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[2]"p}rLD QO xOW xO=iDU= E ẁv xW}W h=}r= C=YNWt "1 pwOH

\=U@v= ?} Q[ pwOt Ctw=kt |r=oJ VvQm
|}=tQo nv=} |WWm |oDN}UoOL

4 7� 10�61=c 7� 105 17500 2=54 0 048
kg=cm2 kg=cm2 gr=cm3

21 ! sryJ |xQ=tW � h} QW



""" uD@ |r}]DUt |=yuwDU OwOLt <=RH= |R=UpOt

|xO=t u=wvax@ OwN |}=yv C}iQ_ x@ uO}UQ R= Oa@ uD@ xm OQm ZQi
[14]"Ovm|t pta pt=m |Q}tN�|v=UWm

Q=}at xOW |L=Q] |=yuwDU |=Q@ xOW xDiQo Q=m x@ |@=QN Q=}at
uDiQo Q_v QO C}r@=k R= Q=}at u}= "CU= lvQ=w s=}r} w CUmW
R= |R=UpOt u}= QO "CU= Q=OQwNQ@ uD@ QO |oOQwNlQD w |oOWOQN
uOWOQN C}r@=k OQ@ Q=m |=Hx@ w 'xOW xO=iDU= |oOQwNlQD C}r@=k
2Qo =QB�Qm =QO s}rUD Q=}at R= 'uwDU R= |}=yCtUk QO Q=Wi QF= QO uD@

"OW Oy=wN xO=iDU=
'OQ}o|t Q=Qk |WtN Qovr w |QwLt Q=@ ?}mQD CLD uD@ xm |v=tR
w ptLD C}r@=k \ki Ov=xOQwN lQD xm uwDU `]kt R= |}=yx}L=v
|oOQwNlQD |=DU=Q Q@ Owta CyH QO� xOW OQ=w |WQ@ |wQ}v p=kDv=
CUmW Q=}at T=U=Q@ "OvQ=O =Q �CU= uwDU |QwLt |=DU=Q xm
x@ x]kv u}= R= wQ}v xmv}= =D OwW|t QiY =yu=tr= |DNU 'lvQ=w�s=}r} w
QO [15]"OvwW |oOQwNlQD Q=JO Qo}O \=kv w OwW pkDvt Qo}O \=kv
'uD@|tHL \=U@v= w uwU=wB?} Q[ x@ xHwD =@ '`]=kt |Q=Wi |x}L=v
xOvvmQwYLt |=yu=tr= R= pY=L |@v=H Q=Wi CLD uD@ |=yu=tr=
|WQ@ Ctw=kt xm|}=H =D lvQ=w�s=}r} w Q=}at T=U=Q@ w OvQ}o|t Q=Qk
"Ovvm|t xO=iDU= FRP |oOvvmQwYLt C}iQ_ R= 'OyO@ xR=H= `]kt
'CU= RU}tuwi Q=}at |xOW KqY= xm Qo =QB�Qm =QO s}rUD Q=}at T=U=Q@
w |oOWQwYLt QF= QO xOW |Q=Pox}=B xQwLtxU VvD T=U=Q@ R}v w
QwYLt xm `]kt |Q=Wi x}L=v QO xDiQo Q=Qk |=yu=tr= '|@v=H Q=Wi
VvQm V}=Ri= w Ctw=kt V}=Ri= xOWvQwYLt uD@ x@ C@Uv 'Ov=xOW
xOW O=} |oOWQwYLt |=ypOt \UwD u}= xm CW=O Ovy=wN |QwLt

"CU= h}YwD p@=k R}v
'xW}W C} RwBt=m h=}r= |=Q@ xOW xDiQo Q_v QO |oDN}Uo Q=}at
?}mQD =@ |@=QN Q=}at '|oDN}Uo pOt u}= QO "CU= Tsai-Wu Q=}at

[15]"O};|t CUOx@ C=yH s=tD QO R=Ht |=yVvD VvmQOv= w

Qo =QB�Qm =QO |]NQ}e pOt |=yQDt=Q=B p=ta= "6
pOt QO l =m]Y= |x} w=R w |oOv@UJ ?} Q[ Q=Okt |O=a Cr=L QO

%OwW|t x@U=Lt 9 w 8 |=yx]@=Q j@=]t Qo =QB�Qm =QO
sin� =

f 0c � ft
f 0c + ft

(8)

C =
f 0c � ft
f 0c � ft tg� (9)

uwDU l} |oOWQwYLt uwt=Q}B xOW u=}@ Q}UiD w C=L}[wD T=U=Q@
'xOW QwYLt FRP R= |WWwB |xr}Uwx@ u; `]kt pm xm xtQ;uD@
Q=Qk |[Qa QwD=tQ; R= pY=L Q=Wi CLD xm `]kt u}= |xDUy R}v w
u}vJ QO |vD@ |xDUy w |vD@ VWwB |=Q@ xm CU= K[=w 'xDiQo

xOWv QwYLt |Q=Wi Ctw=kt =@ uD@ pt=W xm |LrUt uD@ uwDU
R}v w xOW QwYLt |[Qa QwD=tQ; \UwD u; |xDUy w CU= (f 0c)
|Q=PoQ=@ R= TB 'xOW QwYLt FRP h=}r= \UwD uwDU `]kt pm
|R=UpOt |=Q@ "OQ}o|t Q=Qk |@v=H Q=Wi CLD u; |xDUy '|QwLt
|oOWQwYLt pOt R= O}=@ FRP h=}r= QO uD@ |oOWQwYLt QF=
|r}]DUt |=yuwDU QO |oOWQwYLt |=ypOt ,qwY= "OQm xO=iDU=
uOw@ xO}J}B u; Cra ,q=tDL= xm CU= |}xQ}=O |=yuwDU R= QDsm
|=Q@ |OOaDt |=ypOt "CU= |r}]DUt |=yuwDU QO |oOWQwYLt
Q=DWwv u}= QO xm [13�10]OQ=O OwHw C} RwBt=m h=}r= |oOWQwYLt
xO=U ut[ QO pOt u}= [9]"CU= xOW xO=iDU= X=N pOt l} R= =yvD
C=W}=tR; s=Hv= =@ u; Q@ xwqa w CU=Q=O =Q h=}r= C=YNWt QFm = uOw@
CUOx@ |x]@=Q "CU= xDiQo Q=Qk O}}-=D OQwt =O=w*v x=oWv=O QO hrDNt

%R= CU= CQ=@a xOW O=} pOt R= xOt;
fr = Ke

��
Ej"jtj
d

�
+
�
Ej"jtj
b

��
(5)

[13]"CU= 0 75 Q@=Q@|r}]DUt `]=kt |=Q@Ke?} Q[ Q=Okt u; QO xm
CUOx@ Q} R |x]@=Q T=U=Q@ xOW QwYLt |Q=Wi Ctw=kt 'C}=yv QO

%O};|t

fcu = f 0c + 98f0 7
r (6)

x@U=Lt `@ Qt QDt|Dv=U Q@ sQowr}m ?UL Q@ fr; f 0c; fcu u; QO xm
%O};|t CUOx@ 7 |x]@=Q R= uD@ |xv}W}@ VvQm R}v w 'OvwW|t

"cu =
"cf

0 09� 0 23 Ln
�
fr
f 0c

� (7)

wO pm QO E |v=UWm pwOt w t Ct=N[x@ |D} RwBt=m VWwB l}
VWwB Q@ =OD@= %Ovm|t OQ=w uwDU `]kt uD@ Q@ |oOWQwYLt ẁv
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