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The cathode ray tube

Ix 1887, pHysICIST William Crookes was investigating the properties of
electricity. He used a glass tube containing two metal plates, the
electrodes. When a high voltage was applied and the air pumped out of
the tube, electricity passed between the electrodes and caused a glow in
the tube. As the pressure fell (approaching a vacuum) the light went
out, yet the glass itself glowed. Crookes called the rays which caused
this Cathode Rays; they were, in fact, an invisible flow of electrons.
Later Ferdinand Braun created a tube with an end wall coated with a
substance that glowed when struck by cathode
rays. This was the forerunner of the modern
TV receiver tube.

Wilhelm Rontgen discovered X
rays using a similar tube to
Crookes in 1895

&
g

Cathode -

electrons

COLOUR COMBINATION flo
1n 1953 a colour television system was developed using a
cathode ray tube with three electron guns - one each for
blue, red, and green light - and a sh k

DOWN THE TUBE
Braun’s 1897 tube
incorporated two
lat metal
d at

pairs of
plates arr
right-angles to each
other. The screen
was coated with
phosphorescent
owder. By apply-
voltage to the
plates, Braun directed the beam of
electrons (named cathode rays,
because they were given off from
the cathode) to create a bright spot
of light on the screen. By varying
the volt p > German physicist Wilhelm Rimtgen noticed
he spot move about A that as w athode rays, another form of
3 | radiation was emitted from a discharge
L tube when very high voltages were used
= — = ,t_‘ Unlike cathode rays, these rays, which he
= called X for unknown, were not deflected
by electrically charged plates nor by
magnets. They passed through materials
and darkened photographic plates.

Electron gun

,1. " UNKNOWN FACTOR It

across the

IN A SPIN right

In 1884 Paul Nipkow
invented a system of
spinning discs with spirals
of holes to transform an
object into an image on a
screen. In 1926 Scottish
inventor John Logie Baird
(seated in the picture) used
Nipkow disc, not a
cathode ray tube, to give
the world's first
demonstration of television.
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SBES Advanced Multiscale CT
(SAMCT)

Small intestine

Red blood cell

Basic| Mouse organ/

Chromatin Chromo- RBC
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State-of-the-art Nano-CT High-end Micro-CT Conventional Micro-CT

)

http://www.imaging.sbes.vt.edu/research/sam -ct/
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Generator

High voltage supply

& | High voltage ripple
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X-Ray Tube Housing & Collimator

1 Rotor with anode disc

2 Cathode

3 Filament supply leads

4 High tension outlet anode side

5 High tension outlet cathode side

6 Stator winding

7/ Radiation window

8 Protective casing of the tube assem
9 Expansion bellows

10 X-ray beam collimator

11+12 Lead plates to limit the radiation
field

13 Useful xray beam
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X-ray (bremsstrahluray N )

(anode)

y

(cathode)

(lonization, excitation)

Figure 2.5 Principle of formation of X-ray bremsstrahlung through deceleration in
the electrical field of the anode atoms (interaction with the nucleus of the atom)
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A Efficiency Is defined as the ratio ofitput
energyemitted as xays to thenput
energy deposited by electrons.

Efficiency = 9 x 1692V

Z¢ atomic number of targét D+ / )
Ve tubevoltage( )
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Xl ray
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A 2. n Characteristic xays K Electron
AE-E
K
T A (Fluorescence)
Primary K Characteristic
Electron Radiation
E »
0 Nucleus
O" Al 1 | Wi
Primary Electron
After Collision
E,- AE
a a Al ¢ K 1| XA
W 74 59.0keV 341GC i
Mo 42 17.4keV 260C.C
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i a Aun v une

DN Al K | b L | b
(Al) 13 1.56 0.09
(Cu) 29 8.89 0.95
(MO) 42 17.4 2.87
(W) 74 59.0 12.09
(Pb) 82 88.0 15.86

n° a R xA 1 e A

i XA HA A vK” hq 9 a

RAY ~KW pPa Awunwunéeé]

17 a L ASa A AxA -

a ; MAz X Y 1 phA =
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XN TWUE
i (X-ray Fluorescent Spectrograph Analyzer)

> 1 a RA 1 xA (characteristic x-ray)6
T W ; Ma uZzZz A |
Ah Ahe LA RYXA *  Xxul
AO0" O A (XN CHOAR B )y & |
D
A XA vnmé AHvim ° W BE B A Tué
A A Uy o A 241f*Am)Y 740MBq(20mCi)
€1 t Y 1110 MBq(30mCi),
A HbE XU U W Y A 109@%Cd)Y 1480 MBqg
40KVY 50eAL (40mCi),

A 550%Fe)Y 740 MBq(20mCi),
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T W e Xw 7 R IFw
Council 1991.6.18 | "HX 7 Cddz100ppm 1992.12.31
Directive91/338/EC
EC 1994.12.20 |"HX B DN | Cr(VI)y Hgy Phby 1996.6.30
Directive94/62/EC Cd d3100ppm
Council 2003.2.13 |"HX | Crd3100ppny Hgy |2006.7.1
Directive2002/95/E 7 Pby PBBy PBDES
C-ROHS 1000ppm
Council 2003.2.22 | "HX I Nsp' | € 2004.8.13
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i Occupancy Factor(P n, )

TABLE 10.1. Occupancy Factors

Full occupancy
T=1

Partial occupancy

T=1/4
Occasional occupancy
T =116
01:16:49

Control space, wards, workrooms, darkrooms, corridors
large enough to hold desks, waiting rooms, rest rooms
used by occupationally exposed personncl, children’s play
areas, living quarters, occupied space in adjacent buildings

Corridors too narrow for desks, utility rooms, rest rooms
not used routinely by cccupationally exposed personnel,
elevators run by operators, and uncontrolled parking lots

Stairways, automatic elevators, outside areas used only for
pedestrians or vehicular traffic, closets too small for future
workrooms, toilets not used routinely by occupationally
exposed personnel
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F1GURE 10.12. Broad-beam attenuation | 2 L.
: . (o) 4
in lead of X-rays produced by potentials L O
of 50 to 200 kV peak. The measurements 10 E o \o © “%
were made with a 90° angle between the : gl (=) % %
electron beam and the axis of the pulsed 1% S © 125 kVp
wave form X-ray beam. The 50-, 70-, 100-, - |©
and 125-kVp X-rays were filtered with 0.5-
mm aluminum; the 150- and 200-kVp X- 5 N |
rays were filtered with 3-mm aluminum. 10 0 p 5 3 4
(From Radiological Health Handbook, _
1970.) Lead, mm thick
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FIGURE 10.13. Attenuation in concrete of
X-rays produced by potentials of 50 to

300 kVp; 400 kV constant potential. The
measurements were made with a 90° angle
between the electron beam and the axis of
the X-ray beam. The curves for 50 to 300 kV
are for a pulsed waveform. The filtrations
were 1 mm Al for 50 kV, 1.5 mm Al for
T0kV,2 mm Al for 100 kV, and 3 mm Al for
125,150, 200, 250, and 300 kV. The 400-kV
curve was interpolated from data obtained
with a constant potential generator and in-
herent filtration of approximately 3 mm Cu.
(From NCRP Report No. 49, Structural
Shielding Design and Evaluation for Medical
Use of X-Rays and Garmma Rays of Energies
p to 10 MeV, 1976. Full-size reproductions
of the figures giving barrier requirements

are available from the NCRP as an adjunct
to the report. By permission.)
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31 (HVL)
A1 (cm) E (cm) (cm)
(kVp) HVL HVL HVL
50 0.006 0.43
70 0.017 0.84
100 0.027 1.6
125 0.028 2.0
150 0.030 2.24
200 0.052 2.5
250 0.088 2.8
300 0147 3.1
400 0.25 3.3
500 0.36 3.6
1000 0.79 4.4
2000 1.25 6.4
3000 1.45 7.4
4000 1.6 8.8 2.7
6000 1.69 10.4 3.0
8000 1.69 11.4 3.1
10000 1.66 11.9 3.2
137 0.65 4.8 1.6
60 1.2 6.2 2.1
1.66 6.9 2.2
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