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WFU Joint Physics and Chemistry Colloquium
TITLE: Neutron Scattering Tools for Materials Research
SPEAKER: Dr. Ashfia Hug,

Chemical and Engineering Materials Division,
Spaliation Neutron Source, Oak Ridge National Laboratory,
Oak Ridge, TN

TIME: Wednesday April 2, 2014 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

Historically Oak Ridge National Laboratory has played a very important role in developing
neutron scattering techniques for crystallography. Clifford Shull, the winner of the 1984
Nable Prize in Physics started his pioneering wark in neutron diffraction in 1946 at Oak
Ridge. In keeping with this strong tradition, the lab currently hosts two facilities; High Flux
Isotope Reactor and the Spallation Neutron Source, which supports scattering studies in
physical, chemical and biclogical sciences. In this talk [ will present an overview of the
various different neutron scattering techniques for materials research. A more focused
description of neutran powder diffraction will follow with some examples of how this
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technique has been applied to sclve structural questions of some energy related materials




Radiation from a moving charged particle

Variables (notation) :
. dr (t,)
2 Rq (tr ) = # =v

P

R(,)=r-R,(,)=R
r-Ry()

04/02/2014 PHY 712 Spring 2014 - Lecture 26 4

4/2/2014

Spectral composition of electromagnetic radiation
Previously we determined the power distribution from

a charged particle: i [(ﬁ—[i)x [3]2

dpP(t)
dQ 4 (1 B ﬁ)6

SV _S.RR = LZ
t,=t-R/c

=|a()’

B 2 ‘lix[(lifﬁ)x[i]
where  d(t)= \/z(l_[}ﬁ);

Time integrated power per solid angle :

. _ jdzﬂ(t) - sz\a(zy = jdw\d(wjz

t,=t-R/c

dQ dQ
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Spectral composition of electromagnetic radiation -- continued

Time integrated power per solid angle :

aw ¢ dP(e) T R PTIR

o= JﬁazzE = dez\a(z} = jw dod (o)

Fourier amplitude :

7 17 ic 17 7 —i

a(w)sﬁim a)e™ (Z(t):ﬁ:[odwa(a))e o
Parseval’s theorem

Marc-Antoine Parseval des Chénes 1755-1836

http://www-history.mcs.st-andrews.ac.uk/Biographies/Parseval.html|
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Spectral composition of electromagnetic radiation -- continued

Consequences of Parseval's analysis :
D _ jdt jdt\a = [ dafi(w)
Note that: d(w)=A" (- o)

W fanto ot ~@of )« fao 2L
0’1
0Qow

= 2‘&(50*
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Spectral composition of electromagnetlc radiation -- continued

F‘Rx R- ﬁ [5]
For our case :
4 -B- R)j

Fourier amplitude :

w)ELfdta(t)e

g ‘RxR ﬁ
871'cj
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t,=t—R/c

Spectral composition of electromagnetic radiation -- continued

Fourier amplitude :

d(m)zﬁima(oe
| TdtM e”
87’c i (1 -B- RT | =1-Ric
8z7c " dt, (I_Bﬁ)) (=t-Rlc
‘Rx R- B 1, +R(1, )/ c
J;I IBR)Z o
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Spectral composition of electromagnetic radiation -- continued

Exact expression :

J‘ ‘RX RB B;B] ool R e
R

t,=t-Rlc
. dR (¢,
Recall: R, (i,)= dqtt' =v R()=r-R,()=R
For r>>R(t,) R(t,)~r—F-R,(1,) where p=l
;

At the same level of approximation : R~F
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Spectral composition of electromagnetic radiation -- continued

Exact expression:

t,=t-Rlc

Approximate expression:

~ 2 et f'X A_ XB iof1,—FR, (1,
Q(0)= Z# W(:/L)J'dt ([1_[; ]‘ SR (1))

Resulting spectral intensity expressio: -~/

©
_ ei(u(t,.—f‘-Rq(!,. )/C)

- )
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i, =t-Rlc

Example — radiation from a collinear acceleration burst

eim(z, —ER,(1,)/c)

= j dr,
awaQ 47z el 1 [i-r)
t.=t—R/c

Suppose that =4 ¢ 0<t <7

0  otherwise

2
2 2 |lex|Explavi e P
or__ qz > [ :|7 Jdt,,e”“‘" ) LetB-f = Bcosf

0w0Q  4r’c’| (1-B-F) ¢

o'l ¢ ( Avsind  sin(wr(l— fcosB)/2) ’
0weQ  4r’c k(lf Boost) (@r(1-Bcos)/2)
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Example:

ﬁAv

Suppose that B =1 ¢z 0<t, <z

0  otherwise

2
7l 4 Avsin€  sin(wr(1-fBcos)/2)
0w 4r*c’ (1_/3'0050)2 (wz(1-Bcos)/2)

Av
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Spectral composition of electromagnetic radiation -- continued

Alternative expression --

It can be shown that:
fx[(f—ﬁ)x']_ #x(#xB)
(1-p-) [ (1-B-F) ]
Integration by parts and assumptions about the integration

limit behavior shows that the spectral intensity depends on
the following integral:
01 q o8

0w0Q 4r'c Id’ [Ex(FxB(z,)) Je )
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