LESSON 11  L’HOPITAL’S RULE AND THE SANDWICH THEOREM
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Proof  Note that 
[image: image7.wmf]0

)

(

)

(

¹

-

a

g

b

g

.  For if 
[image: image8.wmf]0

)

(

)

(

=

-

a

g

b

g

, then 
[image: image9.wmf])

(

)

(

b

g

a

g

=

.  Thus, by Rolle’s Theorem, there exists a number  w in the open interval 
[image: image10.wmf])

,

(

b

a

 such that  
[image: image11.wmf]0

)

(

=

¢

w

g

.  This would contradict the fact that 
[image: image12.wmf]0

)

(

¹

¢

x

g

 for all  x in 
[image: image13.wmf])

,

(

b

a

.
Define the function  h on the closed interval 
[image: image14.wmf]]

,

[

b

a

 by




[image: image15.wmf])

(

]

)

(

)

(

[

)

(

]

)

(

)

(

[

)

(

x

f

a

g

b

g

x

g

a

f

b

f

x

h

-

-

-

=

.

Note that  
[image: image16.wmf])

(

)

(

a

f

b

f

-

  and  
[image: image17.wmf])

(

)

(

a

g

b

g

-

 are fixed numbers.  Since the functions  f  and  g are continuous on the closed interval 
[image: image18.wmf]]

,

[

b

a

, then the function  h  is continuous on 
[image: image19.wmf]]

,

[

b

a

.  Since the functions  f  and  g are differentiable on the open interval 
[image: image20.wmf])

,

(

b

a

, then the function  h is differentiable on 
[image: image21.wmf])

,

(

b

a

. 

Note that  
[image: image22.wmf])

(

]

)

(

)

(

[

)

(

]

)

(

)

(

[

)

(

a

f

a

g

b

g

a

g

a

f

b

f

a

h

-

-

-

=

  =


[image: image23.wmf])

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

a

f

a

g

a

f

b

g

a

g

a

f

a

g

b

f

+

-

-

  =  
[image: image24.wmf])

(

)

(

)

(

)

(

a

f

b

g

a

g

b

f

-

 and 


[image: image25.wmf])

(

]

)

(

)

(

[

)

(

]

)

(

)

(

[

)

(

b

f

a

g

b

g

b

g

a

f

b

f

b

h

-

-

-

=

  =


[image: image26.wmf])

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

b

f

a

g

b

f

b

g

b

g

a

f

b

g

b

f

+

-

-

  =  
[image: image27.wmf])

(

)

(

)

(

)

(

b

g

a

f

b

f

a

g

-


Thus, by Rolle’s Theorem, there exists a number  c in the open interval 
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NOTE:  Cauchy’s Formula is a generalization of the Mean Value Theorem.  If  
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Theorem  (L’Hopital’s Rule)  Suppose the functions  f  and  g are differentiable on a deleted neighborhood of the number  a.  If  
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This argument would also be true if 
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COMMENT:  One common mistake, which is made by students applying L’Hopital’s Rule, is using the Quotient Rule instead of differentiating the numerator and denominator.  The other mistake is applying L’Hopital’s Rule without verifying that you have the indeterminate form  
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Examples  Find the following limits, if they exist.
1.
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Applying L’Hopital’s Rule, we have that
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Answer:  1
NOTE:  The calculation of this limit was needed in order to calculate the derivative of the sine function.
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that
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Answer:  0

NOTE:  The calculation of this limit was also needed in order to calculate the derivative of the sine function.
5.
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule again, we have that
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6.
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  Indeterminate Form
Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule again, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that  
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Applying L’Hopital’s Rule again, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule again, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that
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You can apply L’Hopital’s Rule to this limit.  However, it much easier to use the methods of the MATH-1850 course to evaluate this limit. 
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NOTE:  I will let you do the TEN applications of L’Hopital’s Rule in order to produce this answer.
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Applying L’Hopital’s Rule, we have that
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NOTE:  To calculate this limit, without using L’Hopital’s Rule, would require the algebra of rationalizing both the numerator and the denominator.
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Applying L’Hopital’s Rule, we have that
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NOTE:  This is the limit which is required to calculate the value of the derivative of the function  
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L’Hopital’s Rule was definitely easier.
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule again, we have that
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Applying L’Hopital’s Rule again, we have that
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NOTE:  By the double angle formula for sine, which is 
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NOTE:  By the double angle formula for sine, 
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Applying L’Hopital’s Rule again, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that
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Applying L’Hopital’s Rule, we have that
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NOTE:  The domain of the function 
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Answer:  DNE
Now, we will study the indeterminate forms of 
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Examples  Find the following limits, if they exist.
1.

[image: image452.wmf]x

x

e

x

5

2

lim

¥

-

®



Since  
[image: image453.wmf]0

lim

5

=

¥

-

®

x

x

e

, then  
[image: image454.wmf]x

x

e

x

5

2

lim

¥

-

®

  =  
[image: image455.wmf]¬

×

¥

0

  Indeterminate Form

Since  
[image: image456.wmf]x

e

x

5

2

  =  
[image: image457.wmf]2

5

-

x

e

x

, then we could write 
[image: image458.wmf]x

x

e

x

5

2

lim

¥

-

®

  =  
[image: image459.wmf]2

5

lim

-

¥

-

®

x

e

x

x

.  The indeterminate form of this last limit is  
[image: image460.wmf]0

0

.

Since  
[image: image461.wmf]x

e

x

5

2

  =  
[image: image462.wmf]x

e

x

5

2

-

, then we could write 
[image: image463.wmf]x

x

e

x

5

2

lim

¥

-

®

  =  
[image: image464.wmf]x

x

e

x

5

2

lim

-

¥

-

®

.  The indeterminate form of this last limit is  
[image: image465.wmf]¥

¥

.

Applying L’Hopital’s Rule to  
[image: image466.wmf]2

5

lim

-

¥

-

®

x

e

x

x

, we have that


[image: image467.wmf]2

5

lim

-

¥

-

®

x

e

x

x

  =  
[image: image468.wmf]3

5

2

5

lim

-

¥

-

®

-

x

e

x

x

  =  
[image: image469.wmf]3

5

5

lim

2

5

-

¥

-

®

-

x

e

x

x


Since  
[image: image470.wmf]3

5

5

lim

-

¥

-

®

x

e

x

x

  =  
[image: image471.wmf]0

0

, then we can apply L’Hopital’s Rule again.  However, since the exponent on the x in the denominator will always stay negative and the numerator will always contain the exponential function, we will not be able to determine an answer for the limit.
Let’s apply L’Hopital’s Rule to  
[image: image472.wmf]x

x

e

x

5

2

lim

-

¥

-

®

, which has the indeterminate form  
[image: image473.wmf]¥

¥

.  Thus, we have that


[image: image474.wmf]x

x

e

x

5

2

lim

-

¥

-

®

  =  
[image: image475.wmf]x

x

e

x

5

5

2

lim

-

¥

-

®

-

  =  
[image: image476.wmf]x

x

e

x

5

lim

5

2

-

¥

-

®

-



[image: image477.wmf]x

x

e

x

5

lim

-

¥

-

®

  =  
[image: image478.wmf]¬

¥

¥

-

  Indeterminate Form

Apply L’Hopital’s Rule again, we have that
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COMMENT:  Some people use the phrase Squeeze Theorem instead of Sandwich Theorem.
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1.

[image: image903.wmf]x

x

x

sin

lim

¥

®


Since  
[image: image904.wmf]1

sin

1

£

£

-

x

  for all  x  and 
[image: image905.wmf]0

>

x

 (since  x  is approaching positive infinity), then  
[image: image906.wmf]x

x

x

x

1

sin

1

£

£

-

 for all  
[image: image907.wmf]0

>

x

.
Since 
[image: image908.wmf]0

1

lim

=

÷

ø

ö

ç

è

æ

-

¥

®

x

x

  and  
[image: image909.wmf]0

1

lim

=

¥

®

x

x

, then  
[image: image910.wmf]0

sin

lim

=

¥

®

x

x

x

 by the Sandwich Theorem.

Answer:  0

2.

[image: image911.wmf]2

3

2

cos

lim

t

t

t

¥

-

®




[image: image912.wmf]2

3

2

cos

lim

t

t

t

¥

-

®

  =  
[image: image913.wmf]2

2

cos

lim

3

1

t

t

t

¥

-

®


Since  
[image: image914.wmf]1

2

cos

1

£

£

-

t

  for all  t  and 
[image: image915.wmf]0

2

>

t

 for  t  approaching negative infinity, then  
[image: image916.wmf]2

2

2

1

2

cos

1

t

t

t

t

£

£

-

 for all  
[image: image917.wmf]0

<

t

.

Since 
[image: image918.wmf]0

1

lim

2

=

÷

ø

ö

ç

è

æ

-

¥

-

®

t

t

  and  
[image: image919.wmf]0

1

lim

2

=

¥

-

®

t

t

, then  
[image: image920.wmf]0

2

cos

lim

2

=

¥

-

®

t

t

t

 by the Sandwich Theorem.

Thus,  
[image: image921.wmf]2

3

2

cos

lim

t

t

t

¥

-

®

  =  
[image: image922.wmf]2

2

cos

lim

3

1

t

t

t

¥

-

®

  =  
[image: image923.wmf]0

)

0

(

3

1

=


Answer:  0

3.

[image: image924.wmf]3

7

3

sin

5

lim

x

x

x

÷

÷

ø

ö

ç

ç

è

æ

-

-

¥

-

®




[image: image925.wmf]3

7

3

sin

5

lim

x

x

x

÷

÷

ø

ö

ç

ç

è

æ

-

-

¥

-

®

  =  
[image: image926.wmf]3

3

sin

lim

7

5

x

x

x

÷

÷

ø

ö

ç

ç

è

æ

-

-

¥

-

®



NOTE:  
[image: image927.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

x

3

sin

  is defined for all  
[image: image928.wmf]0

<

x

 and is undefined if 
[image: image929.wmf]0

³

x

.

Since  
[image: image930.wmf]1

3

sin

1

£

÷

÷

ø

ö

ç

ç

è

æ

-

£

-

x

  for all  
[image: image931.wmf]0

<

x

  and 
[image: image932.wmf]0

3

<

x

 (since  x  is approaching negative infinity), then  
[image: image933.wmf]Þ

³

÷

÷

ø

ö

ç

ç

è

æ

-

³

-

3

3

3

1

3

sin

1

x

x

x

x

  
[image: image934.wmf]3

3

3

1

3

sin

1

x

x

x

x

-

£

÷

÷

ø

ö

ç

ç

è

æ

-

£

 for all  
[image: image935.wmf]0

>

x

.

Since  
[image: image936.wmf]0

1

lim

3

=

¥

®

x

x

  and  
[image: image937.wmf]0

1

lim

3

=

÷

ø

ö

ç

è

æ

-

¥

®

x

x

, then  
[image: image938.wmf]0

3

sin

lim

3

=

÷

÷

ø

ö

ç

ç

è

æ

-

¥

-

®

x

x

x

 by the Sandwich Theorem.

Thus,  
[image: image939.wmf]3

7

3

sin

5

lim

x

x

x

÷

÷

ø

ö

ç

ç

è

æ

-

-

¥

-

®

  =  
[image: image940.wmf]3

3

sin

lim

7

5

x

x

x

÷

÷

ø

ö

ç

ç

è

æ

-

-

¥

-

®

  =  
[image: image941.wmf]0

)

0

(

7

5

=

-


Answer:  0

4.

[image: image942.wmf]5

2

4

cos

lim

q

q

q

÷

ø

ö

ç

è

æ

¥

®



NOTE:  
[image: image943.wmf]÷

ø

ö

ç

è

æ

q

4

cos

 and hence  
[image: image944.wmf]÷

ø

ö

ç

è

æ

q

4

cos

2

 is defined for all  
[image: image945.wmf]0

¹

q

.

Since  
[image: image946.wmf]1

4

cos

1

£

÷

ø

ö

ç

è

æ

£

-

q

  for all  
[image: image947.wmf]0

¹

q

, then 
[image: image948.wmf]1

4

cos

0

2

£

÷

ø

ö

ç

è

æ

£

q

.  Since  
[image: image949.wmf]0

5

>

q

 for  
[image: image950.wmf]q

  approaching positive infinity, then  
[image: image951.wmf]5

5

2

1

4

cos

0

q

q

q

£

÷

ø

ö

ç

è

æ

£

 for all  
[image: image952.wmf]0

>

q

.

Since 
[image: image953.wmf]0

0

lim

=

¥

®

q

  and  
[image: image954.wmf]0

1

lim

5

=

¥

®

q

q

, then  
[image: image955.wmf]0

4

cos

lim

5

2

=

÷

ø

ö

ç

è

æ

¥

®

q

q

q

 by the Sandwich Theorem.

Answer:  0

Copyrighted by James D. Anderson, The University of Toledo

www.math.utoledo.edu/~anderson/1860

_1330842273.unknown

_1330878791.unknown

_1331017945.unknown

_1331042818.unknown

_1331042996.unknown

_1331043487.unknown

_1331044056.unknown

_1331044077.unknown

_1331044403.unknown

_1331044569.unknown

_1333377747.unknown

_1333377748.unknown

_1331044476.unknown

_1331044284.unknown

_1331044069.unknown

_1331043645.unknown

_1331043749.unknown

_1331043983.unknown

_1331044048.unknown

_1331044016.unknown

_1331043764.unknown

_1331043681.unknown

_1331043714.unknown

_1331043675.unknown

_1331043550.unknown

_1331043585.unknown

_1331043522.unknown

_1331043129.unknown

_1331043297.unknown

_1331043325.unknown

_1331043359.unknown

_1331043276.unknown

_1331043289.unknown

_1331043152.unknown

_1331043070.unknown

_1331043009.unknown

_1331043060.unknown

_1331042953.unknown

_1331042968.unknown

_1331042989.unknown

_1331042961.unknown

_1331042946.unknown

_1331042854.unknown

_1331042923.unknown

_1331042411.unknown

_1331042703.unknown

_1331042712.unknown

_1331042511.unknown

_1331042688.unknown

_1331042470.unknown

_1331019335.unknown

_1331042282.unknown

_1331042352.unknown

_1331042375.unknown

_1331020475.unknown

_1331021454.unknown

_1331021513.unknown

_1331021534.unknown

_1331021602.unknown

_1331021681.unknown

_1331021521.unknown

_1331021478.unknown

_1331020863.unknown

_1331021368.unknown

_1331021395.unknown

_1331021382.unknown

_1331021022.unknown

_1331021087.unknown

_1331021153.unknown

_1331021241.unknown

_1331021140.unknown

_1331021072.unknown

_1331020968.unknown

_1331020993.unknown

_1331020920.unknown

_1331020565.unknown

_1331020848.unknown

_1331020854.unknown

_1331020734.unknown

_1331020795.unknown

_1331020550.unknown

_1331020557.unknown

_1331020505.unknown

_1331019650.unknown

_1331020008.unknown

_1331020405.unknown

_1331020449.unknown

_1331020261.unknown

_1331020385.unknown

_1331020291.unknown

_1331020096.unknown

_1331019750.unknown

_1331019837.unknown

_1331019699.unknown

_1331019554.unknown

_1331019575.unknown

_1331019357.unknown

_1331018772.unknown

_1331019062.unknown

_1331019262.unknown

_1331019306.unknown

_1331019136.unknown

_1331018846.unknown

_1331019009.unknown

_1331018805.unknown

_1331018141.unknown

_1331018734.unknown

_1331018061.unknown

_1331018127.unknown

_1331017967.unknown

_1331016457.unknown

_1331017296.unknown

_1331017562.unknown

_1331017699.unknown

_1331017768.unknown

_1331017858.unknown

_1331017887.unknown

_1331017910.unknown

_1331017838.unknown

_1331017721.unknown

_1331017750.unknown

_1331017709.unknown

_1331017666.unknown

_1331017677.unknown

_1331017593.unknown

_1331017469.unknown

_1331017524.unknown

_1331017545.unknown

_1331017498.unknown

_1331017412.unknown

_1331016975.unknown

_1331017093.unknown

_1331017132.unknown

_1331017277.unknown

_1331017105.unknown

_1331017036.unknown

_1331017078.unknown

_1331017011.unknown

_1331016711.unknown

_1331016797.unknown

_1331016807.unknown

_1331016723.unknown

_1331016584.unknown

_1331016602.unknown

_1331016484.unknown

_1331015115.unknown

_1331015550.unknown

_1331016178.unknown

_1331016317.unknown

_1331016375.unknown

_1331016297.unknown

_1331016037.unknown

_1331016059.unknown

_1331015976.unknown

_1331015926.unknown

_1331015398.unknown

_1331015482.unknown

_1331015510.unknown

_1331015450.unknown

_1331015250.unknown

_1331015291.unknown

_1331015223.unknown

_1331014265.unknown

_1331014911.unknown

_1331014968.unknown

_1331015042.unknown

_1331014937.unknown

_1331014879.unknown

_1331014889.unknown

_1331014289.unknown

_1330961419.unknown

_1330963447.unknown

_1330964644.unknown

_1330964983.unknown

_1331014125.unknown

_1331014190.unknown

_1330964998.unknown

_1330965107.unknown

_1330965318.unknown

_1330965345.unknown

_1330965138.unknown

_1330965079.unknown

_1330964833.unknown

_1330964888.unknown

_1330964912.unknown

_1330964968.unknown

_1330964848.unknown

_1330964737.unknown

_1330964824.unknown

_1330964675.unknown

_1330963911.unknown

_1330963991.unknown

_1330964570.unknown

_1330964587.unknown

_1330964463.unknown

_1330963950.unknown

_1330963961.unknown

_1330963927.unknown

_1330963813.unknown

_1330963837.unknown

_1330963897.unknown

_1330963825.unknown

_1330963806.unknown

_1330963522.unknown

_1330963781.unknown

_1330962167.unknown

_1330962987.unknown

_1330963094.unknown

_1330963306.unknown

_1330963358.unknown

_1330963379.unknown

_1330963333.unknown

_1330963221.unknown

_1330963004.unknown

_1330963014.unknown

_1330962994.unknown

_1330962481.unknown

_1330962866.unknown

_1330962873.unknown

_1330962799.unknown

_1330962860.unknown

_1330962175.unknown

_1330962335.unknown

_1330961923.unknown

_1330962030.unknown

_1330962107.unknown

_1330962146.unknown

_1330962062.unknown

_1330961955.unknown

_1330961522.unknown

_1330961547.unknown

_1330961636.unknown

_1330961698.unknown

_1330961561.unknown

_1330961532.unknown

_1330879097.unknown

_1330961373.unknown

_1330961387.unknown

_1330961402.unknown

_1330879120.unknown

_1330878813.unknown

_1330878882.unknown

_1330879074.unknown

_1330878860.unknown

_1330878802.unknown

_1330848317.unknown

_1330875671.unknown

_1330876076.unknown

_1330878540.unknown

_1330878695.unknown

_1330878733.unknown

_1330878765.unknown

_1330878568.unknown

_1330878595.unknown

_1330878604.unknown

_1330878547.unknown

_1330877167.unknown

_1330877516.unknown

_1330878458.unknown

_1330877595.unknown

_1330877702.unknown

_1330877551.unknown

_1330877216.unknown

_1330877313.unknown

_1330877201.unknown

_1330877084.unknown

_1330877125.unknown

_1330877151.unknown

_1330877102.unknown

_1330876483.unknown

_1330876921.unknown

_1330876432.unknown

_1330875803.unknown

_1330876022.unknown

_1330875912.unknown

_1330875924.unknown

_1330875753.unknown

_1330875763.unknown

_1330875710.unknown

_1330875442.unknown

_1330875514.unknown

_1330875603.unknown

_1330875462.unknown

_1330875483.unknown

_1330849890.unknown

_1330851991.unknown

_1330852729.unknown

_1330852800.unknown

_1330852945.unknown

_1330853155.unknown

_1330853266.unknown

_1330875370.unknown

_1330853180.unknown

_1330853220.unknown

_1330853042.unknown

_1330853113.unknown

_1330852908.unknown

_1330852918.unknown

_1330852934.unknown

_1330852821.unknown

_1330852752.unknown

_1330852786.unknown

_1330852736.unknown

_1330852145.unknown

_1330852317.unknown

_1330852334.unknown

_1330852675.unknown

_1330852210.unknown

_1330852105.unknown

_1330852135.unknown

_1330852084.unknown

_1330852027.unknown

_1330852073.unknown

_1330852014.unknown

_1330850816.unknown

_1330851966.unknown

_1330851983.unknown

_1330851960.unknown

_1330851812.unknown

_1330850538.unknown

_1330850768.unknown

_1330850796.unknown

_1330850652.unknown

_1330850022.unknown

_1330850321.unknown

_1330849965.unknown

_1330848360.unknown

_1330849596.unknown

_1330849817.unknown

_1330849869.unknown

_1330848400.unknown

_1330848415.unknown

_1330849517.unknown

_1330848373.unknown

_1330848330.unknown

_1330848345.unknown

_1330848323.unknown

_1330845207.unknown

_1330845363.unknown

_1330848123.unknown

_1330848302.unknown

_1330848308.unknown

_1330848199.unknown

_1330848205.unknown

_1330848193.unknown

_1330846505.unknown

_1330848097.unknown

_1330845443.unknown

_1330845290.unknown

_1330845320.unknown

_1330845220.unknown

_1330845253.unknown

_1330845213.unknown

_1330844276.unknown

_1330844472.unknown

_1330845192.unknown

_1330845201.unknown

_1330844701.unknown

_1330845119.unknown

_1330844333.unknown

_1330844387.unknown

_1330844282.unknown

_1330844289.unknown

_1330844243.unknown

_1330844258.unknown

_1330844264.unknown

_1330844250.unknown

_1330842310.unknown

_1330843677.unknown

_1330843688.unknown

_1330843022.unknown

_1330842337.unknown

_1330842294.unknown

_1330842300.unknown

_1330842284.unknown

_1330267964.unknown

_1330438569.unknown

_1330842038.unknown

_1330842179.unknown

_1330842213.unknown

_1330842229.unknown

_1330842262.unknown

_1330842220.unknown

_1330842196.unknown

_1330842204.unknown

_1330842187.unknown

_1330842135.unknown

_1330842149.unknown

_1330842155.unknown

_1330842141.unknown

_1330842082.unknown

_1330842129.unknown

_1330842052.unknown

_1330841865.unknown

_1330841904.unknown

_1330841936.unknown

_1330841954.unknown

_1330841928.unknown

_1330841884.unknown

_1330841899.unknown

_1330841879.unknown

_1330841872.unknown

_1330439627.unknown

_1330443350.unknown

_1330446138.unknown

_1330771465.unknown

_1330774050.unknown

_1330841774.unknown

_1330841860.unknown

_1330775970.unknown

_1330776656.unknown

_1330777296.unknown

_1330777909.unknown

_1330779821.unknown

_1330786209.unknown

_1330791482.unknown

_1330792294.unknown

_1330792423.unknown

_1330792545.unknown

_1330792641.unknown

_1330792719.unknown

_1330841764.unknown

_1330792718.unknown

_1330792559.unknown

_1330792438.unknown

_1330792327.unknown

_1330792407.unknown

_1330792301.unknown

_1330791639.unknown

_1330791651.unknown

_1330792272.unknown

_1330792287.unknown

_1330792232.unknown

_1330791583.unknown

_1330791595.unknown

_1330791626.unknown

_1330791498.unknown

_1330786802.unknown

_1330791420.unknown

_1330791427.unknown

_1330791458.unknown

_1330786894.unknown

_1330786903.unknown

_1330791339.unknown

_1330786845.unknown

_1330786460.unknown

_1330786612.unknown

_1330786791.unknown

_1330786552.unknown

_1330786346.unknown

_1330786422.unknown

_1330786324.unknown

_1330786333.unknown

_1330785123.unknown

_1330786091.unknown

_1330786149.unknown

_1330786194.unknown

_1330786120.unknown

_1330785182.unknown

_1330786085.unknown

_1330786024.unknown

_1330785149.unknown

_1330780008.unknown

_1330784998.unknown

_1330785070.unknown

_1330780094.unknown

_1330779930.unknown

_1330779990.unknown

_1330779847.unknown

_1330778631.unknown

_1330779664.unknown

_1330779756.unknown

_1330779777.unknown

_1330779693.unknown

_1330779521.unknown

_1330779542.unknown

_1330778652.unknown

_1330779429.unknown

_1330778078.unknown

_1330778512.unknown

_1330778608.unknown

_1330778435.unknown

_1330778460.unknown

_1330777932.unknown

_1330777303.unknown

_1330777837.unknown

_1330777854.unknown

_1330777892.unknown

_1330777781.unknown

_1330777810.unknown

_1330777753.unknown

_1330777564.unknown

_1330777698.unknown

_1330777515.unknown

_1330776742.unknown

_1330776791.unknown

_1330777267.unknown

_1330776013.unknown

_1330776279.unknown

_1330776637.unknown

_1330776557.unknown

_1330776588.unknown

_1330776620.unknown

_1330776318.unknown

_1330776048.unknown

_1330776064.unknown

_1330775983.unknown

_1330775991.unknown

_1330775976.unknown

_1330774392.unknown

_1330775955.unknown

_1330775962.unknown

_1330775204.unknown

_1330775467.unknown

_1330775820.unknown

_1330774418.unknown

_1330774300.unknown

_1330774357.unknown

_1330774104.unknown

_1330772709.unknown

_1330772989.unknown

_1330773571.unknown

_1330774024.unknown

_1330774035.unknown

_1330773583.unknown

_1330773954.unknown

_1330773187.unknown

_1330773312.unknown

_1330773064.unknown

_1330772780.unknown

_1330772888.unknown

_1330772808.unknown

_1330772820.unknown

_1330772769.unknown

_1330771664.unknown

_1330772128.unknown

_1330772259.unknown

_1330772291.unknown

_1330772203.unknown

_1330771802.unknown

_1330771870.unknown

_1330771677.unknown

_1330771743.unknown

_1330771542.unknown

_1330771641.unknown

_1330771517.unknown

_1330769281.unknown

_1330769357.unknown

_1330769434.unknown

_1330769445.unknown

_1330769397.unknown

_1330769305.unknown

_1330769336.unknown

_1330769295.unknown

_1330762876.unknown

_1330769261.unknown

_1330769275.unknown

_1330769254.unknown

_1330446188.unknown

_1330762772.unknown

_1330762796.unknown

_1330446168.unknown

_1330444448.unknown

_1330444683.unknown

_1330445920.unknown

_1330446040.unknown

_1330446111.unknown

_1330445973.unknown

_1330445545.unknown

_1330445911.unknown

_1330445892.unknown

_1330444698.unknown

_1330445426.unknown

_1330444593.unknown

_1330444674.unknown

_1330444589.unknown

_1330444358.unknown

_1330444380.unknown

_1330444406.unknown

_1330444366.unknown

_1330444328.unknown

_1330444343.unknown

_1330444349.unknown

_1330444334.unknown

_1330444245.unknown

_1330444322.unknown

_1330444305.unknown

_1330443395.unknown

_1330442087.unknown

_1330442501.unknown

_1330443128.unknown

_1330443288.unknown

_1330442543.unknown

_1330442183.unknown

_1330442460.unknown

_1330442117.unknown

_1330441761.unknown

_1330441994.unknown

_1330442018.unknown

_1330441814.unknown

_1330441986.unknown

_1330441505.unknown

_1330441553.unknown

_1330441717.unknown

_1330441465.unknown

_1330441495.unknown

_1330439634.unknown

_1330439283.unknown

_1330439563.unknown

_1330439596.unknown

_1330439609.unknown

_1330439581.unknown

_1330439298.unknown

_1330439314.unknown

_1330439290.unknown

_1330439033.unknown

_1330439253.unknown

_1330439267.unknown

_1330439042.unknown

_1330438582.unknown

_1330438589.unknown

_1330439005.unknown

_1330438576.unknown

_1330422632.unknown

_1330438218.unknown

_1330438273.unknown

_1330438363.unknown

_1330438392.unknown

_1330438564.unknown

_1330438331.unknown

_1330438258.unknown

_1330438265.unknown

_1330438225.unknown

_1330438248.unknown

_1330423002.unknown

_1330438204.unknown

_1330438211.unknown

_1330438192.unknown

_1330423844.unknown

_1330422654.unknown

_1330422699.unknown

_1330422751.unknown

_1330422803.unknown

_1330422661.unknown

_1330422648.unknown

_1330419215.unknown

_1330420769.unknown

_1330420853.unknown

_1330421442.unknown

_1330421809.unknown

_1330422197.unknown

_1330422211.unknown

_1330422389.unknown

_1330422423.unknown

_1330422218.unknown

_1330422205.unknown

_1330421560.unknown

_1330420900.unknown

_1330420984.unknown

_1330421005.unknown

_1330420781.unknown

_1330420801.unknown

_1330420811.unknown

_1330419438.unknown

_1330420456.unknown

_1330420503.unknown

_1330420710.unknown

_1330419594.unknown

_1330419727.unknown

_1330420294.unknown

_1330419455.unknown

_1330419254.unknown

_1330419298.unknown

_1330419225.unknown

_1330269327.unknown

_1330269357.unknown

_1330269432.unknown

_1330269491.unknown

_1330419207.unknown

_1330269521.unknown

_1330269457.unknown

_1330269479.unknown

_1330269398.unknown

_1330269339.unknown

_1330269349.unknown

_1330269333.unknown

_1330268102.unknown

_1330268445.unknown

_1330269320.unknown

_1330268351.unknown

_1330268060.unknown

_1330268089.unknown

_1330267988.unknown

_1329304513.unknown

_1329310770.unknown

_1329317993.unknown

_1329319124.unknown

_1329319553.unknown

_1329319616.unknown

_1329321449.unknown

_1329321607.unknown

_1329321674.unknown

_1330267893.unknown

_1330267939.unknown

_1329321663.unknown

_1329321529.unknown

_1329321409.unknown

_1329321424.unknown

_1329319635.unknown

_1329321322.unknown

_1329319584.unknown

_1329319242.unknown

_1329319502.unknown

_1329318093.unknown

_1329318171.unknown

_1329318120.unknown

_1329318065.unknown

_1329318076.unknown

_1329318019.unknown

_1329315857.unknown

_1329316337.unknown

_1329317921.unknown

_1329317948.unknown

_1329316686.unknown

_1329317579.unknown

_1329317261.unknown

_1329317444.unknown

_1329317026.unknown

_1329316363.unknown

_1329316088.unknown

_1329316205.unknown

_1329316324.unknown

_1329316124.unknown

_1329315935.unknown

_1329315992.unknown

_1329315900.unknown

_1329315457.unknown

_1329315656.unknown

_1329315680.unknown

_1329315810.unknown

_1329315670.unknown

_1329315579.unknown

_1329315598.unknown

_1329315559.unknown

_1329315210.unknown

_1329315387.unknown

_1329315438.unknown

_1329315372.unknown

_1329312451.unknown

_1329314783.unknown

_1329315181.unknown

_1329312418.unknown

_1329307642.unknown

_1329308614.unknown

_1329309371.unknown

_1329309409.unknown

_1329309432.unknown

_1329308844.unknown

_1329308542.unknown

_1329308586.unknown

_1329307718.unknown

_1329307498.unknown

_1329307514.unknown

_1329307520.unknown

_1329307508.unknown

_1329307420.unknown

_1329302559.unknown

_1329302613.unknown

_1329303934.unknown

_1329304107.unknown

_1329304150.unknown

_1329303800.unknown

_1329302601.unknown

_1329302372.unknown

_1329302414.unknown

_1329302297.unknown

_1329302323.unknown

_1329302249.unknown

_1307791615.unknown

