
Physical Science & Biophysics Journal 
ISSN: 2641-9165 

 

Impact of the Trivedi Effect® on the Physicochemical Properties of Antimony Phy Sci & Biophy J 

 

  
 

Appendix (I-XII) 
 

From Simultaneous Equations (16) and (17) Determine 
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Take (16) from the theorem of proportion by equality set 11   and 12   we get 
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Analogously take (17) from the theorem of proportion by equality analogously set 11   and 12   we get 
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The   obtained from (17) should be equal to the   obtained from (16), then we get the equation about f  
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v

b

a

d

c
v  and the formula above goes to 


























































































































































































































































































)
1

()()(

0

)
1

()
1

(

1111
)

1
(

)()(

1111
)(

)(

)()(

1111
)(

)()()(

2

2

2

2

2

2

23

2

23

bbd

c
v

b

a

d

c
vd

b

ac
vadbcfcdbaf

bbd

c
v

b

a

d

c

ac

v

bbd

c
v

b

a

d

c
fv

dcab

v

adbc
v

bbd

c
v

b

a

d

c
fv

d
b

ac
vadbc

ac

fv
d

b

ac
vadbcf

dcab

v

adbc
v

ac

d

bd

c
v

b

a

a

b

c

d

d

c
fv

d
b

ac
vadbcf

ac

v
cdbafcdbaf

dcab

v

adbc
v

ac

d

bd

c
v

b

a

a

b

c

d

d

c
fv

a

bd

b

ac
vadbcfcdbaf

ac

v
f

 

We can see the original equation becomes 
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

































 )

1
()()(0

2

bbd

c
v

b

a

d

c
vd

b

ac
vadbcfcdbaf  

Then, divided both sides of the equal sign of the equation above with 









bd

v
f  i.e. 



































 )

1
()()()(

2

bbd

c
v

b

a

d

c
vd

b

ac
vadbcfcdbaf

bd

v
f  

We can take cdbaf )(   as the quotient i.e. 

cdbaf

bbd

c
v

b

a

d

c
vcdba

bd

v
d

b

ac
vadbcf

cdbaf
bd

v
cdbaf

bbd

c
v

b

a

d

c
vd

b

ac
vadbcfcdbaf

bd

v
f

)(

)
1

()()(

)()(

)
1

()()()(

2

2












































































  

 
i.e. 

  

cdbaf

bbd

c
v

b

a

d

c
vdcvadbcf

bd

v
cdbafcdbaf

bbd

c
v

b

a

d

c
vd

b

ac
vadbcfcdbaf

bd

v
f

)(

)
1

()(

)()(

)
1

()()()(

2

2


























































  

We can take   dcvadbc  )(  as the quotient, the equation above becomes 

  

     

  dcvadbccdbaf

dcvadbc
bd

v
dcvadbcf

bbd

c
v

b

a

d

c
vdcvadbcf

bd

v
cdbafcdbaf

bbd

c
v

b

a

d

c
vd

b

ac
vadbcfcdbaf

bd

v
f






























































)()(

0

)()(

)
1

()(

)()(

)
1

()()()(

2

2
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The remainder is zero, the original equation becomes 

  dcvadbccdbaf  )()(0  

namely 

)(

)()(
3

bacd

cdvadbc
f




  

bring 
ac

v
f 1  or 

bd

v
f 2  or 

)(

)()(
3

bacd

cdvadbc
f




  into (16) or (17) we can correspondingly obtain 

1  or 
2  or 

3 . 

 

Prove that (23)″Comes from (21) Minus (22) Plus (20) and in Different Octant (21) and 

(22) will Change But (23)″ is Unchanged in form 

a. in the first octant (20) and (19) are（note (23) will be unchanged in form in any octant） 

C

r

C

r

C

r

rr

2




…………………(20). 

C

xyzr

C

x

C

y

C

z

C

r

xyzr






…………………(21) 

C

rzyx

C

r

C

z

C

y

C

x

rzyx






…………………(22) 

From (21) minus (22) plus (20) we obtain (please note yy CC   and 
zz CC 

) 

C

r

CC
x

C

r

xxr

2
)

11
(2 



…………………(23)″ 

b. In the 2nd octant（the x is negative）, Adopt the absolute value list the equation (21) and (22) are (note the direction 
of the light rays) 

C

xyzr

C

x

C

y

C

z

C

r

xyzr









…………………(21)′ 

C

rzyx

C

r

C

z

C

y

C

x

rzyx








…………………(22)′ 

From (21)′ minus (22)′ plus (20) we obtain 

C

r

CC
x

C

r

xxr

2
)

11
(2 



…………………(23)″ 

It is analogous in other octant, so we omit them. 
 

Bring (19) into (23), the (23)″ will go to (23)′ 

Divided both sides of the equal sign of the equation (23)″ with r , (23)″ will become 

CCCC xxr

2
cos)

11
(

2




  

Bring (19) into the equation above we obtain 
xxxxr CCCCC

11
cos)

11
(

2




  
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i.e. cos)
11

(
112

xxxxr CCCCC




 

i.e. 
xx

xxxx

r CC

CCCC

C 

 


cos)()(2
 

Taking note of that (19) i.e. 
CCC

CC

CC xx

xx

xx

211











 or 
2

)( CCC
CC xx

xx


 

  

therefore 

2

)(

cos)()(cos)()(2

CCC

CCCC

CC

CCCC

C xx

xxxx

xx

xxxx

r














 
 

i.e. 
CCC

CCCC

C xx

xxxx

r )(

cos)()(1








 
 

i.e. 

cos
)(

)(
1

xx

xx
r

CC

CC

C
C












…………………(23)′ 

 

Bring (19) and 222
zyxr  , t

C

r

r

  into (23)″, the (23)″ will go to (23) 

(23)″ i.e. 
C

r

CC
x

C

r

xxr

2
)

11
(2 



. Bring 
222

zyxr   and t
C

r

r

  into (23)″, (23)″ will go to 

C

zyx

CC
xt

xx

222
2

)
11

(2





 

i.e. 
















 xx CC
xt

C

zyx 11

2

1
222

. Self-multiplying it becomes 

2

22

2

222
11

4

111

2

1
2 































 xxxx CC
x

CC
txt

C

zyx
. 

Shift the terms containing 
2

x  and xt  to the leftside of the equal sign of the equation above, the equation above will 

become 

2

2

22
2

2

2 11

2

1
2

11

4

11
t

C

zy

CC
tx

CCC
x

xxxx












































 

i.e. 
2

2

22
2 11

2

1
2

11

2

1111

2

11
t

C

zy

CC
tx

CCCCCC
x

xxxxxx



































































 

Note (19) i.e. 
xC

1
+

xC

1
=

C

2
, therefore, 

xxxxxx CCCCCCCC 
















































111

2

1111

2

11
 

the equation above becomes 
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2

2

22
2 11

2

1
2

11
t

C

zy

CC
tx

CC
x

xxxx

































































, 

i.e. 
2

x 







  )(

2

1
2 xx CCtx + xxCC

C

zy



2

22
)(

=
2

t
xxCC . 

Now, added 

2

)(
2

1








 xx CCt  at both sides of the equal sign of the equation above, it will combine with the 1st term 

and 2nd term of the equal sign left to found a complete square term, the equation above becomes 
2

)(
2

1








 xx CCtx + xxCC

C

zy



2

22
)(

=
2

t
xxCC +

2

)(
2

1








 xx CCt , 

namely 

2

)(
2

1








 xx CCtx + xxCC

C

zy



2

22
)(

=
2

t
xxCC + 








  )2(

4

1 222

xxxx CCCCt  

namely 

2

)(
2

1








 xx CCtx + xxCC

C

zy



2

22
)(

=

2

)(
2

1








 xx CCt  

namely 
2

2

)(
2

1

)(
2

1

























xx

xx

CCt

CCtx

+
2

222

)(
2

1

)(1

























xx

xx

CCt

CCzy

C
=1. 

Note (19) i.e. 
xC

1
+

xC

1
=

C

2
, i.e.

C

1
= 















 xx CC

11

2

1
, the equation above will become 

2

2

)(
2

1

)(
2

1

























xx

xx

CCt

CCtx

+
2

22
2

)(
2

1

)(
)

11
(

2

1




























xx

xx

xx
CCt

CCzy

CC
=1 

namely 
2

2

)(
2

1

)(
2

1

























xx

xx

CCt

CCtx

+
2

22
2

)(
2

1

)()(

2

1



















 









xx

xx

xx

xx

CCt

CCzy

CC

CC
=1 

i.e. 
2

2

)(
2

1

)(
2

1

























xx

xx

CCt

CCtx

+
xxCCt

zy




2

22

=1  …………………(23) 
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Bring (1)b and aaa  3322  into (23) We Obtain (24)a 

From (23) i.e. 
2

2

)(
2

1

)(
2

1

























xx

xx

CCt

CCtx

+
xxCCt

zy




2

22

=1, namely 

2

)(
2

1








 xx CCtx +

xxCC

zy



 )(
22 2

)(
2

1








 xx CC =

2
t

2

)(
2

1








 xx CC  

Bring (1)b and aaa  3322  into the equation above, the equation above will become 

2

444111 )(
2

1
)()( 








 xxaaaa CCtaxavtxa +

xx

aa

CC

zaya



 )(
2222 2

)(
2

1








 xx CC  

=
2

4441 )( aa taxa 

2

)(
2

1








 xx CC  

As ax  and at  rearranging and collecting terms in the 1st term of the left of the equation above, the equation above will 

become 
2

44114111 )(
2

1
)(

2

1


























  xxaxxa CCavatCCaax  

+

xx

aa

CC

zaya



 )(
2222 2

)(
2

1








 xx CC =

2

4441 )( aa taxa 

2

)(
2

1








 xx CC  

Operation the 1st term of the left of the equation as binomial, the equation above will become 
2

4111

2
)(

2

1








  xxa CCaax + 

















  )(

2

1
)(

2

1
2 44114111 xxxxaa CCavaCCaatx  

+

2

4411

2
)(

2

1








  xxa CCavat +

xx

aa

CC

zaya



 )(
2222 2

)(
2

1








 xx CC  

= )2(
2

44

2

4441

2

41

2
ataatxax aaaa 

2

)(
2

1








 xx CC  

Shift the terms containing 
2

ax  and aatx  to the left side, the term containing 
2

at  to the right side of the equal sign, the 

equation above becomes 

2

ax





























 

2

2

41

2

4111 )(
2

1
)(

2

1
xxxx CCaCCaa  

+ aatx2








































 

2

444144114111 )(
2

1
)(

2

1
)(

2

1
xxxxxx CCaaCCavaCCaa  

+

xx

aa

CC

zaya



 )(
2222 2

)(
2

1








 xx CC  
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=
2

at





























 

2

4411

2

2

44 )(
2

1
)(

2

1
xxxx CCavaCCa , 

namely 
2

ax ))(( 41114111 xx CaaCaa   + 

aatx2 







  )4()

2

1
()(

2

1
)(

2

1
)(

2

4441411144111111 xxxxxx CCaaCCavaCCaavaa  

+

xx

aa

CC

zaya



 )(
2222 2

)(
2

1








 xx CC =

2

at )( 4411 xCava  )( 4411 xCava  . 

Above equation’s term containing aatx2  is 

aatx2 







  )4()

2

1
()(

2

1
)(

2

1
)(

2

4441411144111111 xxxxxx CCaaCCavaCCaavaa  

= aatx2 







  )()(

2

1
)(

2

1
)( 4441411144111111 xxxxxx CCaaCCavaCCaavaa  

= aatx2  )(2)()()(2
2

1
4441411144111111 xxxxxx CCaaCCavaCCaavaa  








 

Let )(2 1111 vaa   combine with )(4111 xx CCava    and )(4411 xx CCaa    combine with )(2 4441 xxCCaa  , 

namely 

= aatx2  )(2)()()(2
2

1
4441441141111111 xxxxxx CCaaCCaaCCavavaa  








 

= 








2

1
2 aatx  ))(())(( 411111411111 xx CaavaCaava    

xxxx CaCaaCaaCa 444111411144 )()(    

= aatx2  ))(())((
2

1
1144411141114411 vaCaCaaCaaCava xxxx 








  

= aatx2 































)(

)(

)(

)(

2

1
))((

4111

1144

4111

4411
41114111

x

x

x

x
xx

Caa

vaCa

Caa

Cava
CaaCaa  

Taking note of that 



axC =
4111

4411

aCa

aCva

x

x




…………………………………(12) 



axC =
4111

4411

aCa

aCva

x

x








………………………………(14) 

we obtain 

aatx2 































)(

)(

)(

)(

2

1
))((

4111

1144

4111

4411
41114111

x

x

x

x
xx

Caa

vaCa

Caa

Cava
CaaCaa  

= 






 







2
))((2 41114111

axax
xxaa

CC
CaaCaatx  
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Bring the equation’s term containing aatx2  above into the original equation we obtain 

2

ax 






 







2
))((2))(( 4111411141114111

axax
xxaaxx

CC
CaaCaatxCaaCaa  

+

xx

aa

CC

zaya



 )(
2222 2

)(
2

1








 xx CC =

2

at )( 4411 xCava  )( 4411 xCava  , 

namely 
















 







2
2))((

2

41114111
axax

aaaxx

CC
txxCaaCaa  

+

xx

aa

CC

zaya



 )(
2222 2

)(
2

1








 xx CC =

2

at )( 4411 xCava  )( 4411 xCava  , 

namely 
















 






2
2

2 axax
aaa

CC
txx +

))((

)(

41114111

2222

xxxx

aa

CaaCaaCC

zaya







2

)(
2

1








 xx CC  

=
2

at
))((

))((

41114111

44114411

xx

xx

CaaCaa

CavaCava







 =
2

at


 axaxCC  

namely 
















 






2
2

2 axax
aaa

CC
txx  

+
))((

)(

41114111

2222

xxxx

aa

CaaCaaCC

zaya







2

)(
2

1








 xx CC =

2

at


 axaxCC  

Added 

2

2

2







 


 axax
a

CC
t  at both sides of the equal sign of the equation above, lt will combine with the 1st term and the 

2nd term of the left of the equation above to found a complete square term, the equation above becomes 
















 






2
2

2 xx
aaa

CC
txx + 

2

2

2







 


 axax
a

CC
t  

+
))((

)(

41114111

2222

xxxx

aa

CaaCaaCC

zaya







2

)(
2

1








 xx CC =

2

at


 axaxCC + 

2

2

2







 


 axax
a

CC
t , 

namely 

2

2 














 




 axax
aa

CC
tx  

+
))((

)(

41114111

2222

xxxx

aa

CaaCaaCC

zaya







2

)(
2

1








 xx CC =

2

2

2







 


 axax
a

CC
t . 

Divided both sides of the equal sign of the equation above with 

2

2

2







 


 axax
a

CC
t , the equation above goes to 
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1
)(

))((

)(

2

2
2

41114111

2

2222

2

2

2


























 
















 

















axax

xx

xxxxa

aa

axax
a

axax
aa

CC

CC

CaaCaaCCt

zaya

CC
t

CC
tx

, 

namely 

1

))((

)(

2

2
2

2

41114111

2

22

2

2




































 

















 

























xx

axax
xxxxa

aa

axax
a

axax
aa

CC

CC
aCCaCaaCat

zy

CC
t

CC
tx

 

…………………(24)a 
 

Shown 
41a  by 

11a , v , xC , xC
, 



axC
 and 



axC
, (24)a Goes to (24) 

We can solve 44a  from (12) obtain 

 )(
1

41111144 aCaCva
C

a xax

x




 

we can also solve 
44a  from (14) obtain 

 )(
1

41111144 aCaCva
C

a xax

x









  

The 
44a  obtained from (12) should be equal to the 

44a  obtained from (14) we get 

 )(
1

411111 aCaCva
C

xax

x




=  )(
1

411111 aCaCva
C

xax

x









 , 

namely  
4111)(

1
aCaCv

C
axax

x


 =  

4111)(
1

aCaCv
C

axax

x











 . 

Shift the terms containing 
11a  to the left side, the term containing 

41a  to the right side of the equal sign, the equation 

above becomes 

11)(
1

)(
1

aCv
C

Cv
C

ax

x

ax

x


















=

41a )(





 axax CC  

i.e. 

41a =
)(

11






 axax CC

a

















)(

1
)(

1
ax

x

ax

x

Cv
C

Cv
C

, 

therefore )( 4111 aCa x =
11a xC

)(

11






 axax CC

a

















)(

1
)(

1
ax

x

ax

x

Cv
C

Cv
C

 

=
)(

11






 axax CC

a






























)(

1
)(

1
)( ax

x

ax

x

xaxax Cv
C

Cv
C

CCC  
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=
)(

11






 axax CC

a






























)()()( ax

x

x
axaxax Cv

C

C
CvCC  

=
)(

11






 axax CC

a



























 )( ax

x

x
ax Cv

C

C
vC  

=
)(

11






 axax CC

a
)(

)( 





 


ax

x

xx Cv
C

CC
 

=
)(

))((11

















axaxx

axxx

CCC

CvCCa
, 

Analogously )( 4111 aCa x =
11a xC

)(

11






 axax CC

a

















)(

1
)(

1
ax

x

ax

x

Cv
C

Cv
C

 

=
)(

11






 axax CC

a


































)(

1
)(

1
)( ax

x

ax

x

xaxax Cv
C

Cv
C

CCC  

=
)(

11






 axax CC

a




































)()(

1
)( axax

x

xaxax CvCv
C

CCC  

=
)(

11






 axax CC

a
)(

)(  


ax

x

xx Cv
C

CC
 

=
)(

))((11















axaxx

axxx

CCC

CvCCa
 

Bring )( 4111 aCa x  and )( 4111 aCa x  above into the 2nd term’s coefficient of (24)a leftside 

2

41114111

2
))((

1



























xx

axax
xxxx

CC

CC
CCaCaaCaa

 

=
)(

1

)(

1

41114111 aCaaCa xx  2

2

1


























xx

axax
xx

CC

CC
CCa

 

=
))((

)(

11

















axxx

axaxx

CvCCa

CCC

))((

)(

11















axxx

axaxx

CvCCa

CCC
2

2

1


























xx

axax
xx

CC

CC
CCa

 

=

))((

1

2

2

11 

  axax CvCv
a

a
 

 
 
 



Physical Science & Biophysics Journal 

 

Hutu. On New Space-Time Theory (Part I). Phy Sci & Biophy J 2019, 
3(4): 000135. 

                Copyright© Hutu. 

 

15 

Bring (1)b′ and aaa  3322  into (27), (27) will Go to (28)a 
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Bring (1)b′ and aaa  3322  into (27) above we get 
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rearranging and collecting terms of the 1st square brackets of the equation’s left side above we obtain 
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Operation the binomials, the equation above will become 
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Shift the terms containing 
2

x  and xt  to the left side, the term containing 
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t  to the right side of the equal sign, the 

equation above becomes 
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rearranging and collecting terms we obtain 
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Bring the equation’s term containing xt2  above into the original equation we obtain 
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










2
2 41444144 xx

axax

CC
C

A

a

A

a
C

A

a

A

a
xt +

2222

2

)(















  





axax

axax

CC

CC

zya
 

= 


















  axax C

A

a

A

va
C

A

a

A

va
t 111111112

 

Taking note of that 
















 axax C

A

a

A

a
C

A

a

A

a 41444144  is the common factor of the terms containing 
2

x  and xt2 , the 

equation above can be rewrited as 



















 

























2
2

241444144 xx
axax

CC
xtxC

A

a

A

a
C

A

a

A

a
+ 

+

2222

2

)(















  





axax

axax

CC

CC

zya
= 



















  axax C

A

a

A

va
C

A

a

A

va
t 111111112

. 

Divided the equation above with 
















 axax C

A

a

A

a
C

A

a

A

a 41444144 , we get 
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















 






2
2

2 xx CC
xtx +

2

41444144

222

2

)(















 




















 





axax

axaxaxax

CC

CCC
A

a

A

a
C

A

a

A

a

zya
 

=













































axax

axax

C
A

a

A

a
C

A

a

A

a

C
A

a

A

va
C

A

a

A

va

t
41444144

11111111

2
, 

namely 

















 






2
2

2 xx CC
xtx +

2

41444144

2222

2))((

)(















 



 





axax

axaxaxax

CC

CCCaaCaa

zyaA
 

=






xx CCt
2

. 

Added 

2

2

2 






 


 xx CC
t  at both sides of the equal sign of the equation above, lt will combine with the 1st term and 2nd 

term of the equal sign left to found a complete square term, the equation above becomes 
2

2
















 




 xx CC
tx +

2

41444144

2222

2))((

)(















 



 





axax

axaxaxax

CC

CCCaaCaa

zyaA
 

=

2

22

2 






 








 xx
xx

CC
tCCt  

=

2

2

2 






 


 xx CC
t  

Divided the equation above with 

2

2

2 






 


 xx CC
t , the equation above goes to 

1
))((

)(

2

2
2

41444144

2

2222

2

2

















































 

















 






















xx

axax

axaxaxax
xx

xx

CC

CC

CCCaaCaat

zyaA

CC
t

CC
tx

, 

namely 1

))((

)(

2

2
2

41444144

222

22

2

2




































 

















 




















axax

xx
axaxaxax

xx

xx

CC

CC
CCCaaCaaaAt

zy

CC
t

CC
tx

 

………………(28)a 
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Shown 

2





























axax

xx
axax

CC

CC
CC  by ija , v , 



 xC
 and 



xC
, (28)a will go to (28) 

From (13) i.e. 
)(

)(

4144

11

ax

ax
x

Caa

avC
C







, rewrite (13) as 


 xax CCaa )( 4144 = 1111 vaCa ax  . We can get axC  from the 

equation: axC =
)( 4111

1144









x

x

Caa

vaCa
. 

Analogously from (15), 
)(

)(

4144

11

ax

ax
x

Caa

aCv
C









 , i.e. 

114144 )()( aCvCCaa axxax 



  , we can get axC =

)( 1141

1144

aCa

vaCa

x

x










 . 

From axC  plus axC  we get 

)()( 1141

1144

4111

1144

aCa

vaCa

Caa

vaCa
CC

x

x

x

x
axax























  

=
))((

))((

))((

))((

11414111

41111144

11414111

11411144

aCaCaa

CaavaCa

aCaCaa

aCavaCa

xx

xx

xx

xx































 

))(( 11414111

2

11411144114144

aCaCaa

vaCavaCaaCCaa

xx

xxxx


















  

))(( 11414111

4111

2

1141444411

aCaCaa

CavavaCCaaCaa

xx

xxxx


















  

=
))(( 11414111

4111441141114411

aCaCaa

CavaCaaCavaCaa

xx

xxxx




















 

=
))((

))((

11414111

414411

aCaCaa

vaaCCa

xx

xx












 , 

therefore 
)(

)(

axax

xx

CC

CC









 =
)(

))((

414411

41114111

vaaa

CaaCaa xx






  

From axC  multiply axC  we get 

)(

)(

)(

)(

1141

1144

4111

1144

aCa

vaCa

Caa

vaCa
CC

x

x

x

x
axax






















 , 

Therefore 

2


























axax

xx
axax

CC

CC
CC = 

2

414411

41114111

1141

1144

4111

1144

)(

))((

)(

)(

)(

)(




































vaaa

CaaCaa

aCa

vaCa

Caa

vaCa xx

x

x

x

x  
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= 





















2

4144

2

11

41114111
11441144

)(

))((
))((

vaaa

CaaCaa
vaCavaCa xx

xx  

=
2

4144

2

11

41114111

44

11

44

112

44
)(

))((
))((

vaaa

CaaCaa

a

a
vC

a

a
vCa xx

xx












. 

Bring the result of the 

2


























axax

xx
axax

CC

CC
CC above into the 2nd term of (28)a leftside, the 2nd term of (28)a leftside 

will becom 

2

41444144

222

22

))((

)(


























axax

xx
axaxaxax

CC

CC
CCCaaCaaaAt

zy
= 

))((
)(

))()()((

)(

44

11

44

11

2

4144

2

11

2

44

22

41114111414441442

22

a

a
vC

a

a
vC

vaaaaaA

CaaCaaCaaCaa
t

zy

xx
xxaxax 



















 

Taking note of that )( 414411 vaaaA  , the 2nd term of (28)a leftside will become 

))((
)(

))()()((

)(

44

11

44

11

4

4144

4

11

2

44

2

41114111414441442

22

a

a
vC

a

a
vC

vaaaaa

CaaCaaCaaCaa
t

zy

xx
xxaxax 



















 

When it is placed into (28)a, (28)a goes to (28). 
 

Solve the Equation (29) obtain )1(
11

44
41 

a

a

v

a
a  

(29) i.e. 1
)(

))()()((
4

4144

4

11

22

44

4111411141444144 









vaaaaa

CaaCaaCaaCaa xxaxax , 

i.e. 
4

4144

4

11

22

444111411141444144 )())()()(( vaaaaaCaaCaaCaaCaa xxaxax 



 

Setting 
11

41

a

a
f   and 

11

44

a

a
 , divided both sides of the equal sign of the equation with 

4

11a , the equation above becomes 

44

11

22

44 )()1)(1)()(( vfaaafCfCfCfC xxaxax 


  . 

Bring (13) and (15) i.e. 
)(

)(

)(

)(

4144

11

fC

vC

aCa

avC
C

ax

ax

ax

ax
x














 and 

)(

)(

)(

)(

4144

11

fC

Cv

aCa

aCv
C

ax

ax

ax

ax
x





















 into the 

equation above, the equation above becomes 

44

11

22

44 )(
)(

)(
1

)(

)(
1))(( vfaaa

fC

fvC

fC

fCv
fCfC

ax

ax

ax

ax
axax 
































 


  

namely  
































)(

)(

)(

)(
))((

fC

fvCfC

fC

fCvfC
fCfC

ax

axax

ax

axax
axax








 44

11

22

44 )( vfaaa 
   
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namely 
44

11

22

44 )(
)()(

))(( vfaaa
fC

vf

fC

vf
fCfC

axax

axax 





























 







 , 

namely 
44

11

22

44

2
)()( vfaaavf 

  , 

namely 
42

4

11

22

44 )()( vfvf
a

aa
   

namely 
2

4

11

22

442
)()(0 fv

a

aa
vf 








  . 

Therefore, it must be： 0)(
2
 vf , or 0)()(

2

11

44

2

11

44 


















a

aa
vf

a

aa
vf  . 

From (11), 
)()( 4144

0

uuaua

m
m


 : 

①If 0)(
2
 vf , namely 0)(

2

11

4144 


a

vaa
, namely 0)( 4144  vaa , namely [ )()( 4144 vvava  ]=0, therefore 

vu
m


=

vu
uuaua

m


 )()( 4144

0 =
4144

0

vaa

m


=

0

0m
. It obviously is wrong. 

②If 0)(
2

11

44 









a

aa
vf , i.e. 

2

11

44)(
a

aa
vf   i.e. 

11

44
4144 )(

a

aa
vaa  ， therefore 

vu

vu uuaua

m
m



 


)()( 4144

0 = 
4144

0

vaa

m


=

aa

am

44

110
 is negative. It also is obviously wrong. 

③If 0)(
2

11

44 









a

aa
vf , i.e. 

2

11

44)(
a

aa
vf  , i.e. 

11

44
4144 )(

a

aa
vaa  , therefore  

vu

vu uuaua

m
m



 


)()( 4144

0 = 

4144

0

vaa

m


=

aa

am

44

110 . This result is passable. So, we abnegate the roots of 0)(
2
 vf  and 0)(

2

11

44 









a

aa
vf , 

adopt the result of 
2

11

44)(
a

aa
vf   i.e. 

2

11

44

11

41

11

44

a

aa

a

va

a

a
  get )1(

11

44
41 

a

a

v

a
a . 

 

When 2ca= ta(Cax-C-ax), 2 

ac = )]()[( vCvCt axaxa 



, (12), (14) and M=M0/(a44+va41) being 

Placed in 2ca /(2 

ac )=M/Ma0 under (1)d We Get (30)′: 

Bring 2ca= ta(Cax-C-ax) and )]()[(2 vCvCtc axaxaa 





 into 2ca /(2



ac )=M/Ma0 get 









)]()[(

)(

vCvCt

CCt

axaxa

axaxa

)( 41440

0

vaaM

M

a 
 i.e. 










)]()[(

)(

vCvC

CC

axax

axax

)( 41440

0

vaaM

M

a 
. When (12) and (14) being placed it goes to 
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)(
)()(

)(

41440

0

4111

4411

4111

4411 vaaM

M

v
aCa

aCva
v

aCa

aCva

CC

a

x

x

x

x

axax




















  

Please note under (1)d there must be 041 a  it can be reduced into 

0

011

)(

)(

axx

axax

M

M

CC

aCC








 ………………(30)′ 

 

Find out 
0


vaxC , 

0


vaxC , 
0


vxC , 

0


vxC , φ3′|v=0, φ3′′|v=0, φ3′′′|v=0 etc with Simultaneous 

Equations (26), (19), 03 f , (30) and 3   

Please note 03 f  then φ3 can be reduced to φ3=

ax

xax

ax

xax

xax

xax

xax

xax

x

xax

x

xax

C

CC

C

CC

CC

CC

CC

CC
v

C

CC

C

CC

























. 

We set 
11

41

a

a
f  ，

11

44

a

a
 ， axCa  ， axCb  ， xCc   and xCd  , denote 

dv

d 3  by φ3′, 
2

3

2

dv

d 
 by φ3′′, 

3

3

3

dv

d 
 

by φ3′′′, 
dv

da
 by a′, 

2

2

dv

ad
 by a′′ and 

3

3

dv

ad
 by a′′′ etc. 

Of course when 0v  it must be Cdcba   anywhere except the two infinitely small regions each contains the 

 ’s origin and the a ’s origin, and 1

0

22

22

3 







C

C

C

C

C

C

C

C

 . 

From (26) i.e. 
Cba

211
  derivation we obtain 

1①: 0
22








b

b

a

a
……………

dv

d
(26) 

1②: 022
3

2

23

2

2














b

b

b

b

a

a

a

a
……………

2

2

dv

d
(26) 

1③: 06666
4

3

324

3

32



















b

b

b
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b

b

a

a

a
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a

a
……………

3

3

dv

d
(26) 

1④: 
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4

4

2

4

2

33

2

32
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b
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b

b

a

a

a
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a
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a
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a

a

a
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a

a 
























  
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5

4

4

2

4

2

3

2

3
















b

b

b

bb

b
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b

b

b

bb
……………

4

4
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d
(26) 

i.e. 

0243668243686
5

4

4

2

3

2
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4

4

2
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2

2











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





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

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



b

b

b
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b

b

b
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b

b

a

a

a
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a
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a
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1⑤:  

052442443636236

181224882

52442443636236

248818122

6

5

5

3

5

3

4

2

4

2

4

2

34

2
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6

5

5

3

5

3

4

2

4

2
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2
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2
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






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
































































b

b

b

bb

b

bb

b

bb

b

bb

b

bb

b

bb

b

bb

b

bb

b

bb

b

bb

b

b

a

a

a

aa

a

aa

a

aa

a

aa

a

aa

a

aa

a

aa

a

aa

a
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a
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a

a

 

……………
5

5

dv

d
(26) 

i.e. 1⑤: 

6

5

5

3

4

2

4

2
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6

5

5

3

4

2

4

2
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b

b

b
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b
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b
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b
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b
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a
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a
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a
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a
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a
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a
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b

b

a

a





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



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








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















 

1⑥:  

7

6

6

4

6

4

5

3

5

22

5

3

4

2

45

22

44

2

4
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2

333232

5624252445604603460604

6012084544524560

202030101022

a

a

a
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a
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a
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a
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a
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a
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a
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a
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a
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a
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aa
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b
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b

a
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a

a






























































7

6

6

4

6

4

5

3

5

22

5

3

4

2

45
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3
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2

4

2
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b

b

b
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b
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b
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b
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b
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b
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b

bbb

b
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b

bbb

b

b

b

bbb

b
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b

b

b
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b
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b
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


















































 

i.e. 1⑥:  
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6

6

4

5
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3
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3
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4
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a
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a
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a
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5
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2

4

2
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b

b

b
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b
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b
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



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
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……………
6

6

dv

d
(26) 

From (19) (i.e. 
Cdc

211
 ) derivation, we obtain 

2①: 0
22








d

d

c

c
……………

dv

d
(19)  

2②: 022
3

2

23

2

2














d

d

d

d

c

c

c

c
……………

2

2

dv

d
(19)  

2③: 06666
4

3
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3
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


















d

d

d

dd

d

d

c

c

c
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c

c
……………

3

3

dv

d
(19)  
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4

4

2

4

2
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2
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2241818662

d
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d

d

c

c

c
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c
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c
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c

c

c
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c

c 
























  
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5

4
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2

4
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3

2
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



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
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


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
d

d

d
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d
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d

d

d
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4

4
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d
(19) 

i.e. 
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5

4

4

2

3

2
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4
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
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
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d

d

d
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d

d

d
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d

d

c

c
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c
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c

c

c
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
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d

d

d
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d
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d
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d
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d
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d
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d
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d

dd

d

dd

d
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c
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c
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i.e. 2⑤: 

6

5

5

3

4

2

4

2

33

6

5

5

3

4

2

4

2

3322

524460245602010

524460245602010

d

d

d

dd

d

dd

d

dd

d

dd

d

dd

c

c

c

cc

c

cc

c

cc

c

cc

c

cc

d

d

c

c









































 

……………
5
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dv

d
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7

6

6

4

6

4

5

3

5

22

5

22

44

3

5

3

4

2

44

33

2

4

2

333232

3024252445604601260

8454452454606012060

202030101022

c

c

c

cc

c

cc

c

cc

c

cc

c

cc

c

ccc

c

c

c

cc

c

cc

c

ccc

c

ccc

c

cc

c

c

c

cc

c

cc

c

cc

d

dd

d

d

c

cc

c

c






























































 

7

6

6

4

6

4

5

3

5

22

5

22

44

3

5

3

4

4

2

43

2

34

2

33

3024252420604601260

845445245240120

60602020301010

d

d

d

dd

d

dd

d

dd

d

dd

d

dd

d

ddd

d

d

d

dd

d

ddd

d

dd

d

ddd

d

d

d

dd

d

dd

d

dd

d

dd




















































 

i.e. 2⑥: 

7

6

6

4

5

22

4

3

45

3

3

2

4

2

3322

302430602445245

49086020903012

c

c

c

cc

c

cc

c

c

c

ccc

c

cc

c

c

c

cc

c

cc

c

cc

d

d

c

c



































 

7

6

6

4

5

22

4

3

45

3

3

2

4

2

33

302430602445245

49086020903012

d

d

d

dd

d

dd

d

d

d

ddd

d

dd

d

d

d

dd

d

dd

d

dd





























 

……………
6

6

dv

d
(19) 

From 03 f  (i.e. 0)(  dcvadbc ) derivation, we obtain 

3①: 0)()(  dcvdcaddabccb …………… )0( 3 f
dv

d
 

3②: 0)()(222  dcvdcaddadabccbcb …… )0( 32

2

f
dv

d
 

3③: 0)()(33333  dcvdcdadadadacbcbcbcb  

…………… )0( 33

3

f
dv

d
 i.e. 

)()(33333 dcvdccbcbdadadacbcbda   

3④:  

0)()(4464

464





dcvdcdadadadada

cbcbcbcbcb
 

i.e.  

)()(4446644 dcvdccbcbcbdadada

dacbcbda




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…………… )0( 34

4

f
dv

d
 

3⑤: 

0)()(5510105

510105





dcvdcdadadadadada

cbcbcbcbcbcb
 

 
i.e. 3⑤: 

)()(5

510105510105

dcvdc

dadadadacbcbcbcb

dacbcbda







 

…………… )0( 35

5

f
dv

d
 

3⑥: 

)()(65

5101010105555

1010101055

dcvdcda

dadadadadadadacbcb

cbcbcbcbcbcb

dadacbcbcbcbdada









 

i.e.3⑥: 

)()(615

20151520156666

dcvdcda

dadacbcbcbcbcbdada

dacbcbda







 

…………… )0( 36

6

f
dv

d
 

From (30) i.e. 


 1

)(

)( 3






ab

dc
 (

0

0

aM

M
 ) i.e. )(

1
)( 3 abdc 


 , then the first derivation 









 )(

1
)( 3 abdc

dv

d


  is: 

4①: )(
1

))(()( 33  abdcdc


  

i.e. )(
1

2
)()(

3

3
3 


 abdcdc




 …………… 








 )(

1
)( 3 abdc

dv

d


  

The second derivation 







 )(

1
)( 32

2

abdc
dv

d


  is 

4②: )(
1

))(())((2)( 333 abdcdcdc 


  

i.e. 

 
)(

1

42
)(

2
)(2)(

3

3

2

3

3

3

3

3
3 













 






 abdcdcdc












  
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The third derivation 







 )(

1
)( 33

3

abdc
dv

d


  is 

4③: )(
1

))(())((3))((3)( 3333 abdcdcdcdc 


  

i.e. 

   
)(

1

2

)3(

42

)1(

2

)1(

)(22
)(

2

)1(

)(22
)(3

2
)(3)(

5

3

3

3

3

3

33

3

3

33

3

3

3

3

2

3

3

3

3

3
3

abdc

dcdcdc














 





















 





































 

or 

 
)(

1

8

3

)(4

3

2
)(

2

)1(

)(22
)(3

2
)(3)(

5

3

3

3

3

3

33

3

3

3

3

2

3

3

3

3

3
3

abdc

dcdcdc














 


















 

































 

…………… 







 )(

1
)( 33

3

abdc
dv

d


  

The fourth derivation 







 )(

1
)( 34

4

abdc
dv

d


  is  

4④: ))((4))((6))((4)( 3333
  dcdcdcdc  

)(
1

))(( 3 abdc 


  

i.e. 

  











 


















 








5

3

3

3

3

3

33

3

3

3

3

2

3

3

3

3

3
3

8

3

)(4

3

2
)(4

2

)1(

)(22
)(6

2
)(4)(


























dc

dcdcdc

 





 














2

)3(

)(4

3

)(4

3

)(4

3

2

)1(

)(22
)(

5

3

2

33

3

3

2

3

3

3

33

3

3

33

3

3




















dc  

   
)(

1

2

)5(

8

3

8

9
7

3

4

3

5

3

3

2

3 ab 


















    

i.e. 
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becomes 0)(33333  dccbcbdadadCcCCbCa  i.e. 

C

dccbcbdada
dcba

)]([3 
  

then 3④ becomes 

0)(44464334 



dccbcbcbdadadada

dCcCCbCa
 

i.e.  

C

dccbcbcbdadada

dcba

)(4)(4)(6)(4 




 

the 3⑤ becomes 

C

dcdadadadacbcbcbcb

dcba

)(5510105510105 



 

the 3⑥ becomes 

C

dcda

C

dadacbcbcbcbcbdada

dcba

)(615

20151520156666








 

 

D. the 4① i.e. 


 3
2

)(
)( 

CC
dc )(

1
 ab


 becomes 0

11
 dcba


, the 4② becomes 

)(
1

)()( 3 abdcdc 


 , i.e. 3)(
11




 cddcba ; 4③ becomes 
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)(
1

00
4

)(0
2

)(

2

)1(
)()()(

2
)()(

2

33

2

333
3

abdcdc

dcdcdcdcdc






















 

i.e. 

2

3
)(

4

3
)(

2

3
)(

11 32

3
3 










 cddccddcba  

the 4④ becomes 

)(
1

4

3

2
)(

2
)(4

2
)(6)(

2

3333 abdcdcdcdc 












 













 

When v=0 4④ becomes 




 )(2)(3
11

33 cdcddcba  

the 4⑤ becomes 



















 
















 










4

10

2
)(

4

3

2
)(5

2
)(10

)(
11

333

2

333 



dcdcdc

dcba

 

the 4⑥ becomes  

2
)(15)( 3  dcdc  

)(
1

)(4

10

2
)(6

4

3

2
)(15

3

3

33

3

3

2

33 abdcdc 












 

















 











 

i.e. )()(
1

dcab 


= 













 

















 







3

3

33

3

3

2

333

)(4

10

2
)(6

4

3

2
)(15

2
)(15








dcdcdc  

 

E. the 5① becomes 00)(23  cdbdcaadbbcaC  i.e. 5①: 

023  Ccdba  .  

Because 1① i.e. 0 ba , 2① i.e. 0 dc , and then we get 5① become 023  C  and then 5② becomes 




 










C

b
b

C

ba

C

cb
c

C

ca
aC

2

3 222202  















C

a

C

da

C

ba
ad

C

db
b

2

2222  
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






 










C

d
d

C

dc

C

da
c

C

ca
a

2

2222  








 










C

c

C

dc
c

C

cb
d

C

db
b

2

2222  

02 






 






















C

d

C

b

C

c

C

a

C

c

C

a

C

d

C

b
 

Removed the same terms at both sides of the equal sign, merged the same kind term and taking note of that 1① i.e. 

0 ba  and 2① i.e. 0 dc  the 5② becomes 








 

























C

d

C

c

C

b

C

a

C

dc
cbda

C

ba
C 48823   

i.e. 5②: 
C

dcbadcba
Cdcba

)(4)(8
23


  . 

The 5③ becomes (please note that 13   and 03  ) 

  032 33  adbbcaC   




 



















C

cb
c

C

ca

C

cba

C

ca

C

ca

C

ba

C

ca
a

2
222  

2

2

22

2

2
42224222

C

ba

C

cba

C

ba

C

ba

C

cb

C

cb

C

cb

C

cba 





















  

2

3

2

2

2

2

2
62422

C

b

C

cb

C

bb

C

ba

C

bb

C

cb
b

C

ba 


















  

C

da
d

C

db

C

dba

C
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C
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C

ba

C
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b



















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2

222  

2

2

2
42222

C

ba

C

dba

C
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C
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C
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C

da

C

ba
a



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
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
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
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2
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2

2

2

2

2
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C

a

C
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C

ba

C
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C
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C
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Removed the same terms at both sides of the equal sign and merged the same kind terms the 5③ becomes 
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+0 
Removed the same terms at both sides of the equal sign, merged the same kind term and taking note of that 1① i.e. 

0 ba  and 2① i.e. 0 dc  the 5④ becomes 
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0  

Removed the same terms at both sides of the equal sign, merged the same kind term and taking note of that 1① i.e. 

0 ba  and 2① i.e. 0 dc  the 5⑤ becomes 
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Merging the same kind term the 5⑥ becomes 

 Cdcba 23   = 
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Then, we can get:  
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The 3rd five simultaneous equations 1③ 2③ 3③ 4③ 5③ is 
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Then the 5th five simultaneous equations 1⑤ 2⑤ 3⑤ 4⑤ 5⑤ is 
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Then we get 
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Then, the approximate formula of Tayor series expansions are 
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In the appendix XI we have find out the approximate formulae of the C-x, Cx and φ3. 
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