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THE ELECTROMAGNETIC SPECTRUM
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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.

Im Rontgen discovered X
\g a similar tube to

D

COLOUR COMBINATION beloie
In 1953 a colour television system was developed using a
cathode ray tube with three electron guns - o

DOWN THE TUBE : each for

Braun's 1897 tube
incorporated two
pairs of flat metal

e with hole to

blue, red, and green light - and a shadowmask, a

stencil that directs each beam on to
corresponding phosphor dots

on th

ate heam of

other. The screen
was coated with

phosphorescent
powder. By apply-
ing a voltage to the
, Braun directed the beam of
electrons (named cathode rays,

because they we

the cathode) to cre; v Electron gun
.1. UNKNOWN FACTOR left

T German physicist Wilhelm Rontgen noticed

that ax well as cathode rays, another form of
| radiation was emitted from a discharge
tube when very high voltages were used

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.

he vollage across th

e the spot move about P 3

IN A SPIN right

In 1884 Paul Nipkow
invented a system of
spinning discs with spirals
of hol

obpc
screen. In 192
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 Multi-scale CT
(SAM-CT)

Small intestine

Red blood cell

Chromatin Chromo- RBC Basic| Mouse organ
fiber some platelet functional unit extremity )
30nm 0.7um 7um 20um 0.1-0.2mm 1-5mm 40mm 10-20cm ~1.8m

)
L

State-of-the-art Nano-CT High-end Micro-CT Conventional Micro-CT
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‘L X-Ray Tube Housing & Collimator
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Rotor with anode disc

Cathode

Filament supply leads

High tension outlet anode side

High tension outlet cathode side
Stator winding

Radiation window

Protective casing of the tube assembly
9 Expansion bellows

10 X-ray beam collimator

11+12 Lead plates to limit the radiation
field

13 Useful x-ray beam
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X-ray (bremsstrahlungs| &+ §§ &)

F£¥&(cathode)
% #&(anode)

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)

3 ~ o (ionization, excitation)
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» Efficiency 1s defined as the ratio of output
energy emitted as x-rays to the input
energy deposited by electrons.

Efficiency = 9x 1010 ZV

Z . atomic number of target (£2 #1 iz + /)
V: tube voltage( g 7 &)
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Relative Intensity
per Energy Interval

e dt
DD 35 0 105 1 175 20 245 280 315 350
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x—ray & 2 #5 4]

Ejected
m 2. 34+ Characteristic x-rays K Electron
AE-EK
% % 1§ & (Fluorescence)
Primary K Characteristic
EIectro: Radiation
E
0 Nucleus
BRI A
Primary Electron
After Collision
Eo— AE
~% ~EPH RS ER#E KEEXHHR e
4 \W% 74 59.0keV 34100C "
4p Mo 42 17.4keV 26000C
4k Rh 45 19.7keV 32000C

01:16:49 31



¥ EXerMmAE (XRF) a2

%3; PEEFXHARE € A4 F XA o F X
SUEE AT B R EEXS R @I ARG L
;fa‘r]“:‘XﬁqL@Qmﬁ £ fﬁ' %zr"f E%]”Lr'r > F“K% Fille i) QA
£ (8

{
r"‘.',
NI TR S KA gﬁfg‘rﬁ%‘% R ELE S ME hT 5 %6
iﬁ;ﬁ)‘fﬁ‘q-/]’ﬁ o e LA s“MA T e fe & VW KA ik

% L %*M@mé HAKE TR A3 SR 0N

D CETER FLS SR IS CE SETVEE T

1:16:49 4 32



i Pk (3145 5) e 2

HREMKEE T
R K-43 X0

L& ET 1] \‘ \.
--O-- . \ / ,
- N ® ‘g KETF
I,”,_\:\\ L@%%\\.\‘--——-"’,/
®
, /, \ \ ‘\H--.‘,
| ) @ i T
- J ,’
\
° /
\\.'\.____’/,,/
NA A F Se o~

1:16:49 7

33



~Z TP E TR LT

e 45k R+F# KEaF+dZn LETF AEA
4E(Al) 13 1.56 0.09

afr (Cu) 29 8.89 0.95
49 (MO) 42 17.4 2.87

45 (W) 74 59.0 12.09

4 (Pb) 82 88.0 15.86
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XS5 Y % 2 15

(X-ray Fluorescent Spectrograph Analyzer)

w JUF = F 0 aE et s (characteristic x-ray)* i
kRBEHRSFT 2R EHEZEDRE o
o TER AL TR XEPEAEXE -
s 3B RS RS TSR R ) TR EfeR S
K s o
s XOEPAY ke erg r T RAAE R DE LS IR
fE SR E % AR = 48241(%*Am) > 740MBq (20mCi)

X EAeT » 1110 MBq (30mCi) -
o P AlxEREEETE = 45£109(1°Cd) » 1480 MBq
40kV > 50pA - (40mCi) ©

= 4B55(5Fe) » 740 MBq (20mCi) -
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https://www.youtube.com/watch?v=kCbc3MTppAU

METTLER TOLEDO

w

$52304

RENS (1/2)

i % +- LFR

Fe 67.23 0.735 66.90-75.50

Cr 2358 0413 21.50-24.50

Ni 483 0240 3.00-5.50

Mo  3.01 0.063

0.286

0.045

0.039

0.036
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i FI R £ 4 B

AP B E atp i | R ER R e a
Council 1991.6.18 | #r% i ¥ & | Cd<100ppm 1992.12.31
Directive91/338/EC

EC 1994.12.20 | #7% & #+4 | Cr(VI) ~ Hg ~ Pb ~ 1996.6.30
Directive94/62/EC Cd ¥ <100ppm

Council 2003.2.13 “73 T+ % % | Cr<100ppm ~ Hg ~ |2006.7.1
Directive2002/95/E A & Pb ~ PBB ~ PBDE<

C-ROHS 1000ppm

Council 2003.2.22 | #TH AR RF | RURS 7T fTfrade | 2004.8.13
Directive2002/96/E TEAS PSR

C-WEEE IR RA S

Cr(VI) : ﬁa(G %)
PBB: % & Eﬁﬁ’%‘ (polybrommated biphenyls)
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¥ p(polybrominated diphenyl ethers)
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it * F]#(occupancy factor, T) : &4k &
%;{%% TR, pi-aalit Z;Bt/\ 3‘!:,’11' mB;L:Fr&AQ\ A Kﬁﬁ?‘f‘
AR - B RL b P RBREXE R X
M (TPRERY A AZES | P oo
Bt & 4 T ) & (weekly permissible
exposure, P) @ A J & E R o Byrd 74
A ik~ eng 4% 5 0.4 mSv/week (0.1
& F/3¥)(25.8uC/kg) » — A | 3RF s
2L 3 4] % 5 0.02 mSv/week (0.014 #F/i%)
(2.58uC/kg) - )

"3\%-
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i Occupancy Factor (it * F]#k)

TABLE 10.1. Occupancy Factors

Full occupancy
T=1

Partial occupancy

T=1/4
QOccasional occupancy
T=1/16
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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electron beam and the axis of the pulsed 1% S © 125 kVp
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(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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L & % (HVL)
t kel
#EET &-(cm) R34 (cm) 48 (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
4 137 0.65 4.8 1.6
&= 60 1.2 6.2 2.1
& 1.66 6.9 2.2
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