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Repetition part 9-15



What is a typical question?
Examples:

1. What are the main physical principles that we utilize in order to generate
an MR-image?

2. What is the difference between T1 and T2, and what is the consequence
in practical life?

3. Which imaging method is best for giving a quick and precise diagnosis
of the function of an aorta valve?

4. Why is still a PET-CT the preferred method for nuclear cancer-imaging?

5. Why is proton-therapy considered to be the ultimate non-invasive cancer 
removing technique, and why is ultrasound-therapy still number two?



This is examples of typical 
exam-questions

http://kidmechanix.com/wp-content/uploads/2017/06/ABAprinciplesforteachers.jpg

This means that this slide is 
especially important
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Anesthesia machine, overview



The Anesthesia Workstation

www.medicalexpo.com

Main functions:
a. Provide anesthetic drugs in correct concentration
b. Take care of the waste 
c. Ventilate the patient
d. Monitor the vital signs during anesthesia

Main concerns:
1. Wrong gas concentrations
2. High pressure
3. Rebreathing
4. Leakages



The vaporizer

A vaporizer will change 
the liquid anesthetic 
agent into a vapor and 
insert a certain amount of 
this vapor into the fresh 
gas flow  

http://www.vajira.ac.th 

Main source of error?

http://www.vajira.ac.th/


b. Scavenging system



Scavenging system



c. Ventilate the patient



Expiratory airway pressure
Control and monitor

Anesthetic gas scavenging system

Adjustable pressure limiting valve 
provide control of the pressure in 
the breathing circle 

Three modi:
Spontanous – Patient is breathing
Manual - Ventilating manually with bag
Auto - Ventilator

The patient circle



Inhalation/exhalation with bag
(Manual ventilation)

Exhalation 
Air from the patient together with fresh 
gas is filling the bag, the excess is 
evacuated through the APL-valve

Inhalation
The bag is squeezed and the air is 
pushed through the calc absorber (soda 
lime) into the patient. The exhalation 
valve makes sure that there is no 
backflow of air (Rebreathing)



d. Monitor vital signs



Sleep depth: Bispectral index score (BIS)

http://www.firesa.co.za/medical/1f65e210.gifhttp://bcrt.ca/wp-content/uploads/2009/07/bis.jpg



Wrong gas concentrations Accident: Leakage from O2 to N2O

O2 N  O2O2 N  O2

2-room slave regulator



O2 N  O2O2 N  O2

Berge Grimnes: Gassteknisk medisinsk utstyr Del 2

Fig. 2.F.  3-room slave regulator

Wrong gas concentrations Accident: No O2 flow



Block diagram



Explain the main
principles of the
anesthesia
workstation, and 
explain why the O2-
flush button should be 
used with care

Explain why the APL-
valve is used for only
one specific mode, 
and which mode is it?

Exercise examples



FYS 4250
Lecture 10
”Once a scout always a scout!”



Spectrophotometer
0P = P   10-aLC Hydrogen and deuterium lamps produce about 90% of their 

power in the infrared range
Tungsten: Progressively vaporizes from the filaments and 
condenses unevenly on the glass envelope

Wavelength selector: Filters and monochromators. Glassfilters 
used in applications in which modest accuracy is required
Monochromators utilize prisms and diffraction gratings = 
narrow bandwiths and adjustable wavelengths

P0 = radiant power arrivint at the cuvette
P = radiant power leaving the cuvette
a = absorptivity of the sample
L = length of the path through the sample
C = concentration of the absorbing substance



Flame emission/absorption

Flame photometers differs in three ways from 
spectrophotometer:

1. Power source and sample holder combined in flame
2. Mostly measuring emission of light, not absorpion of 

light
3. Can determine concentrations of pure metal only



Fluorometry Advantage: High sensitivity
Disadvantage: Few substances have the property of
fluroescense, Sensitivity to temperature and pH

Mercury arc lamp
Right angle to avoid direct transmission from source to detector

Based on the fact that molecules emit light in a characteristic spectrum immediately after absorbing radiant energy and being
raised to an excited state.



Gas/liquid cromatography 

(GLC)

Stationary phase = solid substance
Temperature controlled

High temperature to flash evaporate the sample and solvents

Used for separating mixture of 
substances into component parts

Detector = Electric output proportional to the quantity of the 
compound in the effluent gas

Advantages = Speed, ability to 
operate with a small amount of 
sample and great sensitivity

Carrier gas = inert gas, sweeps the 
evaporated sample and solvent gas 
down the column

Movable phase = gas or liquids



Electrophoresis

Charged particles migrate in response to an 
electrical field
- Field strength
- Charge
- Size
- ++

Typical = various proteins in blood and nucleic acids, csf ++
Defined as the movement of a solid phase with respect to a liquid (buffer solution).
Buffer -> carry current and keep the pH constant
Electrid field -> particles similar in charge, size and shape migrate at similar rates  directly related to the net magnitude 
of the particle’s charge
Disadvantage = temperature dependency
Advantage = Rapid and highly sensitive

Mobility = distance in 
centimeters a particle 
move in unit time per unit 
field strength, expressed 
as voltage drop per 
centimeter



Coulter
counter 
cell 
counter

Hematology:
RBC, WBC and plateles
Anticoagulants

Lyzing agent causes cell 
membranes of RBC to rupture 
and release HGB

Ratio WBC vs RBC 1:600
1% of the blood vs 36-50% of the 
blood



Impedance- detector
for cells

Resistance of WBC is much greater 
than the fluid -> voltage pulse is created 
in the circuit.
Averaging
Cells with volumes greater than 35.9 fl = 
RBC



Deoxyribo Nucleic Acid (DNA)

• A double helix built of nucleotides, 
connected to long chains

• Base pairs of Adenine (A), Thymine (T), 
Guanine (G) and Cytosine (C). Guanine 
will always combine with Cytosine, and 
Thymine will always bind with Adenine.

• Backbone contains sugar-phosphate
• Each triplet of ATGC codes for a certain 

amino acid that will build a protein
• The genetic code is determined of the 

order of the nitrogenbases in the DNA-
chain, the so called genetic code



Ribo Nucleic Acid (RNA)

• DNA contains all the necessary 
information for protein synthesis, but 
the job is done in the ribosomes

• DNA molecules are too big to 
penetrate the nucleus-membrane, 
transcription gives m-RNA that can 
move freely into cytosol 

• RNA is an information transference 
of the DNA into the ribosomes 
where amino acids are connected to 
form proteins

• ACG are the same as for DNA, but 
thymin is replaced with Uracil (U) http://upload.wikimedia.org/wikipedia/commons/thumb/3/37/Difference

_DNA_RNA-EN.svg/749px-Difference_DNA_RNA-EN.svg.png



M-RNA syntesis

• The two DNA-chains are separated 
in order to release the nitrogen 
bases. RNA polymerase binds free 
ribonucleotides complementary to 
the nucleotides in the DNA-chain

• Each triplet in DNA gives a 
complementary triplett in m-RNA

• At the start of each gene there is a 
promotor defining the starting point 
of the polymerase

• t-RNA connects to specific amino-
acids and if the m-RNA code is 
matched, this can be used by the 
ribosome for decoding the m-RNA 
and building chains of amino acids

http://meyerbio1b.wikispaces.com/file/view/transcription.jpg/72711585/t
ranscription.jpg



The three cycles of PCR

Palumbi: The simple fool’s guide to PCR



Denaturation - Renaturation

• Separating the 
double helix DNA 
by applying heat = 
Denaturation

• Careful cooling 
anneals the helix = 
renaturation

• All DNA becomes 
single strands



Annealing

• In order to bind to each of 
the complementary 
regions, two primers are 
supplied in molar excess

• Temperature is lowered 
to allow primers to 
anneal. (Too low 
temperature will allow 
randomly annealing, too 
high temperature will 
avoid any binding at all)

• Typically temperature 
between 40 – 60 degrees 
C



Extension

• DNA polymerase duplicates DNA, typically between 72-75°C for 
maximal polymerase function.

• Polymerase must add nucleotides to the 3’ end of the primer 
sequence annealed to the template DNA

• Primers are critical for the initiation of the reaction



PCR amplification



Real-time qPCR

Source:Viraphong Lulitanond, Ph.D. 
 



Real-time qPCR

Source:Viraphong Lulitanond, Ph.D. 
 



Advantages and disadvantages with PCR

Adv: 
 - Extremely sensitive, can amplify the DNA of interest from 

  one single cell (Even for old, degraded DNA)

Disadvantage: 
 - The sensitivity. If contamined, the contaminated DNA will 

  also be amplified.



Advantages with Real-time PCR (qPCR)

• Identify amplified fragments during the PCR process (exponential 
phase, traditional PCR measures during the plateau phase) = a good 
measurement of the starting quantity of the material

• Standard PCR requires post-PCR analysis (typ electrophoresis), 
possibly agarose gel electrophoresis;. Real-time PCR eliminates these 
needs. Amplicon recognition is achieved by monitoring the 
accumulation of specific products during each cycle.

• qPCR is performed in the same tube for the whole prosess. Regular 
PCR is transferred to other formats = increased risk of contamination



Mass spectrometry

Ionization Separation Detection



Mass spectrometry



41

Analysis by GC-MS

Mixture Separation

GC

Identification

MS
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B
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Charlotta Nylander, NILU



Electron impact ionization (EI)

Bombardment with high-energy electrons, typically 70 eV.
Due to collision, an electron is removed from the analytes 
(M), which results in a molecular ion M+.
M + e -> M+ + 2e-



Scan mode or SIM mode
• There are two options: Look for a single ion (SIM) or perform a 

wide scan (SM).
• Scan mode means that the mass filter is adjusted to allow a 

wide range of masses pass through. A spectrum is obtained for 
all the different masses

• Scan mode is less sensitive due to the loss of ions in the 
quadropole rods

• Sim mode increases sensitivity and is typically used for 
quantitative analysis

• In SIM mode, you need to know the desired specimen that 
should be monitored



Advantages and disadvantages with MS
advantages:
 - Relatively fast process
 - Small sample size
 - Can differentiate between isotopes

Disadvantages:
 - No directly structural information (can often be derived though)
 - Only for pure compounds
 - Non-volatile compunds are difficult, only gas-phase ions are 
accepted
 - destructive technique



Overview flowcytometer

https://www.abcam.com/protocols/introduction-to-flow-cytometry

The fluid will focus the cell 
suspension so that the cell will 
pass the laser, one cell at a 
time



Overview flowcytometer

https://www.abcam.com/protocols/introduction-to-flow-cytometry

When the green laser 
interrogates the cell, light will 
scatter. The cell size and 
granularity will determine the 
direction of the scattered light.

Figure 3. Dot plot of FS versus SS. Each 
dot represents a single cell analyzed by the 
flow cytometer. The characteristic position 
of different cell populations is determined 
by differences in cell size and granularity. 
Image reference: Riley and Idowu. 
Principles and Applications of Flow 
Cytometry*

https://www.abcam.com/protocols/introduction-to-flow-cytometry


Overview flowcytometer

https://www.thermofisher.com/uk/en/home/life-science/cell-analysis/cell-analysis-learning-center/molecular-
probes-school-of-fluorescence/flow-cytometry-basics/flow-cytometry-fundamentals/how-flow-cytometer-
works.html



Explain the steps of a 
real-time PCR, make a 
simple sketch of  
such a system and 
explain why qPCR is 
superior to PCR

Make a simple sketch 
of a mass 
spectrometer and
explain why a mass 
spectrometer is often 
combined with a gas 
cromatograph

Exercise examples



FYS 4250
Lecture 11
An accident rarely comes alone…



http://image.slidesharecdn.com/12-lead-ecg-hss-student-handout-ed-08-2011-2-121121182917-
phpapp01/95/12-lead-handout-1-638.jpg?cb=1353522589

12-lead ECG



12-lead ECG

https://en.wikipedia.org/wiki/Electrocardiography#/media/File:Directions_of_EKG_leads.png



PCI 

Insertion of coronary stent, 
catheterization through the 
femoral or radial artery. X-ray 
guided insertion of the balloon

Harvard medical school

http://www.beliefnet.com/healthandhealing/images/si
55551520_ma.jpg

http://www.yoursurgery.com/procedures/angiography
/images/FemAngioStent.jpg



IABP
• IABP, intra arterial balloon pump. 

http://www.stonybrookheartcenter.org/images/uploaded/stonybrook/myocardial_infarction.jpg



IABP
• The main purposes of the IABP:

– To increase cardiac output
– To increase myocardial perfusion

http://3.bp.blogspot.com/-Kdkdk9AV2S8/TaMVi0DPsBI/AAAAAAAAAtk/Wde4h-s9mFo/s640/Picnik+collage+iabp.jpg



Cardiopulmonary bypass

What is necessary for a successful Cardiopulmonary Bypass? 
(CPB):

1. We need a basic understanding of the physiology of the 
circulation
2. A method to prevent blood from clotting
3. A blood pump for circulation
4. A way to exchange oxygen and carbon dioxide

http://3.bp.blogspot.com/-Kdkdk9AV2S8/TaMVi0DPsBI/AAAAAAAAAtk/Wde4h-s9mFo/s640/Picnik+collage+iabp.jpg



Given a constant Mean Arterial Pressure (MAP) and Central Venous Pressure (CVP) an 
increase in resistance in one organ results in a reduction of total flow and a change in 
distribution of blood flow

The effects of pressure gradients and resistance on blood flow.

Germann WJ, Stanfield CL. 
Principles of Human 
Physiology, second edition.

Poiseuille’s law:

4
8
r
LR
p
h

=

1. Basic physiology of circulation



Germann J, Stanfild CL. 
Principles of Human 
Physiology, second edition.

1. Basic physiology of circulation

Transport-system with several purposes: Transport of oxygen and carbon
dioxide, delivery of blood sugar and removal of waste, temperature regulation, 
providing mechanisms for stoppage of bleeding and being an active part of the
immune system 

http://www.dhmc.org/shared/adam/graphics/images/en/19443.jpg



2. Prevent blood from clotting

http://www.oralchelation.net/heartdisease/ChapterEight/

Jay McLean, the discoverer of Heparin Heparin

When whole blood is exposed to nonendothelialized surfaces, blood 
clotting will occur. Some kind of anticoagulant was needed to avoid 
clotting in a heart-assisting device.

1916 – Jay McLean discovered a powerful anticoagulant, Heparin.

http://www.oralchelation.net/heartdisease/ChapterEight/


Activated clotting time (ACT)
ACT monitoring principle

- Add a solution that will trigger clotting

- Monitor the time until a certain amount of the blood is clotted

- Optical or mechanical readings of clotting

Labcompare.com

How can we design a system for monitoring this clotting?



Viscosimetric ACT

https://clinicalgate.com/coagulation-instrumentation/



Photo-optical ACT

https://clinicalgate.com/coagulation-instrumentation/



ACT
Sources of error?

1. Rotational speed

2. Blood viscosity

3. Magnet detector resolution

4. Tube properties (friction)

5. Other blood properties

6. ++



3. A blood pump

1934 - DeBakey made a modification to the Porter-Bradley pump to prevent 
creepage of the latex rubber tubing (patent 2 018 998)

This is essentially the same roller pump that is used today. 

Original DeBakey roller pump. New Orleans Med Surg J 1934;87:387



Centrifugal pump vs Roller pump

http://tele.med.ru/book/cardiac_anesthesia/text/gr/gr003.htm

Roller pump Centrifugal pump

Advantages Inexpensive, reusable No disruption from excessive 
line pressure buildup

Easy to sterilize Decreased blood trauma

Simple flow rate det. No tubing wear

Disadvantages Blood trauma Needs flowmeter

Circuit disruption Retrograde flow possible when 
pump stops

Occlusion variability affects flow 
rate

More expensive

Tubing wear



4. A way to exchange oxygen and 
carbon dioxide

http://www.docstoc.com/docs/109
449392/Hollow-Fiber-
Oxygenator-System



4. A way to exchange oxygen and 
carbon dioxide

Hollow fibre oxygenators

- Hydrophobic surface that allow diffusion of gases across the 
membrane. Due to concentration gradients, oxygen diffuses 
into the blood while carbon dioxide diffuses out of the blood

- Small polymer tubes, 20 to 50 um thick, with an outer diameter 
of approximately 200 to 400 um.

- Blood flows outside the fibres while air (sweep gas), flows 
inside

- Carbon dioxide is exited through the exhaust-port of the 
oxygenator



4. A way to exchange oxygen and 
carbon dioxide

Hollow fiber oxygenators

portal.unimap.edu.my
http://ars.els-cdn.com/content/image/1-s2.0-
S0168165697001697-gr1.gif





Cannulation

El-Sherief: Basics of Cardiopulmonary Bypass: Normal and Abnormal Postoperative CT Appearances1



ECMO (Extra corporal membrane 
oxygenation)

https://thoracickey.com/wp-content/uploads/2016/06/C31-FF1.gif



ECMO
Differences between ECMO and CPB

a. Cannulation. ECMO is typically cannulated through the neck (cervical) under 
local anesthesia, CPB is connected to the aorta under full anesthesia

b. CPB is short-time, ECMO is typically 3-10 days
c. ECMO is meant for intrinsic recovery of heart and lungs, CPB is for bypass
d. ECMO can be veno-venous or veno-arterial
e. Centrifugal pump, less priming volume, blood trauma, platelet activation and 

inflammatory response.

https://www.ncbi.nlm.nih.gov/corecgi/tileshop/tileshop.fcgi?p=PMC3&id=1113600&s=42&r=1&c=1



What are the main
functions of the
body that the heart-
lung machine is 
replacing, and what
is the main
concern?

What are the two most 
important risk factors
for the arterial balloon
pump?

Exercise examples
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Neuron (Nerve cell)

http://paleozonenutrition.com/wp-content/uploads/2012/02/nerve-cell.jpg

Dendrite recieve information
Axon send information

Neuron stimulate other neurons through synapses, depending on the stimulus and 
the neuron, graded potentials can cause hyperpolariation or depolarisation



Temporal and spatial summation
Stimuli W, X and Y influence the membrane potential of a 
neuron. Stimuli W and X depolarize the cell while Y 
hyperpolarizes the cell (a).

b. Temporal summation of stimulus W results in depolarisation
to above treshold -> generating action potential

c. Spatial summation of stimuli W and X resulting in 
depolarisation above treshold -> generating action potential

d. Spatial summation of stimuli W and Y resulting in no change
in membrane and therefore no action potential

Source: Principles of human physiology, Germann and Stanfield



Propagation of action 
potentials in unmyelinated
cells

a. Resting membrane potential
b. Initiation of conduction. An action potential

occurs at site A on the membrane.The charge 
separation is a force for current to move. Local
currents produced by ions moving are shown by 
arrows. 

c. Propagation of conduction, current depolarizes
the adjacent region of membrane to threshold, 
eliciting an action potential here

d. Continuation of propagation. Refrectory periods
prevent action potentials from traveling in the
reverse direction

Source: Principles of human physiology, Germann and Stanfield



Propagation of action 
potentials in myelinated
cells

a. Resting membrane potential
b. Initiation of conduction. An action potential

occurs at site A on the membrane.The charge 
separation is a force for current to move. Local
currents produced by ions moving are shown by 
arrows. 

c. Propagation of conduction, current depolarizes
the adjacent region of membrane to threshold, 
eliciting an action potential here

d. Continuation of propagation. Refrectory periods
prevent action potentials from traveling in the
reverse direction

Source: Principles of human physiology, Germann and Stanfield



Transmisjon through the scull

Source: Bioimpedance Bioelectricity Basics



EEG measurement

1. Katrina Wendel, Outi Väisänen, Jaakko Malmivuo, et al., “EEG/MEG Source Imaging: Methods, Challenges, and 
Open Issues,” Computational Intelligence and Neuroscience, vol. 2009, Article ID 656092, 12 pages, 2009. 
doi:10.1155/2009/656092

Source: Christian Tronstad

The direction of the current is depending on the positioning of the electrodes, and 
the direction of the current decides the influence of the volume conductor with
surrounding tissue



Biopotentail 
amplifiers



EEG-amplification

http://bml.ym.edu.tw/ibs/old/brain/curricurium/952curricurium/file/MEG_EEG_Clinical%20applications.pdf



Differential amplification of signals

http://bml.ym.edu.tw/ibs/old/brain/curricurium/952curricurium/file/MEG_EEG_Clinical%20applications.pdf



The volume conductor

A single active cell is immersed in a volume
conductor (= body fluids, filled with ions). This is a 
problem of two parts:

1. The bioelectric source
2. The bathing medium or electrical load

1. The bioelectric source = active cell bathed by a 
volume conductor. 

2. The magnitude of the field potential in a large
bathing medium falls off exponentialley with
increasing radial distance from the active fiber
Changes in the properties (eg. Resistivity) of the
volume conductor can impact on the field potential
magnitude 

https://www.cvphysiology.com/Arrhythmias/A014



Summing 
up 
in the 
nerve-cell
Both motorical and sensorical fibers are
excited simultaneously by electrical 
stimulus. 
Dorsal root is sensoric
Ventral root is motoric, dorsal root is 
nervous
Stimulation of the many large diametric
motoric fibers will give the largest
extracellular response. 
Stimulation of sensoric fibers will excite two
groups of sensoric fibres.

The extracellular potential diminishes in 
amplitude and high-frequency contents as 
field point is moved to larger radial 
distances from the surface of the trunk



Functional classes of neurons, afferent neurons gather data while efferent neurons 
output data, note the different location of the cell body depending on the type.

Source: Principles of human physiology, Germann and Stanfield



Neural velocity Nerve stimulation at two different sites, 
subtraction of the shorter latency from the 
longer latency gives conduction time



Neurography

Amp:
High gain
High input imp
Good CMRR
Low amp noise



H-reflex



Magnetoencefalography (MEG)

http://conic.ntu.edu.sg/Facilities/Magnetoencephalography_MEG/PublishingImages/10.png



Origin of the MEG-signal

http://bml.ym.edu.tw/ibs/old/brain/curricurium/952curricurium/file/MEG_EEG_Clinical%20applications.pdf

Because he
current is 
bidirectional
in the axon, 
the two
dipoles will
cancel each
other

Because he
current is 
unidirectional
in the
postsynapse, 
there will be a 
magnetic field



Faradays law of induction

Source: Electronicslovers.com
https://i.stack.imgur.com/ZCMN1.jpg



Magnetoencefalography (MEG)

Wendel: EEG/MEG Source Imaging: Methods, Challenges, and Open Issues



Advantages of MEG compared to fMRI and EEG 

http://ilabs.washington.edu/what-magnetoencephalography-meg

- MEG alone provides both timing as well as spatial information of

the brain activity

- fMRI reflects brain activity (by measuring oxygenation of blood

near the neuronss), while MEG measures directly neural activity

- MEG can be used on sleeping subjects

- No movement artefacts

- Sub-millisecond presicion, fMRI provides poor temporal 

information



ERGElectroretinogram
Eye 24 mm in diameter. Light transmitting parts -> cornea, anterior chamber, lens and vitreous chamber
A transparent fluid is found in the anterior chamber, vitreous chamber is filled with a transparent gel 
Normal pressure 20 – 25 mmHg, necessary for a clear visual image
Glaucoma = high pressure condition, injure the retina. Caused by obstruction of flow between blood and fluid
5 types of nerve cells:
Photoreceptors, bipolar, horizontal, amacrine and ganglion cells (axons)



ERG

http://webvision.med.utah.edu/gifswv/DONFig3.gif



Describe the main parts 
of an EEG-monitoring
system, and explain
why it is difficult to 
measure a 3-dim. 
structure with surface
electrodes

Give an example of a 
method that is able
to measure the
neural velocity. What
are the main
requirements for the
amplifier in this
setup?

Exercise examples
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Ultrasound energy

Bushberg et al, The essential physics of medical imaging



Ultrasound attenuation

Bushberg et al, The essential physics of medical imaging

Some of the energy is scattered and lost when hitting small objects with size <= Landa. Absorbed energy is converted to heat. 
The transducer thickness defines the frequency, the thickness of the transducer equal to ½ Landa

The spatial resolution depends on wavelength, and the attenuation on the frequency

Total reflection, all of the beam is travelling along the boundary



The piezoelectric element

Bushberg et al, The essential physics of medical imaging

A – under influence of mechanical pressure. Surface electrodes measure the charge variation as a function of time
B – External voltage source applied to surface causes compression or expansion from equilibririum -> realignment of the dipole



The piezoelectric element

Bushberg et al, The essential physics of medical imaging



The damping block

Bushberg et al, The essential physics of medical imaging



The phased array transducer

Bushberg et al, The essential physics of medical imaging



Dynamic receive focusing



Time-gain compensation
Time-gain compensation

Kilde: Alejandro Frangi

Time-gain compensation: Reducing artifacts in the B-mode intensity images by increasing intensity with depth



Resolution

Bushberg et al, The essential physics of medical imaging



Ultrasound (US), A-mode (amplitude)

Time delay between transmitted pulse and its echo is a maesure of the depth of the tissue interface
Each change of tissue type, a reflection results
Displacement of the brain midline. Scanning from both sides, should be symmetric, a tumor or blood clot could 
move the cerebral hemispheres to shift the midline
Obsolete now



Time
motion
US,
M-mode

Strength of the echo is used to modulate intensity of the display against echo-return time with zero time at the 
top of the display, image can be shown as moving to the right.
Position of tissues as a function of time = Time motion scan



M-mode Ultrasound (motion)



B-mode



Sources of error (1)



Sources of error (2)



Sources 
of error 
(3,4,5)



Doppler ultrasound

Kilde: Alejandro Frangi

Higher frequency = blood towards the transducer

Lower frequency = blood away from the transducer



Doppler 
Ultrasound
Aliasing

Bushberg et al, The essential physics of medical imaging



Color doppler



Ultrasound advantages
• Muscles and soft tissue are suitable for US-imaging, especially 

transitions between solid substances and liquid filled areas. 
• Real time images = fast diagnosis. Can also be used to biopsy-guiding
• Shows the organ structure
• No well-known side effects, not unpleasant for the patient 
• Small scanners compared to other image modalities
• Inexpensive compared to other image modalities 
• Spatial resolution is better at high-frequency US than most of the other 

modalities



Ultrasound disadvantages
• Unable to penetrate bone tissue
• Poor performance where gas is present 
• Limited operating range, dependent on the frequency 
• High requrements for the operator, can be difficult to 

interpret 
• Difficult to track back a scanned volume, as soon as the 

pictures are aquired no exact anchor-pile is available to 
navigate in the volume



Advantages focused ultrasound

- High accuracy (diameter of a few cells)
- Destroyed tissue will be re-absorbed of the body 
- Rapid heating of the tissue will destroy the tumor 
- Non-invasive or minimal invasive
- No blood loss
- Repeatable
- Rapid convalescence

Image: Trans-rectal probe (EDAP)



Disadvantages focused ultrasound
- Capacity problems with large tumors
- New and not established procedure 
- Needs direct acoustic access to tumor 
- The tumor must be well defined
- The surgeon will not have direct vision of the tissue with the 

tumor
- Possible side effects of high energetic ultrasound is not clarified 

(104 of the energy of imaging ultrasound)
- Require normally MR-monitoring to verify necrosis



Give examples of 
imaging modalities 
based on 
absorption, 
emission and 
reflection of energy

Make a simple sketch 
of an ultrasound 
system, explain how 
to focus the beam, the 
different modi and 
give some examples 
of sources of error

Exercise examples
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Energy levels of free protons

Bushberg et al, The essential physics of medical imaging



Magnetic characteristics of nucleus

W0 = γ B0

Bushberg et al, The essential physics of medical imaging

In addition to spin, there is a torque in a 
perpendicular direction from the applied 
magnetic field that causes precession. The 
Larmor equation describes the dependence 
between the magnetic field B0 and the angular 
precessional frequency w0.



Resonance and exitation



Larmor frequency
The energy difference between 

the two alignment states depends on the 
nucleus

D E = 2 µz Bo
 D E = h n

n = (g/2p) Bo
known as Larmor frequency

g/2p = 42.57 MHz / Tesla for proton



Dephasing of magnetic vector

Bushberg et al, The essential physics of medical imaging

Free induction decay = a damped sinusoidal electronic signal



Return to equilibrium, T1 relaxation

Bushberg et al, The essential physics of medical imaging



Return to equilibrium, T1 relaxation

Bushberg et al, The essential physics of medical imaging



Free induction decay: T2 Relaxation

Bushberg et al, The essential physics of medical imaging



Comparison of T1 and T2

Bushberg et al, The essential physics of medical imaging



Spin echo contrast weighting

Bushberg et al, The essential physics of medical imaging



T2-spin echo decay

Bushberg et al, The essential physics of medical imaging



Gradients

Bushberg et al, The essential physics of medical imaging



Image construction



Slice select gradient (SSG)

Bushberg et al, The essential physics of medical imaging

Proton precessional frequencies is increased or decreased dependent on 
their distance from null
Only protons with precessional frequencies matching RF frequencies will 
absorb energy = thin slice



Frequency encode gradient

Bushberg et al, The essential physics of medical imaging

Frequency encode gradient = readout gradient, perpendicular to SSG



Phase encode gradient (PEG)

Bushberg et al, The essential physics of medical imaging

Proton position in the third orthogonal dimension is determined with PEG. Introduce a 
phase change with a short duration PEG



Fourier transform of spatial freq. 
signals

Bushberg et al, The essential physics of medical imaging

A rotating FEG in the x-y plane will give the acquisition of individual projections as a function of angle.



All gradients (SSG + PEG + FEG)

Bushberg et al, The essential physics of medical imaging

Proton position in the third orthogonal dimension is determined with PEG. Introduce a 
phase change with a short duration PEG



Functional MRI

Bushberg et al, The essential physics of medical imaging

Hb differs in how it responds to the magnetic field, the 
deoxygenated Hb molecule is slightly more attracted to 
magnetic field.

In consequence, the magnetic field is distorted by causing 
the nuclei to loose magnetization faster in the *T2 decay = 
MR pulse sequences sensitive to *T2 will have more signals 
when the blood is oxygenated than for the deoxygenated 
blood. 

(The effect increases with the square of the magnetic field 
strength) = Minimum 1.5T



MRI-artefacts



Ringing artefacts

Bushberg et al, The essential physics of medical imaging

Caused by insufficient sampling, could be reduced with a larger number of samples.



Wraparound artefacts

Bushberg et al, The essential physics of medical imaging



Susceptibility artefacts

Bushberg et al, The essential physics of medical imaging

Any drastic change in the magnetic susceptibility will distort the magnetic field. Changes in 
susceptiblity like tissue-air interface, or metals (ferrous or not) may have a significant effect  on the 
local tissues adjacent to changes in susceptibility. Can also be helpful, like diagnosing the age of a 
hemorrhage based on signal characteristics of the blood degeneration products 



Gradient nonlinearity artefacts

Any deviation or temporal instability in linear gradients will give a distortion. With gradient 
calibration and limitation of FOV (Lowering gradient field strength) or holding the gradient field 
strength and number of samples constant while decreasing the frequency bandwidth, minimize 
spatial distortion



Adv/disadv MRI
• Advantages
• No harmful radiation
• Soft tissue imaging
• High resolution images of T1 or T2 preferences

• Disadvantages
• Expensive, large installation with superconducting 

magnets++
• Very strong magnetic field
• Claustrophobic
• Not for frozen tissue
• Time consuming



Explain how to 
acquire T1, T2, 
and spin-echo 
weighted images 
and discuss the 
differences 
between them

Make a simple sketch 
of the use of gradients 
for image construction 
and give an example 
of an artefact as a 
result of this method

Exercise examples
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Apparatus

R is limiting charging current to protect circuit components, an AC voltmeter across 
the primary is calibrated to indicate energy stored in the capacitor. (Also helps to 
determine time necessary to achieve full charge on capacitor.).
Inductor lengthen the pulse, producing a waveshape.

Half way rectifier is driven by a step-up transformer to charge capacitor C.
Voltage is determined by a variable autotransformator in the primary circuit



Gamma Camera 
• A camera for nuclear imaging. The most used so far was invented by 

H. Anger in the 1960’s (The Anger camera)

http://img.medicalexpo.com/images_me/photo-g/70717-3803791.jpg

Principle: The patients drinks a cocktail including a radioactive tracer bound to a sugarlike 
molecule. Cells with high consumption of energy (e.g. Cancerous cells) will take up more of 
the tracer than healthy tissue, this can be measured with a gamma camera



Scintillation-
detector



Anger camera

Photons with a proper direction are let through the 
collimator, into the detector and photomultipliers



Anger Camera (cont.)



SPECT- imaging
Single photon emission computer tomography, systematic use of 
gamma camera

Image: GE Healtcare



PET/CT scanners

Image: http://2nznub4x5d61ra4q12fyu67t.wpengine.netdna-cdn.com/img/4363ct1.jpg 





True, random, and scatter 
coincidences

• A true coincidence = detection is the result of a single 
nuclear annihilation

• A random coincidence = photons from different 
nuclear transformations are detected simultaneously 
at the detectors. May give erroneous results. 

• A scatter coincidence = one or both photons from a 
single annihilation are scattered in different directions 
but still detected in the detector



True Scattered Random



PET-CT
• Usually combined with CT in order to localize activity in 

the body



Scintillation crystals and photomultiplier tubes

Source: Bushberg et al. The essential physics of Medical Imaging (2012)



SPECT vs PET scanner systems

Source: Bushberg et al. The essential physics of Medical Imaging (2012)
Source: Bushberg et al. The essential physics of Medical Imaging (2012)



2D vs 3D PET 
scanner

Source: Bushberg et al. The essential physics of Medical Imaging (2012)



Attenuation correction

Source: Bushberg et al. The essential physics of Medical Imaging (2012)

Attenuation coefficient for 511-keV annihilation 
photons in soft tissue is lower than photons emitted 
by most radionuclides, but the average path length for 
both to escape is much longer = Higher loss in PET

LOR = Line of radiation

Disadvantages – Increased imaging time
-Slightly increased dose
-Increased spatial noise
-Patient movement can give spatial misregistration 
between attenuation map and emission data when 
not aquired simultaneously

Today, CT is used for attenuation correction

Some of the photons are lost on the way to the detectors, this is depending on the 
tissue they are penetrating. How can we correct for this? 



Comparison of SPECT and PET
Source: Bushberg et al. The essential physics of Medical Imaging (2012)



PET-MRI

Disadvantages with PET-CT
a. High dose
b. Sequential (no simultaneous

acquistion)

Advantages with PET-MR
a. No extra dose
b. Soft tissue imaging
c. Functional imaging

http://www.ucl.ac.uk/nuclear-medicine/referrers/petmr/PETMRschematic.png

Main problem with PET-MR: Photomultiplier tubes in the PET are sensitive 
to magnetic fields

Solution:
a. Two scanners in series
b. Integration of PET-hardware into the MRI-gantry



Non-invasive surgery

Kilde: NIRS, Chiba, Japan



Proton interactions

• Electron interactions (a)
– Ionization
– Excitation

• Nuclear interactions (b-d)
– Multiple Coulomb scattering (b), small 

q
– Elastic nuclear collision (c),  large q
– Nonelastic nuclear interaction (d)
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The Bragg Peak
• A moving particle will loose energy according to 

the Bethe Bloch formula

   
 due to collisions with electrons of the absorber      
material. In addition there is a nuclear 
fragmentation reaction that gives very complex 
alterations of the particle field composition

- As energy decreases, the statistical probability of 
more nuclear interactions increase dramatically, 
and most of the energy is deposited shortly before 
the kinetic energy reach zero



Explain the basic 
construction of a 
scintillation 
detector, and 
discuss the 
difference between 
SPECT and PET

Make a simple sketch 
of a PET-scanner and 
give examples of 
sources of error. 
Discuss why PET-CT 
is still the preferred 
choice

Exercise examples



Finally.....



Slicky tricks
1. When preparing for your exam, don’t get lost in details. Start with the main topics

and be sure you understand them before you start to drill down in the substance
2. During the exam: Keep talking
3. If you have nothing more to say, try to direct the attention slightly to a related topic

of your preferation
4. All amplifiers (more or less), in this course have the same demands: High input 

impedance, high CMRR, protection to the organism, high gain, easy to calibrate
and good frequency characteristics within the physiological spectrum

5. The main goal of this course is to obtain a breadth of outlook in this complicated
field, don’t forget that. A typical question could be to compare different image 
modalities across all chapters.

6. If (on a direct question) you don’t know the answer, try to talk around the question
while closely observing the response from both the examinator and sensor. Very
often, it is possible to discuss yourself towards the answer.

7. Don’t exaggerate the consequence when you’re in, this is no execution. Take your
time, breath calmly and think before you speek and we will have a nice, peaceful
conversation

8. Even if the curriculum for the exam is all of your textbook (except from chapter 9), 
the main focus comes from the lectures.



Good luck!


