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Welcome to Nuremberg 
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…a short lecture on local dialect 
…just read it loud… 

Ulcer des hot me fie an reason air-guides cost on fill air-bat – supper lot 

~prepared with ambition and a lot of work, my god !  (well, but I like it :-) 

Way an mention blows a zoo a blade sin I felt – des buggy fie net 

~ unbelievable how funny things can come to one’s mind 
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C.W. Röntgen 
Würzburg 1895  (just +100 kM from here) 
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Early Breast Therapy (Chicotot 1897) 
 …in the Good ol’ Times of Positivism 

n.b. only 2 

years after 

the discovery 

of x-rays! 
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Leopold Freund, Vienna 1897 

5 yo Girl with Naevus Pigmentosus Piliferus 

Radiotherapy can treat 30% cancers while Chemo/Biotherapy 2% - But considered 
as the “sticking plaster” of oncology”   

        S. Webb 

70 years after Treatment 
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The Principle of Radiation Therapy 
…just in a Nutshell… 

NTCP 

TCP 
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Projectiles for RT 
Photons vs. Charged Particles 

Photons: indirectly ionizing, few primary 

interactions, dose deposition by secon-

dary electrons  
 
build-up region, Dmax and falloff (electron equilibrium) 

 

Protons: directly ionizing, many primary 

interactions 

  
Low proximal dose deposition, Bragg-Peak , sharp distal fall-off 

More pronounced for heavier ions like 12C 
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Photon Depth Dose Curves 
Build-up effect 

Dose Maximum in 

some cm depth 

Lower Dose to Skin 
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X-ray dose deposition 



Protect, Enhance and Save Lives - 11 - 

X-ray tube 
Up to some 100s of kV 

How to raise the 

acceleration 

voltage ? 
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Alternative: Radioactive Source 
Modern Cobalt unit  (ICC) 
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A failed attempt…. 
1928: Curt Urban, Arno Brasch, and Fritz Lange successfully achieved 15 MV  by harnessing lightning in the Italian Alps ! 

 

 

 

 

 

 

 

 

 

 

 
 The two who survived the experiment went on to design an accelerator tube capable of withstanding that voltage. 

15 MV, 

but…. 
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Cockroft-Walton (Voltage Multiplier) 

1st accelerator-induced nuclear reaction (1930) 
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Van-de-Graaf Accelerator 
Mechanical Charge transport 
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Tandem Accelerator (up to ~ 20 MV) 
Weizmann Institute of Science, Israel 

Largest static field 

accelerators, but not 

appropriate for electrons 

 

Workhorses of Nuclear 

Structure Physics! (1970s) 
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The Betatron 
…a kind of Transformer…. 

Electron beam is 

the ‘secundary coil’ 
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1st Betatron in Germany 
Göttingen 1951 
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Betatron 
1st Generation of Medical Accelerators 
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LINAC concept 
Wideröe 1929 

R. Wideröe proposed an 

accelerator by using an 

alternating voltage across many 

alternating “gaps.” 

  

It was not without a myriad of 

problems  

 

- Focusing of beam 

- Vacuum leaks 

- Oscillating high voltages 

 

His professor refused any further 

work because it was “sure to fail.” 

 

Wideröe still published his idea in 

Archiv für Elektrotechnik 
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LINAC with drift tubes (Varian) 



Protect, Enhance and Save Lives - 22 - 

Varian LINAC 
Drift Tubes 
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Alternative: Travelling Wave 
…but phase speed must be < c 
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Travelling Wave LINAC 

Phase speed of wave must be < C ! 
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25 
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26 
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Waveguide (ELEKTA) 
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Waveguide of ELEKTA LINAC 
Travelling Wave Tube 
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Varian LINAC 
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LINAC Block Diagram 
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How to create the RF 
Magnetron 
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Magnetron 
RF generation in resonant cavities 
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…you have a Magnetron in your kitchen… 
Cheap and powerful microwave source 
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Alternative: Klystron 
…invented by broth. Varian… 

The Klystron is a microvave amplifier, needs low-power Rf input 
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Beam Generation (ELEKTA) 
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37 
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Chromatic aberration 
And other aberrations 
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Achromatic Deflection (ELEKTA) 
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LINAC head 

Photon 

mode 

electron 

mode 
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Depth-Dose Profile for PHOTON (g) radiation 
 

Dose 

Depthh 

Healthy tissue gets more dose than tumor ! 
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Isocentric Gantry: rotation around tumor 

Superposition of rectangular fields 

Dose maximum in the tumor region ! 

But: could one achieve a better 

conformity of dose distribution, 

specially for such cases: 

Tumor 

Organ at risk 
(OAR) 

Solution: Isocentric Gantry 
Field superposition: …a lot to a little, a little to a lot 
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4 Field Box 
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Development of conformity in RT 
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Multileaf Collimator in LINAC 
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3D conformal Therapy 
Adapt collimator opening to tumor shape 
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Conformal Arc 
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Computed Tomography (CT) 
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Thorax- conv. X-ray vs. CT 

Conventional x-ray Coronal section from 
multi-slice CT 
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IMRT and CT 

CT:  

take pictures 

(=modulated 

intesity) under 

many angles 

 

Reconstruct 3-D 

density distribution 

IMRT:  

Irradiate with modulated 

intensity pattern from many 

angles 

 

create 3-D dose distribution 
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IMRT  

                       

         

 

                                

 

•As the treatment head arcs, 

“leaves open and close to 

control the amount of 

radiation given in each 

“beam’s eye view.” 

•This creates the ability to 

tightly sculpt dose. 
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IMRT 
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3D CRT vs. Conformal arc 
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Step-and-shoot delivery of IMRT 
Static segments form a field 
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Sliding Window delivery 
Dynamic collimator motion during field delivery 
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VMAT delivery 
Volumetric Modulated Arc 
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Vmat H&N Plan 
MONACO plan vs. COMPASS measurement 
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RapidArc Treatment 
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Tomotherapy 
Helical delivery 



Protect, Enhance and Save Lives - 63 - 

Anpassung des Dosisprofils 

CONV + 

CONV 
CONV + 

3D CRT 

IMRT + 

IMRT 
S boost + 

IMRT 
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Portal Imaging (EPID) 
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Cone-Beam CT imaging 
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Image Guidance 
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Projectiles for RT 
Photons vs. Charged Particles 

Photons: indirectly ionizing, few primary 

interactions, dose deposition by secon-

dary electrons  
 
build-up region, Dmax and falloff (electron equilibrium) 

 

Protons: directly ionizing, many primary 

interactions 

  
Low proximal dose deposition, Bragg-Peak , sharp distal fall-off 

More pronounced for heavier ions like 12C 
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 In April 1929, UC Berkley’s youngest 

Physics professor happened across 

Archiv fur Elektrotechnik. 

 

 Not able to read German he just looked 

at the diagrams and pictures of the 

journal. 

  

 Immediately after seeing Wideröes 

schematic, Lawrence fully 

comprehended it’s implications.  He 

was excited !   

 

The other way…round! 
E.O. Lawrence 1929 
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Cyclotron concept 
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Cyclotron concept 
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1st Cyclotron….1.1 MeV Protons! 
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Limitation of Cyclotron 
Relativistic mass increase 

Isochroneous Cyclotron 

Synchrocyclotron 
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Proteus Plus – Isochronous Cyclotron 
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Gantry 
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Protons vs. IMRT 
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Proteus One 
Superconducting Synchrocyclotron 
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S2C2 
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Pencil Beam Scanning 




