
This is what you should know after this lecture + own work:
1. Def. of ionising radiation
2. Basic principles of transmission imaging
3. Fundamentals of interaction of radiation with matter of interest 

for transmission imaging (kinds of interaction, energy 
dependence)

4. Attenuation of photons: primary, attenuated, absorbed photons
5. Beer’s law and how to apply it
6. Definition of linear and mass attenuation coefficient
7. Definition of object contrast
8. Image contrast vs object contrast
9. Signal Difference to Noise Ratio (SDNR)
10. Influence of Compton on contrast
11. Influence of x-ray energy on contrast
12. Energy dependence of attenuation, Photo Effect, Compton 
and Pair Production
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for transmission imaging (kinds of interaction, energy 
dependence)

4. Attenuation of photons: primary, attenuated, absorbed photons
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Transmission imaging

interaction radiation with matter
1. photoeffect, compton, pair prod., ...
2. linear or mass absorption coeff.
3. dose
4. ...

image quality 
1. contrast (hounsfield units)
2. SNR, SDNR
3. ...

detectors
1. types
2. efficiency
3. resolution (spatial, energy)
4. ...

sources
1. spectrum, decay schemes
2.  beam hardening
3. engineering challenges
4. ...

CT: 3D
1. projections
2. image reconstruction
3. acquisition geometry, different generations
4. ...

Intro: orientation chart & lecture organisation



Physics

Technology

Clinical need/application

develops (quickly!)

drives/follows technology

base for tech development
gives limitations of present tech

mamo’s competence

expert

intermediate

klåpare

Philosophy of the course and motivation for it

… but we will jump back and forth among these 3



Warning: the material in this lecture is at 
exactly the same level as you should know it 
in order to pass the exam (that is, I am not 

presenting things that are “just so you know it 
and have a vague idea”)



Let’s get started: panorama 
view of 2D transmission 

imaging with ionising radiation



ionising radiation?

EM-strålning med tillräckligt hög energi för att jonisera atomer

> 100 eV



Let’s jump to clinical 
practice



source

detector

object
3D 

3D 

2D 

Transmission imaging fundamental elements

property of the 
object measured:

transparency to x-ray



1. All of the transmitted photons must be detected by 
the detector

2. Bones and soft tissues must transmit x-ray in a 
different way 

3. Some of the photons must be absorbed in the object

4. The patient must be alive

What is absolutely necessary for 
obtaining the kind of x-ray of the 
chest shown in the picture?:



Still clinical, but simplified
(hint that we’ll be heading 

towards Physics soon!)



2D X-ray

source
object

detector

image ≈ object
(is what we hope for)

3D: CT (or X-ray CT)

projection data
(sinogram)

image

“CT”



Physics!
So now we’re going to look at very simple cases but we will dig very deep into details. The 
goal is to understand how these details are going to be important for the clinical setting



Let’s consider a simple case:

shoot 1 photon at the time,
always along same direction

detector is very thin,
only photons proceeding 

in same 
direction as emitted can 

be detected

object: homogeneous material, thickness t

(Keep clinical application in mind: will the detector signal change if I remove or change in any way the object? How? Why? Can I change something in 
the object without changing the detector output?) 



Let’s consider a simple case:

shoot 1 photon at the time,
always along same direction

detector is very thin,
only photons proceeding 

in same 
direction as emitted can 

be detected

object: homogeneous material, thickness t

What can happen?

photon absorbed
 (PE)

detector signal = 0 E dep ≠ 0

photon scattered
 (Compton)

detector signal = 0 E dep ≠ 0

photon not 
interacting 

detector signal ≠ 0 E dep = 0



Definitions ahead



photon absorbed
 (PE)

detector signal = 0 E dep ≠ 0

photon scattered
 (Compton)

detector signal = 0 E dep ≠ 0

photon not 
interacting 

detector signal ≠ 0 E dep = 0

Def 1: Photons interacting in the object, that is photons deposing energy in the object are called 
attenuated photons

Def 2: Photons not interacting in the object, are called primary photons

Question: Could I equivalently define attenuated photons as photons not deposing energy in the 
detector? Hint: to answer the question, try to design at least a case in which scattered 
photons end up interacting in the detector 



In the situation in the figure there are:

1. no primary photons, all of them have 
gone through the target

2. 3 primary photons 

3. 5 primary photons

4. 2 attenuated photons and 2 absorbed 
photons

5. 4 attenuated photons and 2 absorbed 
photons

6. more information is needed to decide 



In the situation in the figure there are:

1. no primary photons, all of them have 
gone through the target

2. 3 primary photons 

3. 5 primary photons

4. 2 attenuated photons and 2 absorbed 
photons

5. 4 attenuated photons and 2 absorbed 
photons

6. more information is needed to decide 



Let us sort out the answer to the previous question



Beer’s law

x + dx

x

dx

(only primary photons E constant)

let σ be the probability of interaction with 1 electron in the material

let D be the density of electrons in the material

goal: 
estimate # of primary photons reaching distance x

N(0)

there will be Ddx electrons available for scattering in a slice of 
thickness dx (per unit area of the material) ⇒ probability of
interaction in that slice is Dσdx
let P(x) be the probability of having travelled without interaction to x

⇒ the probability of interaction in the slab between x & x+dx will be:
P(x) Dσdx

⇒ the probability of travelling to x+dx without interaction will be:
P(x+dx) = P(x)(1- Dσdx) P(x) = e-Dσx



Q: We have derived the equation:
P(x+dx)= P(x)(1-Dσdx) 
P(x) is found by observing that:

P(x+dx) - P(x)
dx = -P(x)Dσ

the derivative of P(x) is equal to itself times a constant

none of the above, P(x) is experimentally determined

the probability of interaction for primary photons is independent of the 
distance travelled

1.

2.

3.

4.
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Beer’s law
N(x) = N(0)e-μx

Beer’s law

x + dx

x

dx

(only primary photons E constant)

let σ be the probability of interaction with 1 atom of the material

let D be the density of atoms in the material

goal: 
estimate # of primary photons reaching distance x

N(0)

there will be Ddx atoms available for scattering in a slice of thickness 
dx (per unit area of the material) ⇒ probability of
interaction in that slice is Dσdx
let P(x) be the probability of having travelled without interaction to x

⇒ the probability of interaction in the slab between x & x+dx will be:
P(x) Dσdx

⇒ the probability of travelling to x+dx without interaction will be:
P(x+dx) = P(x)(1- Dσdx) P(x) = e-Dσx

linear attenuation coefficient



N(0)

xN(x) looks like:
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Q:
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Q: How many photons are attenuated in a 
material with linear attenuation coefficient 
μ and thickness d, if N0 photons impinge on 
it?

1. N0

2. N0/2 
3. N0 e-μd

4. N0 - N0 e-μd

5. N0 e-2μd

6. not sufficient data



Q: How many photons are attenuated in a 
material with linear attenuation coefficient 
μ and thickness d, if N0 photons impinge on 
it?

1. N0
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4. N0 - N0 e-μd

5. N0 e-2μd
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Definitions ahead



The fraction of incoming photons of energy E, going through a target of thickness t 
and linear attenuation coefficient μ, without interaction (or, equivalently the fraction 
of primary photons through a target):

is called attenuation factor

It’s confusing, I know! But we’re not here to change the world

The fraction of attenuated photons by a target is instead:

<latexit sha1_base64="dmWerYDO5p56/NhUI6GypWCGYWU="></latexit>

N

N0
= e�µ(E)t

<latexit sha1_base64="ma/9TgHmyDtkKJyLGME+5SS0fVI="></latexit>

N0 �N

N0
= 1� e�µ(E)t



understanding at 
macroscopic level 

(Physics)



Compton scattering & Photoelectric effect are interactions between photons & electrons

attenuation probability is proportional to electron density of the material

H
1 proton (Z = 1)
1 electron

Ba
56 protons (Z = 56)
56 electrons
(81 neutrons)

vs

PE approx prop to Z3

CS simply prop to Z
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Compton scattering & Photoelectric effect are interactions between photons & electrons

attenuation probability is proportional to electron density of the material

H
1 proton (Z = 1)
1 electron

Ba
56 protons (Z = 56)
56 electrons
(81 neutrons)

vs

vslow density high density

attenuation probability is proportional to Z & ρ



linear attenuation coefficient, μ, depends on Z & ρ

same material in different phases or pressure will have different μ

more convenient to tabulate  μρ = μ/ρ

mass attenuation coefficient

mass attenuation coefficient

http://www.nist.gov/pml/data/xraycoef/
(google: mass attenuation coefficient NIST)

http://www.nist.gov/pml/data/xraycoef/


Physics: 
Let’s go microscopic!



F

target

d!

Def of cross section

d�(E,⌦)
d⌦

Def⌘ 1
F

dN
d⌦

detector

Prob. of scattering particle
 of energy E to angle Ω:

Integrate over all angles
 (measure at all Ω)
=> prob. of scattering particle of 
energy E:

�(E,⌦)

dimensions 
of 

area
target



(till exempel       ,       )26
13Al 19

13Al

1g av materia av isotopen AZX innehåller NAvogadro

A
atomer

och därför NAvogadro

A
Z elektroner

Mer om sambandet mellan σ, μρ ,μ 



Note on mass and linear attenuation coefficient

� = area / electron [L2]

Z� = area / atom [L2]NA
m

mmolarV

NA
⇢

mmolar
Z� = area / volume [L�1]



Note on mass and linear attenuation coefficient

� = area / electron [L2]

Z� = area / atom [L2]

NA
⇢

mmolar
Z� = area / volume [L�1]

linear attenuation
coefficient
µ



Note on mass and linear attenuation coefficient

� = area / electron [L2]

Z� = area / atom [L2]

NA
⇢

mmolar
Z� = area / volume [L�1]

NA
1

mmolar
Z� = area / mass [

L2

M
]

linear attenuation
coefficient
µ

mass attenuation
coefficient
µ⇢

Tabulated! 
Google: NIST mass attenuation coefficient 

(till government shutdown är last titta på pdf I CANVAS)



Let’s see if we understand 
how to use this for clinical 

applications!



Q: In order to better image veins a water 
solution of Ba is injected to patients before 
an x-ray examination. What is the reason 
for this? 

1. Ba has high Z, this will result in a much higher x-ray absorption 
than in surrounding tissue
2. Ba in standard condition has around 3,5 times the density of 
blood => the higher density will produce much higher 
absorption
3. both 1 and 2



Q: In order to better image veins a water 
solution of Ba is injected to patients before 
an x-ray examination. What is the reason 
for this? 

1. Ba has high Z, this will result in a much higher x-ray absorption 
than in surrounding tissue
2. Ba in standard condition has around 3,5 times the density of 
blood => the higher density will produce much higher 
absorption
3. both 1 and 2



Physics: 
back to a macroscopic



Transmission basic idea

Nin Nout ?

material, thickness

known

calculated

measured



toy model
S O D

a
b

in order to hope to get an image:

and must attenuate x-ray differently
D must translate x-rays in something visible or 
measurable

1.
2.

3.  a lot of other things you’ll know by the end of this 
week

Na
.

Nb.



toy model
S O D

a
b

Na
.

Nb.

object contrast defined as: Nb - Na
Nb



toy model
S O D

a
b

Na
.

Nb.

object contrast depends on:
1. energy of incoming photons
2. thickness of b
3. thickness of a
4. difference in linear attenuation coefficient 
between a and b

recall:
<latexit sha1_base64="hWJiDb42sZe/R6mEhlyRtbjyymw="></latexit>

µ ⌘ NA
⇢

mmolar
Z�(E)



toy model
S O D

a
b

Na
.

Nb.

object contrast depends on:
1. energy of incoming photons
2. thickness of b
3. thickness of a
4. difference in linear attenuation coefficient 
between a and b

recall:
<latexit sha1_base64="hWJiDb42sZe/R6mEhlyRtbjyymw="></latexit>

µ ⌘ NA
⇢

mmolar
Z�(E)



object contrast: 



E = 100 keV

0.2 mm

0,6 mm

0,5 mm
Contrast?

Pb

Al

object contrast: numerisk uppgift

<latexit sha1_base64="UXFMd/MYQKZBTyh+DazEquyLd04="></latexit>

=
N0e�µAl(100 keV)tAl �N0e�µPb(100 keV)tPb

N0e�µAl(100 keV)tAl
= 1�e�(µPb(100 keV)�µAl(100 keV))tAl



E = 100 keV

0.2 mm

0,6 mm

0,5 mm
Contrast?

Pb

Al

Object 
contrast 

N through Al N through Pb -
N through Al 

=

object contrast: numerisk uppgift

<latexit sha1_base64="UXFMd/MYQKZBTyh+DazEquyLd04="></latexit>

=
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Al



100 keV

Al









Pb



e-μAlxAl

C = 
e-μAlxAl - e -μPbxPb
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C = 
e-μAlxAl - e -μPbxPb

μAl = μρAlρAl 

μPb = μρPbρPb 

1- e -(μPb-μAl)x

x = xAl = xPb

C =

1- e -(5,549*11,35-0,1704*2,699)0,02C =

Med numeriska värden:
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C = 
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Med numeriska värden:

0,2 mm

C ≈ 70%



a
b

Assume c attenuates less than b and calculate object 
contrast:

E

c



e�µc(E)xb

e�µc(E)xb

c
a

bc

Assume c attenuates less 
than b and calculate 
object contrast:

-

E

e�µb(E)xb

a
bc

a

a
c

e�µa(E)xa e�µa(E)xa

e�µa(E)xa

C = 1� e[µb(E)�µc(E)]xb

e�µc(E)xc

e�µc(E)(xc�xb)

e�µc(E)xc



e�µc(E)xb

e�µc(E)xb

b

Assume c attenuates less 
than b and calculate 
object contrast:

-

E

e�µb(E)xb

a
bc

C = 1� e[µb(E)�µc(E)]xb



a
b

Object b is on 
background a. The 
contrast of object b will 
depend on:

1. linear attenuation 
coefficient and thickness 
of both a and b
2. difference in linear 
attenuation coefficient 
between a and b and 
thickness of b

3. thickness and linear 
attenuation coefficient 
of a 
4. thickness and linear 
attenuation coefficient 
of b
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a
b

a
b

a

a

-

E

bara för att lin. att. coeff.
för luft är 0!  => lin. att. skillnad

är samma som lin. att av b
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Hur påverkas transmissionsavbildning 
av fotonernas energi?





�µ(15 keV)



�µ(60 keV)

�µ(15 keV)



Lesson to learn:  
Energi påverkar object contrast!

�µ(60 keV)

�µ(15 keV)



Mass attenuation coefficient: Energy dependence



PE vs Comptons for different materials



PE vs Comptons for different materials



PE vs Comptons for different materials





Which of the following energies would you choose for chest 
x-ray if you want to minimise Compton scattering?

1. 30 keV
2. 50 keV
3. 100 keV
4. anything between 120 keV and 200 keV will do
5. it doesn’t matter, the probability of undergoing 
Compton scattering is a property of the material 



Which of the following energies would you choose for chest 
x-ray if you want to maximise object contrast?

1. 30 keV
2. 50 keV
3. 100 keV
4. anything between 120 keV and 200 keV will do
5. it doesn’t matter, the probability of undergoing 
Compton scattering is a property of the material 



Which of the following energies would you choose for chest x-ray if 
you want to maximise number of primary photons reaching the 
detector (that is also minimising energy deposited on patient)?

1. 30 keV
2. 50 keV
3. 100 keV
4. anything between 120 keV and 200 keV will do
5. it doesn’t matter, the probability of undergoing 
Compton scattering is a property of the material 



Lessons learned: Object contrast is maximum at low energy, 
Compton/PE fraction is minimal at low energy, detector signal is 
maximum at high energy, (dose to the patient is maximum at low 
energy)

We need an engineer!



Quick jump to clinical 
applications



S O D

Possible outcomes

Which are the “good “ones and which are the “bad” ones?



Next we will talk about the elephant in the 
room: Noise!

This will add yet another factor to consider 
and will be an important player in distinguishing 
between object contrast and image contrast.



Object contrast vs image contrast

relative difference in attenuation between object and 
background

Object contrast: 

it is a property of the object and only the object!

Image contrast: relative difference in grey scale or pixel value in the image 
between object and background

depends on the object and imaging set up (protocol + 
imaging system)



Let’s discuss a simple example
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Let’s discuss a simple example
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Let’s do a “reality check”

1 foton

1 foton

possible outcomes

0

0

1

0

0

1

1

1

Since the two plates have different attenuation => the 4 outcomes have not the same probability, but with only one 
measurement this will not show!



simulation time!
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All have the same object contrast!
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Poisson distribution and counting statistics

Each time one has events 
happening randomly at a fixed 
rate and independently on the 
past then the number of events 
follows:

Poisson distribution
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k!

Most relevant for us

In a Poisson distribution the variance equals the 
expected value

If the expected value of the number of photons 
through an object is N, and I repeat the experiment 
many times I should expect:

1. The average number of photons through the object is N

2. The standard deviation is √N

3. In around 67% of the cases the measured number of photons 
will be in the interval N ± √N

4. In around 95% of the cases the measured number of photons 
will be in the interval N ± 2√N

5. In around 99% of the cases the measured number of photons 
will be in the interval N ± 3√N
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We create a quantity that tells us about the relation between
Signal Difference and Noise: 
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In this case SDNR is:

1. around 0   
2. greater than 0, but lower than 1

3. around 1   
4. greater than1
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Rose model: An object is visible if SDNR ≥ 5

(Semi-empiric model, value 5 from experiment)

ferred to a paper by Cunningham and Shaw in this
feature5 and to a series of papers by Barrett and
co-workers.9–11

This paper begins with a description of the historical
context of Rose’s papers, gives a brief introduction of the-
oretical analysis of signal detection, introduces Rose’s
SNR model, and discusses the limited domain of validity
of the Rose model. Then methods of evaluating human
observer performance are described. Next, the inappro-
priateness of pixel SNR as a detectability measure is
demonstrated. Finally, work on modeling noise-limited
human performance is briefly reviewed.

B. Historical Perspective
Rose’s papers on assessment of the performance of elec-
tronic devices and of the human visual system on an ab-
solute scale came during a time of major technological
change. Rose had been an important participant in the
development of electronic television camera tubes at RCA
since 1935. There had been a very rapid increase in cam-
era sensitivity and a resulting need for evaluation met-
rics. Rose explored the consequences of the quantum na-
ture of light as the fundamental determinant of
performance. This was not a completely new idea; it had

already been applied to the study of the limits of human
visual system performance. In 1932, Barnes and
Czerny12 suggested that statistical fluctuations in photon
arrival might limit human visual perception. In 1942,
Hecht13 estimated the minimum number of photons nec-
essary to produce a sensation of light in the retina.
de Vries14 estimated effects of photon statistics on con-
trast sensitivity and acuity. Rose was the first to make
complete use of a statistical approach.

Rose’s work on noise effects and ultimate limits to sen-
sitivity was concerned with just one of a number of factors
limiting image quality. Early evaluations of the imaging
properties of photography, television, and optical and vi-
sual systems were based on different, noncommensurable
methods. O. Schade, at RCA, was developing spatial-
frequency-dependent measurement techniques, measure-
ment scales, and performance indices that could be used
across the entire spectrum of imaging modalities. The
results of that work are summarized by examples in his
marvelous book Image Quality: a Comparison of Photo-
graphic and Television Systems,15 with a foreword by
Rose. Much of Schade’s work has been translated into
modern signal detection theory notation by Wagner.16,17

Rose’s ideas found immediate application in the medi-

Fig. 1. Picture used by Rose,4 of woman with flowers, to demonstrate the maximum amount of information that can be represented with
varying numbers of photons. A, 3 3 103; B, 1.2 3 104; C, 9.3 3 105; D, 7.6 3 105; E, 3.6 3 105; F, 2.8 3 107. Each photon is repre-
sented as a discrete visible speck. The inherent statistical fluctuations in photon density limit one’s ability to detect or identify features
in the original scene.
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early days, individual reports of clinical experience with
modified technology were seen as adequate. Then came
controlled clinical ROC studies of diagnostic accuracy by
means of normal and abnormal images produced by com-
peting technologies. Unfortunately, this method (which
is still the gold standard) is very time consuming and ex-
pensive because of the difficulty of obtaining images with
both subtle abnormalities and known ground truth. It
was hoped that a third approach, based on measurements
of the physical properties of systems (for example, modu-
lation transfer function and noise power spectrum), would
be cheaper and faster and would provide a means of pre-
dicting performance before systems were actually built.
SDT-based SNR analysis of a variety of medical imaging
systems is described by Wagner and Brown.49 However,
it became clear that many other issues, such as math-
ematical modeling of tasks, patient structure, and the
perceptual capabilities of human observers, had to be ad-
dressed to provide a link between physical parameters
and diagnostic accuracy. A recent report8 by the Inter-
national Commission on Radiological Units and Measure-
ments deals in depth with medical image quality assess-
ment. That report breaks down the problem into two
parts: (1) the quality of the acquired data that can be as-
sessed and described by physical quantities that charac-
terize the imaging system; (2) the quality of the displayed
data, which inevitably involves the perceptual system of
the observer. Similarly, assessment is broken down into
stages: (1) measuring task performance for an ideal,
Bayesian observer when using the acquired data, and (2)
measuring human observer performance when using the
displayed data.

B. Pixel Signal-to-Noise Ratio
One occasionally encounters a quantity described as pixel
SNR, which is denoted here as SNRp to distinguish it
from the SDT-based SNR definition. The usual defini-
tion is pixel SNRp 5 a/sp , where a is signal amplitude
and sp is the noise standard deviation per pixel. There
have even been situations in which authors have argued
that signals would be undetectable if SNRp was lower
than some threshold value, such as 1, 3, or 5. One pos-
sible source of this misunderstanding is that Rose, in his
1973 book,50 used signals consisting of a single pixel for
pedagogical purposes in the introductory theoretical de-
velopment. Single-pixel signals of interest are rare in
images, so unfortunately the pixel SNR concept is overly
simplistic and is not very useful. This is illustrated by
Fig. 4. Portion A (upper left) shows an array of flat-
topped disk signals with diameters of 4, 5, 6, and 16 pixels
and amplitudes of 24 gray levels on a constant back-
ground of 127 gray levels. Portion B (upper right) was
produced by addition of zero-mean white noise with sp of
24 gray levels, so SNRp 5 1.0 for all the signals. Given
N pixels in a signal, SDT-based SNR 5 AN SNRp with
values of 3.5, 4.6, 5.7, and 14.4 for the four disk sizes, re-
spectively. Note that the appearance of the smaller disks
is quite variable and that there are some spurious noise
correlations that could represent small disk signals, ex-
cept that they are not at the known signal locations.
These effects are characteristic of noisy images. The
largest disks are easily detected. Now consider portion C

(lower left), obtained by smoothing of portion B. The
smoothed image has a reduced sp of 8.2 gray levels and
increased SNRp (2.9). The smoothing would have no ef-
fect on detectability for the ideal observer and little effect
for human observers. Finally, consider portion D (lower
right), produced with an edge-enhancement technique.
This image has an increased sp of 39.6 gray levels, giving
a decreased SNRp (0.6). Clipping of the edge-enhanced
image because of the 8-bit display limitation affects ap-
proximately 1 pixel in 1000. Again, the ideal observer
detectability is unchanged, and the effect on human de-
tectability would be modest. So even though SNRp
changes significantly because of filtering, signal detect-
ability does not. When an image is filtered, the spectral
densities of both signal and noise are changed, but the ra-
tio remains constant. Detectability would be unaffected
for an observer that can do prewhitening and matched fil-
tering. Human observers can partially compensate for
correlations in the noise (which can be described as a par-
tial prewhitening). Hence gentle image filtering has
little effect on signal detectability for us. It is possible to
perform major filtering that dramatically affects human
performance, but this would be unacceptable to expert us-
ers of the images. One concludes that SNRp is not a use-
ful measure for description of detection task difficulty and
is probably a misleading metric for image quality evalua-
tion.

A related statement that one occasionally encounters
is, ‘‘Smoothing makes images less noisy, and edge-
enhancement filtering increases noise.’’ This describes
appearance. Our subjective estimate of image noisiness
uses the entire bandwidth of the visual system. Appar-
ent noise variance is due to noise spectral density inte-

Fig. 4. Demonstration that pixel SNR (SNRp) is not a good pri-
mary measure of image quality. SNRp is defined as the ratio of
peak signal amplitude and noise standard deviation, sp , per
pixel. This figure also shows that signal appearance is highly
variable at low SNR, as is expected, given the statistical nature
of the images. A, Signal array of disks (diameters of 4, 5, 6, 16
pixels) with amplitude of 24 gray levels. B, Same signal array
with added zero-mean white noise (sp of 24 gray levels), so
SNRp 5 1.0 for all the signals. The Rose model and the ideal
observer SNR’s are 3.5, 4.6, 5.7, and 14.4. C, After smoothing of
portion B. The low-pass-filtered noise has sp of 8.2 gray levels,
so SNRp 5 2.9 for all the signals. D, After edge enhancement of
portion B, resulting in a sp value of 39.6 gray levels and a SNRp
value of 0.6. The filtering would have no effect on ideal observer
SNR. The Rose model is not a valid method for calculating SNR
with filtered images.
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For att förbättra SDNR med en faktor 2, allt annat oförändrat, måste man öka dosen med en faktor :

1. 1
2. 2
3. 3
4. 4
5. Det går ej att säga



Övningar : 
att göras innan nästa 

föreläsning!



Övning

Antag att fotoner med energin 100 keV ska gå genom en filter gjord av 
5 mm Al.

1. Rita en figur av detta.
2. Beteckna de nödvändiga storheterna
3. Bestäm linear attenuation coefficient för 5 mm Al (tag hjälp av NIST 
tabeller)
4. Bestäm attenueringsfaktor i detta fall
5. Bestäm andel primary photons genom Al-filter
6. Bestäm andel attenuated photons i Al-filter

Fråga Mamo om du behöver hjälp!



Q: the linear attenuation coefficient of lead 
for photons of energy of 500 keV is:

1. 0,1614
2. 0,1614 cm2/g
3. 1,1832
4. 1,1832 cm-1

Q: what is the attenuation factor of 1 mm 
of lead for 500 keV photons?

Q: what is the lead thickness needed in 
order to attenuate 90% of incoming 500 
keV photons?



suppose you make the following experiment:
# photons

a
b

Now you increase the energy of the incoming photons. 
What will be the result? (red line is the new result)

E1

# photons # photons

something else1. 2. 3.
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N(x) looks like:
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N(x)

x

Now the energy of the incoming photons is 
increased. N(x) looks like:

0
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x
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När en stråle fotoner passerar en viss tjocklek av en
viss material så attenueras strålens intensitet till 50% av 
sitt ursprungliga värde. Vad händer om tjockleken fördubblas?      

1. attenueringsfaktor fördubblas
2. attenueringsfaktor halveras
3. attenueringsfaktor kvadreras
4. attenueringsfaktor blir 0
5. något annat



När en stråle fotoner passerar en viss tjocklek av en
viss material så attenueras strålens intensitet till 50% av 
sitt ursprungliga värde. Vad händer om man använder en material av samma tjocklek 
men med dubbelt så hög densitet?       

1. attenueringsfaktor fördubblas
2. attenueringsfaktor halveras
3. attenueringsfaktor kvadreras
4. attenueringsfaktor blir 0
5. något annat



När en stråle fotoner passerar en viss tjocklek av en
viss material så attenueras strålens intensitet till 30% av 
sitt ursprungliga värde. Vad händer om man skickar genom samma filter en stråle 
fotoner som har dubbelt så hög energi som den ursprungliga strålen?       

1. attenueringsfaktor fördubblas
2. attenueringsfaktor halveras
3. attenueringsfaktor kvadreras
4. aattenueringsfaktor blir 0
5. något annat



What do you think Nout is dependent on?

Nin Nout ?

1. target material
2. target area perpendicular 
to the flux
3. target thickness
4. Nin

5. energy of incoming 
photons
6. temperature

7. time over which the 
incoming photons are 
delivered
8. quality of the detector
9. none of the above, Nout is 
a stochastic variable



Övning:

Man vill bestämma om ett block post-it lappar innehåller 1000 eller 1001 
post-it genom planröntgen. Antag att man använder en energi vid vilken 
pappers linear attenuation coefficient är 0,1 cm-1 och att källan som används 
strålar 105 fotoner/s mot blocket. Bestäm minsta möjliga tiden som krävs. (Du 
måste göra en uppskattning på tjockleken på en post it).

Bestäm objektkontrast samt SDNR i följande fall:
1. Vatten och aluminium, 1 cm tjocka, samma antal fotoner in, 

N0, med E = 60 keV. Bestäm detta för N0 = 10, 103, 105. 
Presentera ditt svar som en 2x3 tabell (objektkontrast och 
SDNR vs antal fotoner).

2. Samma som ovan, men vatten och aluminium bitar läggs på 
0,3 mm bly.

3. Skriv ned det du har lärt dig genom övningen om 
objektkontrast samt SDNR.

detector 
(2 pixlar)

Roligare övning:

(Dokumentet kontrastochSDNR.pdf i CANVAS kan vara av hjälp)


