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PHOTONS (TARGET
1\@ INTERACTIONS) (CONT.)

* Filament electrons interact with target atoms (tungsten) to
produce x-rays in the following two ways:

* Characteristic interactions

* Bremsstrahlung (brems) interactions

* But the most common interaction results in HEAT!!

Copyright © 2016 by Elsevier Inc.






X-RAY PHOTONS — CHARACTERISTIC c/ !
INTERACTIONS |

1 #2 — Explain how a characteristic photon is created.

#3 - Explain how the energy of a characteristic x-ray photon is

calculated

. L to K transition
b. O to K transition
C. P to K transition
d. M to L transition
€. O to L transition

® Get into groups of 2
®* Draw and explain the process

* |dentify which transition resulted in the highest energy x-ray
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Characteristic photon
1\@ *LtoK =574

*OtoK=69.42
*Pto K= 69.492
*Mtol=9.28

*Otol=12.02

Binding Energies for
Tungsten

K shell 69.5 keV
L shell 12.1 keV
M shell 2.82 keV
N shell 0.6 keV

O shell 0.08 keV
P shell 0.008 keV

What do you think of the energy of the photons created by the transitions into

the L-shell2?

Which characteristic photons do you think are useful?
Why do you think they are called characteristic photons?
What would happen to the energy of the characteristic photons if we changed

the target material to gold?



#4 - Define characteristic cascade.

—\l\ 4
1\@ Characteristic Cascade: ‘

O

electron

O-shell N-shell M-shell

Characteristic x-ray photons
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B. Collision of two electrons

C. Removal of an orbital

D. Outer shell electron
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T WHAT POINT IN THE INTERACTION
CHAIN OF EVENTS IS A CHARACTERISTIC
PHOTON PRODUCED?

78%

. Filaoment electron enters
a farget atom

electron 11% 11%

@0%

filling inner shell vacancy







FILAMENT E- ENTERS A TUNGSTEN TARGET c// '
\D ATOM WITH 70 KVP OF ENERGY. IT INTERACTS

FIRST WITH AN L-SHELL ELECTRON, THEN WITH A
K-SHELL ELECTRON. WHICH OF THE
FOLLOWING ARE PRODUCED? 2% 29% g

A. K x-ray photon

B. L x-ray photon
C. Heat

D. Both A and B
% E. Both B and C g

14%
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BREI\/ISSTRAHLUNG INTERACTIONS |

1\

#7 - What is the minimum and maximum

energy of a bremsstrahlung photon?
What factor effects this?



N

Incident
electron '|

Incident
electron

3

High-energy
bremsstrahlung
x-ray photon

4

Low-energy
bremsstrahlung 2
x-ray photon




1\

4

BREI\/ISSTRAHLUNG INTERACTIONS

- If an incident electron enters a tungsten
atom with 85 keV and exits with 35 keV of
energy, what is the energy of the
bremsstrahlung photon created?

#9 - If an incident electron leaves the anode 5
keV and entered with 85 keV of energy, what

IS the energy of the bremsstrahlung photon
created?
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¥1LAMENT ELECTRON INTERACTS WITH
\71\1 OUTER SHELL ELECTRON OF TUNGSTEN

T DOES NOT REMOVE IT. WHICH OF
HE FOLLOWING IS PRODUCED?

A. 50 keV photon
B. 70 keV photon
*C. Heat

D. Brems photon

O

0% 0% 0% 0%
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PURPOSE OF ADDING FILTRATION IS TO: |

A. Absorb scatter

B. Absorb high energy,

hard x-rays
of the beam

soft x-rays

. Decrease the quality

. Absorb low energy,

89%

_—




Bl High-voltage Tube Column

receptacle

Anode end Cathode end
X-ray tube - Xeray Tube
Fan
Housing
Port between housing .
and collimator Collimator
ﬁ”{'l;'““‘“ Collimation
: o
Light source Mirror ng Controls
Longitude,
Shutters ( Transverse,
utters (one Vertical |
of each pair) Controls —— Operating
- Handle

Plastic bottom covering
with cross hairs
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CONSIDERED INHERENT FILTRATION®

\D WHICH OF THE FOLLOWING IS

57%

A

*A Qil in tube housing

B. Aluminum sheets 299,

C. Water composing
the body

D. Cathode 3

14%
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\D BEAM QUANTITY

- Identify four factors that influence beam
quantny.
d.Explain the relationships that exist between the
factors and beam quantity.

mAS
kVp
Distance
Filtration
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HAT TYPE OF RELATIONSHIP EXISTS
\@ BETWEEN BEAM QUANTITY AND MAS?

)

. 89%
A. Inversely proportional W

B. Inversely proportional to
square of the distance

C. Directly proportional to

square of the distance 11%
: : 0% 0% [
Y D. Directly proportional == Uil
(“’O&} o,,o:" f—,&)’b «"“‘00&
\\\QQOQO {oo(\q}& &oo'b&o " QOQO
z{,e ‘oQo oo* '\&é’
& N \AQQ 9
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ll CREASING KVP BY RESULTS IN THE  ©
\D SAME CHANGE TO RECEPTOR EXPOSURE

AS DOUBLING THE MAS.

O A. 10% 57%

*B. 15% -
C. 20% T
D. 50%




BEST REPRESENTS THE RELATIONSHIP
BETWEEN SID AND BEAM QUANTITY?

|
Q HICH OF THE FOLLOWING STATEMENTS 4

57%
~ A. Double SID, double o T
beam quantity 4,‘1/’
B. Double SID, V2 beam
quantity
. Double SID, quadruple
C. Double SID, quadrupl
beam quantity 0% 0% |
*D. Double SID, V4 beam = i h—
$ : R
quantity PO
i 3 O 3
O\S&z e \;b&o (%
,_}0‘6 & :.,\O‘Q '
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Dose =1/9

Distance from source




ADDING 2 MM ALUMINUM
FILTRATION WILL RESULT IN:

. o
S A. Beam quantity i
increasing by 50%
B. Beam quantity
* decreasing
Co ?edm C]U(:Ihﬁ’f)’ 14%, 14% 14%
increasing by 25% W
D. Beam quality @ - G
decreasing .
& do'b <o é?:bc,
é"?‘, .@be é‘z'& ..abe
& & &8
& 6‘& 3 &
S & & &
F *?
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lWHICH OF THE FOLLOWING WOULD
\DDOUBLE BEAM QUANTITY?2

O A. Decrease the kVp by 100%

%.
B. Double the kVp
3 C. Double the mAs
D. Decrease the mAs by

1/ 0% 0% 0%
- - — N

| R W |

) N\

R o O ¥
&
N N © Nl
Q 9




IN QUANTITY:

/)
K\) HALVING THE DISTANCE RESULTS j
1\@ _

A. Decreasing to a V4 of 63%
original intensity B

* B. Increasing by 4 times
original intensity

O

C. Increasing by 25% of e
original intensity 13%
D. Decreasing by 50% | o%
of original intensity e - =
<\‘53°0\.. oi“’;’&. Jé@ : o«%“?}:
r &° &@”’ S° %6,@
9&@ a,~°°"@\ \@o@ &




\D BEAM QUALITY

- Identify two factors that influence beam quality.
a.Epram the relationships that exist between the
factors and beam quality.

kVp

Filtration










N

Decrease mAs

Increase kVp

Decrease Distance

Increase Filtration

Beam Quantity

decrease

increase

increase

decrease

Beam Quality

no effect

increase

no effect

increase




K\) HVL

Define HVL. {
O

X-ray tube

Collimation

Aluminum absorbers

Radiation detector
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\D PRIMARY VS REMNANT BEAM

#7 - Differentiate between the primary and
remnant beam.

primary

R scatter

45|
[

«— Image receptor
(contains the latent image)
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Characteristic
X-rays
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Bremsstrahlung
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DISCRETE EMISSION SPECTRUM
(CHARACTERISTIC)

50 75
X-ray energy (keV)




X-ray energy (keV)

I\K;LETTER ‘A" REPRESENTS? |V

@)
A. Characteristic

photons /Discrete spectrum

B. Brems photons/continuous

* spectrum

o (0)
C. Brems photons/Discrete L
0% 0%
spectrum Pr= =N
D. Characteristic photons/ , ; |
. o%\Q &\oo z\,@. ({o\..
Continuous spectrum & &
;&,Q O& &\ ,\060
\?'S, Q& é‘é& ‘?5{}
9 X
é’o ’b"b Q}z&% @*e ((\6 (y’b{b(&




CONTINUOUS EMISSION SPECTRUM

(BREMSSTRAHLUNG)
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Characterisiic
X-rays |

Bremsstrahlung Maximum er
X-rays l _._
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AT 90 KVP, THE MOST ABUNDANT X-
RAY PRODUCED WOULD BE:

O A. 10 keV brems 881’

Q IN A TYPICAL X-RAY TUBE OPERATED */!

*B. 30 keV brems
C. 12 keV characteristic

D. 90 keV characteristic

13%

<2 - >







N
\

#11 - Explain how an increase in mA will affect the continuous
spectrum and discrete spectrum?

#12- Explain how an increase in kVp will affect the continuous
spectrum and discrete spectrum?

#13 -Explain how a decrease in filtration will affect the
continuous spectrum and discrete spectrum?

#14 - Explain how an increase in target material atomic number
will affect the continuous spectrum and discrete spectrum?

#15 - Explain how changing from single phase to three phase
will affect the continuous spectrum and discrete spectrum?



|dentify the change that took place
(mAs, kVp, Filtration, Target
material or Generator) that
resulted in the changes of the
emission spectrums represented as

A E Copyright © 2016 by
Elsevier Inc.
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CHANGING FROM A 3 PHASE TO A
\@ SINGLE PHASE GENERATOR WILL CAUSE:

)

. A. A decrease in quantity omso7lty
% quality W

B. An increase in quantity ar 43%

quality

C. An increase in quantity bt

a decrease in quality

D. No change in quantity an
quality 0% 0%
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@REASING THE KVP WILL AFFECT THE

REMS EMISSION SPECTRUM BY:

A. Decreasing the amplitude 88%
Increasing the amplitude
Shifting it to the right

Shifting it to the left

m O (O W

Both A and D
wF. BothBand C
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i}AT IS THE MOST LIKELY CAUSE OF THE CHANGE IN
\D E EMISSION SPECTRUM REPRESENTED BY THE CHART /

LOW? [
100%

O

50 75 100
X-ray energy (keV)

% A. Change in kVp
B. Change in mA

0% 0% 0%

C. Change in filtration A —————

° ° v O ,\
D. Change in target material &S & &
e N
(o o %Q' \.’b*
& &
oy %Q'\
o
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%AT IS THE MOST LIKELY CAUSE OF THE CHANGE IN
\D E EMISSION SPECTRUM REPRESENTED BY THE CHART -

LOW?
100%

O

T

0 25 50 75 100
X-ray energy (keV)

A. Change in kVp
B. Change in mA
Towd : 0% 0% 0%
C. Change in filtration P
D. Change in target material & & & é&@
°¢"e z“%z Og\\ é}'&
&® (o) o& o
N
¢ ®
&
Co’b



ACCURATE?

K\)WHICH OF THE STATEMENTS BELOW IS

75%

4

A. B is more penetrating than A 25%
*B. A is more penetrating than B
0% | 0% |

C. A was created with a kVp LT o BN

H z"\v 0‘3, & &

setting of 30 Q@%'&‘ &Q&@ Sl o
zelé zoelé & é&‘\
D. C was created with a kVp O@QQ (&@Q &fs@b &
< o° &
& v

setting of 69




Increase (Improvement) In  Effect on Quantity Effect on Quality

mA

kVp

Tube filtration

Generator type

Target material




