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Disclaimer: The following is an overview of physics constants, equations, & concepts that might be helpful in
preparing for the Part 2 exam that are not provided by the ABR on exam day. Visit
http://www.theabr.org/ic-rp-calc for the list of constants provided on exam day. The accuracy of the
information in this handout is not guaranteed nor is it intended for clinical use. Use at your own risk.

1. General
1.1. Important Constants
27 . cGy-cm?/h =
lamu 1.66x10“" kg = 931 MeV 1 U (air kerma strength) )
uGy-m-/h
1Ci 3.7x10™° Bq = activity of 1g ***Ra 1R 2.58x10™ C/kg
R-to-rad in air | 0.876 rad/R = 0.876 cGy/R 1 mgRa eq 8.25x10“ R/h

1.2, Isotopes —y Emitters

Isotope | Ty (R-cm?*/mCi-h) | Avg.yE (keV) | HVL in Pb (mm)
*%Ra | 8.25 (R-cm®/mg-h) | 0.83 MeV 14
s 4.69 0.38 MeV 2.5
(e 3.26 0.66 MeV 5.5
®Co 13.07 1.25 MeV 11
122 1.46 28 keV 0.025
%pq 1.48 21 keV 0.01
8Au 2.38 0.41 MeV 2.5

1.3. Isotopes — B Emitters
* %51 (0.546 MeV, 28.8 y) > Y (2.28 MeV, 64 hr) > *zr
e 8951 (1.46 MeV, 50 d) > *Y
* Electron range in air: 4 m for 2 MeV

2. Radiation Protection

2.1, Dose Equivalent & Effective Dose Equivalent
wr = weighting factor for tissue, T (unitless)
Hgp = z wrHr H:= dose equivalent delivered to tissue T (Sv)
T

wp = relative weighting factor for radiation R (Sv/Gy)
z wrHr z wgrDr Dr= absorbed dose delivered to tissue T from radiation R (Gy)
T R

He = effective dose equivalent (Sv)




2.2, Permissible Doses

Exposure Limits

Occupational 50 mSv/y Public

Lens 150 mSv/y Frequent 1 mSv/y

Extremities 500 mSv/y Infrequent 5 mSv/y

Cumulative Age (y) x 10 mSv/y Lens, other 50 mSv/y
Fetal 5 mSv total

0.5 mSv/mo
Transporting Radioactive Isotopes
White | Yellow Il Yellow Il

Max surface (mrem/h) 0.5 50 200
Transport index 0 1.0 10

Cancer Induction Probability

5% per Sv (ICRP 60)

2.3. Shielding

Primary: P = V';L;T B, Secondaryscaer: P = %% Bg | Secondaryicaage: P = %
P = permissible dose T = occupancy factor U = use factor
W = workload (500-1000Gy/WKk) Work areas =1 Floor=1

Corridors, Offices = %- % Wall =%,

Waiting Rooms, Bathrooms = 1/16-1/8 Ceiling=%-%

a = scatter-to-primary ratio off the scatterer at 1m

F = field size at scatterer

Rule of thumb: If secondary & leakage barriers differ by at least 3 HVLs, the thicker of the 2 is enough.

Otherwise, add 1 HVL to the thicker of the 2.

Skyshine

BysDjo213
Photons: D = 0.249x10° =—
d?d?

Neutrons: H = 0.84x107° —B”fj;oﬂ

l

D = dose equivalent rate at ground level (nSv/s); D, = x-ray dose rate at 1m from target (cGy/s)

Q = solid angle of radiation beam (steradians); Bys=roof shielding transmission ratio

D; = distance (m) from xray target to 2m above roof; ds = distance (m) from iso to pt. where dose equiv rate is D

H = nSv/s due to neutrons at ground level; B,s=roof shielding transmission ratio for neutrons

®, = neutron fluence rate (cm™s™) at 1m from the target

Typical TVLs (cm)

Energy (MV) 120kVp (cT) 6 10 15 18 20
Concrete 6.6 35 40 44 45 46
Lead 0.09 55 5.6 57 57 5.7

2.4. Scatter & Secondary Particles
¢ Max energy of 90° Compton scattered photon = 0.511MeV

* Photoneutron production energy threshold for photons = 10MeV




2.5. Radioactive Seed Disposal
* Seeds can be discarded after 10 half-lives

3. Monitor Unit Calculations

3.1. General Equations
SAD Setup (TPR/TMR/TAR): SSD Setup (PDD):
D D
MU= SAD + dpay)’ MU= SAD + dpmax )’
Sc(r)Sp(ra) TMR (ry, d)OF (—SSD +’§a") Sc(1.)S,(ra,,,. )PDD(r,d)OF <—ssp +Tgax)

r = field size at surface ry =field size at calc point r. = coll. setting at SAD
d = depth of calc point d;.x = depth of max dose OF = other factors — wedge, tray, off-axis

3.2, PDD to TAR/TMR Equations

PDD(r,d) /SSD +d
TAR(ry,d) = ( )( max

PDD(r,d) (SSD + dmax>2 Sp(Tayar)
100 SSD +d

2
BSF TMR(rg, d) =
) ) (ra, d) 100 \ ssD+d /) ~S,(ra)

3.3. PDDs at SSD, to PDDs at SSD,

2

SSD, + dmax>2 ( SSD; +d )

PDDsgp, = PDD (
$5Dz $SP1\ $SD, + d SSD; + dpayx

3.4. SAR Equations

SAR(d,ry) = TAR(d,ry) — TAR(d,0) SAR isolates scatter component from TAR values
TAR = TAR(d,0) + SAR Irregular fields: TAR is obtained & used for MU calcs
3.5. Penumbra, Gap, & Collimator Rotation Equations
s(SSD +d — SCD) d( Ly L, ) L/2
= = - + = —
Fa SCD 99 = 2\ssp, " 55D, tanfeon = 5o

d = prescription depth SCD = source collimator distance L;, = size of field 1 or 2
s = source focal spot size (=3mm for linac) O, = collimator angle for CSl field

3.6. Beam Characteristics — Photons & Electrons
Note: approximate values for 10x10; values vary between linacs
dimax %DD (0cm) %DD (10cm) TPR (10cm)

6 MV 1.5 49 67 0.84

10 MV 2.8 33 74 0.88

15 MV 2.9 30 77 0.89

18 MV 3.5 17 79 1

6 MeV 1.5 72 Electron Beam Properties:

9 MeV 2.3 78 dgo (cm) = E(MeV)/4  dg (cm) = E/3
12 MeV 2.9 82 range = E/2
16 MeV 36 89 E,=E(1—-d/R,) E,=24Rs,
20 MeV 2.1 91 Pb shield thickness: 0.5mm/MeV; Cerrobend 20% thicker




3.7. Heterogeneity Corrections

"~ TAR(dy + dy + d3)

CF corrects the dose calculation for heterogeneities.
The MU will be increased by a factor of 1/CF.

3.8. Wedges
3.8.1. Hinge Angle

ewedge = ‘Phinge/z

Owedge = Wedge angle

Phinge = hinge angle = angle between central axes of wedge fields

3.8.2. Universal Wedge Angle

B = weight of wedged field = Dyeqge/Drot

tan Osimutatea = B * tan O niversal Duwedge = dose from universal wedged field

Dyot = total dose prescribed

3.9. Timer Error

M, = nM(tshort +At) = M(ttot + nAt)

ttot(MZ - Ml)

M, = M(t;; + At At =
2 (teot ) M, — M,

M= charge collection rate  n = number of short measurements (210)

tshort = Short measurement time At = timer error  tyr = Ntghore = total measurement time

M; = total charge collected over n short measurements

M, = total charge collected over 1 measurement session of length t;.

3.10. Patient Thickness vs. Dose Uniformity

Max:Midline Dose
Energy .
30cm Thickness
®co 1.4
amVv 1.25
10MV 1.15
24MV 1.05

See Khan 3™ ed. p. 211-2
Dose ratios start at 1.0 for 10cm thickness

Dose ratios increase approximately as thickness squared

3.11. Compensators, Bolus, & Spoilers

* Compensators —account for missing tissue while maintaining buildup region

* Spoilers —increase angular spread of phase space of electrons; degrade electron beam energy

* Bolus — shift PDD buildup region toward skin surface

T
te= TD—

t. = photon compensator thickness
TD = tissue deficit (cm)

Pe T = thickness ratio, function of distance between compensator & absorber

P = density of compensator material




4. Dosimetry
4.1. TG-51

Overview: The TG-51 protocol yields absorbed dose in water in Gy at the point of measurement in absence of
the ion chamber. Must be performed in a water phantom of at least 30 x 30 x 30cm.?

Photon Beams: energies between®Co and 50MeV

11—V, /v,
DY = MkoNp,C° M = MyaPionPpoiPetecPrp p, = H
Q raws ion® po elec on Mﬁaw/M‘,l«laW _ VH/VL
_ 1Moy — M7ay 2732+T 760
Ppol - +/- Prp =
M 2732+ 220 P

D‘?, = dose to water for beam of quality Q determined by %dd(10),

M, qw = uncorrected chamber reading

kq = quality conversion factor

Correction factors: Pjon = recombination Py, = polarity P =electrometer Prp = temperature-pressure

Electron Beams: energies between 4 and 50MeV

DY = Mkecarkp, PANgoC dref = 0.6Rso — 0.1cm
pQ _ raw(dref + O-Srcav) Ro — { 1.0291; — 0.06 2 <15, <10cm
gr Myan (drer) 50 71 1059150 — 0.37 Iso > 10cm

Kecar = photon-electron quality conversion factor (chamber dependent)

k,’250 = electron quality conversion factor (chamber and beam energy dependent)

PgQT = electron gradient correction factor

drer = reference depth 1,4, = cylindrical ion chamber radius

Rs5( = depth of 50% dose with respect to maximum

I50 = depth of 50% ionization with respect to maximum after upstream shift of 0.5r,,

4.2, Cross-Calibration of Parallel Plate Chamber for Electron Dosimetry
* Determine depth of d, (cm)
* Measure charge collected with cylindrical & parallel plate chambers with measurement point at d,.s

* Calculate (kecalNGOCO) = (MkecalkRso GOCO) /(MkRso)pp

4.3. Measuring Electron PDD Curves
* Measure ionization curve
¢ Shift curve upstream if necessary
* Correct for inverse square
* Determine average electron energy with depth
* Scale curve by stopping power ratios at each depth

5. Radiation Biology
5.1. Biological Effective Dose

N = number of fractions

BED = Nd (1 + Tﬁ> d = dose per fraction

a/p = linear quadratic factors; 3 for typical tumors, 10 for normal tissue




6. Film

6.1. Optical Density

OD = loglo (TO

)

OD = optical density
Iy =incident light intensity

I = transmitted light intensity

7. Brachytherapy

7.1. TG-43 Dose Calculation Formalism

Sy = air-kerma strength (U)
A = dose-rate constant at (7, 8y) (cGy/U)
G(r, 0) = geometry factor (-)

G(r,0) g (r) = radial dose function (-)
D= Sin G (19,6,) gIF @, 6) F(r,8) = anisotropy function (-)
r = radius from center of mass of source (cm)
0 = angle between source axis & calculation point (°)
To=1lcm 6,=90°
G(r.0) = { 1/r? point source approximation | S =angle subtended by source (radians)
’ B/Lrsin@ line source approximation | L = length of source

gr) =

D(r, 00) G(To: 90)

N D(To, 90) G(rx 90)

D(T, 00) G(T', 60)
D(ro: 0o) G(r,0)

F(r,0) =

A special thanks to Ryan T. Flynn, PhD for his help preparing this handout.




