


Table 2. Annual exposure of the 3 population from all
sources of radiation.
Source Percentage
Natural
Radon gas 50
Gamma rays from rocks and soil 14
Radionuclides in food and drink® ns
Cosmic rays 0
Artificial
Medical x-rays 13
Nuclear medicing 1
Occupational® 03
Fallout from nuclear weapons tests 0.2
Nuclear discharges® <01
Consumer products <01
* Mainly potassium-40.
® About 80% from natural sources.
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Distribution of X-ray dose from the Tube through the Patient to the X-ray film
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Cathode — W wire filament (~10x0.2 mm)
Anode — W plate (melting at 3370°C)
Construction: stationary and rotation

|

Anode stem (Cu)
with radiator

Melted tungsten
at anode target

Cathode assembly
(inside broken Tube)

ANODE: X-ray tube focal spot -

Line focus principle

line-focus principle real

/F8
- m—.
fiiament >
R
electron beam Y
‘ 1 a'node
5 Y Y target
|
%\ ~x-ray beam

effective FS

Anode ,’-j(.r_)k;
Y 19

real FS
electron beam

——t )

electron beam \_ ;
_-p————g——’ 1

v
L
effective FS

dual filament/dual track

dual focus/single track

Dual 1§ Dual track
Ancde
focus “ Il
X-ray i i |
tUbe ﬂﬂ:’zmm LI i
1.0mm 0.5mm thmm




Stationary — anode angle deztermines Anode angle: EF =sina . AF
focal spot — less power e
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Effective focus - EF ; Thermal (Actual) focus - AF

X-ray Tube Housing — Insulating Oil; Output window; Pb lining; Leakage radiation

~ W——— High-voltage cables —— + :
Tube leakage radiation Tube and Housing
measurement Atode  Rotor cooling & T° protection
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Lead T Stator
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X- ray beam




Metal X-ray tube with liquid metal bearing (‘aqua planning’ groove)

Anode heat - storage and The maximal power of the rotating anode(P,,,)

dissipation (coolin depends from the effective focal spot size (f); the
P ( 9) diameter of the target track (D); the angle of the

S f32.DY2 nY2[sin ¢, anode (a); and the speed of rotation (n - r.p.m.):

Liquid metal bearing
(eutectic alloy of
Gallium, Indium, Tin
melting t° - 10C°)

- Metal housing;
- Ceramic coating
= Graph'te tO accum. Images from Phillips

X-ray Intensity distribution:

-In all directions inside the Tube
housing (only a fraction of X-rays
used — output dose)

-The overall output intensity
decreases with ageing of Tube

Intensity of X-ray radiation : W ~ 1.U2.Z . .
/ / - Decreased intensity at Anode

Anode ef'fiCiency n- k.U.Z (Z-anode atom. No.) Site (Heel effect) _ it iS more
(intensity per energy unit -n = W/I.U) obvious with old Tubes
o sas. sl
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Straton: Revelutionary Tube Technology

Rotation Cathode
0il for cooling

Motor

Deflection

e Anode

Electron
beam

§ THE NEW Straton tube provides direct cooling of the all bearings located outside the vacuum.

Images from Siemens|
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DC-AC HF-HV ferrite
Battery  converter  transformer Rectifier X-ray tube
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X-ray output X-ray tube:

spectrum . X
- Focal spot (spatial resolution; power)

- Total filtration at tube output (pat. dose)
- Tube housing (leakage radiation)

X-ray Generator:

- kV control (image contrast, pat. dose?)
- mA control (image brightness, pat.dose)

-Time (msec) control (img bright., pat. dose)
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shaping the X-ray spectrum
using K-edge is specially
useful in mammography
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Handbook of Medical Imaging:Volume 1 Physics and Psychophysics by Beutel, Kundel and Van Metter

Incident and exit spectrum in radiography
100kVp W target with 2.5mm Al filter

Relatve 1ambe rofphoing

Images from Handbook of Medical Imaging and L.Martinez Lectures
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Single emulsion
y/ 0.012mm

T
Film base

single & 0.18mm

g
X-ray film — with 1 or 2 sensitive layers
(AgBr emulsions) over transparent base

The film is exposed to both X-rays

and light inside the cassette
Top emulsion

¥

I Film base

P\

double Bottom emulsion

X-ray film characteristics:

30 -
-Exposure latitude (dynamic range);

- -Resolution (grain size)

-Sensitivity (film speed)

OPTICAL DENSITY

Cassette intensifying screen influence
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Influence of the
characteristic curve

RX breast screen film reading processing
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Un-processed image
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' . Film contrast
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| - Intensity Y = [D; - D1]/[logE, — logE ]
D — Density
E - Exposure

Subject Contrast AC =I,-1,

Signal-to-Noise Ratio: SNR

AC=[D,-DJ/ o Visual contrast

AC = logl, - logl,




Mo anode

Focus-proximal diaphragm for
reducing the extrafocal radiation

Cathode
Be window




X-ray spectrum from W anode with 0.06 mm Mo or
0.05 mm Rh filtration— 30 kV

gu_ =
| ¢~
Enargy (V)

Fig. 20-4. The emission spactra from & tung- | -
sten target filtered by molybcdenum or rho-
dium. .

Automatic Exposure Control (AEC) system

Set
o1l value
HF X-ray
generator D
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Block diagram showing two typical AEC types.

C1 — used for chest radiography and C2 used for mammography.






