
University of Anbar
college of science

physics department

health physics
by. Dr.Essmat Ramizy Al-hadithi

X- RAY



References

INTRODUCTION TO
Health
Physics
FO UR TH EDITIO N
Herman Cember, PhD
Professor Emeritus
Northwestern University
Evanston, Illinois



Gamma Emitters
For gamma-emitting isotopes, we cannot simply calculate the absorbed dose by assuming the
organ to be infinitely large because gammas, being penetrating radiations, may travel great 
distances within the tissue and leave the tissue without interacting. Thus, only a fraction of the
energy carried by photons originating in the radioisotope-containing tissue is absorbed within that
tissue. Before the advent of computers that made complex computational methods possible,
gamma ray doses from internal radio nuclides were calculated by assuming the body to be made
of spheres and cylinders and then using simple calculation techniques to determine internal dose.
For example, in the case of a uniformly distributed gamma-emitting nuclide, the dose rate at any
point p due to the radioactivity in the volume dV at any other point at a distance r from point p, as
shown in Figure

where C is the concentration of the isotope,  is the specific gamma-ray emission,
and µ is the linear energy absorption coefficient. The dose rate at point p due to all
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Typical operation conditions are:

Acceleration Voltage: 20 to 150 kV

Electron Current: 1 to 5 mA (for continuous operation)

Electron Current: 0.1 to 1.0 A (for short exposures)
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The radiographic image of the X-ray exposure is determined by the interaction of the X-rays
which are transmitted through the patient with a photon detector (film, camera etc.)

Primary X-ray photons have
passed through the patient without
interaction, they carry useful
information.
They give a measure for the probability
that a photon pass through the patient
without interaction which is a function
of the body tissue attenuation
coefficients.

Secondary photons result from
interaction inside the patient, they are
usually deflected from their original
direction and carry therefore only little
information. They create background
noise which degrades the contrast of the
image.

Scattered photons are often absorbed in
grids between the patient and the image
receptor.
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The two dimensional image I(x, y) of the three dimensional
distribution of the X-ray attenuating body tissue of the patient can be
described as a function of the initial photon intensity N of energy E, the
energy absorption efficiency of the image receptor (E) (film) and the
attenuation coefficients  which have to be considered along the photon
path in z-direction.

with S(E) as distribution of the scattered secondary X-ray photons.

The expression can be simplified to:

with R as the ratio of secondary to primary radiation.
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The contrast C of the target tissue volume is defined in terms of the image
distribution function I1 and I2:

I1 gives the energy absorbed outside the target tissue

I2 gives the energy absorbed inside the target volume.

Approximating for an X-ray energy E:

The contrast depends mainly on the difference of attenuation
coefficients 1 and 2 as well as on the ratio of scattered to primary
X-ray photons.
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TEST K.V mAs TEST K.V mAs

Skull 56 20 Hand 41 1.8

Baby skull 48 12,16 ankle 46 6

Jaw 46 8 thigh 55 12

Baby chest 44 5 shoulder 48 4.5

Chest 50 12 Nike 66 32

Wrist 44 4 Chest(on desk) 58 10

Elbow 45 4 Arms 48 6.3

Baby wrist 40 2

Baby Pelvis 44 3.2

The leg 45 6

knee 46 6

Baby knee 42 2

foot 43 3.2

Baby foot 40 1

Baby abdomen 45 6

nose 41 3

Splinted Leg 48 16
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