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Morning and afternoon exam booklets will include a formula package identical to the one attached to 
this study note.  The exam committee felt that by providing many key formulas, candidates would be 
able to focus more of their exam preparation time on the application of the formulas and concepts to 
demonstrate their understanding of the syllabus material and less time on the memorization of the 
formulas. The formula package was developed sequentially by reviewing the syllabus material for each 
major syllabus topic. Candidates should be able to follow the flow of the formula package easily. We 
recommend that candidates use the formula package concurrently with the syllabus material. Not every 
formula in the syllabus is in the formula package. Candidates are responsible for all formulas on the 
syllabus, including those not on the formula sheet.  

 
Candidates should carefully observe the sometimes-subtle differences in formulas and their application 
to slightly different situations. For example, there are several versions of the Black-Scholes-Merton 
option pricing formula to differentiate between instruments paying dividends, tied to an index, etc. 
Candidates will be expected to recognize the correct formula to apply in a specific situation of an exam 
question.  

 
Candidates will note that the formula package does not indicate where the formula occurs in the 
syllabus, nor does it provide names or definitions of the formula or symbols used in the formula. With 
the wide variety of references and authors of the syllabus, candidates should recognize that the letter 
conventions and use of symbols may vary from one part of the syllabus to another and thus from one 
formula to another.  
 
We trust that you will find the inclusion of the formula package to be a valuable study aide that will 
allow for more of your preparation time to be spent on mastering the learning objectives and learning 
outcomes. 
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Copeland, Weston, Shastri, Financial Theory and Corporate Policy 
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. ( Re ) ( Re )for cap budgeting cFCF v VC FCC v VC FCC dep Iτ= − − − − − − −+ + + + + + + +  

( Re )(1 ) ( )c cv VC FCC dep Iτ τ= − − − + −+ + + + + ( Re )(1 )cv VC FCC dep dep Iτ= − − − − + −+ + + + + +  
(1 )cEBIT dep Iτ= − + −+ +     earning before interest and taxes 

 
1

(1 ) 1N
g ptγ γ⎡ ⎤= + −⎣ ⎦∏      geometric returns 

 
1 (1 ) 1a ptN

γ γ⎡ ⎤= + −⎣ ⎦∑       arithmetic returns 

 
( ) ( )j f m f jE R R E R R β⎡ ⎤= + −⎣ ⎦  

 
( )jt jt j mt jtR E R β δ ε= + +  

 
( )jt ft mt ft j jtR R R R β ε− = − +  

 
'

0 1pt p ptR γ γ β ε= + +        where 1 mt ftR Rγ = −   ptR′ = excess return on portfolio ( )pt ftp R R= −  
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1 1( ) ....i i i ik k iR E R b F b F ε= + + + +� � � � �  
where iR =� random rate of return on the ith asset 

( )iE R =� the expected rate of return on the ith asset 
 ikb =  the sensitivity of the ith asset’s returns to the kth factor 

kF =� the mean zero kth factor common to the returns of all assets 

iε =�  a random zero mean noise term for the ith asset 
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where ( , )i kCov R δ =  the covariance between the ith asset’s returns and the linear transformation of the kth factor 
            ( )kVar δ =  the variance of the linear transformation of the kth factor 
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  where , 1j tp + = the actual price of security j next period  

, 1( )j t tE p η+ = the predicted end-of-period price of security j  given the current information structure tη  
   , 1j tε + = the difference between actual and predicted returns 
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 ˆ ˆ ˆ( ) ( )jt jt ft mt mt ft jtE R R E R Rβ β β⎡ ⎤= + −⎣ ⎦  

 
 ( ) 0jtE ε =  where ˆ( )jt jt jt jtR E Rε β= −  

   
    ˆ( )jt jtE R β =  the expected rate of return on the jth asset during this time period, given a prediction 

of its systematic risk, ˆ
jtβ  

               ftR =  the risk-free rate of return during this time period 
ˆ( )mt mtE R β =  the expected market rate of return, given a prediction of its systematic risk, ˆ

mtβ  
ˆ

mtβ =  the estimated systematic risk of the jth security based on last time period’s information structure 1tη −  
 

jt j j mt jtR a b R ε= + +  
 

1 2 3( ) ( ) ( )jt j j mt ft j t t j t t jtR R R RLE RSE HBTM LBTMα β β β ε= + − + − + − +  
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 ijε = abnormal performance measured by deviations from the market model 
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 where r = the risk-free rate of return 
( )μ α = the valuation schedule used by the market to infer the expected end-of-period value from the signal α  

λ = the market’s adjustment for the risk of the project 
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�  
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                         where 0W = the entrepreneur’s initial wealth          MV = the value of the market portfolio 
                            β = the fraction of the market portfolio owned by the entrepreneur  
    Y = the amount invested in the risk-free asset                    α = the fraction of the project the entrepreneur retains  
       1Ŵ = the uncertain end of period wealth of the entrepreneur  
 
  1̂

ˆˆ( ) (1 )W M r Yα μ ε β= + + + +  

                           [ ] 0
ˆˆ ( ) (1 ) (1 )( ) ( )MM r V r W Xα μ ε μ α λ β μ α λ⎡ ⎤= + − + + − + + + − + −⎣ ⎦  

                            where M̂ = the gross return of the market portfolio 
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manager’s wage with stock split announcement    ˆ( , ) ( , ) ( , )sW n z P n z P T n pα β= + −  
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β α λ β− − − −
+

+
 

 [ ] 2( ( ) ( ) ( ) 2 ( , ) ( ) )a E W E s b Var W Cov W s Var s Vμ α β β β⎡ ⎤+ + − + + −⎣ ⎦  
 

  1 0
1 f

a
r

μ − =
+

 

 

           [ ] ( ) ( , )( ) 2 ( ( , ) ( )) 0
1

m

f

E s Cov s RaE s b Cov W s Var s
r

λμ β −
− + − =

+
 

 
  [ ] 2( ) ( ) 0a E s b Var s Vα β β+ − − =  
 

  ( , ) ( , )
2 ( ) ( )

MaCov s R Cov W s
bVar s Var s

λ
β = −  

 

  *

1 (1 ) T

ir
i −=

− +
 

                      
 

            ( ) ( ,1, , , )
(1 )new f Vt

f

D V dBB D P T r
D dDr

σ+⎡ ⎤= − ⎢ ⎥++ ⎣ ⎦
 

 

 ( ,1, , , ) ( ,1, , , ) ( )new f V f V X Y
V dB VB B D P T r P T r D P P
D dD D

σ σ⎧ + ⎫⎡ ⎤− = − + = − +⎨ ⎬⎢ ⎥+⎣ ⎦⎩ ⎭
 

 

           
( , , , , )f V

V V

P V D T rB σ
σ σ

∂∂
= −

∂ ∂
 

 

 [ ]( ) ( )
as

V q s V s I ds
∞

= −∫  

 

 [ ]( ) ( )
a

E s
V q s V s I D ds

∞
= − −∫  

 

          [ ]( ) ( ) ( )b

a b

s

D s s
V q s V s I ds q s Dds

∞
= − +∫ ∫  
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 [ ]( ) ( )
bs

V q s V s I ds
∞

= −∫  

 

           ( )
U

E FCFV ρ=
∼

    

           where   UV =  the present value of unlevered firm(i.e. all equity) 

                       ( )E FCF =
∼

the perpetual free cash flow after taxes 
                        ρ = the discount rate of an all-equity firm of equivalent risk 
 

           ( )(1 )( ) c
U U

E EBITE FCFV or V τ
ρ ρ

−
= =

∼∼

 

 

           (Re )(1 )d c d cNI k D v VC FCC dep k Dτ τ+ = − − − − +
∼ ∼ ∼

 
 

 ( )(1 )L c d c

b

E EBIT k DV
k

τ τ
ρ

−
= +

∼

 

 

  d

b

k DB
k

=  

 
   L U cV V Bτ= +  
 

            (1 ) ( )cL
c

V E EBIT B
I I I

τ τ
ρ
−

= +

∼
+ + +
+ + +

 

 
  0 0n n

LV S S B B= + + ++ + + + +  
 

   
0 0n n

LV S S B B
I I I I I

= + + +
+ + + + +
+ + + + +

 

 
             n nI S B= ++ + +  
 

    
0 0 0

1
n

LV S S B S
I I I I

+
= + = +

+ + + + +
+ + + +

 

 

    
0

1 0LVS
I I

= − >
++

+ +
 

 

    (1 ) ( ) (1 )c
c

E EBIT B
I I

τ ρ τ−
> −

+ +
+ +

 

 

 weighted average cost of capital  (1 )c
BWACC
I

ρ τ= −
+
+
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 (1 )c
BWACC
V

ρ τ= −
+
+

 

 

           ( ) (1 )d c d
c

k D k DNI EBIT
I I I I

τ τ+ − = −
+ ++ +

+ + + +
 

 

 
( )(1 ) d

cL
c

k DNIV BI I
I I

τ
τ

ρ

+ −
= +

+++ ++ +
+ +

 

 

 
0

0 0
n n

LV S S B B
I I I

+
= + ≡

+ + + + +
+ + +

 

 

 0 0(1 )( )c bn n

NI Bk
S S S S

ρ τ ρ= + − −
+ +
+ +

+ + + +
 

 

 (1 )( )s c b
Bk k
S

ρ τ ρ= + − −
+
+

 

 

           (1 )c b s
B SWACC k k

B S B S
τ= − +

+ +
 

 

            (1 )c
BWACC

B S
ρ τ= −

+
 

 
   L U cG V V Bτ= − =  
 

    
( )(1 )(1 )c ps

U

E EBIT
V

τ τ
ρ
− −

=  

 
     payment to shareholders ( )(1 )(1 )d c psEBIT k D τ τ− − −  
 
 payment to bondholders after personal taxes (1 )d pBk D τ−  
 

total cash payments to supplies of capital = (1 )(1 ) (1 )(1 ) (1 )c ps d c ps d pBEBIT k D k Dτ τ τ τ τ− − − − − + −  
 

(1 ) (1 )(1 )( )(1 )(1 ) d pB c psc ps
L

b

k DE EBIT
V

k
τ τ ττ τ

ρ

⎡ ⎤− − − −− − ⎣ ⎦= + =
(1 )(1 )

1
(1 )

c ps
U

pB

V B
τ τ

τ
⎡ ⎤− −

+ +⎢ ⎥
−⎢ ⎥⎣ ⎦

   

                    where (1 )d pB

b

k DB k
τ−

=  

 

 
(1 )(1 )

1
(1 )

c ps

pB

G B
τ τ

τ
⎡ ⎤− −

= −⎢ ⎥
−⎢ ⎥⎣ ⎦

 

 
 (1 ) (1 )(1 )pB c psτ τ τ− = − −  
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           (1 )(1 )
(1 )

c

pB

G Bτ
τ

−
= −

−
 

 
           ( ) ( )j f m f jE R R E R R β⎡ ⎤= + −⎣ ⎦  

 where      ( )jE R =  the expected rate of return on asset j      fR = the risk-free rate 
       ( )mE R =  the expected rate of return on the market portfolio 

                                 ( , )
( )

j m
j

m

Cov R R
Var Rβ =  

 

           1 (1 )L c U
B
S

β τ β⎡ ⎤= + −⎢ ⎥⎣ ⎦
 

 
           ( ) ( )bj f m f bjE R R E R R β⎡ ⎤= + −⎣ ⎦

� �  
 

   
( )(1 )bj c

s L

EBIT R B
k

S
τ− −

=

∼ �
 

 
    *( ) ( , )s f s mE k R Cov k Rλ= +  
 

    
(1 ) (1 )

( , ) ( , ) ( , )c c
s m m bj mL L

B
Cov k R Cov EBIT R Cov R R

S S
τ τ− −

= −  

 
* *(1 ) ( , ) (1 ) ( , )L

f c m c bj mR S Cov EBIT R B Cov R Rλ τ λ τ ⎡ ⎤+ − − − =⎣ ⎦ ( )(1 ) ( ) (1 )c bj cEBIT E R Bτ τ− − −  
 
 *(1 ) ( , ) ( )(1 )U

f c m cR V Cov EBIT R E EBITλ τ τ+ − = −  
 
            L U cV V Bτ= +  
 
   ( )V B P S= − +  
 
            ( ) ( )i f m f iE r r E r r β⎡ ⎤= + −⎣ ⎦  

    where ( )iE r =  the instantaneous expected rate of return on asset i  

                ( , )
( )
i m

i
m

Cov r r
Var r

β =  the instantaneous systematic risk of the ith asset 

  ( )mE r =  the expected instantaneous rate of return on the market portfolio 
  fr =  the non-stochastic instantaneous annualized rate of return on the risk-free asset 
 

             
2

2 2
2

1
2 2

S S SdS dV dt V dt
V t V

σ∂ ∂ ∂
= + +

∂ ∂ ∂
 

 

    
0

lim
dt

dS S dV S dV V
S V S V V S→

∂ ∂
= =

∂ ∂
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     S V
S Vr r
V S

∂
=

∂
 

 

     ( , ) ( , ),
( ) ( )
S m V m

S V
m m

Cov r r Cov r r
Var r Var r

β β= =  

 

     ( , )
( )
V m

S V
m

Cov r rS V S V
V S Var r V S

β β∂ ∂
= =

∂ ∂
 

 
     1 2( ) ( )fr TS VN d e DN d−= −  
      where S =  the market value of equity           V =  the market value of the firm’s asset 

 fr =  the risk-free rate               T =  the time to maturity             D =  the face value of debt (book value) 
 

        1 2 1

( ) 1
2

f
VLn r TDd T d d T

T
σ σ

σ

+
= + = −  

 

         1( )S V
VN d
S

β β=  

 

        1

1 2

( )
( ) ( )fS Vr T

VN d
VN d De N d

β β−=
−

   
2

1

1
( )1 ( ) ( )

f
V

r T N dD eV N d

β
−

=
⎡ ⎤− ⎢ ⎥⎣ ⎦

 

        

                  1( ) ( )s f m f V
Vk R R R N d
S

β= + −  

 

         1( )( )s f v f
Vk R N d R R
S

= + −  

 

         B V
B V
V B

β β ∂
=

∂
 

 

         1 1( ) 1 ( )B N d N d
V

∂
= − = −

∂
 

 
          ( )b f m f Bk R R R β= + −  
 

                    1( ) ( )b f f
Vk R R N d
B

ρ= + −  

 

             1( ) ( )b s f f
B S V Bk k R R N d
V V B V

ρ⎡ ⎤+ = + − − +⎢ ⎥⎣ ⎦
1( )( )f f

V SR N d R
S V

ρ⎡ ⎤+ −⎢ ⎥⎣ ⎦
 

 

[ ] [ ]1 1 1 1( ) ( ) ( ) ( ) ( ) 1 ( ) ( )f f f f
B SR R N d N d R R N d N d

V
ρ ρ+

= + − − + = + − − + ρ=  
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              ( )s b
Bk k
S

ρ ρ= + −  

 

                       ( , )dV V t dt dW
V

μ σ= +  

 

 2 21 ( , ) ( , ) ( , ) ( , ) 0
2 VV V tV F V t rVF V t rF V t F V t Cσ + − + + =  

 

 2 21 ( ) ( ) ( ) 0
2 VV VV F V rVF V rF V Cσ + − + =  

 

              2
2( )

0 1 2( )
r

F V A AV A V σ
−

= + +  
 

              2
2( )

0 1 2( )
r

B V A AV A V σ
−

= + +  
 

2
2

( ) (1 ) ( )
r

B
B

C C VB V Vr r V
σα

−
⎡ ⎤= + − −⎣ ⎦ [ ](1 ) (1 )B B B

Cp p Vr α= − + −   where 2
2

( )
r

B
B

Vp V
σ

−

=  

 

                     2
2

( ) ( )
r

B
B

VDC V V V
σα

−

=  

 

           2
2

0 1 2( )
r

TB V A AV A V σ
−

= + +  
 

            2
2

( ) 0 ( ) ( ) ( )
r

c c
B

C C VTB V T Tr r V
σ

−
⎡ ⎤= = − ⎣ ⎦  

 
            ( ) ( ) ( ) ( ) ( )L U c U c B c B BV V V V T B V DC V V V T B p T B V pα= + − = + − −  
 

0 0 1 1 1(1 )M r V V if V Dγ γ= + + ≥  

0 0 1 1 1(1 ) ( )M r V V c if V Dγ γ= + + − <  
where 0 1,γ γ =  positive weights   r =  the one-period interest rate    0 1,V V =  the current and future value of the firm 

  D =  the face value of the debt        c = a penalty paid if bankruptcy occurs if V D<  
 

 *1
0 1 1 1(1 )

1
a

a a a
VM r V if D D V

r
γ γ= + + < ≤

+
 (tell the truth) 

 *1
0 1 1(1 )

1
b

a a
V

M r V if D D
r

γ γ= + + <
+

         (lie) 

 where *D = the maximum amount of debt that an unsuccessful firm can carry without going bankrupt 
 

             *1
0 1 1 1(1 ) ( )

1
a

a b a
V

M r V c if D D V
r

γ γ= + + − < ≤
+

 (lie) 

 *1
0 1 1(1 )

1
b

a b
V

M r V if D D
r

γ γ= + + <
+

         (tell the truth) 

 
 0 1 1 1( )a bV V cγ γ− <  
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       ( 1) ( 1) ( )( 1)
( )

i i i
u

i

div t P t P tk t
P t

+ + + −
+ =  

where ( 1)uk t + =  the market required rate of return during the time period t 
( 1)tdiv t + = dividends per share paid at the end of time period t 

( 1)iP t + = price per share at the end of time period t 
( )iP t =  price per share at the beginning of time period t 

 

       ( 1) ( ) ( 1)( )
1 ( 1)

i i i
i

u

Div t n t P tV t
k t

+ + +
=

+ +
 

where ( 1)iDiv t + = total dollar dividend payment ( ) ( 1)i in t div t= +  
            ( )iV t =  the market value of the firm ( ) ( )i in t P t=  
 

      ( 1) ( 1) ( 1) ( 1) ( 1)i ii i iEBIT t m t P t I t Div t+ + + + ≡ + + +
∼ ∼� �  

 

     ( 1) ( 1) ( ) ( 1)ii i iR t Div t n t P t+ = + + +
∼� �  

 

     ( 1) ( 1) ( 1) ( 1) ( 1) ( 1)ii i i i iR t Div t n t P t m t P t+ = + + + + − + +
∼� � �  

 

     ( 1) ( 1) ( 1) ( 1)ii i iR t EBIT t I t V t+ = + − + + +
∼� � �  

 

      ( 1) ( 1) ( 1)( )
1 ( 1)

i i i
i

u

EBIT t I t V tV t
k t

+ − + + +
=

+ +

� ��  

 

     ( )(1 ) (1 )di c c pi piY EBIT rD rDτ τ⎡ ⎤= − − − −⎢ ⎥⎣ ⎦

∼�  

where diY =�  the uncertain income to the ith individual if corporate income is received as dividends 

EBIT =
∼

the uncertain cash flows from operations provided by the firm  
r = the borrowing rate, which is assumed to be equal for individuals and firm 

cD = the corporate debt  piD = personal debt held by the ith individual 

cτ = the corporate tax rate  piτ = the personal income tax rate of the ith individual 
 

     ( )(1 )(1 ) (1 )gi c c gi pi piY EBIT rD rDτ τ τ= − − − − −
∼�  

where giY =� the uncertain income to the ith individual if corporate income is received as capital gains       
           giτ = the capital gains rate for the ith individual 

 

 ( )(1 ) (1 ) ( )gi c c pi gi pi pi giY EBIT rD rD rDτ τ τ τ⎡ ⎤= − − − − + −⎢ ⎥⎣ ⎦

∼�  
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 1gi

di

Y
Y

>
�
�  

 

corporate debt  (1 )(1 )gi
c gi

c

Y
r

D
τ τ

∂
= − − −

∂

�
 

personal debt  (1 )gi
pi

pi

Y
r

D
τ

∂
= − −

∂

�
 

 

0 1 2 ( )jt
jt ft jt ft jt

jt

divR R RPδ δ β δ ε⎡ ⎤− = + + − +⎢ ⎥⎣ ⎦
�  

where  0δ =  a constant         1δ = influence of systematic risk on jtR  
         2δ = influence of dividend payment on jtR   jtβ = the systematic risk of the jth security 

     jt

jt

div
P = the dividend yield of the jth security jtε =� a random error term  ftR = the risk-free rate 

 
cost of internal funds (1 )(1 )A c dir τ τ− −  
where Ar = the pre-tax return on investments in real assets 

     cτ = corporate effective marginal tax rate     diτ =  personal dividend income tax rate of the ith individual 
 
           EBIT mP B I Div+ + = ++  
 

          2
1 1

( )
1

E EBITV Div
k

= +
+

 

 

 2
1 1 1 1 1 1 1

( )
1

E EBITS V B mP Div B mP
k

= − − = + − −
+

+ +  

 

 2
1 1 1

( )
1

E EBITS EBIT I
k

= − +
+

 

 

 [ ]0 1 1
1 0 1 0 1 0 1

( ) ( )( ) ( ) ( ) ( )
1 1

E f I f IE S E EBIT E I f I I
k k

= − + = − +
+ +

 

 
1 1 2 11 2

1 1 1 0 1 1

( ) ( )( ) ( )
1 1

f I EE EBITS EBIT I f I I
k k

ε ε
ε

+
= − + = + − + =

+ +
1 1

0 1 1
( )( )
1

f If I I
k

γεε +
+ − +

+
 

 

 [ ]1 1 1 1 0 1( ) 1 ( ) 1
1 1

S E S EBIT E EBIT
k k

γ γε ⎡ ⎤ ⎡ ⎤− = + = − +⎢ ⎥ ⎢ ⎥+ +⎣ ⎦ ⎣ ⎦
 

 
   *

, 1( )it i i it i t itDiv a c Div Div U−= + − ++  
where itDiv =+ the change in dividends 

 jc = the speed of adjustment to the difference between a target dividend payment and last year’s payout 

        *
itDiv = the target dividend payout   i itaU = a constant and normally distributed random error term 
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       0( ) ( ) (1 )B g B C A g A CP t P P P t P P div t− − = − − + −  
 

      01
1

B A

g

tP P
div t

−−
=

−
 

 
arbitrage profit 0 0 ( )B A B AP div t div P t P Pπ = − + − + + −  
 
               0(1 )( )A Bt P P divπ = − − +  
 
   1 2 3 4 5i i i i i iDY a a a AGE a INC a DTRβ ε= + + + + +  
where iDY = dividend yield for the ith individual’s portfolio 

iβ = the systematic risk of the ith individual’s portfolio  iAGE = the age of the individual 

iINC = the gross family income averaged over the last three years 

iDTR = the difference between the income and capital gain tax rates for the ith individual 

iε = a normally distributed random error term 
 

1 1 2 3 1t t t t tDiv Div NI NI Zβ β β− −= + + ++  
where tDiv =+ the change in dividends in period t  1tDiv − = the previous period’s dividends 
 tNI = this period’s earnings                   1tNI − = last period’s earnings 
 tZ = unanticipated dividend changes (the error term) 
 

jt j mt jtR Rα β ε= + +  
where jtR = the total return (dividends and capital gains) on the common stock of the jth firm 

jβ = a constant term  mtR = systematic risk  jtε = the abnormal performance of the jth security 
 

it it it itP a bDiv cRE ε= + + +  
where itP = the price per share        itDiv = aggregate dividends paid out 

itRE = retained earnings    itε = the error term 
 
( )

( )
it

i it it
kt

NI
P a bNI
P

ε= + +  

where ( )it
NI

P = the earnings / price ratio for the firm 

( )kt
NI

P = the average earnings/price ratio of the industry 

t = a time index                        itε =  the error term 
 

( ) ( )j f m f jE R R E R R β⎡ ⎤= + −⎣ ⎦
� �  

 

0 0 1
j m

j m j j
m

DY DY
R R DYγ γ β γ ε

⎡ ⎤−⎣ ⎦⎡ ⎤= + − + +⎣ ⎦
� �  

where jR =� the rate of return on the jth portfolio 

0γ = an intercept term that should be equal to the risk-free rate fR  according to CAPM 
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mR =� the rate of return on the market portfolio jβ = the systematic risk of the jth portfolio 

1γ = the dividend impact coefficient 

jDY = the dividend yield on the jth portfolio, measured as the sum of dividends paid during the 
previous year divided by the end-of-year price 

mDY = the dividend yield on the market portfolio, measured over the period of 12 months 

jε = the error term 
 
  1 2 3( ) ( )jt ft j jt ftE R R a a a DY Rβ− = + + −�  

  where ( )jtE R =� the expected before tax return on the jth security 
 ftR = the before-tax return on the risk-free asset 

jβ = the systematic risk of the jth security 

1a = the constant term  2a = the marginal effect of systematic risk 

3a = the marginal effective tax difference between ordinary income and capital gains rates 

jtDY = the dividend yield (i.e. dividend divided by price) for the jth security 
 

[ ] [ ] [ ]0 1 1 2 2 3 3 4 , 1pt F F t F t p t ptR MFT SMB HML dλ β λ β λ β λ λ ε−= + + + + + + + +  
where MKT = the excess returns on the CRSP value-weighted portfolio 
SMB = the difference between average returns on small minus big equity capitalization portfolio 

HML = the difference between average return on high minus low book equity to market equity portfolio 
, 1p td − = the equally weighted yield of stocks in portfolio p  minus the market dividend yield 

iλ = the risk premium corresponding to the ith risk factor 

4λ = the coefficient on the dividend yield measure 
 

0 0 0( )E E T EP N P N P N N W= − − ++  
where EP = the post expiration share price EN = the number of shares outstanding after repurchase 

0P = the pre-announcement share price 0N = the pre-announcement number of shares outstanding  

TP = the tender price  W =+ the shareholder wealth effect attributable to the tender offer 
 

0

1 E
P

NF
N

= −  fraction of shares repurchased 

 
0 0

0 0 0 0

(1 )( )E T
P P

P P P PW F F
N P P P

− −
= − +

+  

 
 

Chew, The New Corporate Finance, 
  
 None 

 
Hardy, Investment Guarantees 
 

 2LN( , ) log ( , )t w t w

t t

S Sw w N w w
S S

μ σ μ σ+ +⇒∼ ∼  
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 ( )2

2

log( )1 1( ) exp
22

x w
f x

wx w
μ

σσ π

⎧ ⎫−⎪ ⎪= −⎨ ⎬
⎪ ⎪⎩ ⎭

 

 

 
2 2E w wt w

t

S e
S

μ σ++⎡ ⎤
=⎢ ⎥

⎣ ⎦
 

 

 ( )2 22V 1w w wt w

t

S e e
S

μ σ σ++⎡ ⎤
= −⎢ ⎥

⎣ ⎦
 

 
 ( )1t t tY a Yμ μ σε−= + − +  
 
 ( )1t t t tY a Yμ μ σ ε−= + − +  
 
 ( )22 2

0 1 1 1t t tYσ α α μ βσ− −= + − +  
 

 2,1
1

1,2 2,1

p
p p

π =
+

,   2 11π π= −  

 
 [ ] 1 1 2 1( ) Pr (0) Pr (0) 1 Pr (0) 2n n n np r R r R r R rπ ρ π ρ− −= = = ⎡ = = ⎤ + ⎡ = = ⎤⎣ ⎦ ⎣ ⎦  
 
   * 2 2

1 2( ) ( )n n nR R n Rσ σ σ= + −  
 

0
( ) Pr( ) Pr( ) ( )

n

n

S n n n n
r

F x S x S x R r p r
=

= ≤ = ≤ =∑  

 

 
*

( ) *
0

log ( ) ( )
( )n

n

S x n
r

x rF p r
r
μ

σ=

⎛ ⎞−
= Φ ⎜ ⎟

⎝ ⎠
∑  

 
*

* *
0

1 log ( )( ) ( )
( ) ( )n

n

S n
r

x rf x p r
r x r

μφ
σ σ=

⎛ ⎞−
= ⎜ ⎟ ⎝ ⎠

∑   (from errata sheet) 

  
 { }( ) exp ( ) ( )y q yy t w t yn tδ μ= + +        where ( ) ( 1) ( )y y yyn t a yn t z tσ= − +  

 
[ ] [ ]( ) exp( ( )) exp( ( ))y

y qy t e w t yn tμ δ⎡ ⎤Ε = Ε Ε⎣ ⎦  
 

            
2 2( )

( ) exp
2q

q
q

u
M u uδ

σ
μ

⎛ ⎞
= +⎜ ⎟⎜ ⎟

⎝ ⎠
 

 

           [ ]
2

2( ) ( ) exp
2(1 )

y y
q y yn

y

y t e M w
a

μ σ
μ

⎡ ⎤⎛ ⎞
Ε = +⎢ ⎥⎜ ⎟⎜ ⎟−⎢ ⎥⎝ ⎠⎣ ⎦
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where    P: single premium, α : participation rate, G: guaranteed payout, tS : value of the equity index at time t 
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( ),BSC K n : Black-Scholes call-option price with strike K, starting stock price 1.0 and term n years 
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Toole and Herget, Insurance Industry Mergers and Acquisitions 
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where r = expected rate of return on the acquisition 
fr = risk-free rate of return   mr = expected rate of return for the market as a whole 

                      β = measure of risk of a company (both debt and equity) relative to the market as a whole 
 

( ( ))D E
f m f

D Er r r r r
D E D E

β= + + −
+ +

 

                         where r = weighted average cost of capital WACC 
                        Dr = required return on debt    Eβ = beta of a company’s stock 
                         D = market value of a company’s debt  E = market value of a company’s equity 

 
                      cost of tcapital = required 1tcapital − * (discount rate – after tax earnings trate ) 

 appraisal cost of capital = NPV(cost of tcapital ) 
 
NPV(distributable tearning )=Excess 0capital +NPV(after tax tearnings - Insurance in tRC ) 
=NPV(after tax earning on the sin tbu ess ) + Excess 0capital +NPV(after-tax earning on tcapital )-
NPV(increase in tRC ) 
=NPV(after tax earning on the sin tbu ess ) + Excess 0capital  
 +NPV( 1 *t tRC i− ) – (NPV( tRC ) – NPV( 1tRC − )) 
=NPV(after tax earning on the sin tbu ess ) + Excess 0capital  
+ NPV( 1 *t tRC i− ) – ((1+d)NPV( 1tRC − ) – 0RC - NPV( 1tRC − )) 
=NPV(after tax earning on the sin tbu ess ) + Excess 0capital + 0RC -NPV( *( )t tRC d i− ) 
=value of Inforce and Future Business + adjusted of book value –cost of required capital 

                      where ti = after tax investment earnings rate on capital  d = discount rate    tRC = required capital 
 

Total reserve = 1(1 )*PLDF− expected loss  where PLDF = paid loss development factor 

 
IBNR reserve = 1(1 )*RLDF− expected loss  where RLDF = reported loss development factor 

 
 
Trigeorgis, Real Options 
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Hull , Options, Futures and Other Derivatives,  
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                             0

qT rTp S e c Ke− −+ = +  
 

             ( ) ( )f t g t ta e − Δ⎡ ⎤⎣ ⎦=  
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( ) ( )f t g t te dp

u d

− Δ⎡ ⎤⎣ ⎦ −
=

−
 

 

            
2

2 2
2

1( )
2

f f fr q S S rf
t S S

σ∂ ∂ ∂
+ − + =

∂ ∂ ∂
 

 

             , 1 ,i j i jf ff
S S

+ −∂
=

∂ +
 

 

             , , 1i j i jf ff
S S

−−∂
=

∂ +
 

 
, 1 , 1

2
i j i jf ff

S S
+ −−∂

=
∂ +

 

 

            
2

, 1 ,, 1
2 2

2i j i ji jf f ff
S S

−+ −∂ +=
∂ +

 

 

a f b f c f fj i j j i j j i j i j, , , ,− + ++ + =1 1 1   where 2 21 1( )
2 2ja r q j t j tσ= − −+ + , 2 21jb j t r tσ= + ++ +  

 

  2 21 1( )
2 2jc r q j t j tσ= − − −+ +  

 
1, 1 1, 1

2
i j i jf ff

S S
+ + + −−∂

=
∂ +

 

 

  
2

1, 1 1, 1 1,
2 2

2i j i j i jf f ff
S S

+ + + − ++ −∂
=

∂ +
 

 
  f a f b f c fi j j i j j i j j i j,

*
,

*
,

*
,= + ++ − + + +1 1 1 1 1    

  where * 2 21 1 1( )
1 2 2ja r q j t j t

r t
σ⎛ ⎞= − − +⎜ ⎟+ ⎝ ⎠

+ +
+

, ( )* 2 21 1
1jb j t

r t
σ= −

+
+

+
 

 

  * 2 21 1 1( )
1 2 2jc r q j t j t

r t
σ⎛ ⎞= − +⎜ ⎟+ ⎝ ⎠

+ +
+

 

 
              , 1 , , 1 1,j i j j i j j i j i jf f f fα β γ− + ++ + =  

 where   
2

2
2( )

2 2 2j
t tr q
Z Z

σα σ= − − −
+ +
+ +

          2
21j

t r t
Z

β σ= + +
+ +
+

 

 

             
2

2
2( )

2 2 2j
t tr q
Z Z

σγ σ−
= − − −

+ +
+ +

 

 
                          * * *

1, 1 1, 1, 1 ,j i j j i j j i j i jf f f fα β γ+ − + + ++ + =  
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     where     
2

* 2
2

1 ( )
1 2 2 2j

t tr q
r t Z Z

σα σ
⎡ ⎤

= − − − +⎢ ⎥+ ⎣ ⎦

+ +
+ + +

 

 

     * 2
2

1 (1 )
1j

t
r t Z

β σ= −
+

+
+ +

 

 

      
2

* 2
2

1 ( )
1 2 2 2j

t tr q
r t Z Z

σγ σ
⎡ ⎤

= − − +⎢ ⎥+ ⎣ ⎦

+ +
+ + +

 

 

    σ n n i
i

m

m
u u2 2

1

1
1

=
−

−−
=
∑ b g  

 

                  σ αn i n i
i

m

u2 2

1

= −
=
∑  

 

                  2 2

1

m

n L i n i
i

V uσ γ α −
=

=  + ∑  

 
                 σ λσ λn n nu2

1
2

1
21= + −− −b g  

 

     ( )2 1 2 2

1
1

m
i m

n n i n m
i

uσ λ λ λ σ−
− −

=

= − +∑  

 
    2 2 2

1 1n L n nV uσ γ α βσ− −= + +  
 

    σ ω α βσn n nu2
1

2
1

2= + +− −  
 
     σ ω βω β ω α αβ αβ σn n n n nu u u B2 2

1
2

2
2 2

3
2 3

3
2= + + + + + +− − − −  

 

  1
2 2

2

1 πv
u
v
i

i

m

exp −F
HG
I
KJ

L
NM

O
QP=

∏  

 

   1 2

1m
ui

i

m

=
∑  

 

  ( )
2

1

m
i

i
i i

uln v
v=

⎡ ⎤
− −⎢ ⎥

⎣ ⎦
∑  

 

m wk k
k

K

η2

1=
∑    where   2

k
mw
m k

+
=

−
 

 
  ( )2 2 2

1 11n L n nV uσ α β α βσ− −= − − + +  
 
  ( ) ( )2 2 2

1 1n L n L n LV u V Vσ α β σ− −− = − + −  



Financial Economic Theory and Engineering Formulae Sheet               33                                    May, 2008   

 
          ( ) ( )2 2t

n t L n LE V Vσ α β σ+⎡ ⎤ = + + −⎣ ⎦  
 

1

1cov
m

n n i n i
i

x y
m − −

=

= ∑  

 
  ( )1 1 1cov cov 1n n n nx yλ λ− − −= + −  
 
   1 1 1cov covn n n nx yω α β− − −= + +  

 

     1 1

0

ˆrT Se E c
S

− ⎡ ⎤
⎢ ⎥
⎣ ⎦

 

 

( ) ( ) ( )2 2 1
0 1 1 1 2 2 2 2 1 2 1 2, ; / , ; /qT rT rTS e M a b T T K e M a b T T e K N a− − −− −   

 

  
( ) ( )* 2

0 1
1

1

/ / 2ln S S r q T
a

T

σ

σ

+ − +
=   a a T2 1 1= − σ  

  
( ) ( )2

0 2 2
1

2

/ / 2ln S K r q T
b

T

σ

σ

+ − +
=   b b T2 1 2= − σ  

 
  ( ) ( ) ( )2 2 1

2 2 2 1 2 0 1 1 1 2 1 2, ; / , ; /rT qT rTK e M a b T T S e M a b T T e K N a− − −− − − − − + −  

 
             ( ) ( ) ( )2 2 1

2 2 2 1 2 0 1 1 1 2 1 2, ; / , ; /rT qT rTK e M a b T T S e M a b T T e K N a− − −− − − − − − −  
 
  

                ( ) ( ) ( )2 2 1
1 1 1 2 2 2 2 1 2 1 2, ; / , ; /qT rT rT

oS e M a b T T K e M a b T T e K N a− − −− − − − − +  

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

1max , max 0,q T T r q T Tc p c e Ke S− − − − −= + −  

   ( ) ( ) ( ) ( )2 2 2
0 0 0: / /qT rT

diH K c S e H S N y Ke H S N y Tλ λ σ−− −≤   = − −  

 

  λ σ
σ

=
− +r q 2

2
2/  

 

  
( )2

0/ln H S K
y T

T
λσ

σ

⎡ ⎤⎣ ⎦= +  

 
   do dic c c= −  

 ( ) ( ) ( ) ( ) ( ) ( )2 2 2
0 1 1 0 0 1 0 1: / /qT rT qT rT

doH K c S N x e Ke N x T S e H S N y Ke H S N y Tλ λσ σ−− − − −≥   = − − − + −  

   di doc c c= −   
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  ( )0
1

ln S H
x T

T
λσ

σ
= +           ( )0

1

ln H S
y T

T
λσ

σ
= +  

  
 ( ) ( ) ( ) ( ) ( )2

0 1 1 0 1: /qT rT qT
ui oH K c S N x e Ke N x T S e H S N y N yλσ− − −>   = − − − − − −⎡ ⎤⎣ ⎦   

 ( ) ( ) ( )2 2
0 1/rTKe H S N y T N y Tλ σ σ−− ⎡ ⎤+ − + − − +⎣ ⎦  

 
  uo uic c c= −  

 

( ) ( ) ( ) ( )2 2 2

0 0 0: / /qT rT
uiH K p S e H S N y Ke H S N y Tλ λ σ−− −≥   = − − + − +  

 
            uo uip p p= −  

 
( ) ( ) ( ) ( ) ( ) ( )2 2 2

0 1 1 0 0 1 0 1: / /qT rT qT rT
uoH K p S N x e Ke N x T S e H S N y Ke H S N y Tλ λσ σ−− − − −≤   = − − + − + + − − − +  

 ui uop p p= −  
 

 
( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

2
0 1 1 0 0 1

2 2
0 1

: /qT rT qT
di

rT

H K p S N x e Ke N x T S e H S N y N y

Ke H S N y T N y T

λ

λ

σ

σ σ

− − −

−−

<   = − − + − + + −⎡ ⎤⎣ ⎦

⎡ ⎤− − − −⎣ ⎦

 

 
  do dip p p= −  

 

( ) ( ) ( ) ( ) ( ) ( )1

2 2

0 1 0 1 min 2 32 2
YqT qT rT

ELBc S e N a S e N a S e N a e N a
r q r q
σ σ− − − ⎛ ⎞

= − − − − −⎜ ⎟⎜ ⎟− −⎝ ⎠
 

 

  
( ) ( )2

0 min
1

/ / 2ln S S r q T
a

T

σ

σ

+ − +
=    a a T2 1= −σ  

 

  
( ) ( )2

0 min
3

/ / 2ln S S r q T
a

T

σ

σ

+ − + +
=  

 

  
( ) ( )2

0 min
1 2

2 / 2 /r q ln S S
Y

σ

σ

− −  
= −  

 

 ( ) ( ) ( ) ( ) ( ) ( )2

2 2

max 1 3 0 2 22 2
YrT qT qT

ELB op S e N b e N b S e N b S e N b
r q r q
σ σ− − −⎛ ⎞

= − − + − −⎜ ⎟⎜ ⎟− −⎝ ⎠
 

 

  
( ) ( )2

max
1

/ / 2oln S S r q T
b

T

σ

σ

+ − + +
=   b b T2 1= − σ  

 

  
( ) ( )2

max 0
3

/ / 2ln S S r q T
b

T

σ

σ

+ − −
=  
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( ) ( )2

max 0
2 2

2 / 2 /r q ln S S
Y

σ

σ

− −
=  

 
  ( ) ( )max 0, TS S S Kτ τ− + −  
 

2 21 1
2 6 2 6

r r q r qσ σ⎛ ⎞ ⎛ ⎞
− − − = + +⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
 

 

  M e
r q T

S
r q T

1 0
1

=
−

−

−b g

b g  

 

 
( )( )

( ) ( ) ( ) ( )
( )22 2 2

0 0
2 2 2 22 2 2

2 2 1
22 2

r q T r q Te S S eM
r q T r q r qr q r q T

σ

σ σσ σ

− + −⎛ ⎞
= + −⎜ ⎟⎜ ⎟− − + − +− + − + ⎝ ⎠

 

 

              2 2
2

1

1 ln M
T M

σ
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

 

 
( ) ( )1 0 2

T Tqv qu
oV e N d U e N d− −−  

 

  
( ) ( )2

1

ˆ/ / 2

ˆ
o o U Vln V U q q T

d
T

σ

σ

+ − +
=  d d T2 1= − �σ  

 
  2 2ˆ 2U V U Vσ σ σ ρσ σ= + −  
 
             ( )dS r q Sdt S dzασ= − +  
 

  ( )dS r q k dt dz dp
S

λ σ= − − + +  

 

( )
1

( )
T v g v

T v

gg
v T v

φ
− −

=
Γ

 e
 

 

 
( )0ln S r q T gω θ+ − + +  

 
gσ  

 

( )2ln 1 / 2T v v
v

ω θ σ= − −  

 
 

( ) ( )dS r q Sdt t Sdzσ= − +  
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( ) S
dS r q dt V dz
S

= − +  

               
            ( )L VdV a V V dt V dzαξ= − +  
 

( ( ) ( )) ( , )dS r t q t Sdt S t Sdzσ= − +  
 

[ ] [ ]
( )

2

2 2 2

( ) ( ) ( )
( , ) 2 mkt mkt mkt

mkt

C T q T C K r T q T C K
K T

K C K
σ

∂ ∂ + + − ∂ ∂
=

∂ ∂
 

 
d mdt sdzθ
θ

= +  

            
            1 1 1 1 1f f t f zμ σ= ++ + +  

 
  2 2 2 2 2f f t f zμ σ= ++ + +  
 

2 2 1 1 1 2( ) ( )f f f fσ σ∏ = −  
 

1 2 1 2 2 1 1 2( )f f f f tμ σ μ σ∏ = −+ +  
 

 1 2

1 2

r rμ μ
σ σ
− −

=  

 
df dt dz
f

μ σ= +  

 
rμ λ

σ
−

=  

μ λ σ− =
=
∑r i i
i

n

1

 

 
d dzθ σ=  
 

             ( )f g
f fd dz
g g

σ σ
⎛ ⎞

= −⎜ ⎟
⎝ ⎠

 

 

0 0
T

g
T

ff g E
g

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
 

 
dg rgdt=  

 

           l
0

T
o

T

ff g E
g

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
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0
ˆ ( )T

Tf E e fγ−=  
 

0 (0, ) ( )T Tf P T E f=  
 

  ( ) ( ) ( )
1

1 1
0

,
N

i i i
i

A t T T P t T
−

+ +
=

= −∑  

 
( ) ( )As t E s T= ⎡ ⎤⎣ ⎦  

 

  ( ) ( )
0 T

o A
ff A E

A T
⎡ ⎤

= ⎢ ⎥
⎣ ⎦

 

 
[ ](0, ) max( ,0)T Tc P T E S K= −  

 
[ ]max( ,0)RT

T Tc e E S k−= −  
 

 [ ] 1 2max( ,0) ( ) ( ) ( )T T T TE S K E S N d KN d− = −  
 

0 0 max 1,0T
U

T

Vf U E
U

⎡ ⎤⎛ ⎞
= −⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
 

 
0 0 1 0 2( ) ( )f V N d U N d= −  

 
          European call option on a variable whose value is V  
 

 [ ]0 1 2(0, ) ( ) ( )c P T F N d KN d= −  

where 
2 2

0 0

1 2 1

ln( ) ln( )2 2
F FT T

K Kd d d T
T T

σ σ
σ

σ σ

+ −
= = = −  

0F = value of F at time zero    K = strike price of the option 
( , )P t T = price at time t of a zero-coupon bond paying $1 at time T  

σ = volatility of F   F = forward price of V for a contract maturing T  
T = time to maturing of the option  TV = value of  V at time T  
 
value of the corresponding put option  [ ]2 0 1(0, ) ( ) ( )p P T KN d F N d= − − −  
 

forward bond price 0

(0, )B
B IF
P T

−
=   

where 0B = bond price at time zero   
I = present value of coupons that will be paid during the life of the option 
 
volatility of the forward bond price  

0B y yDσ σ=  
where yσ = volatility of the forward bond yield 0y = initial value of Fy   Fy = forward yield 
D = modified duration of the bond underlying the option at option maturing 
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[ ](0, ) max( ,0)T Tc P T E B K= −  

where TB = bond price at time T  

TE = expected value in a world that is forward risk neutral with respect to a zero-coupon bond maturing at time T  
 

( )T T BE B F=  
 

(1 )max ,0
1

k k

k k

L RL
R

δ
δ

⎡ ⎤+
−⎢ ⎥+⎣ ⎦

 

where (1 )
1

k k

k k

L R
R

δ
δ

+
=

+
value at time kt of a zero-coupon bond that pays off (1 )k kL R δ+  at time 1kt +  

 
2 2 0

0 0
0

( )1( )
2 ( )T T y

G yE y y y T
G y

σ
′′

= −
′

 

where TE = expectations in a world that is forward risk neutral with respect to ( , )P t T  
 yσ = forward yield volatility 
 

2 2
2 2 0 0

0 0 0
0 0

( )1( )
2 ( ) 1

R
T T R

G R R TE R R R T R
G R R

σ τσ
τ

′′
= − = +

′ +
 

where   *T Tτ = −     L = principal 
TR = zero-coupon interest rate applicable to the period between T and *T  

  
V VW V Wα ρ σ σ=  

where Vσ = volatility of V   Wσ = volatility of W   VWρ = correlation between V and W  

R = forward interest rate for period between T and *T    Rσ = volatility of R  *( )

1
(1 )m T T

W R
m

−
=

+
 

 

*

*
0

0

( )( ) ( )exp
1

VR V R
T T TT

R T TE V E V TR
m

ρ σ σ
⎡ ⎤

−⎢ ⎥= −⎢ ⎥+⎢ ⎥⎣ ⎦

 

 
V VW V Wα ρ σ σ=  

 
( ) ( )(1 )X T Y T V WE V E V Tρσ σ= +  

 
value at time t of an interest rate derivative that provides a payoff of Tf at time T   =  ( )ˆ r T t

TE e f− −⎡ ⎤⎣ ⎦  
where r = the average value of r in the time interval between t and T  
 Ê = expected value in the traditional risk-neutral world 
 

( )1 ˆ( , ) ln r T tR t T E e
T t

− −⎡ ⎤= − ⎣ ⎦−
 

 
( ) ( )dr m r dt s r dz= +   dr rdt rdzμ σ= +  
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( )dr a b r dt dzσ= − +  

  
( , ) ( )( , ) ( , ) B t T r tP t T A t T e−=  

 
( )1( , )

a T teB t T
a

− −−
=  

 
22 2 2

2

( ( , ) )( ) ( , )2( , ) exp
4

B t T T t a b B t TA t T
a a

σ σ⎡ ⎤− + −
⎢ ⎥= −
⎢ ⎥
⎣ ⎦

 

 
1 1( , ) ln ( , ) ( , ) ( )R t T A t T B t T r t

T t T t
= − +

− −
 

 
( )dr t dt dzθ σ= +  

 
2( ) (0, )tt F t tθ σ= +  

 
( )( )( , ) ( , ) r t T tP t T A t T e− −=  

where 2 2(0, ) 1ln ( , ) ln ( ) (0, ) ( )
(0, ) 2

P TA t T T t F t t T t
p t

σ= + − − −  

 

[ ] ( )( ) tdr t ar dt dz a r dt dz
a

θθ σ σ⎡ ⎤= − + = − +⎢ ⎥⎣ ⎦
 

 
2

2( ) (0, ) (0, ) (1 )
2

at
tt F t aF t e

a
σθ −= + + −  

 
( , ) ( )( , ) ( , ) B t T r tP t T A t T e−=    where 

( )1( , )
a T teB t T

a

− −−
=  

 
2 2 2

3

(0, ) 1ln ( , ) ln ( , ) (0, ) ( ) ( 1)
(0, ) 4

aT at atP TA t T B t T F t e e e
P t a

σ − −= + − − −  

 
[ ]ln ( ) ( ) ln( ) ( )d r t a t r dt t dzθ σ= − +  

 
[ ] 1 1( ) ( ) ( )df r t af r dt dzθ μ σ= + − +      2 2du budt dzσ= − +  

 
price at time zero of a call option that matures at time T on a zero-coupon bond maturing at time s  

(0, ) ( ) (0, ) ( )pLP s N h KP T N h σ− −    1 (0, )ln
(0, ) 2

p

p

LP sh
P T K

σ
σ

= +  

 

[ ]1 , exp ( )
m

m

n

m m j m
j n

p Q j R tα+
=−

= − +∑ + +  where 
, 1ln lnm

m

n j R t
m j mj n

m

Q e P

t
α

−
+=−

−
=

∑ + +

+
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[ ]( ) ( ) ( )df r t af r dt dzθ σ= − +  

 

[ ]1 , exp ( )
m

m

n

m m j m
j n

p Q g j x tα+
=−

= − +∑ + +    

 
ˆ ( , )ˆ( , ) ( , ) B t T RP t T A t T e−=  

where [ ]
2

2(0, ) ( , ) (0, )ˆln ( , ) ln ln (1 ) ( , ) ( , ) ( , )
(0, ) ( , ) (0, ) 4

atP T B t T P t tA t T e B t T B t T B t t t
P t B t t t P t a

σ −+
= − − − − +

+
+ +

+
 

 

                     ( , )ˆ( , )
( , )
B t TB t T t

B t t t
=

+
+

+
       

 
( , ) ( ) ( , ) ( , , ) ( , ) ( )tdP t T r t P t T dt v t T P t T dz t= + Ω  

where ( , )P t T = price at time t of a zero-coupon bond with principal $1 maturing at time T  

tΩ = vector of past and present values of interest rates and bond prices at time t that are relevant for 
determining bond price volatilities at that time 

( , , )tv t T Ω = volatility of ( , )p t T    1 2( , , )f t T T forward rate as seen at time t for the period between time 1T and 2T              
( , )F t T = instantaneous forward rate as seen at time t for a contract maturing at time T  

 ( )r t short-term risk-free interest rate at time t   ( )dz t = Wiener process driving term structure movements 
 

[ ] [ ]1 2
1 2

2 1

ln ( , ) ln ( , )
( , , )

p t T p t T
f t T T

T T
−

=
−

 

 
2

2 1 2
1 2

2 1 2 1

( , , ) ( , , ) ( , , )
( , , ) ( )

2( )
t t tv t T v t T v t T

df t T T dt dz t
T T T T

Ω Ω − Ω
= +

− −
 

 
( , ) ( , , ) ( , , ) ( , , ) ( )t T t T tdF t T v t T v t T dt v t T dz t= Ω Ω − Ω  

 

( , , ) ( , , ) ( , , )
T

t t tt
m t T s t T s t dτ τΩ = Ω Ω∫  

 where ( , , )tm t T Ω = instantaneous drift of ( , )F t T         ( , , )ts t T Ω = standard deviation of ( , )F t T  
 

( , , ) ( , , ) ( , , )
T

t k t k tt
k

m t T s t T s t dτ τΩ = Ω Ω∑ ∫  

 
( ) ( ) ( )k k kdF t t F t dzξ=  

where ( )kF t = forward rate between time kt and 1kt + as seen at time t  
 ( )m t = index for the next reset date at time t , smallest integer such that ( )mt t t≤  

( )k tξ = volatility of ( )kF t at time t      ( )k tγ = volatility of the zero-coupon bond price ( , )kp t t  at time t  
 

( ) 1( ) ( ) ( ) ( ) ( ) ( ) ( )k k m t k k k kdF x t v t v t F t dt t F t dzξ ξ+⎡ ⎤= − +⎣ ⎦  
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 1
( ) ( )

( ) ( )
1 ( )

i i i
i i

i i

F t t
v t v t

F t
δ ξ

δ+− =
+
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( ) ( ) ( ) ( )
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( ) 1 ( )

k
k i i i k

k
i m tk i i

dF t F t t t
dt t dz

F t F t
δ ξ ξ

ξ
δ=

= +
+∑  

 
2 2

1
1

k

k k k i i
i

tσ δ− −
=

= Λ∑  

where iΛ = the value of ( )i tξ when there are i such accrual periods 

( )( )k k m ttξ −= Λ is a step function 
 

( ) ( )
( )

( )

( )( )
( ) 1 ( )

k
i i i m t k m tk

k m t
i m tk i i

F tdF t
dt dz

F t F t
δ

δ
− −

−
=

Λ Λ
= + Λ
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2

( ) ( ) ( )
( )

( )

( ) ( )
ln ( )

1 ( ) 2

k
i i i m t k m t k m t

k k m t
i m t i i

F t
d F t dt dz

F t
δ

δ
− − −

−
=

⎡ ⎤Λ Λ Λ
= − + Λ⎢ ⎥

+⎢ ⎥⎣ ⎦
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2

1 1 1
1 1

1
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( ) ( ) exp ( )

1 ( ) 2

k
i i i j k j k j

k j k j j k j j
i j i i j
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F t F t

F t
δ

δ ε δ
δ

− − − − − −
+ − −

= +

⎡ ⎤Λ Λ Λ
= − + Λ⎢ ⎥

+⎢ ⎥⎣ ⎦
∑  

  where ε is a random sample (0,1)Nε ∼  
 

, ,1
,

( ) 1

( ) ( ) ( )( ) ( )
( ) 1 ( )

p
pk i i i q k qqk

k q q
i m t qk i i
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F t F t

δ ξ ξ
ξ

δ
=

= =

= +
+
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1, 1, 1,1 1
1 1,

1 1
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( ) ( ) exp ( )

1 ( ) 2

p p
pk i i j i j q k j q k j qq q

k j k j j k j q q j
i j qi i j
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F t F t

F t

δ λ λ λ
δ λ ε δ

δ
− − − − − −= =

+ − −
= + =

⎡ ⎤
⎢ ⎥= − +
⎢ ⎥+
⎣ ⎦
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1 0
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p N
k k q k k

q k k k

t G t t
V t

G t
τ β γ

τ

−

= =

⎡ ⎤
= ⎢ ⎥+⎣ ⎦

∑ ∑  

where 
1 11

00 1
1 1

00 1

1 ( ) 1 ( )
( )

1 ( ) 1 1 ( )

N Nk
j j i j jij j i

k N NN
j j i j jij j i

G t G t
t

G t G t

τ τ τ
γ

τ τ τ

− −−

== = +
− −

== = +

⎡ ⎤ ⎡ ⎤+ +⎣ ⎦ ⎣ ⎦= −
⎡ ⎤ ⎡ ⎤+ − +⎣ ⎦ ⎣ ⎦

∑∏ ∏
∑∏ ∏
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0
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1 00
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p NT k k q t k k
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=
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⎡ ⎤
⎢ ⎥+⎣ ⎦
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τ β γ
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=
= = =

⎡ ⎤
⎢ ⎥

+⎢ ⎥⎣ ⎦
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j q j q
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q i qq
s

δ α
λ

α
=

Λ
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∑
 

 

,
1
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p

i i q i q
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dF t t F t dzαξ
=
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1
i i i i

i
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F tF
F

σ τ
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+
+

 

 
, ,2 21
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( )
( ) 1

i i i i y i F i ii i
i i y i i

i i i i

y F tG yy y t
G y F

τ ρ σ σ
σ

τ
′′

− −
′ +

 

 
             , ,i i i W i V i iV V tρ σ σ+  

 
*
2

2

(0, ) ( )i
QL P s N d
n

 

 
Rasmusen, Games and Information, An Introduction to Game Theory 
 
 best response:  * ' ' *( , ) ( , )i i i i i i i is s s s s sπ π− −≥ ∀ ≠  
 
 dominated strategy: '( , ) ( , )d

i i i i i i is s s s sπ π− − −< ∀  
 
 dominant strategy:  * ' ' *

,( , ) ( , )i i i i i i i i is s s s s s sπ π− − −> ∀ ∀ ≠  
 

weakly dominated:   '' ' '' '( , ) ( , ) ( , ) ( , )i i i i i i i i i i i i i is s s s s and s s s s for some sπ π π π− − − − − −≥ ∀ >  
 
 Nash equilibrium:  * * ' * ', ( , ) ( , )i i i i i i ii s s s s sπ π− −∀ ≥ ∀  
 
            pure strategy: :i i is aω →  
 
 mixed strategy: : ( ) 0i i is m a where mω → ≥   ( ) 1

i
i iA

m a da =∫  

 
 completely mixed: 0m >  
 
 minimax strategies: min max ( , )

i is s i i iimize imize s sπ
− −  

 
 maximin strategies: max min ( , )

i is s i i iimize imize s sπ
− −  

 
  
             ( , ( ))U e w e U=  
 
 max ( ( ) ( ))

e
imizeV q e w e− �  
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 ( ( ) ( ))( ) 0q wV q e w e
e e

∂ ∂′ − − =
∂ ∂

��  

 
q w
e e

∂ ∂
=

∂ ∂
�

 

 

( )
Uw e
Ue w

∂∂ ∂= −
∂∂

∂

�

�
 

 

( )( ) ( )U q U
w e e

∂ ∂ ∂
= −

∂ ∂ ∂�
 

 
* *( , ( ))U e q e U=  

 
max ( , ( ))

e
imizeU e q e  

 

( )( ) 0U U q
e q e

∂ ∂ ∂
+ =

∂ ∂ ∂
 

 

( )( )U q U
w e e

∂ ∂ ∂
= −

∂ ∂ ∂
 

 

(.)
max ( ( , ) ( ( , )))

w
imize EV q e w q eθ θ−� �     

subject to max ( , ( ( , )))
e

e avg EU e w q e θ=�  

( , ( ( , )))EU e w q e Uθ ≥� �  
 

(.)
( ) min ( ( , ))

w
C e imum Ew q e θ=� �  

 
max ( ( , ) ( ))

e
imize EV q e C eθ −
�

� �  

 
( ) ( )U not investigate U investigate≤  

 
2 2

1 2 1 2log( ) (1 ) log( ) 1 (1 ) log( ) (1 ) log( )w w w wθ θ θ θ α⎡ ⎤+ − ≤ − − + − −⎣ ⎦  

           1

2

(1 ) log( )w
w

θ θ α− =  

 
2 2

1 2log( ) 1 (1 ) log( ) (1 ) log( )w w wθ θ α⎡ ⎤= − − + − −⎣ ⎦  
 

1w we
α

θ=    (1 )
2w we

α
θ− −=  

 
2 2 11 (1 ) (1 )we we

α α
θ θθ θ

−
−⎡ ⎤− − + −⎣ ⎦  

 



Financial Economic Theory and Engineering Formulae Sheet               44                                    May, 2008   

( ) (1 )P E Pθ θ ε θ= ⎡ + ≤ ⎤⎣ ⎦  
 

FET-101-07     None 
 
FET-102-07  

 

( ) ( )

( )

0 0

0 0

max , max 0,

max , max 0,

i iT iT i iT
i i i

i iT iT i iT
i i i i

F S S S S S

F S S S S S

= = + −

⎛ ⎞ ⎛ ⎞= = + −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

∑ ∑ ∑

∑ ∑ ∑ ∑
 

   
FET-105-07   None 
 
FET-106-07 
 
 dS Sdt SdZμ σ= +  
 
 ( , )dr r t rdt r dZμ σ= +  
 

 

( , )
( , )

( , )

r t T
r t T

t T
t

σ
σ

⎛ ⎞Δ
⎜ ⎟
⎝ ⎠=

Δ
 

 

 ( ( , ))( , ) r t Tt T
t

σσ Δ
=

Δ
 

 
 ( )dr a b r dt rdZσ= − +  
 
 ( )dr a b r dt dZσ= − + , (a>0) 
 
 1 1 1( )dr a b l r dt r dZσ= + − +  
 
 2 2 2 2( )dl a b r c l dt l dWσ= + + +  
 
 ( , ) ( , )dV M t r dt t r dZ= + Ω  
 

 21( , ) ( , ) ( , )
2t r rrM t r V t r V t r Vμ σ= + +  

 
  ( , ) ( , ) rt r t r VσΩ =  
 
 1 2 1 2( ( , ) ( , )) ( ( , ) ( , ))d M t r M t r dt t r t r dZΠ = − Δ + Ω − ΔΩ  
 
 d r dtΠ = Π  
 

 21( ( , ) ( , ) ( , )) ( , ) 0
2t r rrV t r t r t r V t r V rVμ λ σ σ+ − + − =  
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 ( 1)(1) 2
( ) (1 )

i
n

i n

P nP
P n

δ
δ

⎡ ⎤+
= ⎢ ⎥ +⎣ ⎦

      2 (1)re σδ −=  

 

 { }1 1
1

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

n n n n
i i i iP T P P T P T+ +

+= − + −  

 

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

n n
n

i
P n nr i

P n
δ δ δ

−

= + + + −
+

 

 

Note: Typo in text (1)1n
ir =  either way will receive full credit. 

 
 ' 2( (0, ) )dr f t t dt dzσ σ= + +  
 

 
[ ]1 ln ( ) ( 1)... (1)

2( ) ( )s
n n

r n n
n

δ δ δ
σ

− −
=  

 

            1 2 1 1

1

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

( 1)(1)
( )

n n n

n n

n i
i n

P nP
P n

δ δ δ δ
δ δ δ δ− − −+ +

+ +

⎡ ⎤+ ⎡ ⎤= ⎢ ⎥ ⎣ ⎦⎣ ⎦
 

 
     [ ]' ( )' 2

( )( (0, ) ( ) ( ) (0, ) ) ( )t
tdr f t t t r t f t dt t dZσ

σσ σ= + + − +  
 

1 1 1 1 1
1 1 1 2 1

, 1 1 1 1 1
1 1

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

n n n n
i j

n n n n

P nP
P n

δ δ δ δ δ
δ δ δ δ δ

− − +

−

+ + ++
= ×

+ + +

2 2 2 2 2
1 21 1 1 2 1

2 2 2 2 2
1 2

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

i jn n n
n n

n n n

δ δ δ δ δ δ δ
δ δ δ δ δ
− − −+ + +

+ + +
 

 

 [ ]
'

2'
( ) cos ( )

( ) ( ) ( ) ( )
( ) cos ( )

t t
dr f t t t r f t dt t dW

t t

σ φ
σ σ

σ θ

⎧ ⎫⎪ ⎪= + + − +⎨ ⎬
⎪ ⎪⎩ ⎭

 

 

 
' ( )ln ( ( ) ln ) ( )
( )
td r t r dt t dW
t

σθ σ
σ

= − +  

 

 ( ) ( ( ) ( )) ( )dr t t r t dt dW tα β σ= − +   where 
2

2
*

(0, )( ) (0, ) (1 )
2

tf tt f t e
T

βσα β
β

−∂
= + + −

∂
 

  [ ] 1( )dr t ar dt dWθ μ σ= + − +          2du budt dZσ= − +  
 
  * * * *( , ) ( ) ( , ) ( , ) ( , )pdP t T r t P t T dt t T P t T dZσ= +  
 
  * *

* * * *( , ) ( , ) ( , ) ( , )p p p
T T

df t T t T t T dt t T dZσ σ σ= −  
 
  * * * * *( , ) ( ) ( , ) ( ) ( , ) ( , )dP t T r t P t T dt T t P t T dZ t Tσ= + −  
 

            
*

*
*

1 ( , )( , ) 1
( , )
P t TL t T

P t T
⎛ ⎞

= −⎜ ⎟+⎝ ⎠+ +
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*

*

* * * * *( , )( , ) ( , ) ( ) ( ) ( )
1 ( , )

N

j t

L t jdL t T L t T T j T t dt T t dZ
L t j=

⎡ ⎤Δ Δ
= Λ − Δ Λ − + Λ −⎢ ⎥

+ Δ Δ⎢ ⎥⎣ ⎦
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2

1
1 1 1

1

( , )( , 1) ( , ) exp
1 ( , ) 2

k
k j

i j k j k j
i j

L i jL k j L k j Z
L i j

− −
− − − − − −

= +

⎡ ⎤⎛ ⎞ΛΔ
+ = Λ Λ − Δ + Λ Δ⎢ ⎥⎜ ⎟⎜ ⎟+ Δ⎢ ⎥⎝ ⎠⎣ ⎦

∑ �  

where 2 2

1

j

j j i
i

jσ −
=

= Λ∑  

 
     caplet [ ]1 1 2( ) ( ) ( )k k k k xC L P t F N d R N dδ += −  

                where 
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1

ln
2

k k
k

X

k k

F t
R
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t

σ

σ

⎡ ⎤
+⎢ ⎥

⎣ ⎦=       2 1 k kd d tσ= −  

 

    swaption [ ] [ ]1 2 1 2
1

( ) ( ) ( ) * ( ) ( )
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i F X F X
i

L P t R N d R N d L A R N d R N d
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= − = −∑  

                 where 
1

1 ( )
mn

i
i

A P t
m =

= ∑    1 i mn≤ ≤  

 
2 ( )( 1, ) ( , ) exp ( ) ( ) ( )

2
j kP k j P k j r k j k Z j kσ σ

⎡ ⎤⎛ ⎞−
+ = − Δ + − Δ −⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
 

 
* * * *( ) ( ( )) exp( ( ))T t a b T t c T t dσ − = + − − − +  
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L i j
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= +

⎡ ⎤⎛ ⎞ΛΔ
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*

*
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*
*
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T
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P T
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δ

+ −
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−

=

+
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∏

∏
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δ

=
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FET-108-07 
 
  ( ) ( ) ( ) ( ) ( ( ), ) ( ( ), )DFV E V F V D V F D P V F D C V F D= − = − + =  
 

  *( ) (1 )mV F S D
n

= + +  

 
  { }' ( ) ( ) ( ),R R R R RV E C V F D P V F D C V D P= − + − + = − + − +  

  { }' ( ) ( ) ( ),N N N N NV E V F D P V F D V D P= − + = − +  
  

 
min ( )

( ) cos
N R R

N

facevalue principal forgiven default put assu g reinvestment D P P NPV P
D P B NPV B valueof regular debt saving inbankruptcy t

+ − = − − − −
= − − − + = +
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FET-109-07  
 

 
1

2 2 2 2 2
0 4 1 3 2 3 4

1 ( )
2 a a b bRBC C C C C C C C

⎡ ⎤
⎡ ⎤= + + + + + +⎢ ⎥⎣ ⎦

⎣ ⎦
 

 
FET-112-07   None 
 
FET-113-07  
 

 2 2 2 2

1 1
i

n n

Y x i i
i i

σ σ ω σ
= =

= =∑ ∑  

 2 2 2 2 2 2

1 1 1

n n n

r i i i i i
i i i

MCaR k k k DCaRσ ω σ ω σ
= = =

= = = =∑ ∑ ∑   

 

 2

1 1

n n

i i j ij
i i i j

Total CaR CaR CaR CaR ρ
= = ≠

= +∑ ∑∑  

 
FET-114-07  
 
  { } { }(1 ) ( ) (1 )NPV d V S C m V Sμ+ −= − − − − +  

  { } { }( )dV S mV Sμ + −= − +  
 

  { } ( ( ) ( ))
(1 )

n z zN zV S
r

σ+ +
=

+
  { } ( ( ) ( ))

(1 )
n z zN zV S

r
σ− − −

=
+

 

    
FET-115-08   None 
 
FET-138-07  

 ( )
*W

c f w dw
∞

= ∫  

 
 0VAR W tασ= × Δ  
 

 ( ) ( )
( )2

1
ˆ

c c
se q

T f q
−

=
 

 

 
FET-139-07 None 
 
FET-141-08 None 
 
FET-142-08 None 
 
FET-143-08 
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XCHaircut
XC LL

=
+

 size of the losses 

where XC = sum of excess capital    
LL = remaining liquid / surrender-able liabilities= total amount of available assets ( AA ) in excess of 200% 
RBC available to meet any remaining liquidity demands 
 

FET-144-08 
 

senior debt excess hybrid debt and preferred stockleverage
ECA senior debt hybrid debt preferred stock

+
=

+ + +
 

 

. .
tan & '

. . ( )U S
s dard pool s qualifying hybridHybrid Ratio

U S GAAP consolidated capital total hybrid total senior debt
=

+ +
 

 
tan & '

( )Eurpoe
s dard pool s qualifying hybridHybrid Ratio

GroupConsolidated TAC excluding hybrid total hybrid total senior debt
=

+ +
 

. .
tan & '

. . ( )U S
s dard pool s qualifying hybrid total senior debt nonqualifying hybridDoubleleverage

U S GAAP consolidated capital total hybrid total senior debt
+ +

=
+ +

 

tan & '
( )Eurpoe

s dard pool s qualifying hybridDouble leverage
GroupConsolidated TAC excluding hybrid regulatory qualifying hybrid capital

=
+

 

 
 
FET-145-08 
 

 (equity +franchise) * total shareholder return 
         =increase in net assets + increase in franchise value + dividend 
 =increase in franchise value + retained profit + dividend 
 =franchise * franchise growth rate + equity * return on equity 
 

return on equity = total shareholder return + franchise/equity *(total shareholder return – franchise growth rate) 
 

1 1 1
0 0 1

1 1 1 1

*
(1 ) (1 ) (1 ) (1 )

t t t t t t t
t t t t

t t t t

D D E E COE E E EE F
COE COE COE COE

∞ ∞ ∞ ∞
− − −

−
= = = =

+ − −
+ = = − +

+ + + +∑ ∑ ∑ ∑  

 

           0 1
1 (1 )

t
tt

t

ROE COEF E
COE

∞

−
=

−
=

+∑  

 
{ } { }0 0 0 0 0 0 0 1(1 ) (1 ) ( ) ( )f T f A A f L LR A L F A L k A R m k L R m k F+ − + = − + − + − − − + +  

where tA = balance sheet assets at time t   AR = actual asset return 

tL = balance sheet liabilities at time t         LR = actual liability return 

tF = franchise value                                    fR = risk-free rate 

Ak = asset-related expenses as a proportion of 0A   Lk = liability-related expenses as a proportion of 0L  

Tk = tax paid as a proportion of pre-tax profit   Am = margin above LIBOR as asset swap 

Lm = margin below LIBOR as liability swap 
 

{ }0 0 0 0 0 1(1 ) (1 ) ( ) ( ) ( )f T A A L L T fR F k A m k L m k k R A L F+ = − − + − − − +  
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0 0 0 1 0 0(1 ) (1 )( ) (1 )( ) (1 ) ( ) ( )f T A A T L L f TR F A k m k L k m k s F R s k A L+ = − − + − − + − − + −  

 
{ } { }0 0 0 0 0 1 0 0(1 )( ) 1 (1 )( ) 1 (1 )( ) (1 ) ( )f T f A A T f L L TR A L F A k R m k L k R m k s F sk A L+ − + = + − − − − + − − + + − − −  

 
0 0 0 0 0( ) (1 )( ) (1 )( ) ( ) ( )f T A A T L L f TR s g sg F A k m k L k m k R s k A L+ − + = − − + − − − + −  

 
 
FET-146-08 
 

( )( )L
x A

D p x x A
>

= −∑   where ( )p x = probability density for losses (0 )x≤ ≤ ∞  

 
            ( )( )A

L y

D q y L y
>

= −∑  where ( )q y = probability density for losses (0 )y≤ ≤ ∞  

 

( ) ( )L A
D x A p x dx

∞
= −∫  

 

0
( ) ( )

L

AD L y q y dy= −∫  

 
L

L
D c cd k c
L k k

φ − −⎡ ⎤ ⎡ ⎤= = − Φ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦
 

 
1 ( ) ( )

1
A A

A A A
A A A

D ccd k c
L c k k

φ
⎡ ⎤−−

= = − Φ⎢ ⎥− ⎣ ⎦
 

where Lk = the cv of losses Ak = the cv of assets  Ac = capital / assets ratio 
( )xΦ = the cumulative standard normal distribution  ( )xφ = the standard normal density function 

 
( ) (1 ) ( )Ld a c a k= Φ − + Φ −  

 
( )( )
1

A
A

A

b kd b
c

Φ −
= Φ −

−
 

where ln(1 )( ) ( )2
cka k

+= −   ln(1 )( ) ( )2
A A

A

k cb k
−= +  

( )xΦ = the cumulative normal distribution 
 
one-period expected policy-holder deficit ratio 

0

1 ( )d zp z dz
−∞

= −∫   where ( )p z = the density of 1c�  

1C = the amount of capital at the end of one period 

 1
1

0

Cc L=
�

� the amount of capital relative to the original expected loss 

 
[ ]1 (1 ) 1 (1 )c c p c p r pcb g= + + + + + −�� �  
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where r and g� � are random variables denoting the annual return on assets and annual rate of change in value 
of the liabilities 
b =� incurred loss ratio 
 

1
2

2

1

n n

i ij i j
i i j

C c c cρ
= ≠

⎡ ⎤
= +⎢ ⎥

⎣ ⎦
∑ ∑  total capital 

 

( ) ( )D μ μσφ μ
σ σ
− −

= − Φ  

( ) ( )T
T T

D c cd k c
L k k

φ − −
= = − Φ  

( ) ( )L
c cd k c

k k
φ − −

= − Φ  

1 ( ) ( )
1

A A A
A A A

A A A

D c cd k c
L c k k

φ
⎡ ⎤− −

= = − Φ⎢ ⎥− ⎣ ⎦
 

 
( ) ( )itF S a Ee a tσ−= Φ − Φ −  

where 
2

ln( ) ( )2
S i tEa

t

σ

σ

+ +
=   S = stock price   E = exercise price 

 
( ) (1 ) ( )L LD L a c L a σ= Φ − + Φ −  

 
( ) (1 ) ( )Ld a c a k= Φ − + Φ −  

 
( ) ( )L AD A a L a σ′ ′ ′= Φ − Φ −  

 
( )( )
1

A
A

A

b kd b
c

Φ −
= Φ −

−
  where ln(1 )( ) ( )2

A A

A

k cb k
−= +  

 
 
FET-147-08   None 
 
FET-148-08   None 
 
FET-149-08   None 
 
FET-150-08    None 
 
FET-151-08 
 

default put option ( ) ( ) ( )TV E F V A PV L O= + − +  
where ( )V = market value  ( )PV = the present value  E = owner’s equity   A = the assets  L = liabilities   
 F = the franchise value  TA = tangible assets   O = the default put option 

 
FET-152-08      None 
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FET-153-08     None 
 
FET-154-08 None 
 
FET-155-08  
 

 ( ) ( )
1 ( )
wf w dw CTE

ρξ
ρ

ρ
ξ

∞
=

− Φ∫  

 
FET-156-08 None 
 
FET-157-08 

 
    ( )

i Mr f i r FE r E rβ= + −  
 
FET-158-08  
  

D t T
e e

E
e

s t T T t T t T t r dsst

T, ,b g b g b g b g b g= = z
L
N
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O
Q
PP× − − × −

1 1 1
φ  

 
 r r s t s t s ts s

* '= + − + − × −φ φb g b g b g  
 

          D t T
e

E

e

E
e

s t T T t
r T t ds r ds
s

t

T
st

T, , *
b g b g b g b gc h

= =
z

L

N

MMM

O

Q

PPP
= z
L
N
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O
Q
PP× −

+ −

1 1 1
φ

 

 
FET-159-08 

            *( ( ) )dr k k r dt rdwθ λ σ= − + +     where *

0

( ) ( ) ( )
t

w t w t r s dsλ
σ

= + ∫  

 

 *( , ) 1
( ) ( )

p t TB E
B t B TB

⎡ ⎤
= ⎢ ⎥

⎣ ⎦
           *( , ) exp( ( ) )

TB

t
p t TB E r s ds⎡ ⎤= −⎢ ⎥⎣ ⎦∫  

 
 ( , ) ( , ) exp( ( ) ( , ))p t TB A t TB r t G t TB= −  
 

 

2
2

2 exp ( )
2( , )

( )(exp( ( )) 1) 2

c

TB tb
A t TB

b TB t

σ
γ γ

γ γ γ

⎡ − ⎤⎡ ⎤+⎢ ⎥⎢ ⎥⎣ ⎦⎢ ⎥=
+ − − +⎢ ⎥

⎢ ⎥⎣ ⎦

 

 

 2(exp( ( )) 1)( , )
( )(exp( ( )) 1) 2

TB tG t TB
b TB t

γ
γ γ γ

− −
=

+ − − +
 where b k λ= +   c kθ=   2 22bγ σ= +  

 

 
2 ( )

2 *
2

4 2( ) ( , ) (2 ( ( , )), , )
( ( , ))

T tc reC t p t TB G T TB
G T TB

γϕχ γ ϕ ψ
σ ϕ ψ

−

= + + −
+ +
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2 ( )

2 *
2

4 2( , ) 2 ( ), ,
( )

T tc reXp t T r
γϕχ ϕ ψ

ϕ ψσ

−⎡ ⎤
+⎢ ⎥+⎣ ⎦

 

 
 **( ( ) ( ) ) ( )dr t t r dt t dwφ α σ= − +    ( ) ( ) ( ) ( ) ( )t t t b t tφ θ α λ σ= + −  
 
 

 **( ) ( )
( ) ( )

x t xE
B t B

τ
τ

⎡ ⎤
= ⎢ ⎥

⎣ ⎦
 

 
   

 **( , ) exp( ( ) )
TB

t
p t TB E r s ds⎡ ⎤= −⎢ ⎥⎣ ⎦∫  

 

 

2

2
(0, )

( ) (0, )

G t
tt G t

t
α

−∂
∂=

∂
∂

 

 

 

2
22

2 0

(0, ) (0, ) (0, ) ( )( ) ( ) (0, )
tF t F t G tt t dGt t t

σ τφ α ττ
τ

⎡ ⎤
∂ ∂ ∂⎡ ⎤ ⎢ ⎥= − − + ⎢ ⎥ ⎢ ⎥∂∂ ∂ ∂⎣ ⎦ ⎢ ⎥∂⎣ ⎦

∫  

 
              ( ) ( , ) ( ) ( , ) ( )pC t P t TB N h XP t T N h σ= − −          

               where 1 ( , )( ) ( ) ln
2 ( ( , ))

p

p

P t TBh
XP t T

σ
σ

⎡ ⎤
= + ⎢ ⎥

⎣ ⎦
 

 

    [ ]
2

22 ( )(0, ) (0, )
(0, )

T

p t
G TB G T d

G
σ τσ τ

τ τ
⎡ ⎤

= − ⎢ ⎥∂ ∂⎣ ⎦
∫  

 

     

2
2

2 exp ( )
2(0, )

( )(exp( ) 1) 2

c

tb
A t

b t

σ
γ γ

γ γ γ

⎡ ⎤⎡ ⎤+⎢ ⎥⎢ ⎥⎣ ⎦⎢ ⎥=
+ − +⎢ ⎥

⎢ ⎥⎣ ⎦

 

 

 2(exp( ) 1)(0, )
( )(exp( ) 1) 2

tG t
b t

γ
γ γ γ

−
=

+ − +
  where b k λ= +   c kθ=   2 22bγ σ= +  

 
* ( )max( (0, ), (0),0, ) (0, )

( )
M TP P TB M T E P TB
B T

⎡ ⎤
= − =⎢ ⎥

⎣ ⎦
*

0
( )(exp( ( ) )) (0, )

T
E M T r s ds P TB⎡ ⎤− −⎢ ⎥⎣ ⎦∫  

 
  

1 1 11 1( ( ) )( ) ( )
i i i it t t i i t i ir r k k r t t r t tθ λ σ ε

− − −− −= + − + − + − �  
 

 1 1
1 1

1( (0, ), (0),0, ) ( ( )exp ( )( ) (0, ))
N m

n n i i i
n i

PMAX P TB M T M T r t t t P TB
N − −

= =

⎧ ⎫⎡ ⎤= − − −⎨ ⎬⎢ ⎥⎣ ⎦⎩ ⎭
∑ ∑
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** ( )( (0, ), (0),0, ) (0, )

( )
M TPMAX P TB M T E P TB
B T

⎡ ⎤
= − =⎢ ⎥

⎣ ⎦
 **

0
( )(exp( ( ) )) (0, )

T
E M T r s ds P TB⎡ ⎤− −⎢ ⎥⎣ ⎦∫  

 

1 11 1 1 1( ( ) ( ) )( ) (0)
i i it t i i t i i i ir r t t r t t r t tφ α σ ε
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FET-160-08 None  
 

FET-161-08   None 
 
FET-162-08   None 
 
FET-163-08 

 

share value of taking the project =  PV of assets in place PV of newinvestment
number of original shares number of new shares

+
+

 

 

share value of not taking the project = PV of assets in place
number of original shares

 

 

share value : financing project with riskless debt = valueof original assets NPV of new project
number of shares

+  

 
 
FET-164-08  

 
* *Risk weighted amount Assets WA credit equivalent WCE− = +∑ ∑ where WA =  

          risk capital weighted by asset categories 
 WCE = weighted by credit equivalents by type of counter party 

 
FET-165-08 

( )(1 )iT E P r L= + + −  
 

( ) ( ( , ))(1 ( )) ( ( ) ( , )iE T E P R I S E r E L a hC I S a= + − + − + −  
 

( ) ( ( )) 1 0E T E L a C I Lh
a a I L a

∂ −∂ ∂ ∂ ∂
= − + =

∂ ∂ ∂ ∂ ∂
 

 
{ }(1 ( )) ( ( )) (1 ) ( , )T E D E r E L a D r hC I S a= + + − − + + −  

 
( ) ( ( )) 1 0E T E L a C I Lh
a a I L a

∂ ∂ ∂ ∂ ∂
= − − + =

∂ ∂ ∂ ∂ ∂
 

 
 
Recommended Approach for Setting Regulatory Risk-Based Capital Requirements for Variable Annuities 
and Similar Products, 
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  None 
 
Smith, Investor & Management Expectations of the “Return on Equity” Measure vs. Some Basic Truths of 
Financial Accounting 
 

 ( )
1

1
( )* *(1 )

t
t x

t t x x
x

E EV ROE IRR E IRR −
−

=

⎡ ⎤− = − +⎣ ⎦∑  

           where tE = equity at time t   tEV = embedded value at time t , using discount rate IRR  
           IRR = pricing internal rate of return after target surplus 
           xROE = return on equity at time x = earnings in period 

1x

x
E −

 

 
Bodoff, Capital Allocation by Percentile Layer 
 
percentile layer of capital ( , )jα α + = required capital at percentile ( )jα + − required capital at percentile ( )α  

 
layer of capital ( , )a a b+ = capital equal to amount ( )a b+ − capital equal to amount ( )a  

( )VaR x = total required capital [ ]
0

( ) ( )
k j

x j x
α

α α
−

=

= + −∑  

( )x α = loss amount at percentile α  j = selected percentile increment 
 

( )
(1 ( ))

x

x y

f x dxF y

=∞

=
−∫    where x = loss amount  y = the capital 

 
(99%)

0

( )
1 ( )

y VaR x

y x y

f x dxdyF y
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y x
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=
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(0%) 0
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x x y
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Allocated capital to loss event x 
0
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y x

y

f xAC x dyF y

=

=
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0
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y x

y
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=

=
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(99%)

0
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y

AC x f x dyF y

=

=
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y x
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d d
dx AC x

dx f x dyF y

=

=

=
⎧ ⎫⎪ ⎪
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0 0
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1 1
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∫ ∫
 

 

0
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y x

y

f x dyf xF x F y

=

=
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0

1( ) (1 ( ))

y x

y

rf x dyF y

=

=
−∫   r = required rate of return on capital 

 

0

1
(1 ( ))

y x

y

r dyF y

=

=
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0

1
(1 ( ))

y x

y

x r dyF y

=

=

+ −∫  

 

0

1 11 ( ) (1 ( ))

y x

y

x r dyx F y

=

=

⎡ ⎤
+⎢ ⎥−⎢ ⎥⎣ ⎦

∫  

 
premium net of expenses = expected loss + cost of capital 
 

 
[ ] *( )P E L r allocated capital contributed capital= + −  

where P = premium net of expenses    [ ]E L = expected loss r = required rate of return on capital 
 

[ ] [ ]*( )(1 )
rP E L allocated capital E Lr= + −+  
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1( ) ( ) ( ) ( )1 (1 ( ))

y x

y

rP x xf x f x dy xf xr F y
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=
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=

=
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=

=
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y

rP x xf x dyr x F y

=

=
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0

1( )( )(1 ) (1 ( ))

y x

y

r dy xr F y

=

=

−+ −∫  

 

0

1( ) ( )exp( ) exp( )
y x

y

x xAC x dyθ θ θ

=

=

= − ∫  

 
( ) 1 exp( )xAC x θ= − −  

 

{ }
1( )exp( )( )

d x
dx AC x θ θ= −  

 
11 ( ) (exp( ) 1)xr x θ θ+ −  

  
 
Hardy, Freeland and Till, Valuation of Long-Term Equity Return Models for Equity-Linked Guarantees 
 
  1t t t tY F zμ σ− = +  where ( )0,1 ,tz N t≈ ∀   
 
              ( )22 2

0 1 1 1t t tYσ α α μ βσ− −= + − +  
 
 ( )1 1 2. . . . 1t tY F Q w p q Q w p q− = = −   
 
   where 1 1 1t t tQ F zμ σ− = +  ( ) ( )2 22

1,0 1,1 1 1 1,2 2 1t t tY Yσ α α μ α μ− −= + − + −  
 
    2 1 2 2,0t tQ F zμ α− = +   
 

    ( ) 1
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1 t
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−
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     ( ) 2
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t t t

y
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μ
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     ( ){ } ( ){ }( ),1 ,21 0.5 1 0.51t t tP Pr I r I r> >= + −  

 
 


