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Oz

r±§¬¥I=µ­°© £¬£°¥·=²¦£­°£«I=Et=Z=hFI

O
N

O
ONOON ´´«

O
N

F¦«¥E¦
«

m
«

m

O
´

¥¦
m

O
´

¥¦
m

O
O

O
O

O
N

N
N

O
´

¥¦m
O
´

¥¦m
O
O

OO

O
N

NN

¡­¬±²~¬²
O
´

¥¦m
O

S

A1
A2

v1 v2

Cross sectional area

(26)



s
f
p
f
l
k
=
m
l
f
k
q

f¬=~=±²°£~«Jª§¬£=¤ª­µ=­¤=~¬=§¢£~ª=¤ª³§¢I=²¦£=±³«=­¤=®°£±±³°£=£¬£°¥·=®£°=³¬§²=´­ª³«£I=®­²£¬²§~ª=£¬£°¥·=®£°=³¬§²
´­ª³«£=~¬¢=©§¬£²§¡=£¬£°¥·=®£°=³¬§²=´­ª³«£=§±=~ªµ~·±=¡­¬±²~¬²=~²=~ªª=¡°­±±=±£¡²§­¬±=­¤=²¦£=ª§¯³§¢K

_£°¬­³ªª§ ±=£¯³~²§­¬=§±=´~ª§¢=­¬ª·=¤­°=§¬¡­«®°£±±§ ª£=±²£~¢·=¤ª­µ=­¤=~=¤ª³§¢=µ§²¦=¬­=´§±¡­±§²·K
fªª³±²°~²§­¬=PKt~²£°=¤ª­µ±=§¬=~=¦­°§¸­¬²~ª=²³ £==~±=±¦­µ¬=§¬=¤§¥³°£K=q¦£=®°£±±³°£=­¤=µ~²£°=¡¦~¬¥£±= ·=SMM=kL

«O= £²µ££¬=^=~¬¢=_=µ¦£°£=²¦£=~°£~±=­¤=¡°­±±-±£¡²§­¬=~°£=PM=¡«O=~¬¢=NR=¡«O=°£±®£¡²§´£ª·K
c§¬¢=²¦£=°~²£=­¤=¤ª­µ=­¤=µ~²£°=²¦°­³¥¦=²¦£=²³ £K

p­ª³²§­¬Wm=H¥¦=H
2
1
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_·=_£°¬­³ªª§ ±=£¯³~²§­¬I

O
´

m
O
´

m
O
O

O

O
N

N

rr

­° O
O

O
NON ´´

O
N

mm r EOF

^®®ª·§¬¥=m~±¡~ª ±=ª~µ=§¬=²¦£=²³ £I
mN =mO=Z¥¦ EPF

c°­«=b¯±K=EOF=~¬¢=EPFI=µ£=¦~´£
O
N

O
O ´´O¥¦
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SYSTEM
Any portion of universe, which is,
considered as �separate�, forms a
�system�.

There are three

types of systems

OPEN
If exchange of matter and energy takes
places with the surrounding.

CLOSED
If exchange of energy takes place but no
exchange of matter.

ISOLATED
If no exchange of matter and energy
takes place.

p·±²£«=~¬¢=§²±=±³°°­³¬¢§¬¥±
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E F=q¦£=±~«£=±²°§¬¥=³¬¢£°=²¦£=±~«£=¡­¬¢§²§­¬±=«~·=~ª±­=´§ °~²£=§¬=²µ­=ª­­®±I=±³¡¦=²¦~²=²¦£=¡£¬²°£=§±=~ª±­=²¦£
¬­¢£K

O
Oi O�

O=Z=i

f¤=¤O=§±=²¦£=¤°£¯³£¬¡·=­¤=´§ °~²§­¬±I=²¦£¬=²¦£=´£ª­¡§²·=­¤=²°~¬±´£°±£=µ~´£±==§±=¥§´£¬~±I
´=ZO¤O ===´=Z=i=¤O===­°=¤O=Z=´LiK=K=K=EOF

q¦£=¤°£¯³£¬¡·=¤O=§±=©¬­µ¬=~±=±£¡­¬¢=¦~°«­¬§¡=­°=¤§°±²=­´£°²­¬£K
E¡F=q¦£=±~«£=±²°§¬¥=³¬¢£°=²¦£=±~«£=¡­¬¢§²§­¬±=«~·=~ª±­=´§ °~²£=§¬=²¦°££=±£¥«£¬²±K

O
Pi P�

i
P
O

P�

f¤=¤P=§±=²¦£=¤°£¯³£¬¡·=§¬=²¦§±=«­¢£=­¤=´§ °~²§­¬I=²¦£¬I

´=ZP¤P P¤iP
O

´ ==­°=¤P=Z=P´LOi EPF

q¦£=¤°£¯³£¬¡·=¤P§±=©¬­µ¬=~±=²¦£=²¦§°¢=¦~°«­¬§¡=­°=±£¡­¬¢=­´£°²­¬£K=q¦³±=~=±²°£²¡¦£¢=±²°§¬¥=§¬=~¢¢§²§­¬=²­
²¦£=¤³¬¢~«£¬²~ª=«­¢£I=~ª±­=´§ °~²£±=µ§²¦=¤°£¯³£¬¡§£±=µ¦§¡¦=~°£=§¬²£¥°~ª=«³ª²§®ª£±=­¤=²¦£=¤³¬¢~«£¬²~ª=¤°£¯³£¬¡§£±K
q¦£±£=¤°£¯³£¬¡§£±=~°£=©¬­µ¬=~±=¦~°«­¬§¡±K

(52)



s
f
p
f
l
k
=
m
l
f
k
q

q¦£=´£ª­¡§²·=­¤=²°~¬±´£°±£=µ~´£=§¬=~=±²°£²¡¦£¢=±²°§¬¥=§±=¥§´£¬=~±

�
q

´ µ¦£°£q=Z=²£¬±§­¬=§¬=²¦£=±²°§¬¥K

=Z=ª§¬£~°=¢£¬±§²·=­°=«~±±=®£°=³¬§²=ª£¬¥²¦=­¤=±²°§¬¥K
f¤=²¦£=±²°§¬¥=¤§¶£¢=~²=²µ­=£¬¢±I=´§ °~²£±=§¬=§²±=¤³¬¢~«£¬²~ª=«­¢£I=²¦£¬

´==Z=Oi¤ �
q

Oi
N

¤

==Z=´­ª³«£=­¤=³¬§²=ª£¬¥²¦=¢£¬±§²·

=====Z°O =N=Z
2D

4
=======µ¦£°£=a=Z=¢§~«£²£°=­¤=²¦£=µ§°£I=Z=¢£¬±§²·KK

k­²£=Wc­°=~=¥§´£¬=¤³¬¢~«£¬²~ª=¤°£¯³£¬¡·=¤I=O¤=§±=¡~ªª£¢=³®®£°=­¡²~´£=­¤=¤=~¬¢=¤LO=§±=¡~ªª£¢=²¦£=ª­µ£°=­¡²~´£=­¤=¤K
p²~²§­¬~°·=µ~´£±=§¬=~§°=¡­ª³«¬

l®£¬=®§®£Wf¤= ­²¦=£¬¢±=­¤=~=®§®£=~°£=­®£¬=~¬¢=~=±·±²£«=­¤=~§°=§±=¢§°£¡²£¢=~¥~§¬±²=~¬=£¢¥£I=±²~¬¢§¬¥=ª­¬¥§²³¢§¬~ª
µ~´£±=¡~¬= £=±£²=³®=§¬=²¦£=²³ £K=q¦£=­®£¬=£¬¢=§±=~=¢§±®ª~¡£«£¬²=~¬²§¬­¢£

(c)(b)(a)

L N

N

A

N

N

N

N

A

A

A

A

A

A

A

A

3

2

3

2

3

4

3

4

2

4

2

2

2

4

1

2

E~F c­°=¤³¬¢~«£¬²~ª=«­¢£=­¤=´§ °~²§­¬±I

i=Z1
2 N=Z=Oi

´=ZN¤N ==´=Z=Oi¤N ENF
E F c­°=²¦£=±£¡­¬¢=¦~°«­¬§¡=­°=¤§°±²=­´£°²­¬£I

i=ZO ­° O=Z=i
´=ZO¤O =´=Z=i¤O EOF

E¡F c­°=²¦£=²¦§°¢=¦~°«­¬§¡=­°=±£¡­¬¢=­´£°²­¬£I

i=Z=P3
2 P=Z

2 L
3

´=ZP¤P ==´=Z
2 L
3
¤P

c°­«=ENF=I=EOF=~¬¢=EPF=µ£=¥£²=I=¤N=W=¤O=W=¤P=W=KKKKKKKKK=Z=N=W=O=W=P=W=KKKKKKKKKKKKKKK
§K£K=¤­°=~=¡·ª§¬¢°§¡~ª=²³ £I=­®£¬=~²= ­²¦=£¬¢±I=²¦£=¦~°«­¬§¡±=£¶¡§²~ ª£=§¬=²¦£=²³ £=~°£=~ªª=§¬²£¥°~ª=«³ª²§®ª£±=­¤

§²±=¤³¬¢~«£¬²~ªK

(53)



s
f
p
f
l
k
=
m
l
f
k
q

f¬=²¦£=¥£¬£°~ª=¡~±£I=Z
2L
n
µ¦£°£==¬=Z=NIO=KKKKKK

c°£¯³£¬¡·
Oi
¬´´

�
µ¦£°£¬=Z=NI=OKKKKKKKKKKKKK

`ª­±£¢=®§®£Wf¤=­¬£=£¬¢=­¤=~=®§®£=§±=¡ª­±£¢=²¦£=°£¤ª£¡²£¢=µ~´£=§±=NUM=­³²=­¤=®¦~±£=µ§²¦=²¦£=§¬¡­«§¬¥=µ~´£K
q¦³±=²¦£=¢§±®ª~¡£«£¬²=­¤=²¦£=±«~ªª=´­ª³«£=£ª£«£¬²±=~²=²¦£=¡ª­±£¢=£¬¢=«³±²=~ªµ~·±= £=¸£°­K=e£¬¡£=²¦£=¡ª­±£¢=£¬¢
«³±²= £=~=¢§±®ª~¡£«£¬²=¬­¢£K

(c)(b)(a)

L

N

N

N

N

N

A

A

AAA

3

2

3

2

3

4

2

2

2

4

4
1

N

A

E~F q¦§±=°£®°£±£¬²±=²¦£=¤³¬¢~«£¬²~ª=«­¢£=­¤=´§ °~²§­¬K

Q
i N�

N=Z=Qi

f¤=¤N=§±=²¦£=¤³¬¢~«£¬²~ª=¤°£¯³£¬¡·I=²¦£¬=²¦£=´£ª­¡§²·=­¤=±­³¬¢=µ~´£±=§±=¥§´£¬=~±I
´=ZN¤N ´=Z=Qi¤N K=K=K=ENF

E F q¦§±=§±=²¦£=²¦§°¢=¦~°«­¬§¡=­°=¤§°±²=­´£°²­¬£K

Q
Pi O�

i
P
Q

O�

´=ZO¤ëO O¤iP
Q

´ K=K=K=EOF

E¡F q¦§±=§±=²¦£=¤§¤²¦=¦~°«­¬§¡=­°=±£¡­¬¢=­´£°²­¬£K

Q
Ri P�

i
R
Q

P�

´=ZP¤P P¤iR
Q

´ K=K=K=EPF

c°­«=ENF=I=EOF=~¬¢=EPF=µ£=¥£²I¤N=W=¤O=W=¤P=W=KKKKKKK=Z=N=W=P=W=R=W=KKKKKKK

f¬=²¦£=¥£¬£°~ª=¡~±£I
NFEO¬

Ql� µ¦£°£==¬=Z=MI=NI=OI=KKKKKKK

s£ª­¡§²·=­¤=±­³¬¢=Z=´

c°£¯³£¬¡·
Qi
NF´EO¬

µ¦£°£¬=Z=MI=NI=OKKKKKKK

(54)



s
f
p
f
l
k
=
m
l
f
k
q

_£~²±W=t¦£¬=²µ­=§¬²£°¤£°§¬¥=µ~´£±=¦~´£=±ª§¥¦²ª·=¢§¤¤£°£¬²=¤°£¯³£¬¡§£±=²¦£=°£±³ª²~¬²=¢§±²³° ~¬¡£=~²=~¬·=®­§¬²
¢³£=²­=²¦£=±³®£°®­±§²§­¬=®£°§­¢§¡~ªª·=¤ª³¡²³~²£±=¡~³±§¬¥=µ~¶§¬¥=~¬¢=µ~¬§¬¥=§¬=²¦£=°£±³ª²~¬²=§¬²£¬±§²·K=q¦£=µ~¶§¬¥
~¬¢=µ~¬§¬¥=§¬=²¦£=°£±³ª²~¬²=§¬²£¬±§²·=­¤=²µ­=±³®£°®­±£¢=µ~´£±=­¤=±ª§¥¦²ª·=¢§¤¤£°£¬²=¤°£¯³£¬¡·=~°£=©¬­µ¬=~±= £~²±K
i£²=²¦£=¢§±®ª~¡£«£¬²=®°­¢³¡£¢=~²=~=®­§¬²= ·=­¬£=µ~´£= £

·N=Z=^=±§¬=EO¤N²=NF
~¬¢=²¦£=¢§±®ª~¡£«£¬²=®°­¢³¡£¢=~²=²¦£=®­§¬²=®°­¢³¡£¢= ·=²¦£=­²¦£°=µ~´£=­¤=£¯³~ª=~«®ª§²³¢£=~±

·O=Z=^=±§¬=EO¤O²=OF
_·=²¦£=®°§¬¡§®ª£=­¤=±³®£°®­±§²§­¬I=²¦£=°£±³ª²~¬²=¢§±®ª~¡£«£¬²=§±

·=Z=·N=H·O==Z=^=±§¬=EO¤N²=NF=H=^=±§¬=EO¤O²=OF

²
O
¤¤

¡­±O
O

²
O
¤¤

O±§¬O^· ONONON ��
ff

O
²

O
¤¤

O±§¬o· ONON ff
�

t¦£°£I ²
O
¤¤ ON¡­±OO^o �

q¦£=²§«£=¤­°=­¬£= £~²=§±=²¦£=²§«£= £²µ££¬=¡­¬±£¡³²§´£=«~¶§«~=­°=«§¬§«~K
c§°±²=«~¶§«~=µ­³ª¢=­¡¡³°=µ¦£¬

N²
O
¤¤ ON¡­±O�

q¦£¬ M²
O
¤¤ ONO� =²=Z=M

c­°=±£¡­¬¢=«~¶§«~=µ­³ª¢=­¡¡³°=µ¦£¬

N²
O
¤¤ ON¡­±O�

q¦£¬ �� ²
O
¤¤ ONO

­°
ON ¤¤

²
1

q¦£=²§«£=¤­°=­¬£= £~²
ONON ¤¤
N

M
¤¤
N

p§«§ª~°ª·=§²=«~·=~ª±­= £=±¦­µ¬=²¦~²=²§«£= £²µ££¬=²µ­=¡­¬±£¡³²§´£=«§¬§«~=§±
ON ¤¤
N
K=e£¬¡£=¤°£¯³£¬¡·=­¤

 £~²=§K£K=¬³« £°=­¤= £~²±=§¬=­¬£=±£¡­¬¢
_£~²=¤°£¯³£¬¡·==Z=¤N¼=¤O

(55)



s
f
p
f
l
k
=
m
l
f
k
q

a­®®ª£°=b¤¤£¡²
q¦£=~®®~°£¬²=±¦§¤²=§¬=¤°£¯³£¬¡·=­¤=²¦£=µ~´£=«­²§­¬=µ¦£¬=²¦£=±­³°¡£=­¤=±­³¬¢=­°=ª§¥¦²=«­´£±=µ§²¦=°£±®£¡²=²­

²¦£=­ ±£°´£°I=§±=¡~ªª£¢=a­®®ª£°=b¤¤£¡²K
`~ª¡³ª~²§­¬=­¤=~®®~°£¬²=¤°£¯³£¬¡·

p³®®­±£=´=§±=²¦£=´£ª­¡§²·=­¤=±­³¬¢=§¬=~§°I=´±=§±=²¦£=´£ª­¡§²·=­¤=²¦£=±­³°¡£=­¤=±­³¬¢E±FI=´­=§±=²¦£=´£ª­¡§²·=­¤=²¦£
­ ±£°´£°=ElFI=~¬¢=¤=§±=²¦£=¤°£¯³£¬¡·=­¤=²¦£=±­³°¡£K

E§F=p­³°¡£=«­´£±=²­µ~°¢±=±²~²§­¬~°·=­ ±£°´£°K
f¤=²¦£=±­³°¡£=µ£°£=±²~²§­¬~°·=²¦£=¤=µ~´£±=±£¬²=­³²=§¬=­¬£=±£¡­¬¢=²­µ~°¢±=²¦£=­ ±£°´£°=l=µ­³ª¢=­¡¡³®·=~

¢§±²~¬¡£=´I=~¬¢=²¦£=µ~´£ª£¬¥²¦=µ­³ª¢= £=´L¤K==f¤=p=«­´£±=µ§²¦=~=´£ª­¡§²·=´±=²­µ~°¢±=lI=²¦£=¤=µ~´£±=±£¬²=­³²=­¡¡³®·
~=¢§±²~¬¡£=E´=J=´±F= £¡~³±£=p=¦~±=«­´£¢=~=¢§±²~¬¡£=´±==²­µ~°¢±=l=§¬=N±K=p­=²¦£=~®®~°£¬²=µ~´£ª£¬¥²¦=µ­³ª¢= £

¤

´´
D ±�

q¦³±I=~®®~°£¬²=¤°£¯³£¬¡·
l°£~¡¦§¬¥µ~´£­¤t~´£ª£¬¥²¦
l²­°£ª~²§´£±­³¬¢­¤s£ª­¡§²·

¤D

±́´
´

¤
ЊD
s

¤D

E§§F=p­³°¡£=«­´£±=~µ~·=¤°­«=±²~²§­¬~°·=­ ±£°´£°K
k­µI==~®®~°£¬²=µ~´£ª£¬¥²¦

=Z
f
vv s

^®®~°£¬²=¤°£¯³£¬¡·
¤=Z=´L

­° ¤=Z=¤
E§§§F=l ±£°´£°=«­´£±=²­µ~°¢±=±²~²§­¬~°·=±­³°¡£K

l°£~¡¦§¬¥µ~´£­¤t~´£ª£¬¥²¦
l²­°£ª~²§´£±­³¬¢­¤s£ª­¡§²·

¤D

¦£°£I ´£ª­¡§²·=­¤=±­³¬¢=°£ª~²§´£=²­=l=Z=´=H=´l

~¬¢ µ~´£ª£¬¥²¦=­¤=µ~´£±=°£~¡¦§¬¥=l=Z=´L¤

´
´´

¤
´L¤
´´

¤D MM

E§´F=l ±£°´£°=«­´£±=~µ~·=¤°­«=²¦£=±²~²§­¬~°·=±­³°¡£K

´

´´
¤

´L¤

´´
¤D MM

E´F=p­³°¡£=~¬¢=­ ±£°´£°= ­²¦=«­´£±=²­µ~°¢=£~¡¦=­²¦£°K

±

M

±

M

´´
´´

¤

¤
´´
´´

¤D

(56)



s
f
p
f
l
k
=
m
l
f
k
q

E´§F=_­²¦=«­´£±=~µ~·=¤°­«=£~¡¦=­²¦£°K

±

M

´´

´´
¤¤D

E´§§F=p­³°¡£=«­´£±=²­µ~°¢±=­ ±£°´£°= ³²=­ ±£°´£°=«­´£±=~µ~·=¤°­«=±­³°¡£

±

M

´´

´´
¤D¤

E´§§§F=p­³°¡£=«­´£±=~µ~·=¤°­«=­ ±£°´£°= ³²=­ ±£°´£°=«­´£±=²­µ~°¢±=±­³°¡£

±

M

´´

´´
¤D¤

k­²£=W=q¦£=´£ª­¡§²§£±=~°£=µ§²¦=°£±®£¡²=²­=²¦£=«£¢§³«K
fªª³±²°~²§­¬=PKq¦£=±§°£¬=­¤=~=®­ª§¡£=¡~¬=£«§²=~=®³°£=¬­²£=~²=~=¤°£¯³£¬¡·=­¤=NNOR=e¸K==c§¬¢=²¦£=¤°£¯³£¬¡·=²¦~²

­¬£=¡~¬=®£°¡£§´£=§¬=²¦£=´£¦§¡ª£=³¬¢£°=²¦£=¤­ªª­µ§¬¥=¡§°¡³«±²~¬¡£±
E~F=­¬£ ±=¡~°=§±=~²=°£±²X=®­ª§¡£=¡~°=«­´§¬¥=²­µ~°¢±=ª§±²£¬£°=~²=OV=«L±K
E F=m­ª§¡£=¡~°=~²=°£±²I=ª§±²£¬£° ±=¡~°=§±=«­´§¬¥=²­µ~°¢±=®­ª§¡£=~²=OV=«L±K
E¡F=_­²¦=®­ª§¡£=~¬¢=²¦£=ª§±²£¬£° ±=~°£=«­´§¬¥=²­µ~°¢±=£~¡¦=­²¦£°=~²=NQKR=«L±K
E¢F=i§±²£¬£° ±=¡~°=«­´§¬¥=~²=V=«L±=µ¦§²£=®­ª§¡£=¡~°=§±=¡¦~±§¬¥=µ§²¦=~=±®££¢=­¤=PU=«L±K

p­ª³²§­¬WE~F e£°£I=´M=Z=M=«L±I==´±=Z=OV=«L±

NOOVe¸
OVPQP

PQP
NNOR

´´

´
¤¤D

±

E F ±́=Z=M=«L±IḾ=Z=OV=«L±
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­° _¢
¢²
¢¯

_
¢²
¢

¢¯c¢ l
l

F_fE¢c¢ l

cibjfkd p=ibcqJe^ka=orib

f¬=²¦£=±®£¡§~ª=¡~±£=­¤=±²°~§¥¦²=µ§°£=­¤=ª£¬¥²¦§¬=~=³¬§¤­°«=«~¥¬£²§¡=¤§£ª¢=_IF_fEc l

q¦£=¢§°£¡²§­¬=­¤=²¦£=¤­°¡£F_fEc l =§±=¥§´£¬= ·=²¦£=cª£«§¬¥ ±=ª£¤²=¦~¬¢=°³ª£K

`ª­±£=·­³°=ª£¤²=¤§±²=~¬¢=²¦£¬=±¦­­²=·­³°=§¬¢£¶=¤§¬¥£°=§¬=²¦£=¢§°£¡²§­¬=­¤=²¦£=«~¥¬£²§¡=¤§£ª¢K=o£ª~¶=·­³°=«§¢¢ª£
¤§¬¥£°=§¬=²¦£=¢§°£¡²§­¬=­¤=²¦£=¡³°°£¬²K=q¦£=¤­°¡£=­¬=²¦£=¡­¬¢³¡²­°=§±=±¦­µ¬= ·=²¦£=¢§°£¡²§­¬=­¤=²¦£=£°£¡²=²¦³« K
c­°¡£= £²µ££¬=²µ­=§¬¤§¬§²£=®~°~ªª£ª=¡³°°£¬²=¡~°°·§¬¥=µ§°£±K

i£²=²µ­=§¬¤§¬§²£=®~°~ªª£ª=µ§°£±=¡~°°·§¬¥=¡³°°£¬²±=fN=~¬¢=fO= £=±£®~°~²£¢= ·=~=¢§±²~¬¡£=°K
f¤=µ£=²~©£=~¬=~° §²°~°·=®­§¬²K= m =­¬=²¦£=±£¡­¬¢=µ§°£I=²¦£=~¬¥ª£=~¬¢=±³ ²£¬¢£¢= ·=²¦£=­²¦£°=µ§°£=~°£W

=Z=M=~¬¢=Z=MK

°O
f

Mz¡­±Mx¡­±
°Q
f

_ NMNM
ON �

�
�

�

NOON _fc l

P

I2

I1

(98)



s
f
p
f
l
k
=
m
l
f
k
q

°O
ff NMOO

�
�l

°O
ffc ONM

O

ON

�
�

l ~¬¢= ·=±·««£²°·°O
ffc ONM

N

NO

�
�

l

c­°¡£=®£°=³¬§²=ª£¬¥²¦=Z
°O
ffONM

�
�

k­²£=²¦~²=µ§°£±=¡~°°·§¬¥=¡³°°£¬²=§¬=²¦£=±~«£=¢§°£¡²§­¬=~²²°~¡²=£~¡¦=­²¦£°K
f¤=fN=Z=fO=Z=N=~«®X=°=Z=N=«

q¦£¬I kL«NMONNONM
°
ffO

Q
c TTONM

�
�

q¦³±I=­¬£=~«®£°£=§±=²¦~²=«³¡¦=¡³°°£¬²=µ¦§¡¦=µ¦£¬=¤ª­µ§¬¥=²¦°­³¥¦=£~¡¦=­¤=²¦£=²µ­=®~°~ªª£ª=³¬§¤­°«=ª­¬¥
ª§¬£~°=¡­¬¢³¡²­°±=®ª~¡£¢=§¬=¤°££=±®~¡£=~²=~=¢§±²~¬¡£=­¤=­¬£=«£²£°=¤°­«=£~¡¦=­²¦£°=µ§ªª=~²²°~¡²=­°=°£®£ª=£~¡¦=­²¦£°
µ§²¦=~=¤­°¡£=­¤=O=NMT=kL«=­¤=²¦£§°=ª£¬¥²¦±K
q­°¯³£=­¬=~=¡³°°£¬²=¡~°°·§¬¥=®ª~¬£°=ª­­®=§¬=~=³¬§¤­°«=«~¥¬£²§¡=¤§£ª¢
`~±£=fW

t¦£¬=®ª~¬£=­¤=²¦£=ª­­®=§±=®£°®£¬¢§¡³ª~°=²­=«~¥¬£²§¡=¤§£ª¢
i£¬¥²¦=­¤=^_=Z=a`=Z=~¬¢=²¦~²=­¤=_`=Z=^a=Z= 
c­°¡£±=£¶®£°§£¬¡£¢= ·=~ªª=²¦£=±§¢£±=~°£=±¦­µ¬=§¬=²¦£=¤§¥³°£K
c­°¡£±=­¬=^_=~¬¢=a`=~°£=£¯³~ª=~¬¢=­®®­±§²£=²­=²¦£=£~¡¦=­²¦£°=±~«£=§±=²¦£

¡~±£=µ§²¦=_`=~¬¢=^aK
c=Z=M

p§¬¡£=²¦£=ª§¬£=­¤=~¡²§­¬=­¤=²¦£=¤­°¡£±=­¬=^_=~¬¢=a`=§±=±~«£=~¬¢=~ª±­=²¦£=ª§¬£=­¤=~¡²§­¬=­¤=²¦£=¤­°¡£±=_`=~¬¢=^a
§±=±~«£I=²¦£°£¤­°£I=²­°¯³£=§±=¸£°­K
`~±£=ffW

t¦£¬=²¦£=®ª~¬£=­¤=²¦£=ª­­®=§±=§¬¡ª§¬£¢=²­=²¦£=«~¥¬£²§¡=¤§£ª¢K
f¬=²¦§±=¡~±£=~¥~§¬c=Z=M
i§¬£±=­¤=~¡²§­¬=­¤=²¦£=¤­°¡£±=­¬=^_=~¬¢=a`=~°£=¢§¤¤£°£¬²I=²¦£°£¤­°£I=²¦§±=¤­°«±=~=¡­³®ª£=~¬¢=®°­¢³¡£±=~

²­°¯³£K=p§¢£=´§£µ=­¤=²¦£=ª­­®=§±=±¦­µ¬=§¬=²¦£=¤§¥³°£K
q­°¯³£=Z==_lª=E ±§¬F=Z=_fEª F±§¬=Z=_f^±§¬K
f¤=ª­­®=¦~±=k=²³°¬±I=²¦£¬=Z=_kf^=±§¬

f¬=´£¡²­°=¤­°«IBIµ¦£°£NIA

b¬£°¥·=¬££¢£¢=²­=°­²~²£=²¦£=ª­­®=²¦°­³¥¦=~¬=~¬¥ª£=¢=§±
¢r=Z¢

O

O

O

N

¢±§¬Ћ_¢¢rr

�

�

�

�

����

r=Z_E¡­±N =¡­±OFI
§¤=µ£=¡¦­­±£N=±³¡¦=²¦~²=~²=ZNI=rN=Z=M

q¦§±=§±=²¦£=£¬£°¥·=±²­°£¢=§¬=²¦£=ª­­®I_Kr «�

BIb

BIl

´

D C

BA

BIb

BIl

BIl

BIb BIb

BIl

CD
B

BA

F=BIl

q

q

bsinq

F=BIl

B

(99)



s
f
p
f
l
k
=
m
l
f
k
q

qeb=j^dkbqfpj=lc=b^oqe
b~°²¦=§±=~=¦³¥£=«~¥¬£²X=¤­°=®­§¬²±=¬£~°=£~°²¦ ±=±³°¤~¡£I=§²±=«~¥¬£²§¡=¤§£ª¢=¡~¬= £=~®®°­¶§«~²£¢=~±=²¦£=¤§£ª¢=­¤

~=¦³¥£= ~°=«~¥¬£²= ~=«~¥¬£²§¡=¢§®­ª£=²¦~²=±²°~¢¢ª£±=²¦£=¡£¬²°£=­¤=²¦£
®ª~¬£²K==q¦£=¤§¥³°£=±¦­µ¬=§±=~¬=§¢£~ª§¸£¢=±·««£²°§¡=¢£®§¡²§­¬=­¤=²¦£
¢§®­ª£=¤§£ª¢I=µ§²¦­³²=²¦£=¢§±²­°²§­¬=¡~³±£¢= ·=®~±±§¬¥=¡¦~°¥£¢=®~°²§¡ª£±
¤°­«=²¦£=±³¬K

_£¡~³±£=£~°²¦ ±=«~¥¬£²§¡=¤§£ª¢=§±=²¦~²=­¤=~=«~¥¬£²§¡=¢§®­ª£I=~

«~¥¬£²§¡=¢§®­ª£=«­«£¬²=§±=~±±­¡§~²£¢=µ§²¦=²¦£=¤§£ª¢K==c­°=²¦£

§¢£~ª§¸£¢=¤§£ª¢I=²¦£=«~¥¬§²³¢£=­¤=§±=U=NMOO=gLq=~¬¢=²¦£=¢§°£¡²§­¬=­¤

=«~©£±=~¬=~¬¥ª£=­¤=NNKR=µ§²¦=²¦£=°­²~²§­¬=~¶§±=EooF=­¤=²¦£=£~°²¦K

q¦£=¢§®­ª£=~¶§±=jj=ª§£±=~ª­¬¥=~¬¢=§¬²£°±£¡²±=£~°²¦ ±=±³°¤~¡£=~²=²¦£
¥£­«£²°§¡=¬­°²¦=®­ª£=§¬=¬­°²¦=µ£±²=d°££¬ª~¬¢=~¬¢=²¦£=¥£­«£²°§¡=±­³²¦

®­ª£=§¬=^¬²~°¡²§¡~K==q¦£=ª§¬£±=­¤=²¦£=«~¥¬£²§¡=¤§£ª¢B=¥£¬£°~ªª·=£«£°¥£±±
§¬=²¦£=±­³²¦£°¬=¦£«§±®¦£°£I=~¬¢=°££¬²£°=£~°²¦=§¬=²¦£=¬­°²¦£¬=¦£«§±®¦£°£K

q¦£=¢§°£¡²§­¬=­¤=²¦£=«~¥¬£²§¡=¤§£ª¢=~²=~¬·=ª­¡~²§­¬=­¬=£~°²¦ ±=±³°¤~¡£=§±=¡­««­¬ª·=±®£¡§¤§£¢=§¬=²£°«±=­¤=²µ­
~¬¥ª£±K==q¦£=¤§£ª¢=¢£¡ª§¬~²§­¬=§±=²¦£=~¬¥ª£=Eª£¤²=­°=°§¥¦²F= £²µ££¬=¥£­¥°~®¦§¡=¬­°²¦==Eµ¦§¡¦=§±=²­µ~°¢±=VMª~²§²³¢£F
~¬¢=²¦£=¦­°§¸­¬²~ª=¡­«®­¬£¬²=­¤=²¦£=¤§£ª¢K==q¦£=¤§£ª¢=§¬¡ª§¬~²§­¬=§±=²¦£=~¬¥ª£=E³®=­°=¢­µ¬F= £²µ££¬=~=¦­°§¸­¬²~ª
®ª~¬£=~¬¢=²¦£=¤§£ª¢ ±=¢§°£¡²§­¬K
j~¥¬£²§±«=~¬¢=£ª£¡²°­¬±

j~¥¬£²§¡=«~²£°§~ª±=~°£=«~¥¬£²§¡= £¡~³±£=­¤=²¦£=£ª£¡²°­¬=µ§²¦§¬=²¦£«K=l¬£=µ~·=§¬=µ¦§¡¦=£ª£¡²°­¬±=¡~¬
¥£¬£°~²£=«~¥¬£²§¡=¤§£ª¢=§±=²­=±£¬¢=²¦£«=²¦°­³¥¦=~=µ§°£=~±=~¬=£ª£¡²°§¡=¡³°°£¬²=~¬¢=²¦£§°=«­²§­¬=®°­¢³¡£±=~=«~¥¬£²§¡
¤§£ª¢=~°­³¬¢=²¦£=µ§°£K
p®§¬=«~¥¬£²§¡=¢§®­ª£=«­«£¬²

^¬=£ª£¡²°­¬=¦~±=~¬=§¬²°§¬±§¡=~¬¥³ª~°=«­«£¬²³«=¡~ªª£¢=§²±=±®§¬=~¬¥³ª~°=«­«£¬²³«=­°=¨³±²=±®§¬sX=~±±­¡§~²£¢¢

µ§²¦=²¦£=±®§¬=§±=~¬=§¬²°§¬±§¡=±®§¬=«~¥¬£²§¡=¢§®­ª£=«­«£¬²sKs=~¬¢s=~°£=°£ª~²£¢= ··

±
«
£

±�

µ¦£°£=£=~¬¢=«=~°£=¡¦~°¥£=~¬¢=«~±±=­¤=£ª£¡²°­¬I=°£±®£¡²§´£ª·K==q¦£=«§¬³±=±§¥¬=«£~¬±=²¦~²s=~¬¢s=~°££
­®®­±§²£ª·=¢§°£¡²£¢K

p®§¬s=§±=¢§¤¤£°£¬²=¤°­«=²¦£=~¬¥³ª~°=«­«£¬²³«W

s=§²±£ª¤=¡~¬¬­²= £=«£~±³°£¢K==e­µ£´£°I=§²±=¡­«®­¬£¬²=~ª­¬¥=~¬·=~¶§±=¡~¬= £=«£~±³°£¢K

^=«£~±³°£¢=¡­«®­¬£¬²=­¤s=§±=¯³~¬²§¸£¢I=µ¦§¡¦=§±=~=¥£¬£°~ª=²£°«=²¦~²=«£~¬±=§²=§±=°£±²°§¡²£¢=²­=¡£°²~§¬

´~ª³£±K==^=«£~±³°£¢=¡­«®­¬£¬²=­¤s=¡~¬=¦~´£=­¬ª·=²µ­=´~ª³£±==µ¦§¡¦=¢§¤¤£°=­¬ª·=§¬=±§¥¬K

i£²=³±=~±±³«£=²¦~²=¡­«®­¬£¬²=­¤=±®§¬s§±=«£~±³°£¢=~ª­¬¥=²¦£=¸~¶§±=­¤=~=¡­­°¢§¬~²£=±·±²£«K==q¦£¬I=²¦£=«£~±³°£¢¢

¡­«®­¬£¬²
�O
¦

«p ±¸ ==¤­°
O
N

«±
µ¦£°£=«±=§±=¡~ªª£¢=²¦£=±®§¬=«~¥¬£²§¡=¯³~¬²³«=¬³« £°K

t¦£¬=p=̧§±=®~°~ªª£ª=²­=²¦£=¸~¶§±I=«±=§±O

N
=~¬¢=²¦£=£ª£¡²°­¬=§±=±~§¢=²­= £=±®§¬=³®K==t¦£¬=p=̧§±=~¬²§®~°~ªª£ª=²­=²¦£

¸~¶§±I=«=̧§±
O

N
=~¬¢=²¦£=£ª£¡²°­¬=§±=±~§¢=²­= £=±®§¬=¢­µ¬K

RM

MR

Geographic north pole
Geomagnetic north pole

(100)



s
f
p
f
l
k
=
m
l
f
k
q

t£=¡~¬=°£ª~²£=²¦£=¡­«®­¬£¬²

«Q
£¦

±
«
£
O±I¸ �

�

µ¦£°£=²¦£=®ª³±=~¬¢=«§¬³±=±§¥¬±=¡­°°£±®­¬¢±=²­±I=̧ £§¬¥=®~°~ªª£ª=~¬¢=~¬²§®~°~ªª£ª=²­=²¦£=¸~¶§±I=°£±®£¡²§´£ª·K
q¦§±=¯³~¬²§²·=§±=²£°«£¢=~±=_­¦°=«~¥¬£²­¬

gLqNMVKOT
«Q
£¦ OQ

_ �
�

l° §²~ª=«~¥¬£²§¡=¢§®­ª£=«­«£¬²

t¦£¬=§²=§±=~¬=~²­«I=~¬=£ª£¡²°­¬=¦~±=~¬=~¢¢§²§­¬~ª=~¬¥³ª~°=«­«£¬²³«=¡~ªª£¢=§²±=­° §²~ª=~¬¥³ª~°=«­«£¬²³«orb.L K

^±±­¡§~²£¢=µ§²¦orbtL =§±=~¬=­° §²~ª=«~¥¬£²§¡=¢§®­ª£=«­«£¬²orbtI

orb orb
e L

2m

q¦£=«§¬³±=±§¥¬=«£~¬±=²¦~²orbt==~¬¢orbtL =¦~´£=­®®­±§²£=¢§°£¡²§­¬±K

e£°£I=~¥~§¬
�O
¦

«
¸­° I

i i x¤­°=«i=Z=MI=NIO=K=K=K==K=Eª§«§²Fz

§¬=µ¦§¡¦=«i=§±=¡~ªª£¢=²¦£=­° §²~ª=«~¥¬£²§¡=¯³~¬²³«=¬³« £°=~¬¢=ª§«§²=°£¤£°±=²­=±­«£=ª~°¥£°=~ªª­µ£¢=§¬²£¥£°
´~ª³£=­¤=«iK

t£=¡~¬=µ°§²£=²¦£=¸=¡­«®­¬£¬²­° I̧=­¤=²¦£=­° §²~ª=«~¥¬£²§¡=¢§®­ª£=«­«£¬²=~±«Q
£

«i¸­° I �
�

~¬¢=§¬=²£°«±=­¤=_­¦°=«~¥¬£²­¬=~±­° I=¸=Z=«i_
j~¥¬£²§¡=j~²£°§~ª±

b~¡¦=£ª£¡²°­¬=§¬=~¬=~²­«=¦~±=~¬=­° §²~ª=«~¥¬£²§¡=¢§®­ª£=«­«£¬²=~¬¢=~=±®§¬=«~¥¬£²§¡=¢§®­ª£=«­«£¬²=²¦~²
¡­« §¬£=´£¡²­°§~ªª·K=q¦£=°£±³ª²~¬²=­¤=²¦£±£=²µ­=´£¡²­°=¯³~¬²§²§£±=¡­« §¬£±=´£¡²­°§~ªª·=µ§²¦=±§«§ª~°=°£±³ª²~¬²±=¤­°
~ªª=­²¦£°=£ª£¡²°­¬±=§¬=²¦£=~²­«I=~¬¢=²¦£=°£±³ª²~¬²=¤­°=£~¡¦=~²­«=¡­« §¬£±=µ§²¦=²¦­±£=¤­°=~ªª=²¦£±£=«~¥¬£²§¡=¢§®­ª£
«­«£¬²±=®°­¢³¡£±=~=«~¥¬£²§¡=¤§£ª¢I=²¦£=«~²£°§~ª=§±=«~¥¬£²§¡K==q¦£°£I=~°£=²¦°££=¥£¬£°~ª=²·®£±=­¤=«~¥¬£²§±«=W
¢§~«~¥¬£²§±«X=®~°~«~¥¬£²§±«=~¬¢=¤£°°­«~¥¬£²§±«K
NK m~°~«~¥¬£²§±«=§±=£¶¦§ §²£¢= ·=«~²£°§~ª±=¡­¬²~§¬§¬¥=²°~¬±§²§­¬=£ª£«£¬²±I=°~°£=£~°²¦=£ª£«£¬²±=~¬¢=~¡²§¬§¢£

£ª£«£¬²±K==b~¡¦=~²­«=­¤=±³¡¦=~=«~²£°§~ª=¦~±=~=®£°«~¬£¬²=°£±³ª²~¬²=«~¥¬£²§¡=¢§®­ª£=«­«£¬²I= ³²=²¦£=«­«£¬²±
~°£=°~¬¢­«ª·=­°§£¬²£¢=§¬=²¦£=«~²£°§~ª=~¬¢=«~²£°§~ª=~±=~=µ¦­ª£=ª~¡©±=~=¬£²=«~¥¬£²§¡=¤§£ª¢K==e­µ£´£°I=~¬

£¶²£°¬~ª=«~¥¬£²§¡=¤§£ª¢extB =¡~¬=®~°²§~ªª·=~ª§¥¬=²¦£=~²­«§¡=«~¥¬£²§¡=¢§®­ª£=«­«£¬²±=²­=¥§´£=²¦£=«~²£°§~ª=~

¬£²=«~¥¬£²§¡=¤§£ª¢K==q¦£=~ª§¥¬«£¬²=~¬¢=²¦³±=§²±=¤§£ª¢=¢§±~®®£~°=µ¦£¬extB =§±=°£«­´£¢K==q¦£=²£°«=®~°~«~¥¬£²§¡

«~²£°§~ª=³±³~ªª·=°£¤£°±=²­=«~²£°§~ª±=²¦~²=£¶¦§ §²=®°§«~°§ª·=®~°~«~¥¬£²§±«K
OK f¬=¢§~«~¥¬£²§±«I=µ£~©=«~¥¬£²§¡=¢§®­ª£=«­«£¬²±=~°£=®°­¢³¡£¢=§¬=²¦£=~²­«±=­¤=²¦£=«~²£°§~ª=µ¦£¬=²¦£

«~²£°§~ª=§±=®ª~¡£¢=§¬=~¬=£¶²£°¬~ª=«~¥¬£²§¡=¤§£ª¢extB X=²¦£=¡­« §¬~²§­¬=­¤=~ªª=²¦­±£=§¬¢³¡£¢=¢§®­ª£=«­«£¬²±±

~¬¢=²¦³±=²¦£§°=¬£²=¤§£ª¢=¢§±~®®£~°=µ¦£¬extB =§±=°£«­´£¢K==q¦£=²£°«=¢§~«~¥¬£²§¡=«~²£°§~ª=³±³~ªª·=°£¤£°±=²­­

«~²£°§~ª±=²¦~²=£¶¦§ §²=­¬ª·=¢§~«~¥¬£²§±«K
PK c£°°­«~¥¬£²§±«=§±=~=®°­®£°²·=­¤=§°­¬I=¬§¡©£ª=~¬¢=¡£°²~§¬=­²¦£°=£ª£«£¬²±=E~¬¢=­¤=¡­«®­³¬¢±=~¬¢=~ªª­·±=­¤

²¦£±£=£ª£«£¬²±FK=p­«£=­¤=²¦£=£ª£¡²°­¬±=§¬=²¦£±£=«~²£°§~ª±=¦~´£=²¦£§°=°£±³ª²~¬²=«~¥¬£²§¡=¢§®­ª£=«­«£¬²

~ª§¥¬£¢I=µ¦§¡¦=®°­¢³¡£±=°£¥§­¬±=µ§²¦=±²°­¬¥=«~¥¬£²§¡=¢§®­ª£=«­«£¬²±K==^¬=£¶²£°¬~ª=¤§£ª¢extB =¡~¬=²¦£¬=~ª§¥¬

(101)



s
f
p
f
l
k
=
m
l
f
k
q

²¦£=«~¥¬£²§¡=«­«£¬²±=­¤=±³¡¦=°£¥§­¬±I=®°­¢³¡§¬¥=~=±²°­¬¥=«~¥¬£²§¡=¤§£ª¢=¤­°=~=±~«®ª£=­¤=²¦£=«~²£°§~ªX=²¦£

¤§£ª¢=®~°²§~ªª·=®£°±§±²±=µ¦£¬extB =§±=°£«­´£¢K==q¦£=²£°«=¤£°°­«~¥¬£²§¡=«~²£°§~ª=~¬¢=£´£¬=²¦£=¡­««­¬=²£°«

«~¥¬£²§¡=«~²£°§~ª=§±=³±£¢=²­=°£¤£°=²­=«~²£°§~ª±=²¦~²=£¶¦§ §²=®°§«~°§ª·=¤£°°­«~¥¬£²§±«K
m~°~«~¥¬£²§¡=±³ ±²~¬¡£±W
E§Fq¦£=±³ ±²~¬¡£I=µ¦£¬=®ª~¡£¢=§¬=«~¥¬£²§¡=¤§£ª¢I=~¡¯³§°£±=~=´£°·=¤££ ª£=«~¥¬£²§±~²§­¬=§¬=²¦£=±~«£=±£¬±£=~±=²¦£

~®®ª§£¢=¤§£ª¢K==q¦³±=²¦£=«~¥¬£²§¡=§¬¢³¡²§­¬=§¬±§¢£=²¦£=±³ ±²~¬¡£=§±=±ª§¥¦²ª·=¥°£~²£°=²¦~¬=­³²±§¢£K

N S

E§§Ff¬=~=³¬§¤­°«=«~¥¬£²§¡=¤§£ª¢I=²¦£±£=±³ ±²~¬¡£±=°­²~²£=³¬²§ª=ª­¬¥£±²=~¶§±=~°£=®~°~ªª£ª=²­=²¦£=¤§£ª¢K

N S
F

F

E§§§Ff¬=¬­¬³¬§¤­°«=«~¥¬£²§¡=¤§£ª¢I=²¦£±£=±³ ±²~¬¡£±=~°£=~²²°~¡²£¢=²­µ~°¢±=±²°­¬¥£°=«~¥¬£²§¡=¤§£ª¢K

N
S

F

f¤=~=®~°~«~¥¬£²§¡=ª§¯³§¢=§±=®ª~¡£¢=§¬=~=µ~²¡¦=¥ª~±±=°£±²§¬¥=­¬=²¦£=®­ª£±=­¤=®­µ£°¤³ª=£ª£¡²°­«~¥¬£²±I=²¦£=ª§¯³§¢
§±=¤­³¬¢=²­=«­´£=±­=²¦~²=²¦£=¥£¬£°~ª=¢£®²¦=~²=~=®­§¬²±=­¤=¥°£~²£±²=«~¥¬£²§¡=¤§£ª¢K

N
S

E§´Ff¤=~=®~°~«~¥¬£²§¡=«~²£°§~ª=Eª§¯³§¢F=§±=¤§ªª£¢=§¬=~=¬~°°­µ=r²³ £=~¬¢=­¬£=ª§« =§±=®ª~¡£¢=§¬= £²µ££¬=²¦£=®­ª£
®§£¡£±=­¤=~¬=£ª£¡²°­«~¥¬£²=±³¡¦=²¦~²=²¦£=ª£´£ª=­¤=²¦£=ª§¯³§¢=§±=§¬=ª§¬£=µ§²¦=²¦£=¤§£ª¢I=²¦£¬=²¦£=ª§¯³§¢=µ§ªª=°§±£=~±
²¦£=¤§£ª¢=§±=±µ§²¡¦£¢=­¬K

N S

E´Fq¦£=°£ª~²§´£=®£°«£~ §ª§²·=©=§±=±ª§¥¦²ª·=¥°£~²£°=²¦~¬=­¬£K
E´§Fq¦£=±³±¡£®²§ §ª§²·=¢­£±=¬­²=¡¦~¬¥£=µ§²¦=«~¥¬£²§±§¬¥=¤§£ª¢=~²=~=®~°²§¡³ª~°=²£«®£°~²³°£K==_³²=~±=²£«®£°~²³°£

§¬¡°£~±£±I=¢£¡°£~±£±I=§K£K=§²=´~°§£±=§¬´£°±£ª·=~±=²¦£=~ ±­ª³²£=²£«®£°~²³°£K

(102)



s
f
p
f
l
k
=
m
l
f
k
q

a§~«~¥¬£²§¡=p³ ±²~¬¡£±W
E§Fq¦£±£=±³ ±²~¬¡£±I=µ¦£¬=®ª~¡£¢=§¬=~=«~¥¬£²§¡=¤§£ª¢I=~¡¯³§°£=¤££ ª£=«~¥¬£²§±~²§­¬=§¬=~=¢§°£¡²§­¬=­®®­±§²£=²­

~®®ª§£¢=¤§£ª¢K==q¦³±I=²¦£=ª§¬£±=­¤=§¬¢³¡²§­¬=§¬±§¢£=²¦£=±³ ±²~¬¡£=~°£=±«~ªª£°=²¦~¬=­³²±§¢£=§²K

N S

E§§Ff¬=~=³¬§¤­°«=«~¥¬£²§¡=¤§£ª¢I=²¦£±£=±³ ±²~¬¡£±=°­²~²£=³¬²§ª=²¦£§°=ª­¬¥£±²=~¶£±=~°£=¬­°«~ª=²­=²¦£=¤§£ª¢K

N S

E§§§FI n  a  n o n ³¬§¤­°«=¤§£ª¢I=²¦£±£=±³ ±²~¬¡£±=«­´£=¤°­«=±²°­¬¥£°=²­=µ£~©£°=®~°²±=­¤=²¦£=¤§£ª¢K

SN

f¤=~=¢§~«~¥¬£²§¡=ª§¯³§¢=§±=®ª~¡£¢=§¬=~=µ~²¡¦=¥ª~±±=°£±²§¬¥=­¬=²¦£=®­ª£=­¤=~=®­µ£°¤³ª=£ª£¡²°­«~¥¬£²I=²¦£=ª§¯³§¢
§±=¤­³¬¢=²­=~¡¡³«³ª~²£=­¬=±§¢£±I=µ¦£°£=²¦£=¤§£ª¢=§±=µ£~©£°K

E§´Ff¤=~=¢§~«~¥¬£²§¡=ª§¯³§¢=§±=¤§ªª£¢=§¬=~=¬~°°­µ=r²³ £=~¬¢=­¬£ª§« =§±=®ª~¡£¢= £²µ££¬=²¦£=®­ª£=®§£¡£±=­¤=~
£ª£¡²°­«~¥¬£²I=²¦£=ª£´£ª=­¤=²¦£=ª§¯³§¢=¢£®°£±±£±=~±=~¬¢=µ¦£¬=²¦£=«~¥¬£²§¡=¤§£ª¢=§±=±µ§²¡¦£¢=­¬K

E´Fq¦£=°£ª~²§´£=®£°«£~ §ª§²·=©=§±=±ª§¥¦²ª·=ª£±±=²¦~¬=NK
E´§Fq¦£=±³±¡£®²§ §ª§²·==­¤=±³¡¦=±³ ±²~¬¡£±=§±=~ªµ~·±=¬£¥~²§´£K==f²=§±=¡­¬±²~¬²=~¬¢=¢­£±=¬­²=´~°·=µ§²¦=¤§£ª¢=­°=²¦£

²£«®£°~²³°£K
c£°°­«~¥¬£²§¡=±³ ±²~¬¡£±W
E§Fq¦£±£=±³ ±²~¬¡£±=~°£=±²°­¬¥ª·=«~¥¬£²§±£¢= ·=£´£¬=~=µ£~©=«~¥¬£²§¡=¤§£ª¢K
E§§Fq¦£=°£ª~²§´£=®£°«£~ §ª§²·=§±=´£°·=ª~°¥£=~¬¢=§±=­¤=²¦£=­°¢£°=­¤=²¦­³±~¬¢±=£´£¬K
E§§§Fq¦£=±³±¡£®²§ §ª§²·=§±=®­±§²§´£=~¬¢=´£°·=ª~°¥£K
E§´Fq¦£=§¬²£¬±§²·=­¤=«~¥¬£²§¸~²§­¬=j=§±=®°­®­°²§­¬~ª=²­=²¦£=«~¥¬£²§±§¬¥=¤§£ª¢=§¬²£¬±§²·=e=¤­°=§²±=±«~ªª£°=´~ª³£±I

§¬¡°£~±£±=°~®§¢ª·=¤­°=ª~°¥£°=´~ª³£±=~¬¢=~²²~§¬±=~=¡­¬±²~¬²=´~ª³£=¤­°=ª~°¥£=´~ª³£±=­¤=eK

( -curve)

(M-curve)
(B-curve)

H

B-
(M

) o
r (

x)

E´Fm£°«£~ §ª§²·=~ª±­=´~°§£±=~±=£¶¡£®²=~²=´£°·=¦§¥¦=«~¥¬£²§¡=¤§£ª¢±=µ¦£°£=¢£¡°£~±£±=±ª­µª·=§¬=¡­«®~°§±­¬=²­
K

e·±²£°£±§±=¡³°´£±W

(103)



s
f
p
f
l
k
=
m
l
f
k
q

f¬=²¦£=¤£°°­«~¥¬£²§¡=«~²£°§~ª±I=±²°­¬¥=§¬²£°~¡²§­¬±= £²µ££¬=~²­«§¡=«~¥¬£²§¡=«­«£¬²±=¡~³±£=²¦£«=²­=ª§¬£
³®=®~°~ªª£ª=²­=£~¡¦=­²¦£°=§¬=°£¥§­¬±=¡~ªª£¢=«~¥¬£²§¡=¢­«~§¬±I=£´£¬=µ¦£¬=¬­=£¶²£°¬~ª=¤§£ª¢=§±=®°£±£¬²K

t¦£¬=²¦£°£I=§±=¬­=£¶²£°¬~ªª·=~®®ª§£¢=¤§£ª¢I=²¦£=¢­«~§¬=«~¥¬£²§¸~²§­¬=~°£=°~¬¢­«ª·=­°§£¬²£¢K==^®®ª§¡~²§­¬=­¤

0B I=«~©£±=²¦£=¢­«~§¬=²­=­°§£¬²=²¦£«±£ª´£±=®~°~ªª£ª=²­=²¦£=¤§£ª¢K

^±=²¦£=£¶²£°¬~ª=¤§£ª¢=§±=§¬¡°£~±£¢I=~=®­§¬²=§±=£´£¬²³~ªª·=°£~¡¦£¢=­³²=~²=µ¦§¡¦=¬£~°ª·=~ªª=²¦£=«~¥¬£²§¡=«­«£¬²±
§¬=²¦£=«~²£°§~ª±=~ª§¥¬±=®~°~ªª£ª=²­=²¦£=£¶²£°¬~ª=¤§£ª¢K==q¦§±=¡­¬¢§²§­¬=§±=¡~ªª£¢=²¦£=±~²³°~²§­¬=«~¥¬£²§¸~²§­¬K

c­°=«~¬·=¤£°°­«~¥¬£²§¡=«~²£°§~ª±I=²¦£=°£ª~²§­¬=­¤=«~¥¬£²§¸~²§­¬=²­=£¶²£°¬~ª
«~¥¬£²§¡=¤§£ª¢=§±=¢§¤¤£°£¬²=µ¦£¬=²¦£=£¶²£°¬~ª=¤§£ª¢=§±=§¬¡°£~±§¬¥=¤°­«=µ¦£¬=§²=§±
¢£¡°£~±§¬¥K

f¬=²¦£=¥§´£¬=£¶~«®ª£I=µ¦£¬=²¦£=«~²£°§~ª=§±=«~¥¬£²§¸£¢=²­=±~²³°~²§­¬=~¬¢=²¦£¬
²¦£=£¶²£°¬~ª=¤§£ª¢=§±=°£¢³¡£¢=²­=¸£°­=±­«£=«~¥¬£²§¸~²§­¬=°£«~§¬±K==q¦§±= £¦~´§­³°=§±
¡¦~°~¡²£°§±²§¡=­¤=®£°«~¬£¬²=«~¥¬£²±I=µ¦§¡¦=°£²~§¬=«­±²=­¤=²¦£§°=±~²³°~²§­¬
«~¥¬£²§¸~²§­¬=µ¦£¬=²¦£=«~¥¬£²§¡=¤§£ª¢=§±=°£«­´£¢K==q­=°£¢³¡£=«~¥¬£²§¸~²§­¬=²­
¸£°­=°£¯³§°£±=~=«~¥¬£²§¡=¤§£ª¢=§¬=°£´£°±£=¢§°£¡²§­¬K

q¦§±= £¦~´§­³°=§±=¡~ªª£¢=¦·±²£°£±§±=~¬¢=²¦£=¡³°´£±=~°£=¡~ªª£¢=¦·±²£°£±§±=ª­­®±K
j~¥¬£²§¸~²§­¬=~¬¢=¢£«~¥¬£²§±~²§­¬=­¤=~=«~²£°§~ª=§¬´­ª´£±=¢§±±§®~²§­¬=­¤=£¬£°¥·= ·
¦£~²=ª­±±K
p­¤²=~¬¢=¦~°¢=«~¥¬£²§¡=«~²£°§~ª±W

q¦£=«~¥¬£²§¡=®°­®£°²§£±=­¤=~=¤£°°­«~¥¬£²§¡=±³ ±²~¬¡£=¡~¬= £=­ ²~§¬£¢=¤°­«
²¦£=±§¸£=~¬¢=±¦~®£=­¤=²¦£=¦·±²£°£±§±=ª­­®K=q¦£=±²³¢·=­¤=¡³°´£=¤­°=¢§¤¤£°£¬²=«~²£°§~ª±
¥§´£±=²¦£=¤­ªª­µ§¬¥=§¬¤­°«~²§­¬K
E§Fp³±¡£®²§ §ª§²·W=q¦£=±³±¡£®²§ §ª§²·=§±=²¦£=§¬²£¬±§²·=­¤=«~¥¬£²§±~²§­¬=®£°=³¬§²=«~¥¬£²§±§¸§¬¥=¤§£ª¢=E§K£K=jLeF=§±

¥°£~²£°=¤­°=±­¤²=«~²£°§~ª±=²¦~¬=¤­°=¦~°¢=«~²£°§~ª±K
E§§Fm£°«£~ §ª§²·W=q¦£=®£°«£~ §ª§²·I=²¦£=«~¥¬£²§¡=§¬¢³¡²§­¬=®£°=³¬§²=«~¥¬£²§¸§¬¥=¤§£ª¢I=E§K£K=_LeF=§±=¥°£~²£°=¤­°

±­¤²=«~²£°§~ª±K
E§§§Fo£²£¬²§´§²·W=t¦£¬=~=«~¥¬£²§¡=±®£¡§«£¬=§±=¤§°±²=«~¥¬£²§±£¢=~¬¢=²¦£¬=²¦£=«~¥¬£²§±§¬¥=¤§£ª¢=§±=°£¢³¡£¢=²­

¸£°­I=²¦£=±®£¡§«£¬=°£²~§¬±=§¬²£¬±§²·=­¤=²¦£=«~¥¬£²§±~²§­¬=E­°=²¦£=«~¥¬£²§¡=§¬¢³¡²§­¬FK=q¦§±=§±=©¬­µ¬=~±
°£²£¬²§´§²·K=f²=§±=¥°£~²£°=¤­°=±­¤²=«~²£°§~ªK

E§´F̀­£°¡§´§²·W=q­=¢£«~¥¬£²§±£=²¦£=«~¥¬£²§¡=±®£¡§«£¬=¡­«®ª£²£ª·=~´£=¤§£ª¢=§±=°£¯³§°£¢K==q¦£=´~ª³£=­¤=°£´£°±£
¤§£ª¢=e=°£¯³§°£¢=²­=°£¢³¡£=²¦£=§¬²£¬±§²·=­¤=«~¥¬£²§±~²§­¬=²­=¸£°­=§±=©¬­µ¬=~±=²¦£=¡­°°£¡§´§²·K==f²=§±=ª£±±=¤­°=±­¤²
«~²£°§~ª±K

`¦­§¡£=­¤=«~¥¬£²§¡=«~²£°§~ª±W
q¦£=¡¦­§¡£=­¤=~=«~¥¬£²§¡=«~²£°§~ª=¤­°=¢§¤¤£°£¬²=³±£±=¡~¬= £=¢£¡§¢£¢=¤°­«=¦·±²£°£±§±=¡³°´£±=­¤=~=±®£¡§«£¬=­¤

²¦£=«~²£°§~ªK

E§F m£°«~¬£¬²=«~¥¬£²±bª£¡²°­«~¥¬£²±`¦­©£=¡­§ªI=^°«~²³°£
¡­§ª=~¬¢=«­²­°±

o£²£¬²§´§²· e§¥¦

`­~¡²§´§²· e§¥¦

e·±²£°£±§±=ª­±±f««~²£°§~ª i­µ =i­µ

m£°«£~ §ª§²· e§¥¦ e§¥¦

p®K=°£±§±²~¬¡£ e§¥¦

b¶~«®ª£ p²££ªI=´§¡~ªª­·f°­¬ ¡­®®£°

B0

Msut

M

B0

M

(104)



s
f
p
f
l
k
=
m
l
f
k
q

prjj^ov

q¦£=«~¥¬£²§¡=¤§£ª¢B=¡°£~²£¢= ·=~=¡¦~°¥£=¯=«­´§¬¥=µ§²¦=´£ª­¡§²·v=¢£J
®£¬¢±=­¬=²¦£=¢§±²~¬¡£=°=¤°­«=²¦£=±­³°¡£=®­§¬²=E²¦£=ª­¡~²§­¬=­¤=¯F=²­=²¦£

¤§£ª¢=®­§¬²=Eµ¦£°£B=§±=«£~±³°£¢FK==²¦£=¤§£ª¢B=§±=®£°®£¬¢§¡³ª~°=²­­v=~¬¢
²­�rI=²¦£=³¬§²=´£¡²­°=¢§°£¡²£¢=¤°­«=²¦£=±­³°¡£=®­§¬²=²­=²¦£=¤§£ª¢=®­§¬²K
q¦£=®°§¬¡§®ª£=­¤=±³®£°®­±§²§­¬=­¤=«~¥¬£²§¡=¤§£ª¢±=±²~²£±=²¦~²=²¦£=²­²~ª==¤§£ª¢
®°­¢³¡£¢= ·=±£´£°~ª=«­´§¬¥=¡¦~°¥£±=§±=²¦£=´£¡²­°=±³«=­¤=²¦£=¤§£ª¢±=®°­J
¢³¡£¢= ·=²¦£=§¬¢§´§¢³~ª=¡¦~°¥£±K

O
M

°

°´̄
Q

_
�

�

q¦£=ª~µ=­¤=_§­²=~¬¢=p~´~°²=¥§´£±=²¦£=«~¥¬£²§¡=¤§£ª¢dB=¡°£~²£¢= ·=~¬

£ª£«£¬²d =­¤=~=¡­¬¢³¡²­°=¡~°°·§¬¥=¡³°°£¬²=fK

O
M

°

°f¯
Q

_
l

�
�

q¦£=¤§£ª¢dB=§±=®£°®£¬¢§¡³ª~°=²­= ­²¦d =~¬¢�rI=²¦£=³¬§²=´£¡²­°=¤°­«=²¦£
£ª£«£¬²=²­=²¦£=¤§£ª¢=®­§¬²K==q¦£=¤§£ª¢B=¡°£~²£¢= ·=~=¤§¬§²£=¡³°°£¬²=¡~°°·§¬¥

¡­¬¢³¡²­°=§±=²¦£=§¬²£¥°~ª=­¤_¢=­´£°=²¦£=ª£¬¥²¦=­¤=²¦£=¡­¬¢³¡²­°KK

q¦£=«~¥¬£²§¡=¤§£ª¢B=~²=~=¢§±²~¬¡£=°=¤°­«=~=ª­¬¥I=±²°~§¥¦²=¡­¬¢³¡²­°=¡~°°·§¬¥=~
¡³°°£¬²=f=¦~±=~=«~¥¬§²³¢£=²¦~²=§±=§¬´£°±£ª·=®°­®­°²§­¬~ª=²­=°K==q¦£=«~¥¬£²§¡=¤§£ª¢
ª§¬£±=~°£=¡§°¡ª£±=¡­~¶§~ª=µ§²¦=²¦£=µ§°£I=µ§²¦=¢§°£¡²§­¬±=¥§´£¬= ·=²¦£=°§¥¦²=¦~¬¢
°³ª£K

°O
ª

_ M

�
�

qµ­=ª­¬¥I=®~°~ªª£ªI=¡³°°£¬²¡~°°·§¬¥=¡­¬¢³¡²­°±=~²²°~¡²=§¤=²¦£=¡³°°£¬²±=~°£
§¬=²¦£=±~«£=¢§°£¡²§­¬=~¬¢=°£®£ª=§¤=²¦£=¡³°°£¬²±=~°£=§¬=­®®­±§²£=¢§°£¡²§­¬±K
q¦£=«~¥¬£²§¡=¤­°¡£=®£°=³¬§²=ª£¬¥²¦= £²µ££¬=²¦£=¡­¬¢³¡²­°±=¢£®£¬¢±=­¬
²¦£§°=¡³°°£¬²±=f=~¬¢=f=~¬¢=²¦£§°=±£®~°~²§­¬=°K==q¦£=¢£¤§¬§²§­¬=­¤=²¦£=~«®£°£
§±= ~±£¢=­¬=²¦§±=°£ª~²§­¬K

°O
ªªDM

i
c

�
�

q¦£=ª~µ=­¤=_§­²=~¬¢=p~´~°²=~ªª­µ±=³±=²­=¡~ª¡³ª~²£=²¦£=«~¥¬£²§¡=¤§£ª¢
®°­¢³¡£¢=~ª­¬¥=²¦£=~¶§±=­¤=~=¡§°¡³ª~°=¡­¬¢³¡²§¬¥=ª­­®=­¤=°~¢§³±=~=¡~°J
°·§¬¥=¡³°°£¬²=fK=q¦£=¤§£ª¢=¢£®£¬¢±=­¬=²¦£=¢§±²~¬¡£=¶=~ª­¬¥=²¦£=~¶§±
¤°­«=²¦£=¡£¬²°£=­¤=²¦£=ª­­®=²­=²¦£=¤§£ª¢=®­§¬²K==f¤=²¦£°£I=~°£=k=ª­­®±I
²¦£=¤§£ª¢=§±=«³ª²§®ª§£¢= ·=kK==^²=²¦£=¡£¬²£°=­¤=²¦£=ª­­®I=¶=Z=MK

PLOOO

O
M

¶ F~E¶O

f~
_

�
O~
kf

_ M
¶

�

E`§°¡³ª~°=ª­­®FE`£¬²°£=­¤=k=¡§°¡³ª~°=ª­­®±F

B

B

B

B

B

B

r

+qB=0

v

B=0
B

dB

dB

dB

dB

dB

B

r

dB=0

B=0
dB

d

d

r

I

I

L

F F
I

I

I

I

Z

I

O

a

dl

x
dBx

dB

dBy

y

xP

r

IB

(105)



s
f
p
f
l
k
=
m
l
f
k
q

^«®£°£ ±=ª~µ=±²~²£±=²¦~²=²¦£=ª§¬£=§¬²£¥°~ª=­¤B=~°­³¬¢=~¬·=¡ª­±£¢=®~²¦=£¯³~ª±M

²§«£±=²¦£=¬£²=¡³°°£¬²=²¦°­³¥¦=²¦£=~°£~=£¬¡ª­±£¢= ·=²¦£=®~²¦K==q¦£=®­±§²§´£=±£¬±£=­¤
¡³°°£¬²=§±=¢£²£°«§¬£¢= ·=~=°§¥¦²¦~¬¢=°³ª£K

£¬¡ªMfK¢_ �l

j~¥¬£²§¡=§¬²£°~¡²§­¬±=~°£=¤³¬¢~«£¬²~ªª·=§¬²£°~¡²§­¬±= £²µ££¬=«­´§¬¥
¡¦~°¥£¢=®~°²§¡ª£±K=q¦£±£=§¬²£°~¡²§­¬±=~°£=¢£±¡°§ £¢= ·=²¦£=´£¡²­°=«~¥¬£²§¡

¤§£ª¢I=¢£¬­²£¢= ·BK==^=®~°²§¡ª£=µ§²¦=¡¦~°¥£=¯=«­´§¬¥=µ§²¦=´£ª­¡§²·v=§¬=~

«~¥¬£²§¡=¤§£ª¢B=£¶®£°§£¬¡£±=~=¤­°¡£F=²¦~²=§±=®£°®£¬¢§¡³ª~°=²­= ­²¦v

~¬¢BK==q¦£=pf=³¬§²=­¤=«~¥¬£²§¡=¤§£ª¢=§±=²£±ª~=ENq=Z=N=kL^K=«F

_´̄c

^=«~¥¬£²§¡=¤§£ª¢=¡~¬= £=°£®°£±£¬²£¢=¥°~®¦§¡~ªª·= ·=«~¥¬£²§¡=¤§£ª¢=ª§¬£±K==^²=£~¡¦=®­§¬²=~

«~¥¬£²§¡=¤§£ª¢=ª§¬£=§±=²~¬¥£¬²=²­=²¦£=¢§°£¡²§­¬=­¤B=~²=²¦~²=®­§¬²K==t¦£°£=¤§£ª¢=ª§¬£±=~°££
¡ª­±£=²­¥£²¦£°=²¦£=¤§£ª¢=«~¥¬§²³¢£=§±=ª~°¥£I=~¬¢=´§¡£´£°±~K

j~¥¬£²§¡=¤ª³¶_=²¦°­³¥¦=~¬=~°£~=§±=¢£¤§¬£¢=§¬=~¬=~¬~ª­¥­³±=µ~·=²­=£ª£¡²°§¡=¤ª³¶K==q¦£=pf=³¬§²=­¤=«~¥¬£²§¡=¤ª³¶
§±=µ£ £°K==q¦£=¬£²=«~¥¬£²§¡=¤ª³¶=²¦°­³¥¦=~¬·=¡ª­±£¢=±³°¤~¡£=§±=¸£°­K==^±=~=°£±³ª²I=«~¥¬£²§¡
¤§£ª¢=ª§¬£±=~ªµ~·±=¡ª­±£=­¬=²¦£«±£ª´£±K

K̂¢_¢^¡­±_¢^__ ff

¤~¡£FE¡ª­±£¢±³°MK̂¢_

q¦£=«~¥¬£²§¡=¤­°¡£=§±=~ªµ~·±=®£°®£¬¢§¡³ª~°=²­vX=~=®~°²§¡ª£=«­´§¬¥=³¬¢£°=²¦£=~¡²§­¬
­¤=~=«~¥¬£²§¡=¤§£ª¢=~ª­¬£=«­´£±=µ§²¦=¡­¬±²~¬²=±®££¢K==f¬=~=³¬§¤­°«=¤§£ª¢I=~=®~°²§¡ª£
µ§²¦=§¬§²§~ª=´£ª­¡§²·=®£°®£¬¢§¡³ª~°=²­=²¦£=¤§£ª¢=«­´£±=§¬=~=¡§°¡ª£=µ§²¦=°~¢§³±=o=²¦~²
¢£®£¬¢±=­¬=²¦£=«~¥¬£²§¡=¤§£ª¢=±²°£¬¥²¦=_I=²¦£=®~°²§¡ª£=«~±±=«I=±®££¢=´I=~¬¢=¡¦~°¥£K

_º̄º
«´

o

`°­±±£¢=£ª£¡²°§¡=~¬¢=«~¥¬£²§¡=¤§£ª¢±=¡~¬= £=³±£¢=~±==´£ª­¡§²·=±£ª£¡²­°K==q¦£=£ª£¡²°§¡=~¬¢
«~¥¬£²§¡=¤­°¡£±=£¶~¡²ª·=¡~¬¡£ª=µ¦£¬=´=Z=bL_K
^=±²°~§¥¦²=±£¥«£¬²=­¤=~=¡­¬¢³¡²­°=¡~°°·§¬¥=¡³°°£¬²=f=§¬=~=«~¥¬£²§¡=¤§£ª¢=_=£¶®£°§J

£¬¡£±=~=¤­°¡£=c=²¦~²=§±=®£°®£¬¢§¡³ª~°=²­= ­²¦=_=~¬¢=²¦£=³¬§²=´£¡²­°I=µ¦§¡¦=®­§¬²±±
§¬=²¦£=¢§°£¡²§­¬=­¤=²¦£=¡³°°£¬²=~¬¢=¦~±=«~¥¬§²³¢£=£¯³~ª=²­=²¦£=ª£¬¥²¦=­¤=²¦£
±£¥«£¬²K==^=±§«§ª~°=°£ª~²§­¬±¦§®=¥§´£±=²¦£=¤­°¡£dF=­¬=~¬=§¬¤§¬§²£±§«~ª=¡³°°£¬²²

¡~°°·§¬¥=±£¥«£¬²d K
_fc l _f¢c¢ l

I

B

d = rd

d

r

+
B

v
®

q

F
®

v

N

S

B

dA

B

B||

dA

F

F F

v

v

v
B

R

Fe = qE Fm = qvB

v
+

F

B =B sin

l
B

By

B | |

(106)



s
f
p
f
l
k
=
m
l
f
k
q

^=¡³°°£¬²=ª­­®=µ§²¦=~°£~=^=~¬¢=¡³°°£¬²=f=§¬=~=³¬§¤­°«=«~¥¬£²§¡=¤§£ª¢B=£¶®£J
°§£¬¡£±=¬­=¬£²=«~¥¬£²§¡=¤­°¡£I= ³²=¢­£±=£¶®£°§£¬¡£=~=«~¥¬£²§¡=²­°¯³£=­¤
«~¥¬§²³¢£K==q¦£=´£¡²­°=²­°¯³£=¡~¬= £=£¶®°£±±£¢=§¬=²£°«±=­¤=²¦£=«~¥J

¬£²§¡=«­«£¬²=Z=fA=­¤=²¦£=ª­­®I=~±=¡~¬= £=®­²£¬²§~ª=£¬£°¥·=r=­¤=~=«~¥J

¬£²§¡=«­«£¬²=§¬=~=«~¥¬£²§¡=¤§£ª¢BK==q¦£=«~¥¬£²§¡=«­«£¬²=­¤=~=ª­­®=¢£J
®£¬¢±=­¬ª·=­¬=²¦£=¡³°°£¬²=~¬¢=²¦£=~°£~X=§²=§±=§¬¢£®£¬¢£¬²=­¤=²¦£=±¦~®£=­¤
²¦£=ª­­®K
=Z=f_^=±§¬

_��

f¡­±__ �.�U

q¦£=¤­ªª­µ§¬¥=²~ ª£=ª§±²±=«~¥¬£²§¡=¤§£ª¢±=¡~³±£¢= ·=±£´£°~ª=¡³°°£¬²=¢§±²°§ ³²§­¬±K==f¬=£~¡¦=¡~±£=²¦£=¡­¬¢³¡²­°
§±=¡~°°·§¬¥=¡³°°£¬²=fK

`³°°£¬²=a§±²°§ ³²§­¬m­§¬²=§¬=j~¥¬£²§¡=¤§£ª¢j~¥¬£²§¡=c§£ª¢=j~¥¬§²³¢£

i­¬¥I=±²°~§¥¦²=¡­¬¢³¡²­°a§±²~¬¡£=°=¤°­«=¡­¬¢³¡²­°
°O
ª

_ M

�
�

`§°¡³ª~°=ª­­®=­¤=°~¢§³±=~l¬=~¶§±=­¤=ª­­® PLOOO

O
M

F~E¶O
ª~

_
�

^²=¡£¬²°£=­¤=ª­­®
O~
ª

_ M�
=E¤­°=k=ª­­®±I=«³ª²§®ª·

²¦£±£=£¶®°£±±§­¬= ·=kF

i­¬¥=¡·ª§¬¢°§¡~ª=¡­¬¢³¡²­°f¬±§¢£=¡­¬¢³¡²­°I=°=Y=oO
M

oO
ª°

_
�

�

­¤=°~¢§³±=o l³²±§¢£=¡­¬¢³¡²­°=°=[=o
°O
ª

_ M

�
�

i­¬¥I=¡ª­±£ª·=µ­³¬¢=±­ª£¬­§¢f¬±§¢£=±­ª£¬­§¢I=¬£~°=¡£¬²°£¬ª_ M�
µ§²¦=¬=²³°¬±=®£°=³¬§²=ª£¬¥²¦I
¬£~°=§²±=«§¢®­§¬²

l³²±§¢£=±­ª£¬­§¢ M_

q§¥¦²ª·=µ­³¬¢=²­°­§¢~ªt§²¦§¬=²¦£=±®~¡£=£¬¡ª­±£¢= ·
°O
kª

_ M

�
�

±­ª£¬­§¢=E²­°­§¢F=µ§²¦=k=²³°¬±²¦£=µ§¬¢§¬¥±I=¢§±²~¬¡£=°=¤°­«
±·««£²°·=~¶§±K
l³²±§¢£=²¦£=±®~¡£=£¬¡ª­±£¢= ·
²¦£=µ§¬¢§¬¥±K

I

B
I

(107)



s
f
p
f
l
k
=
m
l
f
k
q

t¦£¬=«~¥¬£²§¡=«~²£°§~ª=~°£=®°£±£¬²I=²¦£=«~¥¬£²§¸~²§­¬=­¤=²¦£=«~²£°§~ª=¡~³±£±=~¬=~¢¢§²§­¬~ª=¡­¬²°§ ³²§­¬
²­BK==c­°=®~°~«~¥¬£²§¡=~¬¢=¢§~«~¥¬£²§¡=«~²£°§~ª±IM=§±=°£®ª~¡£¢=§¬=«~¥¬£²§¡= =¤§£ª¢=£¶®°£±±§­¬±= ·=Z=h« MI
µ¦£°£=§±=²¦£=®£°«£~ §ª§²·=­¤=²¦£=«~²£°§~ª=~¬¢=h«=§±=§²±=°£ª~²§´£=®£°«£~ §ª§²·K=q¦£=«~¥¬£²§¡=±³±¡£®²§ §ª§²·=u«

§±=¢£¤§¬£¢=~±=u«=Z=h«= =NK==j~¥¬£²§¡=±³±¡£®²§ §ª§²§£±=¤­°=®~°~«~¥¬£²§¡=«~²£°§~ª±=~°£=±«~ªª=®­±§²§´£=¯³~¬²§²§£±X
²¦­±£=¤­°=¢§~«~¥¬£²§¡=«~²£°§~ª=~°£=±«~ªª=¬£¥~²§´£=¯³~¬²§²§£±K==c­°=¤£°°­«~¥¬£²§¡=«~²£°§~ª±I=h«=§±=«³¡¦=ª~°¥£°
²¦~¬=³¬§²·=~¬¢=§±=¬­²=¡­¬±²~¬²K==p­«£=¤£°°­«~¥¬£²§¡=«~²£°§~ª±=~°£=®£°«~¬£¬²=«~¥¬£²±I=°£²~§¬§¬¥=²¦£§°=«~¥J
¬£²§¸~²§­¬=£´£¬=~¤²£°=²¦£=£¶²£°¬~ª=«~¥¬£²§¡=¤§£ª¢=§±=°£«­´£¢K

cfk^i=bubo`fpb

NKq¦£=«~¥¬£²§¡=¤­°¡£= £²µ££¬=²µ­=®­ª£±=§±=UM=³¬§²±K=q¦£=±£®~°~²§­¬= £²µ££¬=²¦£=®­ª£±=§±=¢­³ ª£¢K=t¦~²=§±=²¦£
¤­°¡£= £²µ££¬=²¦£«\

OKq¦£=ª£¬¥²¦=­¤=~= ~°=«~¥¬£²=§±=NM=¡«=~¬¢=²¦£=~°£~=­¤=¡°­±±J±£¡²§­¬=§±=NKM=¡«OK=q¦£=«~¥¬£²§¸~²§­¬=f=Z=NMO=^L«K
`~ª¡³ª~²£=²¦£=®­ª£=±²°£¬¥²¦K

PKqµ­=§¢£¬²§¡~ª= ~°=«~¥¬£²±=~°£=®ª~¡£¢=­¬=²¦£=±~«£=ª§¬£=£¬¢=²­=£¬¢=µ§²¦=¬­°²¦=®­ª£=¤~¡§¬¥=¬­°²¦=®­ª£K=a°~µ
²¦£=ª§¬£±=­¤=¤­°¡£I=§¤=¬­=­²¦£°=¤§£ª¢=§±=®°£±£¬²K

QKq¦£=®­§¬²±I=µ¦£°£=²¦£=«~¥¬£²§¡=¤§£ª¢=­¤=~=«~¥¬£²=§±=£¯³~ª=~¬¢=­®®­±§²£=²­=²¦£=¦­°§¸­¬²~ª=¡­«®­¬£¬²=­¤
«~¥¬£²§¡=¤§£ª¢=­¤=²¦£=£~°²¦I=~°£=¡~ªª£¢=¬£³²°~ª=®­§¬²±
E~F=i­¡~²£=²¦£=¬£³²°~ª=®­§¬²±=µ¦£¬=²¦£= ~°=«~¥¬£²=§±=®ª~¡£¢=§¬=«~¥¬£²§¡=«£°§¢§~¬=µ§²¦=¬­°²¦=®­ª£=®­§¬²§¬¥=¬­°²¦K
E F=i­¡~²£=²¦£=¬£³²°~ª=®­§¬²±=µ¦£¬=~= ~°=«~¥¬£²=§±=®ª~¡£¢=§¬=«~¥¬£²§¡=«£°§¢§~¬=µ§²¦=¬­°²¦=®­ª£=®­§¬²§¬¥=±­³²¦K

RKf¤=~= ~°=«~¥¬£²=­¤=ª£¬¥²¦=NM=¡«=§±=¡³²=§¬²­=²µ­=£¯³~ª=®§£¡£±=£~¡¦=­¤=ª£¬¥²¦=R=¡«=²¦£¬=µ¦~²=§±=²¦£=®­ª£
±²°£¬¥²¦=­¤=²¦£=¬£µ= ~°=«~¥¬£²=¡­«®~°£=²­=²¦~²=­¤=²¦£=­ª¢=­¬£K

SK^=NM=¡«=ª­¬¥= ~°=«~¥¬£²=¦~±=~=®­ª£=±²°£¬¥²¦=NM=^K«K=`~ª¡³ª~²£=²¦£=«~¥¬£²§¡=¤§£ª¢=~²=~=®­§¬²=­¬=²¦£=~¶§±=~²=~
¢§±²~¬¡£=­¤=PM=¡«=¤°­«=²¦£=¡£¬²°£=­¤=²¦£= ~°=«~¥¬£²K

TKe­µ=µ§ªª=·­³=±¦­µ=²¦~²=~=¡³°°£¬²=¡~°°·§¬¥=¡­¬¢³¡²­°=¦~±=~=«~¥¬£²§¡=¤§£ª¢=~°­³¬¢=§²\=e­µ=µ§ªª=·­³=¤§¬¢=§²±
«~¥¬§²³¢£=~¬¢=¢§°£¡²§­¬=~²=~=®~°²§¡³ª~°=®ª~¡£=\

UK^=¤­°¡£=~¡²±=³®­¬=~=¡¦~°¥£¢=®~°²§¡ª£=«­´§¬¥=§¬=~=«~¥¬£²§¡=¤§£ª¢I= ³²=²¦§±=¤­°¡£=¢­£±=¬­²=¡¦~¬¥£=²¦£=±®££¢=­¤
²¦£=®~°²§¡ª£I=t¦·=\

VK^²=~¬·=§¬±²~¬²=~=¡¦~°¥£¢=®~°²§¡ª£=§±=«­´§¬¥=®~°~ªª£ª=²­=~=ª­¬¥I=±²°~§¥¦²=¡³°°£¬²=¡~°°·§¬¥=µ§°£K=a­£±=§²=£¶®£°§£¬¡£
~¬·=¤­°¡£=\

NMK̂=¡³°°£¬²=­¤=NM=~«®£°£=§±=¤ª­µ§¬¥=²¦°­³¥¦=~=µ§°£K=f²=§±=©£®²=®£°®£¬¢§¡³ª~°=²­=j~¥¬£²§±«=~=«~¥¬£²§¡=¤§£ª¢=­¤
RqK=`~ª¡³ª~²£=²¦£=¤­°¡£=­¬=§²±=NLNM=«=ª£¬¥²¦K

NNK̂=ª­¬¥=±²°~§¥¦²=µ§°£=¡~°°§£±=~=¡³°°£¬²=­¤=NO=~«®£°£±K=`~ª¡³ª~²£=²¦£=§¬²£¬±§²·=­¤=²¦£=«~¥¬£²§¡=¤§£ª¢=~²=~=¢§±²~¬¡£
­¤=QU=¡«=¤°­«=§²K

NOKqµ­=®~°~ªª£ª=µ§°£I=£~¡¦=P«=ª­¬¥I=~°£=±§²³~²£¢=~²=~=¢§±²~¬¡£=­¤=MKMR=«=¤°­«=£~¡¦=­²¦£°K=^=¡³°°£¬²=­¤=R^=¤ª­µ±
§¬=£~¡¦=­¤=²¦£=µ§°£±=§¬=²¦£=±~«£=¢§°£¡²§­¬K=`~ª¡³ª~²£=²¦£=¤­°¡£=~¡²§¬¥=­¬=²¦£=µ§°£±K=`­««£¬²=­¬=§²±=¬~²³°£=\

NPKq¦£=«~¥¬£²§¡=¤§£ª¢=~²=²¦£=¡£¬²°£=­¤=~=RM¡«=ª­¬¥=±­ª£¬­§¢=§±=QKM=ĕ=NMO=kN̂« N=µ¦£¬=~=¡³°°£¬²=­¤=UKM^=¤ª­µ±
²¦°­³¥¦=§²I=¡~ª¡³ª~²£=²¦£=¬³« £°=­¤=²³°¬±=§¬=²¦£=±­ª£¬­§¢K

NQKl¤=²¦£=²µ­=§¢£¬²§¡~ª=¥~ª´~¬­«£²£°=­¬£=§±=²­= £=¡­¬´£°²£¢=§¬²­=~¬=~««£²£°=~¬¢=²¦£=­²¦£°=§¬²­=~=«§ªª§~««£²£°K
t¦§¡¦=­¤=²¦£=±¦³¬²±=µ§ªª= £=­¤=~=ª~°¥£°=°£±§±²~¬¡£=\

NRKq¦£=°£±§±²~¬¡£=­¤=~=¥~ª´~¬­«£²£°=§±=OM=­¦«±=~¬¢=¥§´£±=~=¤³ªª=±¡~ª£=¢£¤ª£¡²§­¬=¤­°=MKMMR^K=`~ª¡³ª~²£=²¦£=´~ª³£
­¤=±¦³¬²=°£¯³§°£¢=²­=¡¦~¬¥£=§²=§¬²­=~¬=~««£²£°=²­=«£~±³°£=N^K=t¦~²=§±=²¦£=°£±§±²~¬¡£=­¤=²¦£=~««£²£°=\

NSK̂¬=£ª£¡²°­¬=§±=«­´§¬¥=§¬=~=¡§°¡³ª~°=­° §²=­¤=°~¢§³±=R=ĕ=NMNN=«=~²=²¦£=°~²£=­¤=TKM=ĕ=NMNR=°£´­ª³²§­¬±=®£°=±£¡­¬¢K
`~ª¡³ª~²£=²¦£=«~¥¬£²§¡=¤§£ª¢=_=~²=²¦£=¡£¬²°£=­¤=²¦£=­° §²K

NTK̀~ª¡³ª~²£=²¦£=«~¥¬£²§¡=¤§£ª¢=~²=²¦£=¡£¬²°£=­¤=~=¤ª~²=¡§°¡³ª~°=¡­§ª=¡­¬²~§¬§¬¥=OMM=²³°¬±I=­¤=°~¢§³±=MKNS«=~¬¢
¡~°°·§¬¥=~=¡³°°£¬²=­¤=QKU=~«®£°£K

(108)



s
f
p
f
l
k
=
m
l
f
k
q

bib̀qoljd̂kbqf`=fkar`qflk
C=^iqbok̂qfkd=`roobkqNM

bª£¡²°­«~¥¬£²§¡=f¬¢³¡²§­¬
f¤=µ£= °§¬¥=~=«~¥¬£²=¬£~°=~=¡­§ª=¡­¬¬£¡²£¢=µ§²¦=~=¥~ª´~¬­«£²£°I=²¦£=¥~ª´~J

¬­«£²£°=±¦­µ±=¢£¤ª£¡²§­¬=§¬¢§¡~²§¬¥=¤ª­µ=­¤=¡³°°£¬²=§¬=²¦£=¡­§ªK==q¦§±=¡³°°£¬²=¤ª­µ=~±
ª­¬¥=~±=²¦£=«~¥¬£²=§±=«­´§¬¥I=§K£K=²¦£=«~¥¬£²§¡=¤ª³¶=²¦°­³¥¦=²¦£=¡­§ª=§±=¡¦~¬¥§¬¥K
l¬¡£=²¦£=«~¥¬£²= £¡­«£±=±²~²§­¬~°·I=²¦£=¡³°°£¬²=±²­®±K

f¤=µ£=²~©£=²µ­=¡­§ª±=µ­³¬¢=­¬=~¬=§°­¬=¡·ª§¬¢£°I=­¬£=¤§²²£¢=µ§²¦=~= ~²²£°·=~¬¢=~
±µ§²¡¦I=²¦£=­²¦£°=¤§²²£¢=µ§²¦=~=¥~ª´~¬­«£²£°I=µ¦£¬=±µ§²¡¦=§±=¡ª­±£¢I=¡³°°£¬²=§¬¡°£~±£±
¤°­«=¸£°­=²­=§²±=«~¶§«³«=´~ª³£K==a³°§¬¥=²¦§±= °§£¤=²§«£I=²¦£=¥~ª´~¬­«£²£°=¢£¤ª£¡²±
±¦­µ§¬¥=¤ª­µ=­¤=¡³°°£¬²K=q¦£=¡¦~¬¥§¬¥=¡³°°£¬²±=§¬=¡­§ª=ENF=¥§´£±=°§±£=²­=~=¡¦~¬¥§¬¥
«~¥¬£²§¡=¤§£ª¢=µ¦§¡¦=§¬¢³¡£±=~¬=£«¤=~¬¢=~=¡³°°£¬²=§¬=²¦£=¡­§ª=EOFK==q¦§±=®¦£¬­«£¬­¬
­¤=§¬¢³¡§¬¥=£ª£¡²°§¡§²·= ·=¡¦~¬¥§¬¥=«~¥¬£²§¡=¤§£ª¢=§±=©¬­µ¬=~±=£ª£¡²°­«~¥¬£²§¡
§¬¢³¡²§­¬K

c^o^a^v p=i^tp
E§Ft¦£¬=²¦£=¤ª³¶=­¤=«~¥¬£²§¡=§¬¢³¡²§­¬=²¦°­³¥¦=~=ª­­®=§±=¡¦~¬¥§¬¥I=~¬

£ª£¡²°­«­²§´£=¤­°¡£=E£«¤F=§±=§¬¢³¡£¢=§¬=²¦£=ª­­®K=f²=ª~±²±=~±=ª­¬¥=~±=²¦£=«~¥¬£²§¡=¤ª³¶=¡¦~¬¥£±K
E§§Fq¦§±=§¬¢³¡£¢=£K«K¤K=§±=£¯³~ª=²­=²¦£=¬£¥~²§´£=°~²£=­¤=¡¦~¬¥£=­¤=¤ª³¶I=§K£KI

d
dt K=====µ¦£°£pK¢_¬ I==¬=Z=¬³« £°=­¤=²³°¬±

BZ=«~¥¬£²§¡=§¬¢³¡²§­¬=IdSZ=~°£~=£ª£«£¬²²

f¤=²¦£=°£±§±²~¬¡£=­¤=²¦£=ª­­®=§±=oI=²¦£=¡³°°£¬²=§¬=²¦£=ª­­®=µ§ªª= £
¢²
¢
o
N

o
§

f�

fªª³±²°~²§­¬=NK^=¡­¬¢³¡²§¬¥=¡§°¡³ª~°=ª­­®=¦~´§¬¥=~=°~¢§³±=­¤=RKM=¡«I=§±=®ª~¡£¢=®£°®£¬¢§¡³ª~°=²­=~=«~¥¬£²§¡
¤§£ª¢=­¤=MKRM=qK=f²=§±=°£«­´£¢=¤°­«=²¦£=¤§£ª¢=§¬=MKRM=±K=c§¬¢=²¦£=~´£°~¥£=£«¤=®°­¢³¡£¢=§¬=²¦£
ª­­®=¢³°§¬¥=²¦§±=²§«£K

p­ª³²§­¬Wo~¢§³±=Z=R=¡«
^°£~==EpF=Z=OR=NMQ«O

=ZB.S=Z=_p=¡­±=MM=Z=PKVOT=NMP

^´£°~¥£=§¬¢³¡£¢=£«¤==ZPNMTKUR
²�

�f
´­ª²

fªª³±²°~²§­¬=OK^=¡­§ª=­¤=~°£~=RMM=¡«O=¦~´§¬¥=NMMM=²³°¬±=§±=®ª~¡£¢=±³¡¦=²¦~²=²¦£=®ª~¬£=­¤=²¦£=¡­§ª=§±=®£°®£¬¢§¡³ª~°
²­=~=«~¥¬£²§¡=¤§£ª¢=­¤=«~¥¬§²³¢£=Q=NMR=µ£ £°L«OK=f¤=§²=§±=°­²~²£¢= ·=NUM=~ ­³²=~¬=~¶§±
®~±±§¬¥=²¦°­³¥¦=­¬£=­¤=§²±=¢§~«£²£°=§¬=MKN=±£¡I=¤§¬¢=²¦£=~´£°~¥£=§¬¢³¡£¢=£«¤K

p­ª³²§­¬Wq­²~ª=¤ª³¶=²¦°­³¥¦=²¦£=ª­­®=§±
=Z=_Kk^=Z=Q=NMR =NMMM=RMM=NMQ

p§¬¡£=ª­­®=§±=°­²~²£¢= ·=NUM
q­²~ª=¡¦~¬¥£=§¬=¤ª³¶=Z=O

§K£K=£«¤==Z=OL=MKN=Z=¡¦~¬¥£=§¬=¤ª³¶=L=²§«£=Z«´QM
MKN
NMRQO Q

G

N S

S

G

1

2

(109)



s
f
p
f
l
k
=
m
l
f
k
q

i£¬¸ ±=ª~µ
f²=±²~²£±=²¦~²=²¦£=®­ª~°§²·=­¤=²¦£=§¬¢³¡£¢=£K«K¤K=~¬¢=²¦£=¢§°£¡²§­¬=­¤=§¬¢³¡£¢

¡³°°£¬²=§±=±³¡¦=²¦~²=§²=­®®­±£±=²¦£=´£°·=¡~³±£=µ¦§¡¦=®°­¢³¡£±=§²K=`­¬±§¢£°=²¦£
¤§¥³°£=±¦­µ¬K=^=°£¡²~¬¥³ª~°=ª­­®=^_`a=§±= £§¬¥=®³ªª£¢=­³²=­¤=²¦£=«~¥¬£²§¡=¤§£ª¢
¢§°£¡²£¢=§¬²­=²¦£=®ª~¬£=­¤=²¦£=®~®£°=~¬¢=®£°®£¬¢§¡³ª~°=²­=²¦£=®ª~¬£=­¤=²¦£=®~®£°K
^±=²¦£=ª­­®=§±=¢°~¥¥£¢=­³²=­¤=²¦£=¤§£ª¢=²¦£=¤ª³¶=~±±­¡§~²£¢=µ§²¦=²¦£=ª­­®=µ¦§¡¦=§±
¢§°£¡²£¢=§¬²­=²¦£=®ª~¬£=­¤=²¦£=®~®£°=¢£¡°£~±£±K

q¦£=§¬¢³¡£¢=¡³°°£¬²=µ§ªª=¤ª­µ=§¬=²¦£=ª­­®=§¬=²¦£=±£¬±£=²­=­®®­±£=²¦£
¢£¡°£~±§¬¥=­¤=²¦§±=¤ª³¶K=c­°=²¦§±=²­=¦~®®£¬=«~¥¬£²§¡=¤§£ª¢=¢³£=²­=§¬¢³¡£¢=¡³°°£¬²=§¬=²¦£=ª­­®=«³±²= £=¢§°£¡²£¢=§¬²­
²¦£=®ª~¬£=­¤=²¦£=®~®£°K=e£¬¡£=²¦£=¡³°°£¬²=§¬=²¦£=ª­­®=«³±²=¤ª­µ=§¬=²¦£=¡ª­¡©µ§±£=±£¬±£K

fªª³±²°~²§­¬=PK^=±¯³~°£±¦~®£¢=¡­®®£°=¡­§ª=¦~±=£¢¥£±=­¤=ª£¬¥²¦=RM=¡«=~¬¢=¡­¬²~§¬±=RM=²³°¬±=K=f²=§±=®ª~¡£¢
®£°®£¬¢§¡³ª~°=²­=~=NKM=q=«~¥¬£²§¡=¤§£ª¢K=f²=§±=°£«­´£¢=¤°­«=²¦£=«~¥¬£²§¡=¤§£ª¢=§¬=MKOR=±=~¬¢
°£±²­°£¢=§¬=§²±=­°§¥§¬~ª=®ª~¡£=§¬=²¦£=¬£¶²=MKOR=±K=c§¬¢=²¦£=«~¥¬§²³¢£=­¤=²¦£=~´£°~¥£=£«¤=§¬¢³¡£¢
§¬=²¦£=ª­­®=¢³°§¬¥
E~F=f²±=°£«­´~ªI
E F=§²±=°£±²­°~²§­¬
E¡F=§²±=£¬²§°£=«­²§­¬=§¬=²¦£=¤§£ª¢

p­ª³²§­¬Wk­K=­¤=²³°¬±=Z=RMI=^°£~=­¤=±¯³~°£=Z=MKOR=«O

j~¥¬§²³¢£=­¤=«~¥¬£²§¡=¤§£ª¢=Z=N=q

E~F=^´£°~¥£=°~²£=­¤=¡­«®ª£²£=°£«­´~ª==Z
O«L±N

²
p

�
�

~´£°~¥£=§¬¢³¡£¢=£«¤==Z´­ª²RM
²
p

k_
�
�

E F=^´£°~¥£=°~²£=­¤=¡­«®ª£²£=°£±²­°~²§­¬=Z
O«L±N

²
p

�
�

~´£°~¥£=§¬¢³¡£¢=£«¤´­ª²RM
²
p

k_
�
�

E¡F=c­°=£¬²§°£=«­²§­¬=§¬=²¦£=¤§£ª¢p=Z=M

~´£°~¥£=§¬¢³¡£¢=£«¤==Z´­ª²M
²
p

k_
�
�

j­²§­¬~ª=£K«K¤K
`­¬±§¢£°=~=±²°~§¥¦²=¡­¬¢³¡²­°=mn=«­´§¬¥=§¬=~=«~¥¬£²§¡=¤§£ª¢K=q¦£=£ª£¡J

²°­¬±=§¬±§¢£=§²=£¶®£°§£¬¡£=~=¤­°¡£_£́c =~¬¢=~¡¡³«³ª~²£=~²=²¦£=£¬¢=­¤
²¦£=¡­¬¢³¡²­°=¬£~°=nK=q¦³±I=~¬=£ª£¡²°§¡=¤§£ª¢=§±=£±²~ ª§±¦£¢=~¡°­±±=§²±=£¬¢±K

q¦£¬ _£́ =§±= ~ª~¬¡£¢= ·b£=§¬=²¦£=­®®­±§²£=¢§°£¡²§­¬I=~²=£¯³§ª§ °§³«K

Mb£_£́

F́KE¢_K¢F_ÉK¢b lll�
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High tension Battery

Cathode Gun Target
Cooling f luid
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