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|=i}= |v}}=B p=@ |=Q@ |wk QwLt pwL |DNU pO=at Qvi u}= "Ow@ xOW OwOLt 'CU=

[4]"OQm|t Vkv
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"CU= xDU@=w �Vw |@v=H R}N p}rOx@ uwDU s�=k Q} wYD |oOW x=Dwm � VtN CLD
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u=H R= s�=k Q=Wi Q} R |x}L=v |Q=O}=B=v T=U= u}= Q@ w 'CU= xOW x�=Q= ZQi u}=
pt=a 'u=H |@v=H R}N |=Q@ |i=m |Q=OQ}o QO |WWm p=@ ha[ =@ u; |y=Qty w
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u}= QO QF-wt |=yQDt=Q=B V=|OOa |xar=]t QO |w "OwW ^=Lr O}=@ |a[wt Q=@ =@
R= =Q |Q=O}=B=v ẁv wO xOta Qw] x@ |w |OOa pOt "CU= xOQm |UQQ@ =Q xO}OB
w u=H QO |a[wt Vv=tm %R= Ov=CQ=@a xm 'OyO|t u=Wv Vv=tm xS} w Q=Okt p}rLD
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=Q Vv=tm R= |W=v pmWQ}}eD R= TB w p@k uwDU |@v=H |=tv '4 pmW O=R; s=Qo =}O
xDi=}pmWQ}}eD Cr=L QO =yQ=yt VWm |Owta |xir-wt 'T |wQ}v "OyO|t u=Wv
8 w 7 \@=wQ pmW x@ =Q wQ}v u}= |=yxir-wt u=wD|t O=R; s=Qo =}O x@ xHwD =@ "CU=

%CWwv
NT =NTw + VTw= T (sin� cos tan�1 w0 � cos� sin tan�1 w0)

�1 + 2 cos2 tan�1 w0
(7)

VT = NTx + VTx = T (cos� cos tan�1 w0 � sin� sin tan�1 w0)
�1 + 2 cos2 tan�1 w0

(8)

x w w |=DU=Q |=yxir-wt x@ \w@ Qt ?}DQD x@ x w w |=yT} wvQ} R '=yu; QO xm
VT |WQ@ w NT |QwLt |xir-wt wO x@ OwN =yv; R= s=OmQy xm 'OvDUy T |wQ}v

"CU= xOW xO=O u=Wv 4 pmW QO R}v � |x} w=R "OvwW|t x} RHD uwDU QO
10 w 9 \@=wQ CQwYx@ '|Q=yt <=[a= pmWQ}}eD x@ xHwD =@ T |wQ}v Q=Okt

%OwW|t xDWwv
T = 2T 0 cos� = 2T 0 cos cos�1 l0

h+ Vf
= 2T 0 l0

h+ Vf
(9)

T 0 = EAbr
l

�q
l2 + V 2

f + 2Vfh+W 2
h � l

�
(10)

G=QNDU= |=Q@ "OvwW|t xDiQo Q=mx@ |O=yvW}B pOt p}rLD |=Q@ QwmPt|rO=aD\@=wQ w
=@ Qovr |x]@=Q "CiQo Q_v QO u=wD|t =Q 5 pmW O=R; s=Qo =}O 'p}Uv=Qi}O |xrO=at
%OwW|t xDWwv 11 |x]@=Q CQwY x@ M |x]kv pwL xOWxO=O C=YDNt ZQi
M = EIw00 = �(T cos 
)w + (T sin 
)x (11)

hu = h+Vf � hw+V u; QO xm '
 = tan�1 (wh=hu) |x]@=Q uDUv=O =@
%CWwv 12 |x]@=Q j@=]t =Q 11 |x]@=Q u=wD|t 'CU=

EIw00 = T
�
x: sin

�
tan�1 wh

hu

�
� w: cos

�
tan�1 wh

hu

��
(12)

"xDi=}Vv=tm uwDU QO =ywQ}v O=R; s=Qo =}O "4 pmW

"u=H |r=kDv= Vv=tm |UQQ@ |=Q@ |O=yvW}B pOt "3 pmW
uwDU `=iDQ= s�=k Q} wYD R}v hw "OvyO|t u=Wv =Q uwDU |@v=H pmWQ}}eD w `@=D
Q_vhQY p@=k 2 |x]@=Q =@ xU}=kt QO 1 |x]@=Q "CU= |@v=H pmWQ}}eD R= TB

%CWwv =Q 3 |x]@=Q u=wD|t u}=Q@=v@ 'CU=
Vu �= Vw (3)

u=mtQ}}eD p=ta= R= TB 'l Q@=Q@ x}rw= Cr=L QO pOt s�=k |xLiY QO =yQ=yt pw]
`=iDQ= pm "OW Oy=wN l00 uwDU VtN R= TB w l0 pO=at uwDU VtN uwO@ w s�=k
h� Vf Q@=Q@ uwDU QO Vv=tm O=H}= w u; p=ta= R= TB w h Q@=Q@ x}rw= Cr=L |=Q@
uwDU x@ p=YD= Qw=Ht |x} w=R u; QO xm Ovvm|t O=H}= |FrFt Vf w l0'l "OW Oy=wN
xDWwv 4 |x]@=Q pmW x@ =yTwv}Um |x]@=Q 'QwmPt ErFt |=Q@ "OwW|t xO}t=v �

%OwW|t
l02 = l2 + V 2

f � 2lVf cos�; (4)

u=}@ =Q 5 \@=wQ u=wD|t 3 pmW j@] R}v � =} ji= =@ |WWm <=[a= |x} w=R |=Q@
%OQm

� = sin�1 h
l
; �0 = cos�1 h

l
) � = � � �0 = � � cos�1 h

l

cos(�) = cos(� � cos�1 h
l

) = �h
l

(5)

QO xR=U |x}rw= |xLiY Q@ xDi=} pmWQ}}eD uwDU Q} wYD� l0 Q=Okt |x@U=Lt =@
u=wD|t 'u; O=ODt= Q@ �uwDU |=yDv= u=mtQ}}eD� wh uOw@Owta x@ xHwD=@ w �3 pmW
%�6 |x]@=Q� OQ@ Q=m x@ |Q=yt <=[a= |}=yv pw] u}}aD |=Q@ =Q EQwe=F}i |x]@=Q
l02 = l2 + V 2

f + 2Vfh) l002 =
�
l2 + V 2

f + 2Vfh
�

+
�
w2
h

�
l00 =

q
l2 + V 2

f + 2Vfh+ w2
h (6)
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u}= |=Q@ |v=QL@ Q=@ Q=Okt '|Q=O}=B=v RQt QO xUOvy R= T uOw@pkDUt ZQi =@
Qrw= Vv=tm Q=@ x@=Wt xm &O};|t CUOx@ 'CU=yQ=yt QO OwHwt VWm xm 'sDU}U
QO |WWm |wQ}v "CU= QDW}@ |tm pw] =@ |rw 'xO=U |=yDv= wO =@ uwDU |=Q@
%CU= xDU@=w |UOvy pt=a wO x@ wQ}v u}= "CU= xr�Ut |=yQ}eDt R= |m} =yQ=yt
j@] wQ}v u}= |v=QL@ Q=Okt "w =} uwDU R}N Q=Okt "2 'Vf u=mtQ}}eD Q=Okt "1

"OW=@ Vv=tm O=ONQ sOa =} O=ONQ |xOvvmu}}aD Ov=wD|t 18 |x]@=Q

Q}D Q=DiQ x@ |O=yvW}B pOt s}taD "4
u}@ x]@=Q R= xO=iDU= =@ u=wD|t Tcr =} =yQ=yt QO |WWm |v=QL@ Q=@ uDW=O =@
p=ta= xm 'OQw; CUOx@ =Q (Vcr) u; |v=QL@ Q=Okt '(Vf )xR=U x@ |r=ta= pmWQ}}eD
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