
FYS 4250
Lecture 6

Image: www.Dräger.com

«All bodies are transparent to 
this agent... For brevity’s sake I 
shall use the expression ´rays´ 
and to distinguish them from 
others of this name I shall call 
them ´X-rays´»

Wilhelm Röntgen



Electromagnetic Spectrum

Image: www.lbl.gov



Spatial resolution of imaging 
modalities

Bushberg et al, The essential physics of medical imaging



X-rays

Discovered by Röntgen in 1895

Incredible fast spread, first x-ray tube in Norway in 1897

X-rays are generated by bombarding electrons on a metallic anode
Wavelength is depending on the metal, X-rays from a Cu-anode is 12.398 

keV



X-ray system



X-ray tube
What is the minimum wavelength?
Electron hits target -> all kinetic 
energy converted into a photon
Work done on each electron when 
accelerated to the anode is eV
hf = eV
Fmax=eV/h
Thus Landa (min) = hc/eV



X-ray tube

Bushberg et al, The essential physics of medical imaging



Attenuation as a function of x-ray 
energy

Bushberg et al, The essential physics of medical imaging



Fotonspectrum X-
ray tubes

Two mechanisms => Bremsstrahlung (deceleration of 
arriving electron)  and characteristic radiation (electrons fill 
holes) 
Characteristic radiation 
58 keV = l-shell electron filling up hole in k-shell
68 = distant electron filling up hole in k-shell
Less than 1% of the energy supplied is converted into x-
radiation, rest is heating of the object.



Compton-spread:
photon vs free electron

Secondary radiation,two mechanisms:
1. Photoelectric effect, characteristic radiation
2. Compton spread
Secondary radiation has always lower energy than the primary 



X-ray system
Electrons are colliding with metal, releasing energy. (Knocking electrons out 
of shell, outer electrons drop down to fill the vacancy -> emitting x-ray 
photons)
Electron beam is controlled by adjusting the filament current



Field coverage and focal spot

Effective focal length = actual focal length x sin ⍬
Large focal spot allows greater x-ray beam intensity, but loss of spatial resolution
that increases with the distance between object and receptor
High x-ray output allows short exposure times



Source of error: Width of focal source



Geometrical resolution



Modulation 
transfer function 
(MTF)





Limiting spatial resolution



Resolution

Image = surface with a spatial resolution 
expressed in terms of line pairs per 
millimileter

Using a scanner

Pixel = a space on the image surface 
having a dimension of one-half cycle of 
bandwith on the horizontal axis and the 
same dimension on the vertical axis.

Pixel defines  the smallest size of an object 
for which amplitude information can be 
preserved



Cognitive 
prosesses
and image 
evaluation

Objectivity?



Contrast and noise



Lethal 
dose?

Source: Mayo clinic



Angio,
contrast



C-arm



→ ←

“APPLE CORE” LESION OF
ADVANCED COLON CANCER

AIR-CONTRAST B.E.



Subtraction 
image

Two pictures, one 
with inverted 
contrast is 
subtracted, and 
voila.



Case 6

- We need more information, including images from the 
brain. 

What to do now?



Computertomograph (CT)



What is the CT?

• Mathematical transform to the measured data.
• Reconstruct n dimension function (image)

  => projection data of n – 1 dimension 
• Radon Transform (1917)

“Two dimension and three dimension objects can be reconstructed from 
the infinite set of projection data”.

• The First CT: 1973 in the U.S.
4 minutes scan, thickness of 10mm



The CT-scan



Rapidscanner



1., 2. and 3. 
generation 
scanner
Linear translation + rotation
Circular scanning
Volume scanning



CT
 3-D
 image



Concept of CT
・Getting the shape by back projection of  the projection data.
・For example, outward view is the quadrangle => it is the cylinder

CT
Algorithm



Geometry
of a
CT-scanner



X

Basic principle of CT
-Reconstruction of 2 dimensional image-
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Back-
projection
(1)



Back-
projection
(2)



Basic principle of CT 
-Reconstruction of 2 dimensional image-

Filtered Backprojection
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Example of Simulation

Model Image Simple
Backprojection

Filtered 
Backprojection



Iterative techniques - CT

https://en.wikipedia.org/wiki/Iterative_reconstruction#/media/File:Heart-direct-vs-iterative-reconstruction.png



Radiology 2015

Iterative = An initial guess about the two-dimensional pattern of x-ray is made. Projection data predicted by this guess are then calculated 
and used for comparison with the measured results. Discrepancies between the measured and the modelpredictions are employed in a 
continuous iterative improvement of the model array



Lee Goldman. J Nucl Med Technol 2007; 35:115–128

Iterative process

Imagine views are collected from 4 angles, 
0, 45, 90 and 135. Each measurement is 
represented as the sum of voxel 
attenuations. This leads to six equations:

X1= U1 + U3 and so on, 6 equations with 4 
unknown. Can be solved mathematically, 
but timeconsuming when the matrix is 
getting large.

The iterative algortihm (ART = Algebraic 
Reconstruction Technique) is 
demonstrated for a 2x2 matrix 

The last estimate match all measurments -
> accepted

What is the weakness? Due to random 
error, no iteration will match perfectly



CT x-ray tube

Bushberg et al, The essential physics of medical imaging



Voxels

Bushberg et al, The essential physics of medical imaging



Detector



Detector array



Cardiac CT



Cardiac CT



Multislice CT
• Several rings of detectors for multiple scanning of several layers.

• Time efficiant, a 4 slice multislice CT is up to 8 times faster than a single 
slice CT

• Possible monitoring of a beating heart ++



Artificial intelligence in radiology



Artificial intelligence in radiology
Technology development in hospitals always starts with radiology

Geoffrey Hinton, chief scientific advisor University of 
Toronto, and research team of Google Brain



Example of AI

Radiologi som eksempel:

Reciever operating curves (ROC) – mål 
på ytelse for et klassifiseringssystem



Example of AI

Radiologi som eksempel:


