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d

dR

= �k sec� (7)

d�
dR

= d

dR

+ d�
dR

= �k sec� � 1
R

tan� (8)

j@] =Q J Q=Okt xm k |xv}y@ pQDvm uwv=k x@ u=wD|t 2 =} 1 |=yx]@=Q R= xO=iDU= =@
"Ci=} CUO 'Ovm|t xv}W}@ 6 |x]@=Q |RQt \}=QW u}vJty w 8 w 7 |=yx]@=Q
Q} R CQwYx@ |]N |=B=m C}=Oy QO |}=yv CaQU |xv}tm O}k =@ OQmrta Q=}at

%OwW|t u=}@

J = �
0Z

R

dV
dR

dR

%OwW|t u}}aD Q} R CQwYx@ R=wQB Q}Ut pw] QO CmQL CqO=at
dV
dt

= (T cos��D) =m� g sinY (9)

V dV
dt

= (T sin��D) =m� g cosY (10)

xOvQB |xr}Uw |;Q@ |wQ}v w '=UB |wQ}v 'CU=QD |wQ}v ?}DQDx@ L wD 'T |=yQ}eDt
x@ xHwD =@ "OvDUy Vv=Qo ?=DW w sQH ?}DQDx@ R}v g w m 'xrtL |x} w=R � "CU=

[24]%O=O V}=tv Q} R CQwY x@ u=wD|t =Q xv} Ry `@=D xOWQmP OQ=wt

J = �
0Z

R

0BB@ g sinY � T
m
V + D0

mV � 
1 +

(�L�+T2 )m2V 4�k+ g cosY
V 2

�2

D0(T+L�)2

!1CCA sec�dR (11)

L� xm OwW|th} QaDD = D0 +DL = D0 +�L��2 CQwYx@ =UB?} Q[
|m}t=v}OwQ}; Q}F-=D ?} Q[ � w CU= xrtL |x} w=R ?ULQ@ ;Q@ |wQ}v |vt[ jDWt
\ki OQmrta XN=W "CU= ;Q@ ?UL Q@ =UB w QiY |=UB |=ywQ}v DL w D0 w
"OQ}o|tQ@ QO =Q CU=QD w Vv=Qo C=QF= xmr@ CU}v |m}t=v}OwQ}; C=YNWt pt=W
|iQat C w B 'A |=ys=v x@ |O}OH |=yQ}eDt 11 |x]@=Q |R=UxO=U |=Q@ TB

%OvwW|t
A = 1

V 2 g cos 


B = L� (D0 � T +mg sin 
)

m2V 4
�
2� + T

L�

� (T=L� + 1)2 +A2=2

C = mV 3 (2� + T=L�)B
(T=L� + 1)2 L�

[24]%OQm |U} wvR=@ Q} R CQwYx@ =Q 11 |x]@=Q u=wD|t C w B 'A |Q=Po|=H =@
J =

Z 0

R
C
�

1 + k2

2B + Ak
B

�
sec�dR (12)

|R=Uxv}tm O}k w |}x]kv sQH ZQi =@ xr}Uwl} |=Q@ |rm |x]@=Ql} 12 |x]@=Q
|R=Uxv}tm O}k =@ xv}y@ pQDvm |xr�Ut pL 'wQ V}B Vr=J uwvm = "CU= xv} Ry `@=D
u=mt |xR=@ w 8 w 7 \@=wQ R= xO=iDU= =@ "CU= |Owta |xLiY QO CaQU
|yOpmW ?} Q[ u=wD|t 'uwDr}ty |x]@=Q p}mWD w 12 |x]@=Q QO QiY =D R
p=ta= u}@t `k=w QO G |yOpmW ?} Q[ "OQm |iQat 13 |x]@=Q =@ =Q G2 Q}Ut
CU=B=m C}=Oy uwv=k QO xar=]t OQwt |xr}Uw |UOvy w |m}t=v}OwQ}; C=YNWt

u=}@ Q} R CQwYx@ u=wD|t =Q xOW|]N |=B=m C}=Oy uwv=k |rm Cr=L QO
[11]%OQm

am = K1
tg0

(v1 � v)� K2
tg0

[r1 � (r � vtg0)] (1)

Q=OQ@ v '|}=yv ?wr]t C}akwt Q=OQ@ r1 'xv=t=U |}x_Lr C}akwt Q=OQ@ r u; QO xm
uO}UQ u=tR R= |v}tND tg0 w '|}=yv ?wr]t CaQU Q=OQ@ v1 '|}x_Lr CaQU
|Q@ w=v ?}=Q[ ?=NDv= "CU= |}=yv ?wr]t C}akwt Q=OQ@ x@ xv=t=U C}akwt Q=OQ@
CU= sRq w OQ=O |}=RUx@ Vkv xOvQB |xr}Uw OQmrta w |DmQL Q=DiQ QOK2 wK1
Q@ |Q@ w=v ?}=Q[ u}= "OvwW x@U=Lt C} Qwt-=t \}=QW =@ ?U=vDt w |[Dkt wLv x@

[11]"OvDUy Q=PoQ}F-=D C}=Oy uwv=k \UwD xOW|L=Q] Q}Ut

|Q@w=v ?}=Q[ |x@U=Lt s}taD w |QovR=@ "3
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R
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xv}y@ Q}Ut |=vLv= '3 w 2 |=yx]@=Q R= xO=iDU= =@ "CU= R=wQB Q}Ut |x} w=R 
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