
Name: __________________________________________


ECE 6382
Engineering Analysis I

Exam 1

Dec. 11, 2020


1. This exam is open-book and open-notes. Calculators are allowed. Computers are allowed as long as they are not used to communicate in any way with anyone other than the instructor. Cell phones or any other devices that have communication functionality are not allowed. 
2. Show all of your work. No credit will be given if the work required to obtain the solutions is not clearly shown.
3. Please perform all your work on the exam in the space allowed if possible, though you can attach extra pages if necessary. 
4. Please write neatly. You will not be given credit for work that is not easily legible.
5. Circle your final answers. 
6. At the end of the exam you will be asked to scan your pages and convert them to a single pdf file, and then email this file to the instructor (djackson@uh.edu). 


Problem 1 (25 pts.) 

a) Find the first two terms of the asymptotic series for the following integral (where A is a fixed constant) as  gets large: 


.

b) Assume we keep only the first term of the asymptotic series. Derive a formula that asymptotically predicts what the error is in using this leading term to estimate the integral, as  gets large. 



Solution

Part (a)

Use integration by parts:




Hence,






Part (b)

The error estimate is the next term neglected. Hence we have




Problem 2 (25 pts.) 

Find the first two terms of the asymptotic series for the following integral, as  gets large: 


. 


Solution

Use Watson’s lemma:


,


where . 


Let :


 .

We have




Watson’s lemma states that




provided that


.

Hence, we have




This gives us 


.

Problem 3 (25 pts.) 

Consider the following integral:


.

a) Sketch the steepest-descent path for this problem and identify the saddle point.

b) Asymptotically evaluate this integral (i.e., find the leading term of the asymptotic expansion) using the method of steepest descent. 


Solution

We have:


 






.

The saddle point is at 


.


(There are saddle point located at   for any integer n, but this is the only saddle point that appears along the given path.) 

We also have


.

Hence, we have




or


.

The SDP (and SAP) are given by 




or




We can see which one is the SDP by using 


.



[image: ]

We then can see that 


.

The SDP recipe is


.

We then have


.

Problem 4 (25 pts.) 

Consider the following differential equation:


,





where p is a positive real number and . The function u is assumed to satisfy a boundary condition at , which is  as .



a) Solve for the Green’s function , using “method 1”.





[bookmark: _GoBack]b) Assume that we now have  (with  being zero for x outside this range). Solve for  in the region .



Solution

Part (a) 

From method 1 we have:




where 


.

In our case we have 






.


We also have (keeping in mind the boundary condition at )




.

The Wronskian is 


.

We then have





Part (b) 


,

and thus we have


.

This gives us


.

We then have



or


.



9

image2.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

22

22

22

0

0

0

0

cos

1

2cos

11

1cos2cos

sin

11

1cos2

A

A

xx

A

Ax

A

Ax

x

Ieexxdx

eAxexxdx

x

eAxex

--

--

--

W

W=--W

WW

=--W

WW

W

=--+

WWW

ò

ò

K


oleObject46.bin

image48.wmf
(

)

1

px

uxe

+

=


oleObject47.bin

image49.wmf
(

)

2

px

uxe

-

=


oleObject48.bin

image50.wmf
(

)

2

Wxp

¢

=-


oleObject49.bin

image51.wmf
(

)

(

)

(

)

1

,

2

,

1

,.

2

pxx

pxx

exx

p

Gxx

exx

p

¢

+-

¢

--

ì

¢

-<

ï

ï

¢

=

í

ï

¢

->

ï

î


oleObject50.bin

image52.wmf
(

)

(

)

(

)

1

0

,

uxfxGxxdx

¢¢¢

=

ò


oleObject2.bin

oleObject51.bin

image53.wmf
(

)

(

)

(

)

1

0

1

1

2

pxx

uxedx

p

¢

--

æö

¢

=-

ç÷

èø

ò


oleObject52.bin

image54.wmf
(

)

(

)

1

2

0

1

2

x

pxx

x

uxe

p

¢

=

¢

--

¢

=

=-


oleObject53.bin

image55.wmf
(

)

(

)

(

)

(

)

1

2

1

2

pxpx

uxee

p

---

=--


oleObject54.bin

image56.wmf
(

)

(

)

(

)

2

1

1

2

px

p

uxee

p

-

=--


oleObject55.bin

image3.wmf
(

)

(

)

(

)

(

)

(

)

22

2

11

1cos2sin

AA

IeAeAA

--

W-W-W+

WW

:K


oleObject3.bin

image4.wmf
(

)

(

)

(

)

2

2

1

Error2sin

A

eAA

-

W-W

W

:


oleObject4.bin

image5.wmf
(

)

2

1

0

sin

x

Ixedx

-W

=

ò


oleObject5.bin

image6.wmf
(

)

2

1

0

sin

x

Ixedx

¢

-W

=

ò


oleObject6.bin

image7.wmf
¢

W=W


oleObject7.bin

image8.wmf
2

sx

=


oleObject8.bin

image9.wmf
(

)

1

1/4

0

11

sin

2

t

Itedt

t

¢

-W

=

ò


oleObject9.bin

image10.wmf
(

)

(

)

1/41/41/4

1111

sin

2212

ftttt

t

-

=-+

:K


oleObject10.bin

image11.wmf
(

)

(

)

1

0

1

n

n

n

n

Ia

a

a

¥

+

=

G+

WW®¥

W

å

:

as


oleObject11.bin

image12.wmf
(

)

0

0

n

n

n

fsass

a

¥

=

®

å

:

as


oleObject12.bin

image13.wmf
(

)

(

)

(

)

0

1

01

01

1

1

11

Iaa

a

a

aa

+

+

G+G+

W+W®¥

¢¢

WW

:

as


oleObject13.bin

image14.wmf
(

)

(

)

(

)

3/85/8

3/45/4

11

212

I

GG

W-W®¥

WW

:

as


oleObject14.bin

image15.wmf
sin

0

iz

Iedz

p

W

=

ò


oleObject15.bin

image16.wmf
(

)

1

fz

=


oleObject16.bin

image17.wmf
(

)

sin

gziz

=


oleObject17.bin

image18.wmf
(

)

cos

gziz

¢

=


oleObject18.bin

image19.wmf
(

)

sin

gziz

¢¢

=-


oleObject19.bin

image20.wmf
0

2

z

p

=


oleObject20.bin

image21.wmf
(

)

21/2

n

p

+


oleObject21.bin

image22.wmf
(

)

SDP0

,

22

gz

ap

qa

¢¢

=-±=Ð


oleObject22.bin

image23.wmf
SDP

42

pp

q

=±


oleObject23.bin

image24.wmf
SDP

3

or

44

pp

q

=-


oleObject24.bin

image25.wmf
(

)

(

)

Imsinsincoshconstant1

vzizxy

====


oleObject25.bin

image26.wmf
sincosh1

xy

=


oleObject26.bin

image27.wmf
(

)

(

)

Resincossinh

uzizxy

==-


oleObject27.bin

image28.emf
0

SAP

SDP

y C

x



/2




image29.wmf
SDP

4

p

q

=-


oleObject28.bin

image30.wmf
(

)

(

)

(

)

(

)

0

SDP

0

0

2

~

gz

i

Ifzee

gz

q

p

W

W

¢¢

W


oleObject29.bin

image31.wmf
(

)

/4

2

~

ii

Iee

p

p

W-

W

W


oleObject30.bin

image32.wmf
(

)

(

)

(

)

2

uxpuxfx

¢¢

-=


oleObject31.bin

image33.wmf
x

-¥<<¥


oleObject32.bin

image34.wmf
x

=±¥


oleObject33.bin

image35.wmf
(

)

0

ux

®


oleObject34.bin

image36.wmf
x

®±¥


oleObject35.bin

image37.wmf
(

)

,

Gxx

¢


image1.wmf
(

)

(

)

2

0

sin

A

x

Iexdx

-

W=W

ò


oleObject36.bin

image38.wmf
(

)

1,01

fxx

=<<


oleObject37.bin

image39.wmf
(

)

fx


oleObject38.bin

image40.wmf
(

)

ux


oleObject39.bin

image41.wmf
1

x

>


oleObject40.bin

image42.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

21

12

,

,

,

wxuxux

xx

PxWx

Gxx

wxuxux

xx

PxWx

ì

æö

¢¢

¢

-<

ï

ç÷

ç÷

¢¢

ï

èø

¢

=

í

æö

¢¢

ï

¢

->

ç÷

ï

ç÷

¢¢

èø

î


oleObject1.bin

oleObject41.bin

image43.wmf
(

)

(

)

(

)

(

)

(

)

1

()

dd

PxuxQxuxfx

wxdxdx

æö

æö

-+=

ç÷

ç÷

èø

èø


oleObject42.bin

image44.wmf
(

)

1

wx

=-


oleObject43.bin

image45.wmf
(

)

1

Px

=


oleObject44.bin

image46.wmf
(

)

2

Qxp

=-


oleObject45.bin

image47.wmf
x

=±¥


