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 



P M
0

K M

  
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V
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V

 
   
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 
    

 
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
 

P V 1
B P
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 

      

gh C 

3 1010 10 3000 5 10   
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A L
 
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F 1800
A 25 10 2.4 10


   

180 3
0.3 radian

25 24 10
 



x
0.3

L

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D
L
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


 

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 

   

1
E.P.E. F

2
 
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2
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
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W
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 
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  

 

  
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2
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




1
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2
 

1 F
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2 A

   
    

   

 


1
E.P.E. (stress)(strain)(volume)

2

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2
 
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Y (strain)

2
 

21 (stress)
2 Y




21
E.P.E. Y(strain) (volume)

2


21 (stress)
E.P.E. (volume)

2 Y


P.E.
P.E.D.

Volume


2

2

1
stress strain ...(i)

2
1

P.E.D. Y (strain) ...(ii)
2
1 (stress)

...(iii)
2 Y


 


  

 


1
Area stress strain PE density

2
   

100 0.04


 



44 10


 



21
P.E.D. (Y)(strain)

2


2S
2Y

2

2Y

S

S
2Y
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 
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 
 
    



4

1
P.E.D.

r


4 4
QP

Q P

rP.E.D 2 16
P.E.D r 1 1

   
        

21 (stress)
E.P.E. volume

2 Y
  

2

2

mg
A1 1 (mg)

A
2 Y 2 A Y

 
 

    




2 2

2

m g
E.P.E.

2 r Y





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2

1 (stress) m g
E.P.E. volume

2 Y 2 r Y
   





2
E.P.E.

r Y




2
Q QP P
2

Q Q PP

r YEPE 4
EPE Y 1r

  



21 1
stress strain Y (strain)

2 2
    

2
3

111 2 10
2.0 10

2 4

 
    

  



21
PED Y (strain)

2
  

9 4 21
2 10 (4 10 )

2
   

21
PED Y (strain)

2
  

2
1 g

Y
2 2Y

 
   

 

 2g
2Y


 
 

g
strain
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 

 
 


2 2 2
3g

10 J /m
8Y





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  
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
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F  


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
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k 





21
U kx

2


21 F
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
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eq
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k k
k

k k




1 2
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m(k k )m
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k k k


   

1 1 2 2
1 2
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A Y A Y
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 
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U kx

2


F AY
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AY
 



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U

2 2 AYA Y
 

 


21 (stress)
U
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

1
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2
 
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2
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2

1 F A
U

2 YA
 



21 (stress)
U volume

2 Y
 

1 F F F
U A strain

2 A AY AY

 
    

 


1
U stress strain volume

2
  

2

2 2

1 F
U A Y

2 A Y
 

21
U Y(strain) volume

2
 

2strain energy 1 (stress)
volume 2 Y



21 1
Y(strain) stress strain

2 2
 



21 2

1 2
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x

2 k k

1 1 2 2
1 2

1 2

A Y A Y
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 

1 2 1 2
eq

1 1 2 2 2 1

A A Y Y
k

A Y A Y


 

2
eqk x 2mgx 2mgh 0  
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eq
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2mg 4m g 8mghk
x

2k

 

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max 2
eq eqeq
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x

k kk
  
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k
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m

    
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 
 

9 3 1
Y B
 


3B 2
6B 2

 
 

 

Y
B

3(1 2 )


 

eq 2 2
k

2gh a y
m

 

2 2

2
eq eq

2mgh m g
a

k k
 

2 2

eq eq eq

2mghmg m g
a y

k k k
   

T    

T


 



stress
Y

strain




F
Y T

A
 

8 8
4

3

3 10 3 10
h 10 m

g 3 10 10

 
  

  

4r
C

2





21
W C

2
 

8 8
4

3

3 10 3 10
h 10 m

g 3 10 10

 
  

  

4r
C

2







4
8 8 8

4

F 3 10 30 5
10 10 7.7 10

A 36 63.6 10


        


4 2 4
3

4 10

FL 3 10 20 10 40 10 10
10 m

AY 3.6 93.6 10 1.5 10

 




   
     

  


40 10
a

12 3
 

1
40

T N
3

 2
80

T N
3



4
7 11

40 4
1 10

33 5 10 2 10



  

   

4
7 11

80 8
10

33 5 10 2 10



 

   
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 




Fsin F
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A / cos A


  




 4 11

7
1 10 1 10AY

K 5 10
0.2

  
   



 22
5

7 8

5 9.8F 49 49
U 2.40 10 J

2K 2 5 10 10


 
    

 

 2 2 1 1
1

W F x Fx
2

 

 3 31
4 9.8 10 2 9.8 0.6 10

2
       

32 9.8 10 0.7   
313.72 10 J 

 2
0 w

2
v r . g

9
   



2
3v 32400 81

h 10 m
2g 2 9.8 49

   




1

2 51 1
1 1

1
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/ L L
        





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2 52 2
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2

W / A YA
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/ L L
        






   
 
2 1

2 1 2 1
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W W LYA
W W Y

L A


    


 

 
5

2 1
5

2 1max

Y 2 10
Y 25 10





    
     

 
 

max

Y 2
100% 100% 8%

Y 25

 
    

 
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S

F
Y A

 


C
C

F
Y A

 


S C 0.5    

S C
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A Y Y

 
   

 



 
C S

C S

Y Y 0.5F
A Y Y







11F
15 10

A
 


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S

F 1 15 10
0.75 cm

A Y 2 10

  
    

 


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C 11
C

F 1 15 10
1.25 cm

A Y 12 10

  
     

 





 
 

 

2x
1
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Fdx
AY

  

10 3

2
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20 10 dx

x
1 2 10
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


 
    

 



 

2

2 22 40
10x 1 x 5 10 1

2Y 2Y 100 2Y

 
          

  



BM g 1
x

K 100
 

2
21 1 1

E Kx 1960
2 2 100

 
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