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Radiation dosimetry

e Cancer therapy — MeV photons produced from clinical linear
accelerator or Co-60

e lonizing radiation breaks DNA bonds of tumor cells

 Radiation absorbed dose — 1 Gy =1 J/kg

e Q (W/md) =p (kg/m3D(Gy/s)

e 1Gy/min=17 mGy/s > Q=17 W/m3

 Dose: Water calorimetry: in water, 1 Gy causes temperature rise ~0.24
mK, yielding a dosimetry primary reference standard

e Dose rate:
1 Gy/min 2 AT/At= Q/(pCp) = 17/(1000x4180) = 4 uK/s

 Precise instrument for measuring small temperature changes —
sensitive thermistors wired in a Wheatstone bridge with a lock-in
amplifier

« Alternative technique — ultrasonic pulsed phase lock loop (PPLL), same
sensitivity, non-invasive

« Problem — convection in large phantom caused by temperature
gradient due to non-uniform radiation heating
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Ultrasound Thermometer Operation principles
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Calibration and noise issues
Af, deviation from f,, linearly proportional to Av
= v=V,+a(T-Ty) + b(T-Ty)?
» AT = of, T)Af
= o -- experimentally calibrated ~ 95.5 uK/Hz
» f,=5MHzat20°C
= v=1482 m/s
= fcan be resolved to 0.01 Hz or better, AT ~ uK.
= Aroot-mean-square (RMS) noise of 3.2 uK 30x30x30 cm? water tank
= averaging over 400 s
= sampling rate of ~ 1 per second

Typical operation parameters

f, Ultrasound detection frequency 5x108 Hz
T, Ultrasound period 0.2 us
L Nominal length of ultrasound path 30 cm
At Time delay for a round trip in the water tank 240 us
Reference pulse rate 6000 Hz
Reference pulse width (number of cycles at T, period) 18

Number of “sample and hold” cycles 13
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“standard” thermistor-based water calorimetry

Convection less of a problem in
thermistor-vessel based water
calorimeters, though other labs have
gone to 4 C operation to shut off
convection altogether.
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Response function of a system with a natural oscillation frequency f0

10° ‘
Lorentzian function |

flz;z0,7) =

=
o
&>

- % [(:.:: —1:59 +’rE]

'_\
o
&

Response function (arb. unit)

Temperature gradient (K/m)

10 i 1 i \ |

0 0.005 0.01 0.015 0.02 0.025 0.03
o ( k2 ) f (Hz)
- lw+ v O -
HCC(X,C())= Z & —— glmn(x)
o (04 i
.m.n= V(l +m?) + kvk k90|mn} o° |+io(ks + VK )oim,
Olmn

avolume expansion coefficient
v kinematic viscosity

Ka K,, spatial modes of temperature and velocity

R. E. Tosh and H. H. Chen- Mayer ‘A Transfer-function Approach to Characterizing Heat Transport in Water Calorimeters
Used in Radiation Dosimetr Proceedlngs International Thermal Conductivity Conference (ITCC29) U. of Alabama, June

51{' t'ﬂaf' aﬁd@?sl.s)af:” tP(eegeﬁt Va'bﬂ%farttlrgrgtér Tancaster PA.



0.018- -0.018
0.017- -0.017
0.018- -0.016
0.015- -0.015
0.013- -0.013
0.012- -0.012
0.011- -0.011

0.01- -0.01

Convection enabled

I I I I
SO00 100000 15000 0000 Z2E000 20000 35000 40000 45000

ELELE ELELELE LT LT LY TAELELY ELELE SLELE LY

Time

identified are necessarily the best available for the purpose.




0.001-]

alpha=45,

0 I I ] ] |
1] 5000 10000 15000 20000 25000 2 QOO
Time

- _5 ) .
192-

16 -Eee

i ‘

Response function (arb. unit)

Amplitude spectrum normliazed to sgrifbinwidth

.|'||i & | |
hiii

1E-9-
a
i
1E-10-

. IR

identified are necessarilgtha best available forthe purpose.
freq

i 1 i I
35000 40000 45000 50000

convection

1{5:;_ Mnlll ] |
1E-5 -

0.01

-0

03

L
il

I
0.015

1E-5—

o
.ﬁ

Amplitude spectrum normlizzed to sgrifbinwi

[}
1

A AT T el il AT e el TN Sl il v I

Conduction only

I
0.000196947 0.005 0.01 0.015

1.E-06

0.E+00

4 900 s convection

—&— 900 s conduction only

—— LorentzianR(omega)

5x higher

Conduction only

*

LoEroL t open (Half period, s) %=




120 s on/off

0.00015 I ‘ I 0.002
< 5 3 5 - 00015 =
= 00001 | T e §
S - 0001 g .
2 Experimental data 120 s on/off
s °-°°°§2.-§255 - -1.2
2 S
5 0 0 2Eszs-
o (0]
5 <
= 5 -0.000%7 2345 - -0.8
5 510 D
- z
3 01 35524~ -0.6 2
E £ = =
‘»  -0.0001 [=8 & 0

-0.80187, 5235 - 0.4 ™
-0.00015 l i | i -0.002 27,523 - -0,2
6000 l 6500 7000 7500 8000
time (s) ¥ oo —

“ 1 - 1 — 1 3 = 1 = 1 1
o] 250 500 1000 1250 1500 1750 2000 2250 2500
Time

Integrated temperature rise in the 5 cm path
2D simulations with convection
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Summary
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Things to avoid
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Poster Section

Inear convection and Conduction

In Cylinders of Water Exposed to
Periodic Thermal Stimuli
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