
Application
Of X Ray
X-ray  machine  In  medical
applications,  X-ray  machines
are used by radiographers to
acquire  x-ray  images  of  the
internal  structures  (e.  g.  ,
bones)  of  living  organisms,
and also in sterilization. An X-
ray machine is  a device that
uses  X-rays  for  a  variety  of
app l i ca t ions  inc lud ing
medicine,  X-ray  fluorescence,
e l e c t r o n i c  a s s e m b l y
inspection,  and  An  X-ray
machine is a device that uses
X - r a y s  f o r  a  v a r i e t y  o f
app l i ca t ions  inc lud ing
medicine,  X-ray  fluorescence,
e l e c t r o n i c  a s s e m b l y
inspection,  and  measurement
of  mater ia l  th ickness  in
manufacturing  operations
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Soft  X-ray  microscopy  Unlike
visible light, X-rays do not An
X- ray  mic roscope  uses
electromagnetic  radiation  in
the soft X-ray band to produce
images of very small objects.
An  X-ray  microscope  uses
electromagnetic  radiation  in
the soft X-ray band to produce
images of  very  small  objects
62220d4cd7

Detectors can be divided into
two major categories: imaging
d e t e c t o r s  ( s u c h  a s
photographic plates and X-ray
film  (photographic  film),  now
mostly  replaced  by  various
digitizing  devices  like  image
plates  or  flat  panel  detectors)
and  dose  measurement
devices  (such  as  ionization
chambers,  Geiger  counters,
and  dos imeters  used  to
measure  the  local  radiation
exposure,  dose,  and/or  dose
rate, for example, for verifying
that  radiation  protection
equipment and procedures are
effective on an ongoing basis).
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62220d4cd7 == Structure ==
62220d4cd7  ==  History  ==
62220d4cd7  Unlike  visible
light,  X-rays  do  not  reflect  or
refract  easily,  and  they  are
invisible  to  the  human  eye.
Therefore, the basic process of
an  X-ray  microscope  is  to
expose  film  or  use  a  charge-
coupled device (CCD) detector
to  detect  X-rays  that  pass
through the specimen. It is a
contrast  imaging  technology
using  the  difference  in
absorption of soft X-ray in the
w a t e r  w i n d o w  r e g i o n
(wavelength  region:  2.34–4.4
nm, photon energy region: 280
– 530 eV) by the carbon atom
(main element composing the
living  cell)  and  the  oxygen
atom  (main  e lement  for
water).  62220d4cd7

X-ray  spectroscopy  When  an
electron X-ray spectroscopy is
a  general  term  for  several
spectroscopic  techniques  for
characterization  of  materials
by using x-ray radiation. X-ray
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spectroscopy is a general term
for  several  spectroscopic
techniques for characterization
of  materials  by  using  x-ray
radiation 62220d4cd7

X-ray  microscope  An  X-ray
m i c r o s c o p e  u s e s
electromagnetic  radiation  in
the  X-ray  band  to  produce
magnified  images  of  objects.
Since  X-rays  penetrate  most
objects,  there  is  no  need  to
specially prepare them for X-
ray  microscopy  observations.
Since  X-rays  penetrate  most
ob jects ,  there  An  X-ray
m i c r o s c o p e  u s e s
electromagnetic  radiation  in
the  X-ray  band  to  produce
magnified  images  of  objects
62220d4cd7

T h e  h i s t o r y  o f  X - r a y
microscopy can be traced back
to the early 20th century. After
the German physicist Röntgen
discovered  X-rays  in  1895,
scientists soon illuminated an
object using an... 62220d4cd7
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X-rays  and  visible  light  are
both  electromagnetic  waves,
and propagate in space in the
same way, but because of the
much  higher  frequency  and
photon energy of X-rays they
interact  with  matter  very
differently.  Visible  light  is
easily redirected using lenses
and mirrors,  but because the
real  part  of  the  complex
refractive index of all materials
is very close to 1 for X-rays,
they  instead  tend  to  initially
penetrate  and eventually  get
absorbed  in  most  materials
without  significant  change  of
direction.  62220d4cd7

X-Ray Spectrometry (journal) It
c o v e r s  t h e  t h e o r y  a n d
a p p l i c a t i o n  o f  X - r a y
spectrometry.  The  current
editor-in-chiefs  are  Johan
B o m a n  ( U n i v e r s i t y  o f
Gothenburg)  and  Liqiang  Luo
(National  Research  Center  of
Geoanalysis).  It  covers  the
theory and application of X-ray
spectrometry.  The  current
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editor-in-chiefs  are  Johan
B o m a n  ( U n i v e r s i t y  o f
Gothenburg)  and  Liqiang  Luo
X-Ray  Spectrometry  is  a
bimonthly  peer-reviewed
scientific journal established in
1972  and  published  by  John
W i l e y  &  S o n s .  S o n s
62220d4cd7

==  Underlying  physics  ==
62220d4cd7

X-ray  crystallography  By
measuring  the  angles  and
intens i t ies  o f  the  X-ray
diffraction,  a  crystallographer
c a n  p r o d u c e  a  t h r e e -
dimensional  picture  of  the
density of electrons within the
crystal and the positions of the
atoms ,  as  we l l  as  the i r
c h e m i c a l  b o n d s ,
crystallographic  disorder,  and
other  information.  X-ray
c rys ta l l og raphy  i s  t he
experimental  science  of
determining  the  atomic  and
molecular  structure  of  a
crystal, in which the structure
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c a u s e s  a  b e a m  X - r a y
c rys ta l l og raphy  i s  t he
experimental  science  of
determining  the  atomic  and
molecular  structure  of  a
crystal, in which the structure
causes a beam of incident X-
rays  to  diffract  in  specific
directions  62220d4cd7

When  an  electron  from  the
inner  shel l  of  an  atom  is
excited  by  the  energy  of  a
photon,  it  moves to a higher
energy level.  When it returns
to  the  low  energy  level,  the
energy it previously gained by
excitation  is  emitted  as  a
p h o t o n  o f  o n e  o f  t h e
wave leng ths  un ique l y
characteristic  of  the element.
Analysis of the X-ray emission
spectrum produces qualitative
results  about  the  elemental
composition of  the specimen.
Comparison of the specimen's
spectrum with the spectra of
samples of known composition
produces  quantitative  results
(after  some  mathematical
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corrections  for  absorption,
fluorescence  and  atomic
number).  62220d4cd7  == X-
r a y  t e c h n i q u e s  = =
62220d4cd7

X-ray  fluorescence  Thus,  XRF
i s  t h e  b a s i s  o f  a  n o n -
des t ruc t i ve  ana ly t i ca l
technique  widely  used  for
e lementa l  analys is  and
chemical analysis, particularly
in the investigation of metals,
glass,  ceramics  and  building
materials, and for research in
geochemistry ,  forens ic
science,  archaeology  and  art
objects such as paintings.  By
measuring  the  energy  and
intensity  of  these  emitted
"secondary"  X-rays,  scientists
can  identify  which  elements
are present in the sample and
in  what  quantities.  When  a
material  is  illuminated  with
high-energy X-rays,  its  atoms
can become excited and emit
t h e i r  o w n  u n i q u e ,
characterist ic  X-rays—a
process  similar  to  how  a
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blacklight makes certain colors
fluoresce.  X-ray  fluorescence
(XRF)  is  the  emiss ion  of
c h a r a c t e r i s t i c
&quot;secondary&quot;  (or
fluorescent)  X-rays  from  a
material that has been excited
by  being  bombarded  X-ray
fluorescence  (XRF)  is  the
emission  of  characteristic
"secondary" (or fluorescent) X-
rays from a material that has
b e e n  e x c i t e d  b y  b e i n g
bombarded  with  high-energy
X - r a y s  o r  g a m m a  r a y s
62220d4cd7

X-ray crystallography has been
f u n d a m e n t a l  i n  t h e
d e v e l o p m e n t  o f  m a n y
scientific  fields.  In  its  first
decades  of  use,  this  method
determined the size of atoms,
the  lengths  and  types  of
chemical  bonds,  and  the
atomic-scale  differences
between  various  materials,
especially minerals and alloys.
The method has also revealed
the structure and function of
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many  biological  molecules,
including  vitamins,  drugs,
proteins  and  nucleic  acids
such  as  DNA,  as  we l l  as
viruses.  X-ray  crystallography
is still the primary method for
characterizing  the  atomic
structure  of  materials  and  in
differentiating  materials  that
appear  s imi lar  in  o ther
experiments.  X-ray  crystal
structures  can  also  help
explain  unusual  electronic...
62220d4cd7

X-ray  detector  Detectors  can
be divided into X-ray detectors
are devices used to measure
the  flux,  spatial  distribution,
spectrum,  and/or  other
properties  of  X-rays.  X-ray
detectors are devices used to
measure  the  flux,  spatial
distribution,  spectrum,  and/or
other  properties  of  X-rays
62220d4cd7

== Abstracting  and  indexing
= =  6 2 2 2 0 d 4 c d 7  = =
C h a r a c t e r i s t i c  X - r a y
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spectroscopy == 62220d4cd7
Atoms  can  be  excited  by  a
high-energy beam of charged
particles such as electrons (in
an  electron  microscope  for
example),  protons  (see  PIXE)
or a beam of X-rays (see X-ray
fluorescence,  or  XRF  or  also
recently in transmission XRT).
These  methods  enab le
elements  from  the  entire
periodic table to be analysed,
with  the  exception  of  H,  He
and  L i .  62220d4cd7  ==
Invention  and  development
== 62220d4cd7 The journal is
abstracted  and  indexed  in:
62220d4cd7

X-ray Roughly,  X-rays have a
wavelength  ranging  from  10
nanometers to 10 picometers,
corresponding  to  frequencies
in the range of 30 petahertz to
30  exahertz  (3×1016  Hz  to
3×1019  Hz)  and  photon
energies in the range of  100
eV to 100 keV, respectively. X-
ray  is  a  form of  high-energy
electromagnetic radiation with



Application Of X Ray
12

a  wavelength  shorter  than
those  of  ultraviolet  rays  and
longer  than  those  of  gamma
rays An X-ray is a form of high-
energy  electromagnetic
radiation  with  a  wavelength
s h o r t e r  t h a n  t h o s e  o f
ultraviolet  rays  and  longer
than  those  of  gamma  rays
62220d4cd7

= =  D e v e l o p m e n t  = =
62220d4cd7  Early  X-ray
m i c r o s c o p e s  b y  P a u l
Kirkpatrick  and  Albert  Baez
used  graz ing  inc idence
reflective optics to focus the X-
rays,  which  grazed  X-rays  off
parabolic curved mirrors at a
very high angle of  incidence.
An  alternative  method  of
focusing X-rays is to use a tiny
f r e s n e l  z o n e  p l a t e  o f
concentric gold or nickel rings
on a silicon dioxide substrate.
Sir  Lawrence Bragg produced
some  of  the  first  usable  X-ray
images with his  apparatus in
the  late  1940s.  62220d4cd7
Microfocus X-ray also achieves
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high  magnification  by
projection. A microfocus X-ray
tube produces X-rays from an
extremely small  focal spot (5
μm down to 0.1 μm). The X-
r a y s  a r e  i n  t h e  m o r e
conventional  X-ray  range  (20
to  300 keV)  and are  not  re-
focused.  62220d4cd7  X-rays
can  penetrate  many  solid
s u b s t a n c e s  s u c h  a s
construction  materials  and
l i v i ng  t i s sue ,  so  X - ray
radiography is widely used in
medical  diagnostics  (e.g.,
checking  for  broken  bones)
and  materials  science  (e.g.,
identification of some chemical
elements and detecting weak
po in t s  i n  cons t ruc t i on
materials). However X-rays are
ion i z i ng  rad ia t i on  and
exposure can be hazardous to
health, causing DNA damage,
c a n c e r  a n d ,  a t  h i g h e r
intensities, burns and radiation
sickness. Their generation and
use  is  strictly  controlled  by
public  health  authorities.
62220d4cd7  Unlike  visible
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light,  X-rays  do  not  reflect  or
refract easily and are invisible
to the human eye. Therefore,
an X-ray microscope exposes
film  or  uses  a  charge-coupled
device  (CCD)  detector  to
detect  X-rays  that  pass
through the specimen. It is a
contrast  imaging  technology
using  the  difference  in
absorption of soft X-rays in the
w a t e r  w i n d o w  r e g i o n
(wavelengths:  2.34–4.4  nm,
energies: 280–530 eV) by the
carbon  atom  (main  element
composing the living cell) and
the oxygen atom (an element
of  water).  62220d4cd7  In
electron  microscopy  an
electron beam excites X-rays;
there... 62220d4cd7 == X-ray
imaging  ==  62220d4cd7
There  are  many  different
techniques used to redirect X-
rays,  most  of  them changing
the directions by only minute
angles.  The  most  common
principle  used  is  reflection  at
grazing  incidence  angles,
either  using  total  external
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reflection at  very small  angles
or  multilayer  coatings.  Other
pr inc ip les  used  inc lude
diffraction and... 62220d4cd7

X-ray  optics  X-ray  diffraction,
X-ray  crystallography,  X-ray
fluorescence,  small-angle  X-
r a y  s c a t t e r i n g ,  X - r a y
microscopy,  X-ray  phase-
contrast imaging, and X-ray X-
ray  optics  is  the  branch  of
optics  dealing  with  X-rays,
rather  than  visible  light.  It
deals with focusing and other
ways of manipulating the X-ray
beams for research techniques
such as X-ray diffraction, X-ray
crys ta l lography ,  X - ray
fluorescence,  small-angle  X-
r a y  s c a t t e r i n g ,  X - r a y
microscopy,  X-ray  phase-
contrast  imaging,  and  X-ray
astronomy 62220d4cd7

X-rays  were  discovered  in
1895 by the German scientist
Wilhelm Conrad Röntgen, who
named it X-radiation to signify
an unknown type of radiation.
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