Dr. ZABDAWI

Damped and Undamped Resonance
Section 5.3  Forced Motion.
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This is a 2
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 order linear, non-homogeneous ODE with constant coefficients.
Use either: a) Method of undetermined coefficients.
     or          b) Method of variation of parameters.

Example 1.
            Interpret & solve the initial value problem.
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The associated homogeneous equation:
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Use the method of undetermined coefficients:
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     Substitute in (1)

[image: image22.wmf]t

t

B

t

A

t

B

t

A

t

B

t

A

4

cos

25

]

4

sin

4

cos

[

10

]

4

cos

4

4

sin

4

[

6

4

sin

16

4

cos

16

=

+

+

+

-

+

-

-



[image: image23.wmf]Þ

   
[image: image24.wmf]25

24

6

=

+

-

B

A

   (2)
         
[image: image25.wmf]0

6

24

=

-

-

B

A

    (3)

[image: image26.wmf] -4(2) + (3) 
[image: image27.wmf]51

50

100

105

=

Þ

-

=

-

Þ

B

B


                (3) 
[image: image28.wmf]Þ

 A = 
[image: image29.wmf]24

1

51

50

6

24

6

-

´

´

=

-

B


                                            = 
[image: image30.wmf]102

25

204

50

-

=

-



[image: image31.wmf]\


[image: image32.wmf]t

t

t

X

P

4

sin

51

50

4

cos

102

25

)

(

+

-

=


    
[image: image33.wmf]t

t

t

C

t

C

e

X

t

Total

4

sin

51

50

4

cos

102

25

]

sin

cos

[

2

1

3

+

-

+

=

-


    
[image: image34.wmf](

)

2

1

0

=

X

             
[image: image35.wmf]2

1

102

25

1

=

-

C

    
[image: image36.wmf]102

25

2

1

1

+

=

Þ

C


                                                               
[image: image37.wmf]1

C

 = 
[image: image38.wmf]102

76

102

25

51

=

+

 = 
[image: image39.wmf]51

38


     
[image: image40.wmf]t

t

t

C

t

C

e

t

C

t

C

e

t

X

t

t

4

cos

51

200

4

sin

102

100

]

cos

sin

[

]

sin

cos

[

3

)

(

2

1

3

2

1

3

+

+

+

-

+

+

-

=

¢

-

-


     
[image: image41.wmf]0

)

0

(

=

¢

X


      
[image: image42.wmf]0

51

200

]

[

1

]

[

3

2

1

=

+

+

-

Þ

C

C


                              
[image: image43.wmf]1

2

3

51

200

C

C

+

-

=


                              
[image: image44.wmf]51

38

3

51

200

102

76

3

51

200

2

´

+

-

=

´

+

-

=

C


                               
[image: image45.wmf]51

86

51

114

200

2

-

=

+

-

=

C



[image: image46.wmf]\


[image: image47.wmf]t

t

t

t

e

t

X

t

4

sin

50

51

4

cos

102

25

]

sin

51

86

cos

51

38

[

)

(

3

+

-

-

=

¢

-


Example 2 : Transient and Steady State Solutions
Solve:  
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The associated homogeneous equation is:  
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Let’s use the method of undetermined coefficients:
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Example 3 : Forced Undamped Motion
    Solve the IVP
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        Substitute back into the D.E.
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 What Happens when 
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                Answer:  Resonance Occurs because  
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PURE RESONANCE (above figure) 
Alternatively; I would like to solve the problem again when 
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Substitute back into the ODE
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     Which is the same exact answer as  
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Resonance Curve: In the Case of Underdamped Vibrations 

The ODE is;  
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The associated homogeneous equation is:
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        Substitute in (1)
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           Use the reduction formula
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  And I hereby verified the equations in the book on page 204.
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     Where again  
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 So the maximum oscillations occur when the external force has a period   =  
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         When this happens, the system is said to be in Resonance.

_1174057479.unknown

_1174404596.unknown

_1174410242.unknown

_1174422214.unknown

_1174424886.unknown

_1174426479.unknown

_1174427356.unknown

_1174427586.unknown

_1329046332.unknown

_1553531289.unknown

_1553531395.unknown

_1174427700.unknown

_1174428053.unknown

_1174428217.unknown

_1174427930.unknown

_1174427596.unknown

_1174427476.unknown

_1174427570.unknown

_1174427369.unknown

_1174426784.unknown

_1174427026.unknown

_1174427035.unknown

_1174426848.unknown

_1174426572.unknown

_1174426613.unknown

_1174426552.unknown

_1174425848.unknown

_1174426045.unknown

_1174426163.unknown

_1174425857.unknown

_1174425457.unknown

_1174425765.unknown

_1174425032.unknown

_1174423744.unknown

_1174424403.unknown

_1174424506.unknown

_1174424768.unknown

_1174424446.unknown

_1174423982.unknown

_1174424263.unknown

_1174423970.unknown

_1174423347.unknown

_1174423606.unknown

_1174423712.unknown

_1174423528.unknown

_1174422790.unknown

_1174423092.unknown

_1174422526.unknown

_1174421207.unknown

_1174421569.unknown

_1174421771.unknown

_1174421865.unknown

_1174421755.unknown

_1174421489.unknown

_1174421557.unknown

_1174421346.unknown

_1174410498.unknown

_1174421073.unknown

_1174421126.unknown

_1174420687.unknown

_1174410390.unknown

_1174410486.unknown

_1174410311.unknown

_1174408844.unknown

_1174409280.unknown

_1174409541.unknown

_1174409943.unknown

_1174410136.unknown

_1174409661.unknown

_1174409364.unknown

_1174409373.unknown

_1174409293.unknown

_1174409029.unknown

_1174409209.unknown

_1174409223.unknown

_1174409190.unknown

_1174408869.unknown

_1174408927.unknown

_1174408860.unknown

_1174408406.unknown

_1174408555.unknown

_1174408694.unknown

_1174408704.unknown

_1174408582.unknown

_1174408520.unknown

_1174408529.unknown

_1174408486.unknown

_1174408159.unknown

_1174408279.unknown

_1174408295.unknown

_1174408229.unknown

_1174405070.unknown

_1174405684.unknown

_1174404747.unknown

_1174060461.unknown

_1174398432.unknown

_1174403886.unknown

_1174404204.unknown

_1174404305.unknown

_1174404480.unknown

_1174404237.unknown

_1174404110.unknown

_1174404164.unknown

_1174403955.unknown

_1174399275.unknown

_1174403156.bin

_1174403774.unknown

_1174399459.unknown

_1174398859.unknown

_1174399122.unknown

_1174398723.unknown

_1174061288.unknown

_1174397724.unknown

_1174397970.unknown

_1174398361.unknown

_1174397906.unknown

_1174061418.unknown

_1174061583.unknown

_1174061405.unknown

_1174060753.unknown

_1174061170.unknown

_1174061179.unknown

_1174060938.unknown

_1174060503.unknown

_1174060591.unknown

_1174060492.unknown

_1174059362.unknown

_1174059698.unknown

_1174060161.unknown

_1174060268.unknown

_1174060335.unknown

_1174060242.unknown

_1174059915.unknown

_1174060008.unknown

_1174059732.unknown

_1174059582.unknown

_1174059656.unknown

_1174059685.unknown

_1174059610.unknown

_1174059504.unknown

_1174059529.unknown

_1174059377.unknown

_1174058546.unknown

_1174058860.unknown

_1174059049.unknown

_1174059207.unknown

_1174058964.unknown

_1174058699.unknown

_1174058766.unknown

_1174058685.unknown

_1174057983.unknown

_1174058299.unknown

_1174058504.unknown

_1174058014.unknown

_1174057551.unknown

_1174057665.unknown

_1174057492.unknown

_1174053796.unknown

_1174055850.unknown

_1174056605.unknown

_1174057155.unknown

_1174057244.unknown

_1174057367.unknown

_1174057170.unknown

_1174056791.unknown

_1174056854.unknown

_1174056666.unknown

_1174056275.unknown

_1174056394.unknown

_1174056510.unknown

_1174056322.unknown

_1174056044.unknown

_1174056212.unknown

_1174055923.unknown

_1174054790.unknown

_1174055465.unknown

_1174055730.unknown

_1174055785.unknown

_1174055499.unknown

_1174055100.unknown

_1174055322.unknown

_1174054873.unknown

_1174054258.unknown

_1174054569.unknown

_1174054644.unknown

_1174054464.unknown

_1174053997.unknown

_1174054039.unknown

_1174053874.unknown

_1174053970.unknown

_1173799054.unknown

_1174052999.unknown

_1174053352.unknown

_1174053626.unknown

_1174053706.unknown

_1174053441.unknown

_1174053163.unknown

_1174053245.unknown

_1174053007.unknown

_1173799449.unknown

_1174052788.unknown

_1174052861.unknown

_1173799535.unknown

_1173799275.unknown

_1173799408.unknown

_1173799127.unknown

_1173797557.unknown

_1173798355.unknown

_1173798859.unknown

_1173798990.unknown

_1173798491.unknown

_1173798790.unknown

_1173798403.unknown

_1173798059.unknown

_1173798119.unknown

_1173797630.unknown

_1173796737.unknown

_1173796860.unknown

_1173797027.unknown

_1173796852.unknown

_1173796186.unknown

_1173796293.unknown

_1173796442.unknown

_1173796103.unknown

