
� � � � � �� � � � � �� � � 	 � 
 � � � � �� �  �
 � � �
� �� �� � � � � � �
 �

� �� ����� �  !  "#$ #%&'( ) *#+,#-'.#/(01 2#30&'(04567 897 : ; : < : =>8>??6@A :BC :D E< FC ;GH <GI JKKL : M NLO P : QR :NKK :S

T0U 0.0 VW )X) Y�Z [�� \ ��]^ _ `�� ]��a

ϕ

�
?

M

� ~F

1

2

b>?>c78 8A7>dR6e
R

I eARR6f
m1

I gAh>hRi j9k l86RgA?mkno
@Ac>i l6 p68>k6chA?mc6f l6@98qc6Rh> : r A 6j679 s>?>c78A
kAg89l?9cA 6Rm g6?9RA 8A7>dR6e

r
I gAhit 9p6Ri l6 j6g6@6f

l6@98qc6Rh> p8dkA : C ARRA g6?9RA
m2

I 8A7>dR >c98s>>
i
: =

p8dkdI Rg6?mkit 9ed l6 p?A7g6f l6@98qc6Rh> I l8>?6u9cA
p68>k6chA?mcAi R>?A

F
I g g6?9Rd M e6e9ch

M
: v6RhA@>hm

d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd
l8>cihm dp6? l6@686hA s>?>c78A

ϕ
:

T0U 0.0 VW )x ) y ��z�� ]� {^ ][���z� _ `�� ]��a|

1

ϕ
�-M

2
A

B

C

?
~F

} @A 7>RgA eARR6f
m1

>
m2

8A7>dR6e
R ~ A8c>8c6 R697>o

c9cn c9@9R6ene> Rh98u cie>
AB = BC = a

: vh98u9cm
BC

u9Rhg6 Rg89l?9c R 7>Rg6e �: C 6e9ch
M

l8>?6u9c g
7>Rgd J I @98h>gA?mcAi R>?A

F
M g ~ A8c>8d

B
: v6RhA@>hm

d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd
l8>cihm

ϕ
:

T0U 0.0 VW )V ) � �� �� [��� � ^�� {^ ][���z� ����|

M ϕ

�

A

O

�-

� ~F�

�68>k6chA?mcnf ~ h6g � eARR6f
m1

l8>@67>hRi @ 7@>u9c>9
c9@9R6ene 7>Rg6e 8A7>dRA

R
I gAhit>eRi l6 ~ h6gd: } >Rg

~ A8c>8c6 R697>c9c @ h6�g9
A

R @98h>gA?mc6 7@>u dt>eRi
~ h6g6e J eARR6f

m2

:
OA = a

: v6RhA@>hm d8A@c9c>9 7@>o
u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>cihm

ϕ
:

T0U 0.0 VW )� ) ����Z[�� �]� `]� � ���� ��� �����a|

-
~F

ϕ
�R

1 2

�8dk eARR6f
m1

7@>u9hRi cA c9@9R6enq l67~ >lc>gAq l6
p68>k6chA?mc6f l?6Rg6Rh> : 56 j6g6@6f s>?>c78>�9Rg6f
l6@98qc6Rh> p8dkA 8A7>dR6e

R = 4r
gAh>hRi 7>Rg 8A7>o

dR6e
r

I kAg89l?9ccnf cA Rh98u c9 7?>c6f
5r

: = p8dkd l8>o
?6u9cA R>?A

F
: C ARRA 7>RgA

m2

: v6RhA@>hm d8A@c9c>9 7@>o
u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>cihm dp6?
l6@686hA Rh98u ci

ϕ
:

T0U 0.0 VW )� ) � �z�[�� ! �[�� � � �`]��]��a|

�
?M

ϕ

1

2

} >Rg 8A7>dR6e
r

> l8ie6dp6?mcnf j?6g eARR6f
m1

7@>o
u dhRi e9u7d @98h>gA?mcne> l?6Rg6Rhie> : �68>k6chA?mo
c6 Rg6?mkit>f l6?kdc R697>c9c R j?6g6e c9@9R6ene
Rh98u c9e 7?>c6f

L
: = 7>Rgd l8>?6u9c e6e9ch

M
: C ARRA

l6?kdcA
m2

: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA
6j6jt 9ccdw g6687>cAhd l8>cihm dp6? l6@686hA Rh98u ci
ϕ

:



T0U 0.0 VW )� ) � ]� ]��[�� {� � ]� ! �[�^ �]��a|

A

B

C

21

�
?

M

ϕ

�R> s>?>c786@
A

I
B

>
C

8A7>dRAe>
R

I cAq67it >9Ri @
kAs9l?9c>> I R697>c9cn 7@dqk@9cc>g6e

ABC
: b>?>c78

B>e99h eARRd
m1

I s>?>c78
C

M
m2

: �Rm s>?>c78A
A

c9l6o
7@>u cA : = s>?>c78d

B
l8>?6u9c e6e9ch

M
: v6RhA@>hm

d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd
l8>cihm dp6? l6@686hA Rh98u ci

CB ϕ
:

T0U 0.0 VW )�) \ ]Z ]������ � �^ ]� �� ��a]�^ ������|

?
ϕ

M

-~F

1

2

�c9~ c>e 6j676e j?6g gAh>hRi l6 c9l67@>u c6f l6@98qc6o
Rh> I @cdh89cc>e M gARA9hRi l67@>u c6p6 ~ h6gA : r A j?6g9
8ARl6?6u9cA h6�gA eARR6f

m1

: �A7>dRn j?6gA
R

>
r

: C ARo
RA ~ h6gA

m2

: = j?6gd l8>?6u9c e6e9ch
M

I g ~ h6gd M
R>?A

F
: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jo

t 9ccdw g6687>cAhd l8>cihm
ϕ

:

T0U 0.0 VW )� ) ����� � � ��� �� � � ��� �]��a|

ϕ
O

A
B

C

1

2

-~F

	6
M

r A p68>k6chA?mc6e Rh98u c9
AB ~ A8c>8c6p6 lA8A??9?6o

p8AeeA
OABC

8ARl6?6u9c s>?>c78 8A7>dR6e
r

I eARR6f
m1

I R@ikAccnf c>hmw R s>?>c786e
B

8A7>dR6e
2r

: vh98o
u9cm

BC
u9Rhg6 R697>c9c R s>?>c786e

B
: = e9cm~ 9ed

s>?>c78d l8>?6u9c e6e9ch
M

I g ~ A8c>8d
A

M p68>k6co
hA?mcAi R>?A ~F � OA = CB = a

: C ARRA Rh98u ci
AB

8A@cA
m2

: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9co
cdw g6687>cAhd l8>cihm dp6?

ϕ
:

T0U 0.0 VW )� ) ��^ ���]� {^ ][���z� {^ ][�]]��a|

1

ϕ�
�

�
M

2

A B

O O′

�~F

} @A 7>RgA ~ A8c>8c6 R697>c9cn RlA8c>g6e
AB

eARR6f
m1

:
= 7>Rgd eARR6f

m2

l8>?6u9c e6e9ch
M

> p68>k6chA?mcAi
R>?A

F
: �h686f 7>Rg R�>hAhm c9@9R6ene � AB||OO′.

v6RhAo
@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g668o
7>cAhd l8>cihm

ϕ
:

T0U 0.0 VW )XW ) ��� ������ ������ ! ���� ����|

ϕ

��M -~F

�

�

O

A

B

C

vh98u c>
OC

>
OA

u9Rhg6 Rg89l?9cn l67 dp?6e
90◦

: �
h6�g9

C
8ARl6?6u9cA eARRA

m1

: C ARRA s>?>c78A M
m2

:
= Rh98u cw

OA
l8>?6u9c e6e9ch

M
: r A ~ A8c>8

A
79fo

Rh@d9h R>?A
F

:
OA = OC = AB = a

: v6RhA@>hm d8A@c9c>9
7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>cihm
ϕ

:

T0U 0.0 VW )XX) � [�Z ]�� �^ ]�� _ `�� ]���

ϕ
�-M

-~F

� �
D

C

O

A

B

= Rh98u cw
AB ~ A8c>8c6p6 e9qAc>keA l8>?6u9c e6e9ch

M
I g ~ A8c>8d

A B p68>k6chA?mcAi R>?A
F

: C ARRA s>?>co
78A

m1

I j8dRgA M
m2 � AO = AB = 2a

I
AC = CD = a

:
v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw
g6687>cAhd l8>cihm

ϕ
:



T0U 0.0 VW )Xx )  �� ����� _^�� ¡^ ]`���a

�
	

�
M

1

2

α

-~F

x-

b>?>c78 8A7>dR6e
R

gARA9hRi @98h>gA?mc6p6 ~ h6gA eARRn
m1

> l8>ken I Rg6?mkit 9f l6 p68>k6chA?mc6f l?6Rg6Rh> :
C ARRA s>?>c78A

m2

: = l8>ke9 l8>?6u9cA p68>k6chA?mcAi
R>?A

F
I g s>?>c78d M e6e9ch

M
: ¢ h6g 7@>u9hRi @ cAo

l8A@?iwt>q j9k R6l86h>@?9c>i : 586RgA?mkn@Ac>9 @ h6�o
gAq g6chAghA s>?>c78A 6hRdhRh@d9h: v6RhA@>hm d8A@c9c>9
7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>cihm
Re9t 9c>9 l8>ken

x
:

T0U 0.0 VW )XV ) � ]��Z ]��[�� £ ��^�� _ `�� ]��a

A

B

�~F

��
M

1
2ϕ

r A h9?9u g9 kAg89l?9c 7>Rg 8A7>dR6e
R

I gARAwt>fRi ed¤o
hn

B
: C d¤hA Rg6?mk>h l6 @98h>gA?mc6f Rh6fg9 I dRhAc6@o

?9cc6f cA h9?9u g9 : r A 7>Rg 79fRh@d9h e6e9ch
M

I g h9?9u o
g9 l8>?6u9cA p68>k6chA?mcAi R>?A

F
: } ?>cA g8>@6~ >lA

AB
8A@cA

a
: C ARRA g8>@6~ >lA 8A@cA

m1

I eARRA 7>RgA M
m2

: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9co
cdw g6687>cAhd l8>cihm dp6? l6@686hA g8>@6~ >lA

ϕ
:

T0U 0.0 VW )X� ) � �¥��]� {�z� ]� {^ ][�]]��a

ϕ

��
?

�~F

-~P

M

C

D

A

B
O

r

2

1

C 9qAc>ke R6Rh6>h >k h89q ~ A8c>8c6 R697>c9ccnq Rh98u o
c9f I l6?kdcA > s>?>c78A 8A7>dR6e

r
: b>?>c78 gAh>hRi l6

@98h>gA?mc6f l?6Rg6Rh> I l6?kdc Rg6?mk>h p68>k6chA?mc6 �
OA = AB = a

I
CD = OD = b

: = ~ A8c>8d
A

> g l6?kdcd
l8>?6u9cn p68>k6chA?mcn9 R>?n ~F

>
P

I g s>?>c78d M
e6e9ch

M
: C ARRA g8>@6~ >lA

OA
8A@cA

m1

I Rh98u ci
DCM

m2

: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jo
t 9ccdw g6687>cAhd l8>cihm dp6? l6@686hA g8>@6~ >lA

ϕ
:

T0U 0.0 VW )X� ) Y�`� ������ �� y �� z�� ¦

2

1

ϕ

�


-

�

-M2

M1A

C

B

6~F

r9@9R6enf dp6?mc>g
ABC

I gARA9hRi @ h6�g9
B

p?A7g6f l6o
@98qc6Rh> l68~ ci I Rg6?mkit 9p6 @ @98h>gA?mcnq cAl8A@o
?iwt>q :

AB ⊥ BC
I
AB = a

I
BC = b

: } >Rg> 8A7>dRAe>
r

~ A8c>8c6 kAg89l?9cn @ h6�gAq
A

>
C

: �7>c 7>Rg gAh>hRi
l6 p68>k6chA?mc6f l6@98qc6Rh> I 78dp6f M l6 @98h>gA?mo
c6f : = 7>RgAe l8>?6u9cn e6e9chn

M1

>
M2

I g l68~ cw
M @98h>gA?mcAi R>?A

F
: C ARRA 67c6p6 7>RgA

m1

I eARRA
l68~ ci M

m2

: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en :
FA 6j6jt 9ccdw g6687>cAhd l8>cihm dp6? l6@686hA dp6?mo
c>gA

ϕ
:

T0U 0.0 VW )X� ) § ]� �� �]� �]� `]� ¨]���z�]��a

α

β

x-

-~F

�
?

A

B

M

1

2

58>keA
A

Rg6?mk>h l6 p68>k6chA?mc6f l?6Rg6Rh> I l8>keA
B

M l6 @98h>gA?mc6f : b>?>c78 8A7>dR6e
r

I kAuAhnf l8>ko
eAe> I gAh>hRi j9k l86RgA?mkn@Ac>i l6 >q p8Acie : C ARRA
s>?>c78A 8A@cA

m1

I l8>ken
B

M
m2

: = 7>Rgd l8>?6u9c
e6e9ch

M
I g l8>ke9

A
M R>?A

F
: v6RhA@>hm d8A@c9c>9

7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>cihm
Re9t 9c>9 l8>ken

x
:



T0U 0.0 VW )X�) � ��� © ������

ϕ
A

B

C

D

�-
- ~F

M �

�
C 9qAc>ke R6Rh6>h >k Rh98u ci

AC
eARR6f

m1

I s>?>c78A >
g8>@6~ >lA

BD
eARR6f

m2

: b>?>c78 gAh>hRi l6 p68>k6co
hA?mc6f l?6Rg6Rh> : r A Rh98u9cm 79fRh@d9h p68>k6chA?mo
cAi R>?A

F
I cA g8>@6~ >l M e6e9ch

M � AB = BC = BD =
a

: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9co
cdw g6687>cAhd l8>cihm

ϕ
:

T0U 0.0 VW )X� ) � ���� �� � ]��� ¡^ ]`���a

?

~F

?
~P

ϕ

12

K
r

A
B

C

= g6csd Rh98u ci 7?>c6f
2L

> eARR6f
m1

u9Rhg6 l8>g89lo
?9c l6?ds>?>c78 8A7>dR6e

r
I eARR6f g6h686p6 l89c9j89�m :

} @>u9c>9 Rh98u ci I kAg89l?9cc6p6 ~ A8c>86e
B

@ s9ch89
eARRn cA p8dk9 I l8>@67>h g l989e9t 9c>w j8dRgA I p?A7g6f
Rh686c6f l8>uAh6p6 g @98h>gA C ARRA p8dkA M

m2

: = A�9o
c>9 l6?ds>?>c78A l6 j8dRgd l86>Rq67>h j9k R6l86h>@?9o
c>i > l86RgA?mkn@Ac>i : v6RhA@>hm d8A@c9c>9 7@>u9c>i
R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>cihm dp6? l6@6o
86hA Rh98u ci

ϕ
:

T0U 0.0 VW )X� )

y61

2

M

�
?

r>hm I cA@>hAi cA @cdh89cc>f Q8A7>dR
r

S > @c9~ c>f Q8Ao
7>dR

R
S 6j67n c9@9R6e6p6 j?6gA I 6p>jA9h s>?>c78 R l6o

7@>u c6f 6Rmw : C ARRA s>?>c78A
m1

I 8A7>dR
(R+ r)/2

I c>o
h> @98h>gA?mcn9 : = R@6j67c6ed g6csd c>h> l67@9~ 9c p8dk
eARR6f

m2

: C 6e9ch
M

l8>?6u9c g j?6gd: v6RhA@>hm d8A@o
c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>o
cihm @nR6hd p8dkA

y
:

T0U 0.0 VW )xW )

1

ϕ
B

A

C

2

�~F�-
M

b>?>c78n 67>cAg6@6p6 8A7>dRA
R

I 8ARl6?6u9ccn9 l6 g6co
sAe g8>@6~ >lA

AB
7?>c6f

a
I 6p>jA9h c>hm : = c>h> l67@9o

~ 9c p8dk eARR6f
m1

: b>?>c78
B

gAh>hRi l6 l6@98qc6Rh>
p68>k6chA?mc6p6 l68~ ci I s>?>c78

A
@8At A9hRi cA c9l6o

7@>u c6e ~ A8c>89 : C ARRA l68~ ci 8A@cA
m2

: = s>?>c78d
A

l8>?6u9c e6e9ch
M

I g l68~ cw M p68>k6chA?mcAi R>?A
F

: v6RhA@>hm d8A@c9c>9 7@>u9c>i R>Rh9en : FA 6j6jt 9co
cdw g6687>cAhd l8>cihm dp6? l6@686hA g8>@6~ >lA

ϕ
:

T0U 0.0 VW )xX)

ϕ�
?

M

-~F

?
~P

1

2

b>?>c78 8A7>dR6e
R

gAh>hRi j9k l86RgA?mkn@Ac>i l6
p68>k6chA?mc6f l?ARh>c9 I 8ARl6?6u9cc6f cA p?A7g6f l6o
@98qc6Rh> I > l6 j6g6@6f p8Ac> ed¤hn I cA79h6f cA p?A7gdw
@98h>gA?mcdw Rh6fgd: r A 6j679 s>?>c78A kAg89l?9cA h6�o
gA eARR6f

m1

: C ARRA ed¤hn
m2

: = l?ARh>c9 l8>?6u9cA
p68>k6chA?mcAi R>?A

F
I g ed¤h9 M @98h>gA?mcAi R>?A

P
I

g s>?>c78d M e6e9ch
M

: v6RhA@>hm d8A@c9c>9 7@>u9c>i
R>Rh9en : FA 6j6jt 9ccdw g6687>cAhd l8>cihm dp6? l6@6o
86hA s>?>c78A

ϕ
:


	Untitled

