VywSB |=y|R=UpOt =@ xU}=kt
[18]'u=Q=mty w swUmwr@|y=oW}=tR; |R=UpOt w Q[=LVywSBG}=Dv |xU}=kt
|xDUO wO u}@ |m}ORv Q=}U@ Cy=@W '=yxR=U Q=O}=B sQi Q_v R= xm OyO|t u=Wv
pmW QO Gwt `=iDQ= Q}F-=D x@ u=wD|t G}=Dv |xU}=kt Qw_vt x@ "OQ=O OwHw G}=Dv

"x]kv wO =@ Q=ytCr=L QO ?w}D |xDi=}pO=aD pmW QO x=ox}mD pw] Q}F-=D "11 pmW

CU= xOW |Q=PoQ=@ x=ox}mD |=Q@ hrDNt pw] xU =@ ?w}D 'u; QF= |UQQ@ Qw_vt x@
u=Um} 'x=ox}mD hrDNt |=ypw] |=Q@ ?w}D O=R; VN@ 'xOW s=Hv= |R=UpOt QO
u}= QO O=R; \}Lt '`k=w QO "CU= xOW p}mWD QDt 0 05 pw] =@ u=tr= 160 R= w
=@ 'xOW Q=yt Cr=L xU |wQ x=ox}mD pw] QF= V}=tv Qw_vt x@ "CU= QDt 8 Cr=L
pw] QDt=Q=B |xOW Oa)@|@ xm 'L� QDt=Q=B R= Q}N= pw] |=H x@ '16 |x]@=Q x@ xHwD
pmW QO x=ox}mD pw] Q}}eD QF= '11 pmW QO "CU= xOW xO=iDU= 'CU= x=ox}mD
2 '1 5 |y=ox}mD |=ypw] |=Q@ Q_=vDt L� Q=Okt "OwW|t xOy=Wt ?w}D |}=yv
w C@=F =yQ}eDt Q}=U "CU= xOw@ 0 90 w 0 72 '0 54 Q@=Q@ ?}DQD x@ QDt 2 5 w
pw] V}=Ri= =@ xm OyO|t u=Wv 11 pmW p}rLD "OvDUy p@k |=yCr=L x@=Wt
pw] =@ ?w}D |va} "CU= xOW QDtm ?w}D CUOu}}=B xHw |oO}tN w =vLv= 'x=ox}mD
QO u}vJty "CU= xOW p}=tDt CUOu}}=B CtU x@ |QDW}@ |=vLv= =@ 'QDtm Q=yt
xU Qy |=Q@ u=Um} |x}rw= CL=Ut w Vv}J =@ xm OwW|t xOy=Wt QwmPt pmW
pmW \}Lt w CL=Ut 'XNWt |rN=O Q=Wi l} CLD 'xOW xDiQo Q_v QO pw]
?w}D w xDi=} V}=Ri= 'QDW}@ |y=ox}mD |=ypw] |=Q@ ?w}D |xDi=}pO=aD w |}=yv

"CU= xDiQo Q=Qk VWm CLD QDW}@
Q@ x}mD =@ w hm x@ Q=yt uwO@ |@ w}D |va} 'swU Cr=L |=Q@ \ki xwo |x} w=R QF=
'p@k |=yVN@ QO xOW x�=Q= G}=Dv |t=tD QO xwo |x} w=R "CU= xDiQo Q=Qk Q_v Ot 'xwo
R}v xHQO 70 w 45 |=}=wR 'wQ V}B |UQQ@ QO "CU= xOW xDiQo Q_v QO xHQO 60
`=iDQ= 'x}v=F 10 Gwt ?w=vD |xQwO 'p=mU=B 3500 |rN=O Q=Wi "Ov=xOW |@=} RQ=
OyO|t u=Wv 12 pmW "CU= xOW xDiQo Q_v QO QDt 1 3 ?; jta w 'QDt 1 Gwt
xwo |wQ u; uDiQo Q=Qk pLt w ?w}D |}=yv pmW QO |v=OvJ Q}F-=D 'xwo |x} w=R xm
x@ "CU= xDW=Ov Q=Qk ?w}D |}=yv pmW |xOvvmu}}aD syt OQ=wt |xDUO QO w xDW=Ov
|=yxYNWt w \}=QW =@ ?w}D |}=yv pmW QO OwHwt |=yCw=iD uO=O u=Wv Qw_vt
|xU}=kt QO "CU= xOW x�=Q= 13 pmW 'Q=yt ẁv Cw=iD QF= CLD \ki w u=Um}
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Gwt C=YNWt 'Q=yt ẁv Q}_v |r�=Ut x@ 'xOW s=Hv= |OOa |R=UpOt QO "Ov=OW
QO =yv; C=Q}}eD QF= w xOW xHwD ?w}D pmW QO QF-wt |}xR=U |=yQDt=Q=B w xOQ=w
C=Q}}eD Q}F-=D w Q=Wi QDt=Q=B |UQQ@ =@ "CU= xOW |UQQ@ ?w}D |xDi=}pO=aD pmW
xm 'CUNv OQwt wO QO xm OW xOy=Wt Cr=L xU Qy QO xR=U |}=yv pmW QO u;
=Q ?w}D QDW}@ |oDW=Qi=Q@ 'QDW}@ |=yQ=Wi 'CU= xOW pYDt OwN |B x@ ?w}D
"OwW|t CUOu}}=B CtU x@ ?w}D |oO}@=wN ?@U 'QDtm |=yQ=Wi w OQ=O |B QO
xm O=O u=Wv Q=OQ}o pOt wO |=Q@ ?; jta Oa)@|@ QDt=Q=B QO xOW s=Hv= |=y|UQQ@
|=B QO ?; jta V}=Ri= =@ 'x]kv l} QO smCUO 'hm x@ ?w}D Q=yt CQwY QO
"CU= xDi=} Vy=m u; |}=yv `=iDQ= w xOW QDxO}tN CUOu}}=B x@ wQ ?w}D 'xR=U
=@ w CU= ?; jta QF= x@=Wt R}v Gwt `=iDQ= C=Q}}eD Q}F-=D xm O=O u=Wv =y|UQQ@
hQ] x@ QDW}@ w xOQm =O}B =vLv= ?ka x@ wQ QDW}@ 'Q=OQ}o ?w}D 'Gwt `=iDQ= V}=Ri=
"CU= xOQm =O}B Vy=m R}v u; |Q=OQ@xQy@ `=iDQ= xH}Dv QO "CU= xOW sN CUOu}}=B
pw] V}=Ri= =@ xm O=O u=Wv ?w}D |}=yv pmW QO x=ox}mD pw] Q}}eD QF= p}rLD
xOW Q=OQ}o ?w}D "CU= xOW QDtm ?w}D CUOu}}=B xHw |oO}tN w =vLv= 'x=ox}mD
xDW=O x]kv wO QO xOW Q=OQ}o ?w}D x@ C@Uv |QDxDW=Qi=Q@ Cr=L 'x]kv l} QO
QDtm u; CUOu}}=B CtU x@ |oO}tN w QDW}@ u; |Q=OQ@xQy@ `=iDQ= xH}Dv QO w
'u=Um} C=YNWt =@ ?w}D wO |=Q@ xm O=O u=Wv =y|UQQ@ u}vJty "CU= xOW
Q=O}=B w OUQ|t OwN |xDi=} pO=aD pmW x@ |QDq=@ `=iDQ= QO Q=yt uwO@ ?w}D
'xwo R= xO=iDU= x@ R=}v 'Q=yt uwO@ Cr=L QO |@ w}D |=QH= |=Q@ OvJ Qy &OwW|t
|=y?w}D R= xO=iDU= 'Qo}O hQ] R= "CU= Q=yt =} Qovr |awv w '^i=Lt |x}q
Qo}O |=ypLt x@ ?w}D `} QU p=kDv= w xO=U w CL=Q |Qw;`tH u=mt= 'Q=yt uwO@
|=Q@ Q=yt uwO@ |=y?w}D R= xO=iDU= u=mt= Q=yt pw] pQDvm =@ "Ovvm|t sy=Qi =Q
O}=@ =y|oS} w 'u}= OwHw =@ "OQ=O OwHw jta w Gwt `=iDQ= R= |QDxOQDUo |xOwOLt
?=NDv= 'OQ=O |QD?U=vt w QDy@ |}=Q=m xm |awv w R}r=v; '|Q=OQ@xQy@ pLt \}=QW

"OwW

[18]"u=Q=mty w swUmwr@ VywSB |y=oW}=tR; |=ypOt C=aq]= "5 pwOH
�x}v=F� Gwt ?w=vD |xQwO �QDt|Dv=U� QF-wt `=iDQ=

1 94 2 1
1 94 6
2 27 12 6

[18]'u=Q=mty w swUmwr@ "OQm xQ=W= G -9pmW Q=yt uwO@Cr=L QO?w}D |xDi=}pO=aD
|xR=@ 3 QO pOt |Q=O}=B QO Gwt `=iDQ= Q}F-=D |UQQ@ Qw_vt x@ |}=yV}=tR; R}v
|UQQ@ |=ypOt 'u=W}= G}=Dv =@ j@=]t "Ov=xO=O s=Hv= 5 pwOH =@ j@=]t hrDNt
x}v=F 2 27 ?w=vD |xQwO QO w xOw@ Q=O}=B ,qt=m x}v=F 1 94 ?w=vD |xQwO QO xOW
wO Qy QO xOW |UQQ@ |=yQDt=Q=B 'xU}=kt u=mt= Qw_vt x@ "Ov=xOW VRer Q=JO
VywSB |R=UpOt QO xm CU= |r=L QO u}= "Ov=xOW Oa)@|@ 5 pwOH QO VywSB
CLD w xOw@ QDl@U ?w}D 'xOvvmQ)B p=}U u=wva x@ =wy R= xO=iDU= p}rO x@ Q[=L

"�G - 9 pmW� Ov=xOQm xwo |wQ Q@ CmQL x@ ẁQW |QDtm |=yGwt `=iDQ=
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