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Physical aspects



Electron Interactions w/matter

(b >> a)



Presenter
Presentation Notes
Charged particles, in our case, electrons interact with one or more electrons or with the nucleus of virtually every atom it passes. The majority of these interactions transfer only a small fraction of the particle’s incident kinetic energy. It is customary to think of the electron losing its kinetic energy through a friction-like process gradually until it comes to rest. This is referred to as the continuous slowing down approximation or CSDA. For the sake of comparison, a single photon’s range is impossible to predict. However, an electron can be characterized by an average or common pathlength, or CSDA range. 

The cartoon below depicts the atom with protons in green and neutrons in blue. Electrons are shown in red. The radius of the atom is a. The electron path is shown at the top. B is the classical impact parameter. This is an example of an interaction where b >> a. What is the force that mediates this interaction? The Coulomb field of the particle interacts with the whole atom exciting it to a higher energy level and occasionally ejecting a valence electron with energy of a few eV. This is the most common interaction for electrons resulting in approximately half of the energy transferred to the medium.
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Presenter
Presentation Notes
The cartoon below depicts the atom with protons in green and neutrons in blue. Electrons are shown in red. The radius of the atom is a. The electron path is shown at the top. B is the classical impact parameter. This is an example of an interaction where b >> a. What is the force that mediates this interaction? What are the possible results of this interaction?


Electron Interactions w/matter
(b ~a)



Presenter
Presentation Notes
This is an example of an interaction where b ~ a. What are the possible results of this interaction? 1. Ejection of an atomic electron. These are sometimes referred to as delta rays. These deltas sometimes acquire enough energy to form a separate track of energy loss. Although these interactions are much less probable than the soft interactions, the amount of energy transferred to the medium is comparable.



Electron Interactions w/matter



Presenter
Presentation Notes
This is an example of an interaction where b ~ a. What are the possible results of this interaction? 1. Ejection of an atomic electron.



Electron Interactions w/matter
(b << a)



Presenter
Presentation Notes
This is the case of b << a, where the impact parameter is much smaller than the atomic radius. Here, the Coulomb interaction occurs primarily with the nucleus. About 97% of these interactions result in an elastic scattering of the electron where no new particles or excitation occurs. For electrons this is not a mechanism for energy transfer, yet it does change the path of the electron. In the 2-3% of interactions where there is an inelastic interaction with the nucleus, a photon is created through the bremsstrahlung process. Both the elastic and inelastic interactions are proportional to the square of Z. The radiative interaction depends also on the inverse square of the mass of the particle. The brem photons usually carry away their quantum energy from the interaction site. Brem production is not important below 10 MeV especially for low Z materials.


Electron Interactions w/matter
(b << a)



Presenter
Presentation Notes
Deflection of primary e- through elastic scattering. Bremmstrahlung or braking radiation which produces a photon.


Electron Interactions w/ matter
Stopping power
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Presenter
Presentation Notes
The stopping power of a medium is customarily broken into two components, the collisional term and the radiative term. The stopping power formula calculates the expectation value of the rate of energy loss per unit pathlength with a given kinetic energy for a medium of atomic number, Z. The formula for collisional stopping power includes the soft and hard interaction components. This is the collision mass stopping power. It is proportional to Z and inversely proportional to the atomic mass of the medium. 


Electron Interactions w/ matter
Stopping power

1 /dE 1 Z
— | — = 0.1535— ( —
P (dS )cou 7 352 <A

eFor what do the four terms in the brackets account?
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The stopping power of a medium is customarily broken into two components, the collisional term and the radiative term. The stopping power formula calculates the expectation value of the rate of energy loss per unit pathlength with a given kinetic energy for a medium of atomic number, Z. The formula for collisional stopping power includes the soft and hard interaction components. This is the collision mass stopping power. It is proportional to Z and inversely proportional to the atomic mass of the medium. 


Electron Interactions w/ matter
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eFirst term- soft collisions
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The stopping power of a medium is customarily broken into two components, the collisional term and the radiative term. The stopping power formula calculates the expectation value of the rate of energy loss per unit pathlength with a given kinetic energy for a medium of atomic number, Z. The formula for collisional stopping power includes the soft and hard interaction components. This is the collision mass stopping power. It is proportional to Z and inversely proportional to the atomic mass of the medium. 


Electron Interactions w/ matter
Stopping power
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eFor what do the four terms in the brackets account?
*First term- soft collisions
«Second term- Moller (e-) or Bhabha (e+) scattering (hard coll.)
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The stopping power of a medium is customarily broken into two components, the collisional term and the radiative term. The stopping power formula calculates the expectation value of the rate of energy loss per unit pathlength with a given kinetic energy for a medium of atomic number, Z. The formula for collisional stopping power includes the soft and hard interaction components. This is the collision mass stopping power. It is proportional to Z and inversely proportional to the atomic mass of the medium. 
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Stopping power
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*For what do the four terms in the brackets account?
First term- soft collisions
«Second term- Moller (e-) or Bhabha (e+) scattering (hard coll.)
*Third term- density effect

«Condensed medium stopping power reduced due to atoms
closer to particle polarized and screen distant atoms from
particle’s electric field
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The stopping power of a medium is customarily broken into two components, the collisional term and the radiative term. The stopping power formula calculates the expectation value of the rate of energy loss per unit pathlength with a given kinetic energy for a medium of atomic number, Z. The formula for collisional stopping power includes the soft and hard interaction components. This is the collision mass stopping power. It is proportional to Z and inversely proportional to the atomic mass of the medium. 
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Stopping power
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For what do the four terms in the brackets account?
First term- soft collisions
«Second term- Moller (e-) or Bhabha (e+) scattering (hard coll.)
*Third term- density effect
eFourth term- shell correction

*Born approximation did not account for binding energy of
electrons
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Presentation Notes
The stopping power of a medium is customarily broken into two components, the collisional term and the radiative term. The stopping power formula calculates the expectation value of the rate of energy loss per unit pathlength with a given kinetic energy for a medium of atomic number, Z. The formula for collisional stopping power includes the soft and hard interaction components. This is the collision mass stopping power. It is proportional to Z and inversely proportional to the atomic mass of the medium. 
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Stopping power
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Presentation Notes
The formula for radiative stopping power includes


Electron Interactions w/ matter
Stopping power

—Collisional Stopping power (MeV/cm)
-=Radiative Stopping power (MeV/cm)

Total Stopping power (MeV/cm)
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Presenter
Presentation Notes
The formula for radiative stopping power includes


Electron Interactions w/ matter
Stopping power

—Collisional Stopping power (MeV/cm)
-=Radiative Stopping power (MeV/cm)

Total Stopping power (MeV/cm)
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Presenter
Presentation Notes
The formula for radiative stopping power includes


Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on the interacting medium?
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e How does S_,,/p depend on the interacting medium?

oZ/A



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on the interacting medium?

oZIA
e-In |



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on the interacting medium?

oZIA
eInl
*Which is greater S_,/p (Pb or Be) at 20 MeV?



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on the interacting medium?

YAV
eInl
*Which is greater S_,/p (Pb or Be) at 20 MeV?
e Be 1.623 MeV cm? gt vs. Pb 1.277 MeV cm? g1



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on particle velocity?



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on particle velocity?
o1/B?



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on particle velocity?

o1/B?

This Is the reason for the steep rise in S_,,/p and Bragg peak
(Heavy ions)



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on particle mass and charge?



Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on particle mass and charge?
*None
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e How does S_,,/p depend on particle mass and charge?

*None
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Electron Interactions w/ matter
Stopping power

e How does S_,,/p depend on particle mass and charge?

*None
072



Electron Interactions w/ matter
Range

» What is the Range, R, of a charged particle?



Electron Interactions w/ matter
Range

» What is the Range, R, of a charged particle?
 Expectation value of pathlength, <p>, until it comes to rest



Electron Interactions w/ matter
Range

» \What is the projected range, <t>, of a charged particle?



Electron Interactions w/ matter
Range

« What is the projected range, <t>, of a charged particle?

 Expectation value of farthest depth, t;, of the particle in its initial
direction



Electron Interactions w/ matter
Range

Vacuum | Medium




Electron Interactions w/ matter
Range

* What is the CSDA range, of a charged particle?




Electron Interactions w/ matter
Energy deposition

*Assume parallel beam of e-, perpendicular to “thin” foil, Be
Electron energy, 10 MeV
Calculate average energy deposition in foil




Electron Interactions w/ matter
Energy deposition

*S.,//p for Be at 10 MeV = (1.527 MeV-cm?/g)(1.848 g/cm?3) =2.905 MeV/cm
*AE=(2.905 MeV/cm)(0.1 cm)= 0.2905 MeV




Electron Interactions w/ matter
Energy deposition

*S.,//p for Be at 10 MeV = (1.527 MeV-cm?/g)(1.848 g/cm?3) =2.905 MeV/cm

*AE=(2.905 MeV/cm)(0.1 cm)= 0.2905 MeV
eActual answer = 0.262 MeV or an 11% overestimate

*\Why?




Electron Interactions w/ matter
Energy deposition

eActual answer = 0.262 MeV or an 11% overestimate
*\Why?

Delta rays escape the foil and for higher Z foils, bremsstrahlung
*How to rectify?




Electron Interactions w/ matter

Energy deposition

*Actual answer = 0.262 MeV or an 11% overestimate

*\Why?

Delta rays escape the foil and for higher Z foils, bremsstrahlung
*How to rectify? Add buildup to establish CPE

*0.2905 MeV vs. 0.28 MeV, ~3% error or less




Electron Interactions w/ matter
Energy deposition

Do all electrons lose an identical amount of energy when traversing foil?




Electron Interactions w/ matter

Energy deposition

Do all electrons lose an identical amount of energy when traversing foil?
*No, why?
*And what would the energy loss distribution look like?




Electron Interactions w/ matter
Energy deposition

*And what would the energy loss distribution look like?

Probability of Energy loss in 0.1 cm Be foil, 10 MeV electron beam

[\ ==Relative Probability

/N

T

0.00 005 010 015 020 0.25 030 035 040 045 050 055 060 065 070 075 0.80 085 090 095 1.00
Energy (MeV)




Electron Interactions w/ matter
Restricted Stopping power

— Restricted Mass Stopping Power (L/p),:

VARRZ

o AKA LET (linear energy transfer) or energy loss per
unit path length (for local absorption not radiated
away)




Electron beam characteristics

Rapid rise to 100%

Region of uniform
dose (proximal 90% to
distal 90%)

Rapid dose fall-off
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Electron beam characteristics- surface dose
6 x 6 cm? 4 & 20 MeV e- beams on large H,O tank

Net E entering
4 MeV. 3.99334 MeV
20 MeV: 19.99691 MeV

Vacuum e- l

AE
4 MeV: 0.01736 MeV
20 MeV: 0.02096 MeV

Water

Net E leaving
4 MeV. 3.97598 MeV
20 MeV: 19.97595 MeV




Electron Energy Specification

. E (the average energy of the spectrum) .-, ey

0

. E (most probable energy @ surface)
pO

- E (average energy at depth z)
/

RELATIVE IDNIZATION and DOSE

Rp=&£25cm



Electron Energy Specification

* Energy specification:

— R, - depth of the 50%
dose

— R, - maximum range
of electrons
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Figure 14.3. Depth dose curve illustrating the definition of R, and Aso.




Electron Energy Specification

Enominal (Ep)o Eo

(MeV) (MeV) (MeV)
6 6.49 5.94
O .34 8.78

12 12.25 11.64
16 15.54 14.76
20 20.54 19.19

— Average Energy (Ey): MDACC 21EX

Eo= (233)R,,

— Most Probable Energy (E,):

E,.= 022+198xRp+0.0025x Rp”
— Energy (E,) at depth z

AAPM TG-25 Med Phys 18(1), 73-109 (1991)




Determination of Absorbed Dose

e Calibration in water with 1on chambers

— ADCL-calibrated system

 Cylindrical-chamber reference point located
upstream of the chamber center by 0.5 r_,,

— Reference conditions 100 cm SSD for a 10x10
cm? field

— Formalism:




Depth-Dose Distribution

Dose Is calculated from 1onization
measurements:

w

{M X(I,;J x( CD):rx Pt

%Dy, = x100

{numerator .}

e M Is 1onization

C IS the ratio of water-to-air mean restricted
stopping powers

C IS the ratio of water-to-air fluence

* Pp IS @ chamber replacement correction



Clinical aspects and dosimetry



Characteristics of clinical
electron beams

Varian 2100C SN 241 Electron (1
Percent Depth Dose

.;'3 PN~

71\ \ )

Depth (mm)




Characteristics of Clinical
Electron Beams

e Surface Dose:
— Surface dose with electron energy

Low Energy © High Energy e

Fluence =(#),

Fluence (’)Zmax = é:s);

Figure 14.10. Schematic illustration showing the increase in percent surface dose with an
increase in electron energy. From Khan FM. Clinical electron beam dosimetry. In: Keriakes
JG, Elson HR, Born CG, eds. Radiation oncology physics—1986. AAPM Monograph No. 15.
New York, American Institute of Physics, 1986:211. From: Khan




Characteristics of Clinical

Electron Beams

e Depth of the 80% Dose:
— Equal to approximately

Enominal Enom /2.8

MDACC

— Depth of 90% is approximately 21EX

Enominal Enom / 3.2




Characteristics of clinical
electron beams

 Practical Range:
— Equal to approximately ~ nominal energy:

Enominal Enom / 2

— Energy loss is about
MDACC 21EX



Characteristics of clinical
electron beams

o X-Ray Contamination:
— Increases with energy:

— Varies with accelerator design
— Defined as Rp+2 cm

Enom X-ray %

MDACC
21EX




Characteristics of clinical electron
beams

Electron beam energy E,

e Accelerator Accelerator window
d es | g N A _ Scattering foils
. . — Transmission chambers, ete.
variations
— Penumbra
— X-ray
Contamination

Treatment field area

Final electron beam collimator

// .
%ﬂ: v/ .' FPhantom or patient surface

d, depth for specifying
field flatness

80% of dimension

Treatment field




Characteristics of clinical
electron beams

 Penumbral Effects:

— Low energies show expansion of isodose values

— High energies show constriction of high isodose values
with bowing of low values.



Electron Beam Dosimetry
Isodoses (6 MeV)




Electron Beam Dosimetry
Isodoses (20 MeV)




Electron Beam Dosimetry
PDD- effect of field size (6 MeV)

Varian 2100°s 6MeV Electrons
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Electron Beam Dosimetry
PDD- effect of field size (20 MeV)

Varian 2100°s 20MeV Electrons

Central Axis Depth Dose @ 100cm SSD
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Electron Beam Dosimetry

Beam abutment




Electron Beam Dosimetry
Beam abutment- electrons (6 & 20 MeV)




Electron Beam Dosimetry

Beam abutment- electrons (6 & 12 MeV)




Electron Beam Dosimetry

Beam abutment- electrons

Absolute

BEO0,0 oGy !
SR00,0 Gy ,
SRO0, 0 Gy ,

5300,0 by — L

4300,0 oGy
4500,0 oGy
4000,0 Gy

Slice 107: 7 = 1,725

Absolute Absolute !
BEOD,0 cly SR, 1]
SRO0L0 oGy . 5a00, 0 chy
BR00,0 oGy 500,00 chy R
0300,0 cby B300,0 chy f

. ¢ N

M \
4300,0 by o L 4300,0 cby
4500,0 oGy 1 e Gy
4000,0 oGy . 20 by oL
9 MeV e- | k| b i
I o

Slice 218: ¥ = -4,883 Slice 327: ¥ =




Electron Beam Dosimetry
Beam abutment- photon & electron (6 MeV & 6 MV)




Electron Beam Dosimetry
Beam abutment- photon & electron (6 MeV & 18 MV)




Electron Beam Dosimetry

Beam abutment- photon & electron (IMC & tangents)

Absolute
BRO0,0 by

BE00,0 chy
5500, chy
00,0 ey 9 MeV e-

6 MV photon

5200,0 cly

4900,0 cby
400,00 cby
4000,0 chy

L7

A
Slice 13 \

Absolute / . Abgolute
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Electron Beam Dosimetry

o Obliquity Effects
— Oblique incidence results in
pdd shifts

Percent Depth Ddse

1 2 3 4 5 8 7
From: Khan — - Depth (cm)




Electron Beam Dosimetry
Obliquity effects

Dose Comparison

Trial,  Trial_1 — | i e - Trial; Trial_2

Trial 1
Abzolute

00,0 cby

00,0 chy
G00,0 chy




Electron Beam Dosimetry
 Field Shaping:

— Lead and/or Cerrobend is normally used
— Thickness should be sufficient to stop electrons:

t=mm Pb
E, = Nom E (MeV)

Lead / Cerrobend Recommended Shielding Thicknesses
(Thickness in mm to completely absorb electrons only)

12MeV | 16MeV | 20 MeV
| lead | 30 | 44 | 61 | 79 [ 101
3.6 5 .

4 6.1
| _Cerrobend | 36 | 53 | 73 | 95 | 121 |

(Reference: AAPM TG — 25, Med Phys 18, 73, 1991.)




Electron Beam Dosimetry

e Contour Irregularities:

— Sharp contour irregularities
result in hot and cold spots

e Bolus:
— Place as close to skin as

possible
— Use tissue-equivalent
material
— Bevel bolus to smooth shar
P OED CIEiCICE
edges INEDZ8SNANE
!-—4“-\L N

From: Khan



Electron Beam Dosimetry

o Effects of
Inhomogenelities:

— CET - coefficient of
equivalent thickness _
Tissue CET

— The CET of a material Tung 025
IS approximately equal Bone 1.65
to its electron density
relative to water

d, =d-z(1-CET)

From: Khan



Electron Beam Dosimetry

e CET:
— Sample calculation d_ =d-z(1-CET)

For Lung:
d,=3-1(1-0.25)=2.25cm

For Bone:
d,=3-1(1-1.65)=3.65cm




Electron Beam Dosimetry

e Internal
Sh |eld|ng L | A dose enhancement of
about 50% could be
— Used to protect expected in a 6-MeV
tissues beyond . electron beam
treatment
volume

-—
wn

:-.
=~

-
w)

[
o
-
e
§
-
=]
d
F-]
4§-
u
2-
W

—
bed
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From: Khan (Note E in MeV)



Electron Beam Dosimetry

 Internal Shielding:

— Reduce the intensity
of backscatter by
Introducing a tissue-
equivalent absorber
upstream from the
shield

Electron energy at
the scatterer -

F 5. %W .15 2 25 0 B W
Scafterer =~ Depth 'up-stream’ {mm) '
surface S

From: Khan



Electron Beam
Monitor-Unit Calculations

 Electron-beam monitor units (MU) are normally
calculated to a point at d ., along the central axis

» A dose Dg, that is prescribed to a point other than
d.. Can be related to the d ., dose D, through
the precription isodose level %D:




Electron Beam
Monitor-Unit Calculations

 The MU setting (MU) that is necessary to deliver
a dose Ddmax Is a function of the electron beam’s
“output” (in cGy per MU) at the calculation point:

* Here O ¢gp IS the dose output as a function of
field size (FS) and distance (SSD)



Electron Beam
Monitor-Unit Calculations

e For an electron beam calibrated such that 1 MU =
1 cGy at 100 cm SSD for a 10x10 field at d_.....:

Electron-beam output for a field size
/ FS at a distance SSD

OFs, ssb = (010,100) x (OFFs) x (Fssp)

max*

Calibrated output for a Output factor for field Distance-correction factor
10X10 cm field at 100 size FS relative to field for distance SSD relative
cm SSD size 10X10 to 100 cm SSD




Monitor-Unit Calculations

* Field-Size Corrections OF¢:

— Field-size corrections generally account for the aperture
produced by two devices:
» Cones or Applicators, and Customized Inserts
— The field-size dependent output factor OF ¢ can then be
thought to consist of cone and insert output factors,
OF and OF:

OFFg OFCS* X OFIS




Monitor-Unit Calculations

* Field-Size Corrections - OF ¢ s

— When used separately, cone factors, OF ., are
normalized to the 10x10 (or 15x15) cone, and insert
factors, OF,, are normalized to the open cone into
which inserts are placed

— Alternatively, they can be combined into a single factor,
OFs |5, that Is normalized to the open 10x10 (or to the
15x15) cone :

OFrs = OFcs x OFi1s = OFcs. 1s




Monitor-Unit Calculations

» Field-Size Corrections - OF ,,

— For rectangular fields, the field-size dependent output
factor, OFg, Is determined from square-field output
factors using the “square root method”. Thus, for a
rectangular field LxW:

OFLw =/ OFLxw x OFwxw

— For example, the 4x12 output factor OF,_ ., Is the
square-root of the product of the 4x4 output factor,
OF, .4, and the 12x12 output factor, OF, 1,



Monitor-Unit Calculations

 Distance (SSD) Corrections Fqep:

— The variation of electron-beam output with distance does
not follow a simple conventional inverse-square
relationship

* Due to attenuation and scattering in air and in beam collimation
and shaping devices

— Distance corrections take two forms:

» Use of an “effective SSD” that can be used in an inverse-square
fashion

» Use of an “air-gap factor” that can be used in addition to a
conventional inverse-square factor



Monitor-Unit Calculations

 Distance Corrections - SSD

— Assuming that an inverse-square relationship exists in
which a reduced distance to a “virtual” source of
electrons exists, then the distance correction, Fp IS:

SSDett 4+ dm

Fsso = |SFssperr =

SSD:t + dm+ g

« where SSD Is the effective (or virtual) SSD and g is the
distance (gap) between the “nominal” SSD (100 cm) and the
actual SSD; d_, is the d., depth



Monitor-Unit Calculations

 Distance Corrections - SSD  :

— The “effective SSD” is a virtual distance that is utilized
so that an inverse-square approximation can be used

» Effective SSDs vary with energy and field size as well as with
electron collimation design

Varian 2100C SN 241 - 6 MeV Virtual SSDs

100.0
80.0
60.0
40‘0 @
20.0

0.0 5.0 10.0 15.0

E
L
a
5
>

’—0— 10 cmgap ‘ Side of Equivalent Square




Monitor-Unit Calculations

» Distance Corrections - f_;:

— An alternative method of applying distance corrections
utilizes a conventional inverse-square correction and an
air gap factor, f.; , that accounts for the further

reduction in output that is unaccounted-for by the
Inverse-square correction alone:

SSDwom + O jz
X fair

Fsso = ISFsspoom+ g =| —m————
SSDnom + dm + g

e SSD,,, IS the nominal (100 cm) SSD




Monitor-Unit Calculations

« Distance Corrections - f_; .
— f

also varies with energy and field size (it is derived

air

from the same data set that can be used to also
determine SSD )

— For rectangular fields, as with any electron field-size
correction, the square-root method is used:

faierw — 1/ faierL X faierw




Monitor-Unit Calculations

e Use of Bolus:

— When bolus is used, the depth-dose curve shifts
“upstream” by a distance equal to the bolus thickness
(e.g. iIf 1 cm bolus is used, the depth of dmax shifts by a
distance of 1 cm toward the skin surface)

— The output at this shorter distance Is:

SSD +dm—b)2

OSSD, b = OSSD X (SSD + dm

* where b is the bolus thickness in cm, and SSD is the nominal
SSD



Electron Monitor-Unit
Calculations - Sample Problems

1. What energy beam is appropriate for the
treatment of a lesion to a depth of 4 cm ?

2. What is the highest energy beam that can
be used In a treatment situation to protect an
organ-at-risk 6-cm deep?




Electron Monitor-Unit

Calculations - Sample Problems

1. What energy beam is appropriate for the
treatment of a lesion to a depth of 4 cm ?

(19{] = E/3.2 —> E = (190 X 3.2 — 4 X 3.2 ~y 12 hﬂ[e\?

2. What is the highest energy beam that can
be used in a treatment situation to protect an
organ-at-risk 6-cm deep?

R,=E2 5> E=R,x2=6x2=12MeV



Electron Monitor-Unit
Calculations - Sample Problems

3. Roughly, what is the energy of a 12 MeV electron
beam at a depth of S cm?




Electron Monitor-Unit
Calculations - Sample Problems

3. Roughly, what is the energy of a 12 MeV electron
beam at a depth of 5 cm?

E 1ost = (2 MeV/Cm)X dem=2x5=10 MeV

E et = Einitial —E 10st =12-10=2 MeV




Electron Monitor-Unit
Calculations - Sample Problems

4. What is the monitor-unit setting necessary to deliver
a dose of 200 ¢Gy per fraction to d,,; using 9 MeV
electrons, 10x10 field, at 100 em SSD?




Electron Monitor-Unit
Calculations - Sample Problems

4. What is the monitor-unit setting necessary to deliver
a dose of 200 cGy per fraction to dpay USING 9 MeV
electrons, 10x10 field, at 100 cm SSD?

MU:/ (D%DL%/lOO)) \

(010,100 x OF ks x OF SSD)
\ )

_| 200 _
MU = ( AO) x (1.0) x (1.0 )) =20




Electron Monitor-Unit
Calculations - Sample Problems

S. What is the monitor-unit setting necessary to deliver
a dose of 200 ¢Gy per fraction to dx using 9 MeV
electrons, 6x10 field in a 10x10 cone, at 100 cm SSD?




Electron Monitor-Unit
Calculations - Sample Problems

5. What is the monitor-unit setting necessary to deliver
a dose of 200 cGy per fraction to dp,a USiNg 9 MeV
electrons, 6x10 field in a 10x10 cone, at 100 cm SSD?

OFLw = \/O FLx x OFwxw
OF 6x10 = 4/ OF 6x6 x OF 10x10 = /1.003x1.0 =1.002

=199.6 — 200

1.0) x (1.002) x (1.0))

_| 200
e




Electron MU Sample Problems

6. What is the monitor-unit setting necessary to deliver a
dose of 200 cGy per fraction to the 90%b isodose using 9
MeV electrons, 6x10 field in a 15x15 cone, at 105 cm SSD?

FSSD - ISFSSDnom +09 — (

SSDrom+ O )
X fair
SSDnom + dm + g

Fssp =

( 100+ 2.3

2
x 4/0.978x 0.984 = 0.909% 0.981 = 0.892
100+ 2.3+5

OF 2o — \JOF 6x6 x OF 10x10 = 4/0.997 x1.003 =1.0

(20%90/100)) ( 222.2

(1.0x1.0x0.892) | | 0.892

j = 249.1 - 249




Electron MU Sample Problems
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Electron MU Sample Problems

Lt Infraclav Boost

Machine

Machine Varian 2100
Energy 16e
Prescription

Dose 150.0 cGy
Rx Isodose 100 %
Parameters

SSD 102.0 cm
Applicator 15x15
Eff Field Width 12.0 cm
Eff Field Length 9.0 cm
Eff Field Defined at 100 cm
Skin Coll Correction NO
Eff Skin Coll Width 15.0 cm
Eff Skin Coll Length 15.0 cm
Results
MU/fx for this field 157
RTP MU/fx for this field -N/A-
Difference (%) -N/A-
Modifier Mode Factor
Maodifier Factor 1.000
Bolus None
Electron Output Factor 0.996
Air Gap Factor 0.995
IVSQ Factor 0.962
Skin Coll Factor --N/A--
Dmax 34cm
Depth: 100 % isodose (cm) 34cm
Depth: 90 % isodose

Depth: 10 % isodose

Monitoring

Dose at Dmax

Acceptable Range

Diode/TLD Reading




Electron MU Sample Problems

Varian 2100 Electron output factors
16 MeV 15x15 cone

Insert size

ssD_[ 15 | 10 | 6 | 4 | 3 | 2 |
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