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     VCE Unit 2, det. study 3.6

Detailed study 3.6: Medical physics
This detailed study extends the study of radioactivity and wave phenomena to 
applications in medical diagnosis and treatment.

Students will use radioactivity and waves in the context of applications in medical 
diagnosis and treatment.

Outcome 3.6
On completion of this unit the student should be able to describe and explain applications 
of radioisotopes, optical fibres, waves and lasers to medical diagnosis and treatment, 
and describe the production and/or simple interpretation of images of the human body 
produced by the processes of CT, ultrasound or X-rays.

Key knowledge
To achieve this outcome the student should be able to:
• describe applications of radioisotopes to medical diagnosis and treatment;
• explain the use and operation of optical fibres in endoscopes and in other applications 
for   diagnosis and treatment;

• describe and evaluate the use of lasers as intense energy sources for medical treatments;
• describe and compare processes of, and images produced by, medical imaging using 
two or more of ultrasound, X-rays, CT, MRI and PET;

• identify and apply safe and responsible practices when working with radioactive 
material and completing investigations.



Nov. 1895 – Announces X-ray discovery
Jan. 13, 1896 – Images needle in patient’s hand
            – X-ray used presurgically
1901 –  Receives first Nobel Prize in Physics
         –  Given for discovery and use of X-rays.

Wilhelm Röntgen, Wurtzburg

Radiograph of 
the hand of 
Röntgen’s 
wife, 1895.

Later Developments

More recently, physicists and engineers have initiated new 
developments in technology, rather than physicians.

1940’s, 1950’s  
 Background laid for ultrasound and nuclear medicine
1960’s 
 Revolution in imaging – ultrasound and nuclear medicine
1970’s 
  CT (Computerized Tomography)
   - true 3D imaging 
    (instead of three dimensions projected down to two)
1980’s 
 MRI (Magnetic Resonance Imaging)
    PET ( Positron Emission Tomography)
2000’s 
 PET/ CT



Early X-Ray

X-Ray and CT

!Uses ionising radiation
!Only sees hard tissue without contrast 

agents
!Fantastic spatial resolution
!No spatial distortions
!Readily available & “cheap”
!No functional/metabolic information



Projection X-Ray

Disadvantage: Depth information lost 
Advantage: Cheap, simple

attenuation 
coefficient

Measures line integrals of attenuation

Film shows intensity as a negative ( dark areas, high x-ray detection 

Sagittal Coronal



Computed Tomography Image

Computerized Tomography (CT)

1972 Hounsfield announces findings at British Institute of Radiology
1979  Hounsfield, Cormack receive Nobel Prize in Medicine
(CT images computed to actually display attenuation coefficient µ(x,y))

Important Precursors:
 1917    Radon:  Characterized an image by its projections
 1961    Oldendorf:  Rotated patient instead of gantry

Result:



How Tomography Works
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Schematic Representation of the Scanning Geometry of 
a CT System

What are inside the gantry?



Advanced CT Imaging

Positron Emission 
Tomography 



Nuclear Medicine
- Grew out of the nuclear reactor research of World War II
- Discovery of medically useful radioactive isotopes
1948    Ansell and Rotblat:  Point by point imaging of thyroid
1952    Anger:  First electronic gamma camera

a) Radioactive tracer is selectively taken up by organ of interest
b) Source is thus inside body!
c) This imaging system measures function (physiology)
 rather than anatomy.

Nuclear Medicine
Very specific in imaging physiological function - metabolism
 - thyroid function
 - lung ventilation: inhale agent
Advantage: Direct display of disease process.
Disadvantage: Poor image quality (~ 1 cm resolution)
 Why is resolution so poor?
  Very small concentrations of agent used for safety.
   - source within body
  Quantum limited:
   CT       109    photons/pixel
   Nuclear   ~100  photons/pixel
Tomographic systems: 
     SPECT: single photon emission computerized tomography
 PET:      positron emission tomography



Isotopes used in PET

Number of Neutrons
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Principle of the Cyclotron

for a particle of constant mass, the frequency does not 
depend upon the radius of the particle's orbit



ring of photon
detectors • patient injected with positron (!+ ) 

emitting radiopharmaceutical.
•  !+ annihilates with e– from tissue, 
forming back-to-back 511 keV 
photon pair.

• 511 keV photon pairs detected via 
time coincidence.

• positron lies on line defined by 
detector pair (i.e., chord).

•reconstruct 2-D image using Computed Tomography
• multiple detector rings " 3-D volumetric image 

Positron Emission Tomography (PET)

Convolution
      filter

h(x)

 x

Image Reconstruction Principles
Filtered back projection (FBP) algorithm 

! Reconstruct a function from its line integrals.  
! In two dimensions, sinogram = collection of one dimensional projections p(s,!)

backprojection of the sinogram into real space



Foundations II - Neuroimaging

MRI

Nuclear Spin

If a nucleus has an unpaired proton it will have spin
and it will have a net magnetic moment or field

" NMR phenomenon

Some nuclei have
Spin




