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® Perfect crystal integrated intensity
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e Writing a General User Proposal

Dynamical theory and the Darwin curve

Extinction and absorption

® Perfect crystal integrated intensity

Reading Assignment: Chapter 6.5; Chapter 7.1

Homework Assignment #05: Homework Assignment #06:
Chapter 5: 1,2,7,9,10 Chapter 6: 1,6,7,8,9
due Monday, October 28, 2024 due Monday, November 11, 2024
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Writing a General User Proposal

1. Log into the UPS site

2. Start an APS general user proposal
3. Add an Abstract

4. Choose a beam line

5. Answer the 6 important questions

A tutorial can be found on the course home page

http://csrri.iit.edu/~segre/phys570/24F /gu_proposal.html
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Register & log into the UPS Portal

Welcome to the Unlversal Proposal System

Login
nmon platform for the ent of user Y d | g

LOG INWITH ORCID.

World class Learn more Get started

= State-ofthe-artsynchrotron radiation light sources at APS and NSLS-I . . ¥ o
 industry. use the proposal system.
to proba the fundamental proporties of matter. = For approved, .
= The free slectron laser at LGLS generates ultra-bright, ulrafast, high

with UED opon litoraturo. .
‘camera” to study ulrafast atomic & molecular dynamics. .
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Select the APS

& User Profie

® Announcements

Carlo Segre
User Acknowledgement

Email
segre@it.edu

Employer Insttution
Tlinois Insfitute of Technology
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Start a proposal for and APS call

Argo 3 Advanced Photon Source

NATIONAL mowopv
Feature Beamlines Contact Info Beamlines

Title Types Proposal Cycles Deadline 4 Proposal Call Status
2025-1 eBERIight Macromolecular General User - Macromolecular APS: 2025-1 10/25/2024
Crystallography Crystallography 21:59:59 SUBMITAPROPOSAL
2025-1 Partner User Proposals (PUP)  Partner Proposals APS: 2025-1 10/25/2024
21:50:59 SUBMIT APROPOSAL
& Website
https://www.aps.anl.gov/ 2025-1 eBERlight General User General User - Regular APS: 2025-1 10/25/2024
) 21:50:59 SUBMIT APROPOSAL
© Location
e s 2025-1 Standard General Us General User - Regul APS: 2025-1 10/25/2024
Lemont, IL 60439 -1 Standard General User eneral User - Regular : 2025-
S Proposals 2158:59 SUBMIT APROPOSAL
< Phone
630-252-9090 2025-1 cr General User - APS: 2025-1 10/25/2024
Proposals Crystallography 21:59:59 SUBMIT A PROPOSAL
2024-3 Standard General User - Rapid  General User - Rapid Access ~ APS: 2024-3 12/18/2024
Access Proposals 21:50:59 SUBMITAPROPOSAL
2024-3 CAT Member Proposals CAT Member APS: 2025-1, 12/18/2024
APS: 2024-3 21:59:59 SUBMIT APROPOSAL
2024-3 Resource Staff Proposals Resource Staff APS:2025-1,  12/18/2024
{Includes CAT and APS Staff) APS: 20243  21:59:50 SUBMITAPROPOSAL
2024-3 Cr General User - APS: 20251, 121812024
Proposals Crystallography APS: 2024-3 21:59:59 SUBMIT APROPOSAL
2025-1 Resource Staff Proposals Resource Staff APS: 2025-1 04/17/2025
(Includes CAT and APS Staff) 21:59:59 SUBMIT APROPOSAL
2025-1 CAT Member Proposals CAT Member APS: 2025-1 04/17/2025
215059 SUBMITAPROPOSAL
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Enter basic information and an abstract

®iProposal Calls @ Knowledge Base i@ Contacts ~ &UserProfile  # Faciliy Console @ Feedback~ ~ Tours s Carlo Segre

Proposal Submission Steps \/

Start Proposal Funding Sources Experiment Time Request  Additional Questions Review
L] L] L] L]
Provide basic information  Enter sources of funding for foraccessto  Answer i Review and Submit the
about your proposed research your research resources relating {o the proposal proposal

Proposal Submission Guidance v

As the APS accelerator and storage ring retur to operations, beamlines around the faciity will begin to resume their user programs.

The timelines for bringing users back will vary beamline to beamline based on a variety of technical factors. This callfor the 2025-1 cycle is soliciting proposals for possible experiments that will be considered based on each beamline's individual schedule and capabiliies. Submission of a
request for time is not  guarantee of allocation.

To be added to an APS proposal, a user will need to have logged into UPS and also authenticated APS as a trusted party for ORCID through an APS user registration (if you have not completed an APS user registration since before 2021, you will need to re-register).

BEFORE SUBMITTING: Please thoroughly review your proposal content prior to submission. After submission, only minor changes can be made by an administrator.

IMPORTANT TIP: Please be sure to be as thorough and detaled as possible with your abstract AND when answering all proposal form questions. Beam time for the upgraded APS will be highly competitive. To give your proposal the best chance at allocation, be in-depth with your
responses, and see our tips for writing a successful APS proposal

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 6/31



Enter basic information and an abstract

1009536

Proposal
*Proposal Title

PHYS 570 Experiments

Proposal Call

Argonne &

*Principal Investigator (P1)

# Facility C: ©Feedback>  Tours s

pporting documentation with this propos:

®  catossge

*Proposal Type

| © [ ceneratuser- Rogutr

Co-Principal Investigator (P1)

+Primary Area of Research

Co-proposers

[ et scnce

‘Additional Area(s) of Research

*Keywords

I % x-ray absorption spectroscopy (XAS)

*Please suggest the most appropriate review panel for your proposal.

[@  spectroscopy-cremcataysis

Abstract
*Abstract

This is the dummy experiment for PHYS 570

1959 characters remaining of 2000 characters

SAVE (CTRL +5)

Carlo Segre (lllinois Tech)

PHYS 570 - Fall 2024

October 23, 2024 7/31



Enter basic information and an abstract

Proposal Form Funding Sources

Provide basic information  Enter sources of funding for
‘about your proposed research  your research (100%)

Proposal Submission Steps \/

Experiment Time Request  Additional Questions

‘Submit requests for accessto  Answer detailed questions  Review and Submit the
resources proposal

relating to the proposal

Funding information is required for facility reporting purposes

Funding Source Details. Grant Percentage
Other Duchossois Leadership Program NA 100%
Total: 100%

ADD FUNDING SOURCE

Carlo Segre (lllinois Tech)

PHYS 570 - Fall 2024

October 23, 2024
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Carlo Segre (lllinois Tech)

Register & log into the APS Portal

Experiment Time Request

Experl

e Request

Experiment Time Request
*Proposal

(@ o0osus <[] Argonne &

*Run Cycle ETR Number

[ @ aes:zuzs * ‘ - [ 1033603

*1st Choice Resource 2nd Choice Resource

[@ wos x ‘ i .
*1st Choice Instrument 2nd Choice Instrument

[ @ 10108 X3y absorpton fne structure <[] .
+15t Choice Technique 2nd Choice Technique

‘ ©®  Xray absorption spectroscopy (XAS) x ‘ v ‘ ‘ v

*Shifts Requested This ETR

|8

Minimum Useful Shifts This ETR

|8

*Lifetime Shifts Requested

L2

SAVE (CTRL + §)

PHYS 570 - Fall 2024

October 23, 2024
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Register & log into the APS Portal

Tous  cs

Proposal Submission Steps \/

Proposal Form Funding Sources Experiment Time Request  Additional Questions Review
L]
Provide basic information  Enter sources of funding for ~ Submit requests for access to  Answer detailed questions  Review and Submit the
about your proposed research  your research (100%) resources elating to the proposal proposal

There are incomplete ETR surveys which must be completed.

Number 15t Choice Resource 2nd Choice Resource. Run Cycle Shifts Requested Shm‘;‘(;’:‘;:!m
1033603 10-D-B APS: 2025-1 8 24

® ADD NEW REQUEST

VIEW -

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024
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Register & log into the APS Portal

Proposal Submission Steps \/

Proposal Form Funding Sources  Experiment Time Request  Additional Questions Review
°
Enter sources of funding for foraccessto  Answer detailed questions  Review and Submit the
about your proposed research  your research (100%) resources relating to the proposal proposal
Proposal Questions
ENAPS General User Proposal Questions pe Matrix R h Questions
NotStared Not stated
—
ETR Questions
ENAPS Experiment Time Request (ETR) Questions (GU/RA/MX)
Not Stared
1033603495
Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024
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Register & log into the APS Portal

536

General

*What mode(s) of access would you consider for this work? (Note: not all beamlines support all modes of access, choose all that
apply.)

O Remote
O Maikin
O onsite

il the data collected be considered propristary (c.g., work that will not be made available in the open literature)?

+Have you spoken to a beamline staff member?

O yes

) no

*Is this research required for a student's thesis?

) yes

) no

*Is this proposal related to another proposal?
O yes

) no

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024

October 23, 2024
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Register & log into the APS Portal

*Did you previously receive experiment time at APS for this research?
O yes

O no
*Will you be requesting beam time at APS sector 35, the Dynamic Compression Sector (DCS)?

) yes

) no

Technical v

*What s the scientific or technical purpose and importance of the proposed research?
2000 character imit

*Why do you need the APS for this research?
2000 character imit

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 13/31



Register & log into the APS Portal

+Describe why you are choosing your requested beamline(s).
2000 characer it

How many yists during the propasal[faspan do you expect to need'? How many shift willyou need per viit(approximaely)? At
APS, one shift =8 hours, one day =3 s

2000 character fimit

*Describelprovide a list of samples.
2000 character imit

*Provide an overview of the experimental plan and procedures, including sample usage.
2000 character imit

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 14 /31



Register & log into the APS Portal

*Literature references (DOIs or citations)
2000 character imit

Team v

*Describe the team's previous il i with sy radiation.
2000 character fimit

«List publications (DOIs or citations) resulting from work done at the APS. Please identify the beamline(s) where the work was done.
2000 characer it

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 15/31



Register & log into the APS Portal

Safety

*Does this research involve the use of radioactive samples/materials, sealed sources, or x-ray generating devices?
D yes

) no

*Does this research involve the use of any of the following (pick all that apply):

[ explosives or energetic materials

[ anew class 3 o class 4 laser that has not been approved by the Argonne Laser Safety Officer

O nanoparticles (one or more dimensions is 100 nm or less), including thin films, powder, and solutions

) samplesimaterials that require a BSL-2 (biosafety level) facility

[ human subjects or human tissues, body fluids, or cells in culture:

[ plant pathogens, soil microbes, animals, insects, or inseet/animal tissues, body fluids, matter, cels in culture
O none

‘ CANCEL ‘

| SAVE ‘

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024

October 23, 2024
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Register & log into the APS Portal

Carlo Segre (lllinois Tech)

1009536

*Are there any restrictions, contractually or otherwise, on public dissemination of the work (e.g. research, experiment) described in
this proposal? P includes presenting open meetings, publications, or web source information.

Choose —

technical data, software, or services owned or funded by a nuclear,
tente mllll.lvy, space, mmngenu 'agency, or a defene contractor of the United States or of another country?

Choose —

software or services designed,
Security or

*For work (e.g., research, experiment) conducted at the user facility, are
developed, of odified exclusively fof milary applicaions, miltary raiming, -pmmn ranch venieion o matona
intelligence collection and analysis?

[~ croos -

*Would the research results be directly useful for- or would the research involve- a nuclear reactor application (e.g., commercial
nuclear fuel, molten salts or other nuclear reactors, nuclear grade graphite, uranium enrichment)?

[ ~orcose- .

*Are any items (includi i technical data, or qui

access?

[ ~crcose .

*For DOE National Lab Pls or employee that your research h your National Lab against the DOE
“Sclence and Technology Risk Malr et and emerglng fesearch areas and technologies. Note: If no o unsure, you should

The User F: ust be

ponsible for screening research for the DOE S&T Risk Matri
ns can be accommor

om0 et ket

hoose —

CANCEL SAVE

PHYS 570 - Fall 2024

October 23, 2024
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Register & log into the APS Portal

If you will require use of laboratory space during the requested scheduling period, provide details here.
2000 character imit

*Will you be bringing any electrical or hazardous equipment to the facility during this scheduling period?

O Yes
D No

*Would the work associated with this request for time involve any of the following (choose all that apply):
[ Pure gases (or single gas component) greater than 1.3 ft3, 36 L or 1 Ib. (inert gasses excluded)

[ Liquids greater than 5 gal. or 19 L

[ Solids greater than 18.1 kg or 40 Ibs.

(] None of these apply

Answer this question only for second o later ETRS: List any new publications resulting from work at APS (DOIs or citations). Please
identify the beamline(s) where the work was done.
2000 character imit

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 18 /31



Register & log into the APS Portal \id

Preferred experiment dates for this request, enter date span(s) in format MM/DD/YYYY.

Unacceptable experiment dates for this request, enter date span(s) in format MMIDDIYYYY.

| cancet | | save |

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 19/31



Register & log into the APS Portal

Tours

Proposal Submission Steps \/

about your proposed research  your research (100°

Proposal Form Funding Sources Experiment Time Request  Additional Questions

Provide basic information  Enter sources of funding for ~ Submit requests for access o Answer detailed questions
%) resources relating to the proposal

Review

Review and Submit the
proposal

Proposal Questions

EVAPS General User Proposal Questions Matrix Re h S ing Questions
Gomplted Gompitea
ETR Questions

PS Experiment Time Request (ETR) Questions (GURA/MX)

Completed
1033603:APS
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Answer the 7 important questions (2000 characters each) A\

What is the scientific or technical purpose and importance of the proposed research?
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Answer the 7 important questions (2000 characters each) A\

What is the scientific or technical purpose and importance of the proposed research?

Why do you need the APS for this research?
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Answer the 7 important questions (2000 characters each) V

What is the scientific or technical purpose and importance of the proposed research?

Why do you need the APS for this research?

Describe why you are choosing your requested beamline(s).
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Answer the 7 important questions (2000 characters each) VvV

What is the scientific or technical purpose and importance of the proposed research?

Why do you need the APS for this research?
Describe why you are choosing your requested beamline(s).

How many visits during the proposal lifespan do you expect to need? How many shifts will you
need per visit (approximately)?
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Answer the 7 important questions (2000 characters each) \d
What is the scientific or technical purpose and importance of the proposed research?
Why do you need the APS for this research?

Describe why you are choosing your requested beamline(s).

How many visits during the proposal lifespan do you expect to need? How many shifts will you
need per visit (approximately)?

Describe/provide a list of samples.
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Answer the 7 important questions (2000 characters each) \d
What is the scientific or technical purpose and importance of the proposed research?

Why do you need the APS for this research?

Describe why you are choosing your requested beamline(s).

How many visits during the proposal lifespan do you expect to need? How many shifts will you
need per visit (approximately)?

Describe/provide a list of samples.

Provide an overview of the experimental plan and procedures, including sample usage.
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Answer the 7 important questions (2000 characters each) \d

What is the scientific or technical purpose and importance of the proposed research?
Why do you need the APS for this research?
Describe why you are choosing your requested beamline(s).

How many visits during the proposal lifespan do you expect to need? How many shifts will you
need per visit (approximately)?

Describe/provide a list of samples.
Provide an overview of the experimental plan and procedures, including sample usage.

Describe the team's previous experimental experience with synchrotron radiation.
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Darwin approach review

1 2d2r0 )\rod
= S IFl = S IF

m Ve Vesin @

g
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Darwin approach review

1 2d%n Arod
v Fl= Gl

m Ve vesind

g:

since v ~ d3 then g ~ ry/d ~ 107°
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Darwin approach review

1 2d%n Arod
v Fl= Gl

m Ve vesind

g =
since v ~ d3 then g ~ ry/d ~ 107°
from Chapter 3

i )\patfo(O)rod

£o sind
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Darwin approach review

1 2d%n Arod
v Fl= Gl

m Ve vesind

g =
since v ~ d3 then g ~ ry/d ~ 107°
from Chapter 3

i )\patfo(O)rod i )\|Fo|r0d
N sinf ~ vesinf

80

where |Fo| = path(O)vC is the unit cell structure factor
in the forward direction at Q =60 =0
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Darwin approach review

1 2d%n Arod
v Fl= Gl

m Ve vesind

g =
since v ~ d3 then g ~ ry/d ~ 107°
from Chapter 3

i )\patfo(O)rod i )\|Fo|r0d
N sinf ~ vesinf

80

where |Fo| = path(O)vC is the unit cell structure factor
in the forward direction at Q =60 =0

this can be rewritten in terms of g as
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Darwin approach review
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Kinematical reflection \ i

Now extend this model to N layers to get the kinematical scattering approximation as long as
the total scattering is weak, Ng < 1.
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Kinematical reflection

Now extend this model to N layers to get the kinematical scattering approximation as long as
the total scattering is weak, Ng < 1.

Proceed by adding reflectivity from each layer with the usual phase factor
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Kinematical reflection

Now extend this model to N layers to get the kinematical scattering approximation as long as

the total scattering is weak, Ng < 1.

Proceed by adding reflectivity from each layer with the usual phase factor

N—-1
mw(Q) = —ig Z e/Qdj o —igoj o —igoj
Jj=0
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Kinematical reflection \ i

Now extend this model to N layers to get the kinematical scattering approximation as long as
the total scattering is weak, Ng < 1.

Proceed by adding reflectivity from each layer with the usual phase factor

N—-1
mw(Q) = —ig Z e/Qdj o —igoj o —igoj
Jj=0

where the x-rays pass through each layer twice
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Kinematical reflection \ i

Now extend this model to N layers to get the kinematical scattering approximation as long as
the total scattering is weak, Ng < 1.

Proceed by adding reflectivity from each layer with the usual phase factor

N-1

N—-1

. i d' — I —i H . . d—2 .

(@) =—ig Z e/Qdj o —igoj o —ig0j — —ig Z o/ (Qd—2g0)j
Jj=0 j=0

where the x-rays pass through each layer twice
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Kinematical reflection \ i

Now extend this model to N layers to get the kinematical scattering approximation as long as
the total scattering is weak, Ng < 1.

Proceed by adding reflectivity from each layer with the usual phase factor

N-1

N—-1

. i d' — I —i H . . d—2 .

(@) =—ig Z e/Qdj o —igoj o —ig0j — —ig Z o/ (Qd—2g0)j
Jj=0 j=0

where the x-rays pass through each layer twice

these N unit cell layers will give a reciprocal lattice with
points at multiples of G = 27/d
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Kinematical reflection \ i

Now extend this model to N layers to get the kinematical scattering approximation as long as
the total scattering is weak, Ng < 1.

Proceed by adding reflectivity from each layer with the usual phase factor

N-1 N—1
L7 Q=mG(1+0) w(Q) = —ig Z ¢’ g ~igoi g ~ig0] — _jg Z o/ (Qd—2g0)j
,'2:’ Q=mG j=0 j=0
Aiﬁ»::,"/ where the x-rays pass through each layer twice

these N unit cell layers will give a reciprocal lattice with
points at multiples of G = 27/d we are interested in
small deviations from the Bragg condition:

_AQ_ Ak _AE_ M

¢ Q k & A
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Multiple layer reflection

N-1

Jj=0

A Q=mG(1+{)

Q=mG
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Multiple layer reflection

N-1
w(Q) = —ig Y /(@20

Jj=0

A Q=mG(1+0)

Q=mG
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Multiple layer reflection

N-1
w(Q) = —ig Y /(@20

Jj=0

A Q=mG(1+0)

Q=mG
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Multiple layer reflection

N-1
w(Q) = —ig Y /(@20

Jj=0

A Q=mG(1+0)

Q=mG
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The term in the phase factor now becomes

2
Qd — 2g0 = mG(1+¢) % — 260
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Multiple layer reflection

N-1
w(Q) = —ig Y /(@20

Jj=0

A Q=mG(1+0)

Q=mG

Carlo Segre (lllinois Tech)

The term in the phase factor now becomes

2
Qd — 2g0 = mG(1+¢) % — 260

rN(Q) = —Ig Z ei27r(m+mg_g0/7r)j
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Multiple layer reflection

N-1
w(Q) = —ig Y /(@20

j=0
M Q=mG(1+0)
,'iz‘ Q=mG
Alﬁ/"’l'
/\,’

Carlo Segre (lllinois Tech)
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The term in the phase factor now becomes

2
Qd — 2g0 = mG(1+¢) % — 260

:27r(m+m§—@
s

N—1
w(Q) = —ig Z ei2m(m+m(—go/m)j
j=0
N—1
— g Z i2mmj gi2m(m(—go/m)j
j=0
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Multiple layer reflection \id

The term in the phase factor now becomes

N—1
m(Q) = —ig Y el 28V o7
j=0 Qd —2g0 = mG(1+C)E_2gO
_ _&
A Q=mG(1+0) = 2r(m+m¢ ==
o4 0= N—1
. . Q=mG w(Q) = —ig Z i 2m(m+mC—go/T)j
Alﬁ/' " j=0

’ \,’ N—-1

’ = —ig ei27rmjei27r(mC—g0/7r)j

-

P
1

=

= —ig 1. ei2m(m(—go/m)j

.
Il
o
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Multiple layer reflection

This geometric series can be summed as usual

Carlo Segre (lllinois Tech)
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Multiple layer reflection 7

This geometric series can be summed as usual N-1 ]
mw(Q) = —ig Z e/ 2m(mC—go/m)j
j=0
sin(mN[m¢ — Co])}
r = _
(O] = g |t =)
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Multiple layer reflection
This geometric series can be summed as usual

where )
g _ 2d ]Fo\r

s Tmve

Co =

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024

A\
N-1

m(Q) = —ig Z ei2m(mC—go/m)j
=0

sin(mN[m¢ — Co])}
sin(m[m¢ — Co))

(Ol =¢ |
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Multiple layer reflection

<

This geometric series can be summed as usual N-1 )
(@) = —ig Y rm el
where ) —0
=B n(rlin — o)
== sin(mN[m¢ —
T Ol = | ol
sin(m[m¢ — (o))

This describes a shift of the Bragg peak away from the reciprocal lattice point, the maximum
being at { = {p/m

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 25/31



Multiple layer reflection

This geometric series can be summed as usual N-1 )
(@) = —ig Y rm el
where ) —0
=B n(rlin — o)
== sin(mN[m¢ —
T Ol = | ol
sin(m[m¢ — (o))

This describes a shift of the Bragg peak away from the reciprocal lattice point, the maximum
being at { = {p/m

As ( — (o/m, the modulus of the reflectivity becomes
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Multiple layer reflection

This geometric series can be summed as usual N-1 )
(@) = —ig Y rm el
where ) —0
=B n(rlin — o)
== sin(mN[m¢ —
T Ol = | ol
sin(m[m¢ — (o))

This describes a shift of the Bragg peak away from the reciprocal lattice point, the maximum
being at { = {p/m

As ( — (o/m, the modulus of the reflectivity becomes

N
Iru(Go/m)| ~ g~
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Multiple layer reflection

This geometric series can be summed as usual N-1 )
(@) = —ig Y rm el
where ) —0
=B n(rlin — o)
== sin(mN[m¢ —
T Ol = | ol
sin(m[m¢ — (o))

This describes a shift of the Bragg peak away from the reciprocal lattice point, the maximum
being at { = {p/m

As ( — (o/m, the modulus of the reflectivity becomes

TN
Irv(Co/m)| = g8 = gN
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Multiple layer reflection

This geometric series can be summed as usual N-1 )
mw(Q) = —ig Z e/ 2m(mC—go/m)j
where ) —0
_ 8 _ 2d°|Fo =
Go = o 77Tch n |I’N(C)‘ _g [sin(wN[mC — Co]):|
sin(m[m¢ — o))

This describes a shift of the Bragg peak away from the reciprocal lattice point, the maximum
being at { = {p/m
As ( — (o/m, the modulus of the reflectivity becomes
N
|rn(Go/m)| = g =8N

The shift in the peak is due to refraction inside the crystal and varies as the reciprocal of the
order, 1/m
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Multiple layer reflection

This geometric series can be summed as usual N-1 )
mw(Q) = —ig Z e/ 2m(mC—go/m)j
where ) —0
_ 8 _ 2d°|Fo =
Go = o 77Tch n |I’N(C)‘ _g [sin(wN[mC — Co]):|
sin(m[m¢ — o))

This describes a shift of the Bragg peak away from the reciprocal lattice point, the maximum
being at { = {p/m

As ( — (o/m, the modulus of the reflectivity becomes

N
|rn(Co/m)| =~ g =8N
The shift in the peak is due to refraction inside the crystal and varies as the reciprocal of the
order, 1/m

As the crystal becomes infinite (N — o0) this kinematical approximation breaks down because
gN ~1
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Diffraction in the kinematical limit A\

It is useful to look at how the intensity of the reflection varies in the kinematical limit
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Diffraction in the kinematical limit A
It is useful to look at how the intensity of the reflection varies in the kinematical limit

2 o|sin(eNm¢ — Go])|?
Inv(Q)° = sin(m[m¢ — (o))
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Diffraction in the kinematical limit S

It is useful to look at how the intensity of the reflection varies in the kinematical limit

As N becomes very large the numerator

. 2

2 _ _o|sin(mN[m¢ — Co])
varies rapidly and can be replaced by its av- (" =g sin(mr[m¢ — Co])
erage
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Diffraction in the kinematical limit S

It is useful to look at how the intensity of the reflection varies in the kinematical limit

As N becomes very large the numerator

. 2

. ) . |rN(C)‘2 :g2 SIn(WN[mC_CO])
varies rapidly and can be replaced by its av- sin(mr[m¢ — Co])
erage

2

r 2 :
Irv(Q)° = 2sin?(w[m¢ — (o))
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Diffraction in the kinematical limit

It is useful to look at how the intensity of the reflection varies in the kinematical limit

As N becomes very large the numerator
varies rapidly and can be replaced by its av-

erage

Carlo Segre (lllinois Tech)
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Inv(Q)° = sin(m[m¢ — (o))

2
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Irv(Q)° = 2sin?(r[m¢ — Go))
g2

~ 2(m[m¢ — (o])?
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Diffraction in the kinematical limit A\

It is useful to look at how the intensity of the reflection varies in the kinematical limit

As N becomes very large the numerator ) 5 | sin(mN[m¢ — o)) 2
varies rapidly and can be replaced by its av- (O =g sin(m[m¢ — (o))
erage
Wl 2 g’
O 3 lme — )
10° 1 N=107 - g2
o} ~ 2(m — Gal)?
S10° |-
102 | ”, “
10! | ‘Hw“ ”\ f
100 - “”,,m i V H|| “ l"”m! i ™
mwi\i\i\i\i\iWIIIIII‘I‘I

i

Relative posntion C

[
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Diffraction in the kinematical limit

A\

It is useful to look at how the intensity of the reflection varies in the kinematical limit

As N becomes very large the numerator
varies rapidly and can be replaced by its av-
erage

107 L

10° b N=10"

um

Wi

100 mH“"”JH i “’.II ‘ "I‘H‘Hm’if‘il il
mmmmlwlwﬂIIIII‘I‘I I||||||l
Relative posntion C
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2| sin(rN[m¢ — Go]) |

2 _
Inv(Q)° = sin(m[m¢ — (o))
r 2 g2
Irv(Q)° = 2sin?(w[m¢ — (o))
g2

~

~ 2(m[m¢ — (o])?

In the kinematical regime, away from ¢ = (o/m
the intensity of the reflection varies as 1/¢?
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Diffraction in the kinematical limit

A\

It is useful to look at how the intensity of the reflection varies in the kinematical limit

As N becomes very large the numerator
varies rapidly and can be replaced by its av-
erage

107 L

10° b N=10"

um

Wi

100 mH“"”JH i “’.II ‘ "I‘H‘Hm’if‘il il
mmmmlwlwﬂIIIII‘I‘I I||||||l
Relative posntion C
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2 _
Inv(Q)° = sin(m[m¢ — (o))
r 2 g2
Irv(Q)° = 2sin?(w[m¢ — (o))
g2

~

~ 2(m[m¢ — (o])?

In the kinematical regime, away from ¢ = (o/m
the intensity of the reflection varies as 1/¢?
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Diffraction in the kinematical limit

It is useful to look at how the intensity of the reflection varies in the kinematical limit

As N becomes very large the numerator
varies rapidly and can be replaced by its av-
erage

100 e

mwimi\i\i\i[i'iiIIII‘I‘I

Relative posntion C

2| sin(rN[m¢ — Go]) |

2 _
Inv(Q)° = sin(m[m¢ — (o))
r 2 g2
Irv(Q)° = 2sin?(w[m¢ — (o))
g2

~

~ 2(m[m¢ — (o])?

In the kinematical regime, away from ¢ = (o/m
the intensity of the reflection varies as 1/¢?

The kinematical limit clearly breaks down near
(o so we need a dynamical diffraction theory
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave

As the wavefields pass through an atomic plane, they experience an abrupt change with a

small amount, —ig, of the wave being reflected and a phase shift, (1 — igp), being added to
the transmitted wave
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave

As the wavefields pass through an atomic plane, they experience an abrupt change with a

small amount, —ig, of the wave being reflected and a phase shift, (1 — igp), being added to
the transmitted wave
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave

As the wavefields pass through an atomic plane, they experience an abrupt change with a

small amount, —ig, of the wave being reflected and a phase shift, (1 — igp), being added to
the transmitted wave

At the Bragg condition, the wave from the j + 1t" plane
must be in phase with the one from the jt plane, or
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave

As the wavefields pass through an atomic plane, they experience an abrupt change with a

small amount, —ig, of the wave being reflected and a phase shift, (1 — igp), being added to
the transmitted wave

At the Bragg condition, the wave from the j + 1t" plane

must be in phase with the one from the jt plane, or
AMA" = m\
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave

As the wavefields pass through an atomic plane, they experience an abrupt change with a

small amount, —ig, of the wave being reflected and a phase shift, (1 — igp), being added to
the transmitted wave

At the Bragg condition, the wave from the j + 1t" plane

must be in phase with the one from the jt plane, or
AMA" = m\

If we restrict ourselves to a small bandwidth arount the
reflecting region, the phase is
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave

As the wavefields pass through an atomic plane, they experience an abrupt change with a

small amount, —ig, of the wave being reflected and a phase shift, (1 — igp), being added to
the transmitted wave

At the Bragg condition, the wave from the j + 1t" plane

must be in phase with the one from the jt plane, or
AMA" = m\

If we restrict ourselves to a small bandwidth arount the
reflecting region, the phase is ¢ = mm + A,
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Reflectivity of a perfect crystal A\

In a perfect crystal, there are always two wavefields, the T wave which propagates in the
direction of the incident beam and the S wave in the direction of the reflected wave

As the wavefields pass through an atomic plane, they experience an abrupt change with a

small amount, —ig, of the wave being reflected and a phase shift, (1 — igp), being added to
the transmitted wave

At the Bragg condition, the wave from the j + 1t" plane
must be in phase with the one from the jt plane, or
AMA" = m)\

If we restrict ourselves to a small bandwidth arount the
reflecting region, the phase is ¢ = mm + A, and the
independent variable, A can be related to the relative
deviation in scattering vector, A = mm(
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Difference equation 7
Let 7; and S; be the fields just above layer j.
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Difference equation V
Let 7; and S; be the fields just above layer j.

at point M, just above the j + 1" layer, we have the scattered field Sj+1 and at point A’ it is
Sjy1€'
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Difference equation V
Let T; and S; be the fields just above layer ;.

at point M, just above the j + 1" layer, we have the scattered field Sj+1 and at point A’ it is
Sjy1€'

but this must be equal to the field S; just after passing up through the jt layer which applies
a phase shift

Sj = (1 - igo)5j+1ei¢
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Difference equation \ 7
Let 7; and S; be the fields just above layer j.

at point M, just above the j + 1" layer, we have the scattered field Sj+1 and at point A’ it is
Sjy1€'

but this must be equal to the field S; just after passing up through the jt layer which applies
a phase shift plus the small part of the T; field reflected from the top of the jt layer

Sj=—igTjs1+ (1 — igo)Sj1e”
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Difference equation \ 7
Let 7; and S; be the fields just above layer j.

at point M, just above the j + 1" layer, we have the scattered field Sj+1 and at point A’ it is
Sjy1€'

but this must be equal to the field S; just after passing up through the jt layer which applies
a phase shift plus the small part of the T; field reflected from the top of the jt layer

similarly we can write an equation for T; 1 just below
the j plane

Sj=—igTjs1+ (1 — igo)Sj1e”
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Difference equation \ 7
Let 7; and S; be the fields just above layer j.

at point M, just above the j + 1" layer, we have the scattered field Sj+1 and at point A’ it is
Sjy1€'

but this must be equal to the field S; just after passing up through the jt layer which applies
a phase shift plus the small part of the T; field reflected from the top of the jt layer

similarly we can write an equation for T; 1 just below
the j plane

Si=—igTjs1+ (1 - igo)Sjs1e™
(1-igo)Tj = Tjs1e™ + igSji1e”
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Difference equation \ 7
Let 7; and S; be the fields just above layer j.

at point M, just above the j + 1" layer, we have the scattered field Sj+1 and at point A’ it is
Sjt1€'?

but this must be equal to the field S; just after passing up through the jt layer which applies
a phase shift plus the small part of the T; field reflected from the top of the jt layer

similarly we can write an equation for T; 1 just below
the j plane

Si=—igTjs1+ (1 - igo)Sjs1e™
(1-igo)Tj = Tjs1e™ + igSji1e”

these coupled equations must be solved for an infinite
stack of atomic layers
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Separation of T & S fields \id

Sj=—igTi1+ (1 - igo)Sj1e’, (1 igo) Ty = Tjyre ™ + igSjire™
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Separation of T & S fields A\

Si=—igTis1+(1—igo)Sis1e®, (1—igo)Tj = Tjr1e”"® +igSii1€'®

Rearranging the equation for T; (top right)
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Separation of T & S fields A\
Sj=—igTi1+(1—igo)S11€'?, (1 —igo)Tj = Tjrae™'” +igSj 1€
Rearranging the equation for T; (top right)

igSj+1= (1~ igo) Tje ¥ — Tjae™ ™7
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NS,

Separation of T & S fields \ii

Si=—igTis1+(1—igo)Sis1e®, (1—igo)Tj = Tjr1e”"® +igSii1€'®

Rearranging the equation for T; (top right) 51 = (1— igo) e — Tioje i2¢
J - J J

shifting up by one plane: j+1 — j and
J—=Jj-1
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Separation of T & S fields A\

Si=—igTis1+(1—igo)Sis1e®, (1—igo)Tj = Tjr1e”"® +igSii1€'®

Rearranging the equation for T; (top right) 51 = (1— igo) e — Tioje i2¢
j+1 = J J
shifting up by one plane: j+1 — j and

j—=i-1 igSj = (1 igo) Tj_1e'* — Tje~'2?
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Separation of T & S fields i

Si=—igTis1+(1—igo)Sis1e®, (1—igo)Tj = Tjr1e”"® +igSii1€'®

Rearranging the equation for T; (top right) €511 = (1— igo) Tje @ — Tj e 29
shifting up by one plane: j+1 — j and
J=i=l igSj = (1—igo) Tj_1e™ — Tje ™

now substitute into the equation for S; above
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Separation of T & S fields i

Sj=—igTjt1+ (1 —ig)Sji1e,  (1—igo)Tj = Tjr1e ™ +igSj1e’®
Rearranging the equation for T; (top right) €511 = (1— igo) Tje @ — Tj e 29
shifting up by one plane: j+1 — j and
j=i-1 igSj = (1—igo) Tj 1”0 — Tje™"?

now substitute into the equation for S; above
(1-igo)Tj-1e™" = Tje " = g®T; + (1 — igo) {(1 — igo) Tj — Tj+lefi¢]
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Separation of T & S fields e

Sj=—igTjt1+ (1 —ig)Sji1e,  (1—igo)Tj = Tjr1e ™ +igSj1e’®
Rearranging the equation for T; (top right) €511 = (1— igo) Tje @ — Tj e 29
shifting up by one plane: j+1 — j and
j=i-1 igSj = (1—igo) Tj 1”0 — Tje™"?

now substitute into the equation for S; above
(1-igo)Tj-1e™" = Tje " = g®T; + (1 — igo) {(1 — igo) Tj — Tj+lefi¢]

(1—igo)e " [Tjy1 + Tjoa] = [gz + (1 - igo)® + e_iZﬂ Tj
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Separation of T & S fields NS

Sj=—igTjt1+ (1 —ig)Sji1e,  (1—igo)Tj = Tjr1e ™ +igSj1e’®
Rearranging the equation for T; (top right) €511 = (1— igo) Tje @ — Tj e 29
shifting up by one plane: j+1 — j and
j—=i-1 igSj = (1 igo) Tj_1e'* — Tje~'2?
now substitute into the equation for S; above

(1 igo) Tj-1e™ = Tje ™ = g2T; + (1~ igo) [ (1 — ig0) Tj = Tjsae™ |

(1—igo)e " [Tjs1+ Tja] = [gz + (1 — igo)® + e_i2ﬂ T;

the fields 7; and T;,1 are out of phase by nearly mm (top right equation) since g and gp are

very small and the T wave field must attenuate as it penetrates deeper into the crystal so our
trial solution is
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Separation of T & S fields NS

Si=—igTis1+(1—igo)Sis1e®, (1—igo)Tj = Tjr1e”"® +igSii1€'®

Rearranging the equation for T; (top right) €511 = (1— igo) Tje @ — Tj e 29
shifting up by one plane: j+1 — j and
joi-1 igS) = (1— igo) Tj_1e ™™ — Tje ™2
now substitute into the equation for S; above
(1 igo) Tj-1e™ = Tje ™ = g2T; + (1~ igo) [ (1 — ig0) Tj = Tjsae™ |
(1= igo)e™™ [Tpoa + Tl = [ + (1~ igo)? + 7] T)

the fields 7; and T;,1 are out of phase by nearly mm (top right equation) since g and gp are

very small and the T wave field must attenuate as it penetrates deeper into the crystal so our
trial solution is '
Tjy1=e """ T;
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Solving for the T field \id
(1~ igo)e™™ [Tyox 4+ Tyl = [+ (1 i) + %] T,

)

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 23, 2024 30/31



Solving for the T field V
(1—igo)e™™ [Tjy1 + Tja] = g2+ (1 — igo)? + e 72| T

With the trial solution )
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Solving for the T field V
(1—igo)e™™ [Tjy1 + Tja] = g2+ (1 — igo)? + e 72| T

With the trial solution Tiv1 = e~ eimm T,
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Solving for the T field V
(1—igo)e™™ [Tjy1 + Tja] = g2+ (1 — igo)? + e 72| T

With the trial solution Tiia=e ™ T, T, q=ele”™T,
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Solving for the T field V
(1—igo)e™™ [Tjy1 + Tja] = g2+ (1 — igo)? + e 72| T

With the trial solution Tiyi=e"e™T, Tig=ele™T;

and substituting this solution into the defining equation for T
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Solving for the T field o
(1~ igo)e™ " [Tjss + Tja] = [gz +(1—igo)* +e 2| T

With the trial solution Tiyi=e"e™T, Tig=ele™T;
and substituting this solution into the defining equation for T

(1—igo)e ™ [e’”e"’"’rTj + elle=imm 7] = {g2 + (1 —igo)® + e*"z‘z’} T;
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Solving for the T field o
(1~ ig)e ™ [Ta + Tl = &2+ (1~ ig0)* + 7] 7

With the trial solution Tiyi=e"e™T, Tig=ele™T;
and substituting this solution into the defining equation for T and noting that ¢ = mm + A

(1—igo)e ™ [e’”e"’"’rTj + elle~imm 7] = {g2 + (1 —igo)® + e*"z‘z’} Tj
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Solving for the T field i
(1 ig)e ™ [Tia + Tyl = [+ (1= i) + ] T,

With the trial solution Tiyi=e"e™T;, Tig=ele™T;
and substituting this solution into the defining equation for T and noting that ¢ = mn + A
(1—igo)e ™ [e‘”eimWD + ele™imm Tj] = [gz + (1 —igo)® + e_i2¢] T;

(1 _ I-go)e—imTre—iA [e—neimﬁ + ene—imw] _ g2 + (1 _ igo)2 + e—i2m7re—i2A
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Solving for the T field o
(1~ ig)e ™ [Ta + Tl = &2+ (1~ ig0)* + 7] 7

With the trial solution Tiyi=e"e™T, Tig=ele™T;
and substituting this solution into the defining equation for T and noting that ¢ = mm + A
(1- igo)e”'d’ [e’”e"’"’rTj + ele™imm TJ] = {g2 +(1- igo)2 + e*"z‘z’} Tj
(1 — igy)e="mme~ 1A [e‘”ﬁM+ e"e;im’r} = g2+ (1 — igo)? +e2mme 128
(1—igo)e "™ [e7"+ "] = g” + (1 — igo)* + e >4
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Solving for the T field

<

(1—igo)e [T+ Tjoa] = [gz +(1—igo)’ + e"%} T;
With the trial solution Tiyi=e"e™T, Tig=ele™T;
and substituting this solution into the defining equation for T and noting that ¢ = mm + A
(1—igo)e ™ [e’”e"’"”Tj + elle~imm 7] = {g2 + (1 —igo)® + e*"z‘z’} Tj
(1 — igy)e="mme~ 1A [e‘”ﬁM+ e"e;im’r} = g2+ (1 — igo)? +e2mme 128
(1-— igo)e_iA [e_" + e"] =g*+(1—ig)* + e 28

assuming that g, gp, and A are very small quantities, we can expand
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Solving for the T field

<

(1—igo)e [T+ Tjal = [gz + (1 — igo)® + e"%} T;
With the trial solution Tiyi=e"e™T, Tig=ele™T;
and substituting this solution into the defining equation for T and noting that ¢ = mm + A
(1—igo)e ™ [e’”e"’"”Tj + elle~imm 7] = {g2 + (1 —igo)® + e*"z‘z’} Tj
(1 — igy)e="mme~ 1A [e‘”ﬁM+ e"e;im’r} = g2+ (1 — igo)? +e2mme 128
(1—igo)e "™ [e7"+ "] = g” + (1 — igo)* + e >4
assuming that g, gp, and A are very small quantities, we can expand
. . A2 2 2
(i)t -8 -5 [@-n+ D)+ @rn+ )
~ g+ (1—2igo — &) + (1 — i2A — 2A?)
Carlo Segre (lllinois Tech)
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Solving for the T field V

, : A? 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~g° + (1~ 2igo — g§) + (1 — i2A — 2A%)
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Solving for the T field o

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
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Solving for the T field o

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
A2
(1—igo—iA — goA — 7)(2+n2) ~ g2 +2—2igy — 2iA — g8 — 24
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<

Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

. . A : .
(1—/g0—/A—g0A—7)(24—7]2)mg2+2—2/g0—2/A—gg—2A2

2 — 2igy — 2iA — 2g0A — A% + 17 ~ g2 + 2 — 2igy — 2iA — g2 — 212
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<

Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

. . A : .
(1—/g0—/A—g0A—7)(24—7]2)mg2+2—2/g0—2/A—gg—2A2

2 — 2igy — 2iS — 2goA — A2 + 12 ~ g2 + 2 — 2igy — 28 — g8 — 21A°
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<

Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

A
(1—ig0—iA—goA—7)(24—772)mg2+2—2igo—2iA—gg—2A2
7 — 2igy — 25 — 280 A — D? + 17 ~ g7 + 7 — gy — 268 — gf — 217

nzzgz—g§+2goA—A2
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<

Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

A
(1—ig0—iA—goA—7)(24—772)mg2+2—2igo—2iA—gg—2A2
7 — 2igy — 25 — 280 A — D? + 17 ~ g7 + 7 — gy — 268 — gf — 217

n? ~ g — g8+ 2g0A — A% = g% — (A — g)?
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Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

A

(1—igo—iA—goA—7)(24—772)mg2+2—2igo—2iA—gg—2A2

72 — 2igy — 2K — 2g0A — N’ + 0 ~ g + 7 — 2igs — 218 — g§ — 2A°
n? ~ g — g8+ 2g0A — A% = g% — (A — g)?

The solution for the attenuation factor of the transmitted field is thus
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Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

A
(1—igo—iA — goA — 7)(2+n2) ~ g2 +2—2igy — 2iA — g8 — 24
7 — 2igh — 28 — 2g0A — A* + 1) ~ g + 7 — 2igh — 21K — g§ — 27
n?~g? — gg + 28 — A% = g% — (A — go)?
The solution for the attenuation factor of the transmitted field is thus

in==41/(A — go) — g2
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Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

A

(1—igo—iA—goA—7)(24—772)mg2+2—2ig0—2iA—g§—2A2

72 — 2igy — 2K — 2g0A — N’ + 0 ~ g + 7 — 2igs — 218 — g§ — 2A°
n? ~ g — g8+ 2g0A — A% = g% — (A — g)?

The solution for the attenuation factor of the transmitted field is thus

in==41/(A — go) — g2
with fields
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Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

A

(1—igo—iA—goA—7)(24—772)mg2+2—2ig0—2iA—g§—2A2

72 — 2igy — 2K — 2g0A — N’ + 0 ~ g + 7 — 2igs — 218 — g§ — 2A°
n? ~ g — g8+ 2g0A — A% = g% — (A — g)?

The solution for the attenuation factor of the transmitted field is thus

in==41/(A — go) — g2
with fields

—n ,im
7}4’1:6 Te 7r7t['7
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Solving for the T field

] ] A2 2 2
(1-ig)(1— it =) |(L=n+ T)+ (A +n+ 1)

~ g2+ (1—2igo — g8) + (1 — i2A — 2A?)

Cancelling and expanding all products keeping only second order terms
2

A

(1—igo—iA—goA—7)(24—772)mg2+2—2ig0—2iA—g§—2A2

72 — 2igy — 2K — 2g0A — N’ + 0 ~ g + 7 — 2igs — 218 — g§ — 2A°
n? ~ g — g8+ 2g0A — A% = g% — (A — g)?

The solution for the attenuation factor of the transmitted field is thus

in==41/(A — go) — g2
with fields

: o imT T . _ —maimT g,
Tjit1i=e"e""Tj, St =e"e5;
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