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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF  Olin 103

Plan for Lecture 21:

Summary of mathematical methods

1. Contour integration

2. Fourier transforms

3. Fast Fourier transforms
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Example -- continued
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Example -- continued
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Example -- continued
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Example:
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Fourier transforms

   

    
0

0

0

sin2

 that Note

2

identityusefulA 

0

0































Tedt

edt

T

T

ti

ti

10/16/2013 PHY 711  Fall 2013 -- Lecture 21 14

   

 






























































)'(''
2
1'')(

''
2
1)(

:Check
2
1)

: transformBackward

)()(

:)(function afor TransformFourier ofDefinition

'

'

tt)  f(tdted)  f(tdttf

e) e f(tdtdtf

dt f(t) eF(ω

eFdtf

tf

tti

titi

ti

ti



















10/16/2013 PHY 711  Fall 2013 -- Lecture 21 15

    FFdf(t) f(t)dt 








 )()(

: theoremsParseval'--ansformsFourier trofProperties

** 

 dt f(t)edt f(t)eF

ntfnTtf

n

T
nTtiti  





















02
1)(

integer andfor )()(Suppose
:functionperiodicfor ansformFourier tr






 
T

e
n

Tin 


 2    where,

: thatNote

 










10/16/2013

6

10/16/2013 PHY 711  Fall 2013 -- Lecture 21 16

  
 

  
     










 




















T
TT

T
TM

T
TMe

M

M

Mn

Tin

22
sin

sinlim

sin
sin

:detailsSome

2
1

2
1

2
1

2
1

 
T

e
n

Tin 


 2    where,  








  dt f(t)edt f(t)eF
T

titi  



















 



02

1)(

10/16/2013 PHY 711  Fall 2013 -- Lecture 21 17

 

 

     

      



































N

N

titi

ti

N
TteF

N
eFtf

NFF

NF

eFtf

 

















12
~

12
2~)(

:domainon timeEffect 
12'~~

functionfunction  transformperiodicaDefine
for   

bounded;isfunction ed transform that thesupposeNow

)(

functionperiodicafor Thus,

10/16/2013 PHY 711  Fall 2013 -- Lecture 21 18

 

 12/2

12/2

~~

~
12

1~
12

functionsperiodicDoubly 





















Ni
N

N

Ni
N

N

efF

eF
N

f

N
Tt















10/16/2013

7

10/16/2013 PHY 711  Fall 2013 -- Lecture 21 19

Mi
M

Mi
M

efF

eF
M

f

MN

/2

0

/2
1

0

~~

~1~
12

notationconvenientMore










































6
3

4
2

2
1

0
02

3
3

2
2

1
1

0
01

0
3

0
2

0
1

0
00

/2

~~~~~

~~~~~

~~~~~
for  that Note

WfWfWfWfF

WfWfWfWfF

WfWfWfWfF

eW Mi 

10/16/2013 PHY 711  Fall 2013 -- Lecture 21 20















6
3

4
2

2
1

0
02

3
3

2
2

1
1

0
01

0
3

0
2

0
1

0
00

/2

~~~~~

~~~~~

~~~~~
for  that Note

WfWfWfWfF

WfWfWfWfF

WfWfWfWfF

eW Mi 

 
  1and

1However,
2//22/

/2




MMiM

MMiM

eW

eW




Cooley-Tukey algorithm:  J. W. Cooley and J. W. Tukey, “An 
algorithm for machine calculation of complex Fourier 
series”   Math. Computation 19, 297-301 (1965)  


