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Chapter 15: Equations 

Equation 15.1: 

( ) ( )P 50,000|12 years of schooling 50,000|16 years of schoolingi jy y < ∩ ≥   

 

Equation 15.2: 

( ) ( )
( ) ( )

P 50,000|12 years of schooling 50,000|16 years of schooling

P 50,000|12 years of schooling P 50,000|16 years of schooling

i j

i j

y y

y y

 < ∩ ≥ 

= < × ≥
 

 

Equation 15.3: 

( ) ( ) ( )
( ) ( ) ( )
1 1 2 2

1 1 2 2

50,000| 50,000| 50,000|
P

50,000| 50,000| 50,000|
k k

k k k k n n

y x y x y x

y x y x y x+ + + +

 < ∩ < ∩ ∩ <
 
∩ ≥ ∩ ≥ ∩ ∩ ≥  



  

 

Equation 15.4: 

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

1 1 2 2

1 1 2 2

1 1 2 2

1 1 2 2

50,000| 50,000| 50,000|
P

50,000| 50,000| 50,000|

P 50,000| P 50,000| P 50,000|

P 50,000| P 50,000| P 50,000|

P 5

k k

k k k k n n

k k

k k k k n n

i

y x y x y x

y x y x y x

y x y x y x

y x y x y x

y

+ + + +

+ + + +

 < ∩ < ∩ ∩ <
 
∩ ≥ ∩ ≥ ∩ ∩ <  

= < × < × × <

× ≥ × ≥ × × <

= <









( ) ( )
1 1

0,000| P 50,000|
k n

i i i
i i k

x y x
= = +

   
× ≥   

   
∏ ∏

 

 

Equation 15.5: 

* *
i i iy xα β ε= + +  
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Equation 15.6: 

* *1 ifi i i iy y x Tα β ε= = + + ≥  

 

Equation 15.7: 

* *0 ifi i i iy y x Tα β ε= = + + <  

 

Equation 15.8: 

( )* *1 if 0i i i iy y T xα β ε= = − + + ≥  

 

Equation 15.9: 

( )* *0 if 0i i i iy y T xα β ε= = − + + <  

 

Equation 15.10: 

*1 if 0i i i iy y xα β ε= = + + ≥  

 

Equation 15.11: 

*0 if 0i i i iy y xα β ε= = + + <  

 

Equation 15.12: 

( )1ifi i iy xε α β= ≥ − +  
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Equation 15.13: 

( )0 ifi i iy xε α β= < − +  

 

Equation 15.14: 

( ) ( )( )P 1| Pi i i iy x xε α β= = ≥ − +  

 

Equation 15.15: 

( ) ( )( )P 0 | Pi i i iy x xε α β= = < − +  

 

Equation 15.16: 

( ) ( ) 00P 1| P Pii i
i i i

x
y x x

α βε ε α β
σ σ σ σ σ

 − + −−   = = ≥ = ≥ − +    
     

 

Equation 15.17: 

( ) ( ) 00P 0 | P Pii i
i i i

x
y x x

α βε ε α β
σ σ σ σ σ

 − + −−   = = < = < − +    
     

 

Equation 15.18: 

P i
ixε α β

σ σ σ
  ≥ − +  

    
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Equation 15.19: 

P i
ixε α β

σ σ σ
  < − +  

    

 

Equation 15.20: 

( )
0 1

P observing thesample P P
i i

i i
i i

y y
x xε εα β α β

σ σ σ σ σ σ= =

         = < − + ≥ − +         
         

∏ ∏
 

 

Equation 15.21: 

( ) ( ) ( )1 2
0 1

L , , , , , P P
i i

i i
n i i

y y
y y y a b a bx a bxε ε

σ σ= =

      = < − + ≥ − +      
      

∏ ∏

 

 

Equation 15.22: 

( ) ( )P or Pi i
i ia bx a bxε ε

σ σ
   < − + ≥ − +   
     

 

Equation 15.23: 

( ) ( ) ( )1 2
0 1

ln L , , , , , ln P ln P
i i

i i
n i i

y y
y y y a b a bx a bxε ε

σ σ= =

      = < − + ≥ − +      
      

∑ ∑
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Equation 15.24: 

( )( )

( ) ( )

1 2

0 1

ln L , , , , ,

ln P ln P

i i

n

i i
i i

y y

y y y a b
a

a bx a bx

a a

∂
∂

ε ε∂ ∂
σ σ

∂ ∂= =

         < − + ≥ − +         
         =

   
   
   

∑ ∑



 

 

Equation 15.25: 

( )( )

( ) ( )

1 2

0 1

ln L , , , , ,

ln P ln P

i i

n

i i
i i

y y

y y y a b
b

a bx a bx

b b

∂
∂

ε ε∂ ∂
σ σ

∂ ∂= =

         < − + ≥ − +         
         =

   
   
   

∑ ∑



 

 

Equation 15.26: 

( ) ( )( )P i
i ia bx a bxε

σ
 < − + = Φ − + 
   

 

Equation 15.27: 

( ) ( )( )P 1i
i ia bx a bxε

σ
 ≥ − + = −Φ − + 
   

 

Equation 15.28: 

( ) ( )( )
( )( )

ln P i
i

i

i

a bx a bx
a a bx

ε∂ ϕσ
∂

  < − +   − +   =
Φ − +  
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Equation 15.29: 

( ) ( )( )
( )( )

ln P

1

i
i

i

i

a bx a bx
a a bx

ε∂ ϕσ
∂

  ≥ − +   − − +   =
−Φ − +  

 

Equation 15.30: 

( )( ) ( )( )
( )( )

( )( )
( )( )

1 2

0 1

ln L , , , , ,
1

i i

n i i

y yi i

y y y a b a bx a bx
a a bx a bx

∂ ϕ ϕ
∂ = =

   − + − − +
=    

Φ − + −Φ − +      
∑ ∑



 

 

Equation 15.31: 

( )( )
( )( )

( )( )
( )( )0 1

0
1

i i

i i

y yi i

a bx a bx
a bx a bx

ϕ ϕ

= =

   − + − − +
=   

Φ − + −Φ − +      
∑ ∑

 

 

Equation 15.32: 

( ) ( )( )
( )( )

ln P i
i

i
i

i

a bx a bx
x

b a bx

ε∂ ϕσ
∂

  < − +   − +   =
Φ − +  

 

Equation 15.33: 

( ) ( )( )
( )( )

ln P

1

i
i

i
i

i

a bx a bx
x

b a bx

ε∂ ϕσ
∂

  ≥ − +   − − +   =
−Φ − +  
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Equation 15.34: 

( )( ) ( )( )
( )( )

( )( )
( )( )

1 2

0 1

ln L , , , , ,
1

i i

n i i
i i

y yi i

y y y a b a bx a bx
x x

b a bx a bx
∂ ϕ ϕ

∂ = =

   − + − − +
=    

Φ − + −Φ − +      
∑ ∑



 

 

Equation 15.35: 

( )( )
( )( )

( )( )
( )( )0 1

0
1

i i

i i
i i

y yi i

a bx a bx
x x

a bx a bx
ϕ ϕ

= =

   − + − − +
=   

Φ − + −Φ − +      
∑ ∑

 

 

Equation 15.36: 

( )P i
ia bxε

σ
 ≥ − + 
   

 

Equation 15.37: 

( )( ) ( )P Pi ia b x x a bxε ε
σ σ

   ≥ − + + ∆ − ≥ − +   
     

 

Equation 15.38: 

( )( ) ( )
( )( )

PP 1|
i

i i
i

i i

a by x
a bx b

x x

ε∂∂ σ
ϕ

∂ ∂

  ≥ − +  =   = = − +
 

 

Equation 15.39: 

( )( ) ( )P 3.555 .1854 0 P 3.555 P 3.555i i iε ε ε
σ σ σ

     ≥ − − + = ≥ − − = ≥     
       
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Equation 15.40: 

( )( ) ( )P 3.355 .1854 12 P 3.355 2.225 P 1.130 .1292i i iε ε ε
σ σ σ

     ≥ − − + = ≥ − − + = ≥ =     
       

 

Equation 15.41: 

( )( ) ( )P 3.355 .1854 13 P 3.355 2.410 P .945 .1724i i iε ε ε
σ σ σ

     ≥ − − + = ≥ − − + = ≥ =     
       

 

Equation 15.42: 

( )
1

P 1| P
k

i i i j ji
j

y x xε α β
=

  
= = ≥ − +     

∑
 

 

Equation 15.43: 

1

m

i l li i
l

w zδ γ ν
=

= + +∑
 

 

Equation 15.44: 

( ) ( )

( )( )2

ln P

1

i

i

i a bx

a bx

a bx
e

a e

ε∂
σ

∂

− +

− +

  < − +     =
+

 

 

Equation 15.45: 

( ) ( )

( )( )2

ln P
1

1

i

i

i a bx

a bx

a bx
e

a e

ε∂
σ

∂

− +

− +

  ≥ − +     = −
+
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Equation 15.46: 

( ) ( )

( )( )2

ln P

1

i

i

i
i a bx

i
a bx

a bx
e x

b e

ε∂
σ

∂

− +

− +

  < − +  
   =

+
 

 

Equation 15.47: 

( ) ( )

( )( )2

ln P
1

1

i

i

i a bx

i
a bx

a bx
e x

b e

ε∂
σ

∂

− +

− +

  ≥ − +     = −
+

 

 

Equation 15.48: 

( ) ( ) ( )V P 1| P 0 |i i i i iy x y xε = = =  

 

Equation 15.49: 

( )1 2 1 2
1

L , , , ( ) ( ), , ( ) ( )
n

n n i
i

y y y g y g y g y g y
=

= =∏   

 

Equation 15.50: 

( )1 2 1 2
1

L , , , ( ) ( ), , ( ) ( )
n

n n i
i

f f f fε ε ε ε ε ε ε
=

= =∏   

 

Equation 15.51: 

( )1 2
1

ln L ln L , , , ln ( )
n

n i
i

fε ε ε ε
=

 = =  ∑
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Equation 15.52: 

( )2

2

1 1( ) exp
22

i i
i

y xα β
ϕ ε

σσ π

 − −
 = −
 
 

 

 

Equation 15.53: 

( ) ( ) ( )2

1 2 2
1

1 1ln L , , , ln ln 2
2 2

n
i i

n
i

y xα β
ε ε ε σ π

σ=

 − −
 = − − −
 
 

∑

 

 

Equation 15.54: 

( ) ( ) ( ) ( )2

1 2 2
1 1 1

1 1ln L , , , ln ln 2
2 2

n n n
i i

n
i i i

y xα β
ε ε ε σ π

σ= = =

 − −   = − + − + −      
∑ ∑ ∑

 

 

Equation 15.55: 

( )

( ) ( )

2 ML ML ML

2
ML ML ML2

1ML

ln L , , , : , ,

1ln ln 2
2 2

i n

n

i i
i

a b s

nn s y a b x
s

ε ε ε

π
=

=

− − − − −∑



 


