Chapter 5

X-ray Production
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Learning Objectives

Draw a simple x-ray tube and label its parts

Describe both the composition and the
function of the basic parts of the x-ray tube

Assoclate the terms anode and cathode with
the appropriate parts of the x-ray tube

Describe the production of bremsstrahlung
and characteristic radiation and explain what
determines the wavelength of each
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Learning Objectives

* Explain what is meant by a dual-focus tube
and describe Its advantages

» EXxplain the significance of the target angle
with respect to the line focus principle and the
maximum field size

« Define effective focal spot and state its
significance with respect to the radiographic
Image
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Learning Objectives

« Explain the function of a rotating anode and
State Its purpose

» State the effect of changes in milllamperage
(mA) and kilovolt (kVp) levels on the resulting

X-ray beam
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X-ray Tube

- Evacuated Pyrex Envelope

— Houses the anode and
cathode

* Anode
— Positive end of the x-ray tube
— Contains the tungsten target

- Cathode
— Negative end of the x-ray —__ lungsten
tUbe [ | 7 filament

— Contains the tungsten
fl Iament \ Evacuated

pyrex
envelope
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Clicker Question

The x-ray tube anode is:

a) positive and contains the target
b) positive and contains the filament
C) negative and contains the target
d) negative and contains the filament
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X-ray Production

« Tungsten filament is heated to produce
thermionic emission or the release of
negatively charged electrons

« Step-up transformer provides a high voltage
source to attract the electrons to the positively
charged target

« Upon striking the target, the kinetic energy or
movement of the electrons Is converted to x-
rays (<1%) and heat (>99)
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Clicker Question

During x-ray production, electron kinetic
energy Is converted to:

a) 1% x-ray energy and 99% heat

b) 50% Xx-ray energy and 50% heat
c) 99% x-ray energy and 1% heat
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Bremsstrahlung Radiation

 Occurs when an electron

passes close to the S 4T
glectron
nucleus of a target atom ‘-
e Incoming I,-"'
* Positively charged |

nucleus attracts the
negative electron causing _.
it to slow and lose energy Photon

 Lost electron kinetic
energy Is converted to an
X-ray photon
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Characteristic Radiation

* Occurs when an electron
collides with a K-shell “shell electron
electron of a target atom [iis

« K-shell electron is
knocked out creating a |
ing \

vacancy pransieh

- Energy in the form of an |
X-ray photon is released
when an electron from
the atom fills the S-shell
vacancy
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Radiation Wavelength

* Bremsstrahlung » Characteristic
— Wavelength and — Wavelength and energy
energy vary do not vary
depending on the — Minimum of 70 kVp is
speed of the electrons needed for characteristic
— Makes up the majority X-rays to be produced

of the x-ray beam
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Cathode and Anode

« Cathode * Anode

— Frequently contains — The focal spot is the
a large and a small area of target with

filament (dual-focus) which electrons

within a focusing cup IS _
_ Eoeusing @us — Rotates during

propels electrons exposure to

toward a specific g!str_lbute r?Lnd f
area of the anode ISSIpate heat from

target electron interaction
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Dual Focus X-ray Tubes

« Small Filament

— Smaller stream of electrons results in fewer x-rays,
less heating of the anode, and greater image
detall

— Use for medium and small patients
« Large Filament

— Larger stream of electrons results in more x-rays,
greater anode heating, and less image detalil

— Use for large patients
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Clicker Question

A small x-ray tube filament size results in:

a) fewer x-rays produced
b) less iImage detall
C) greater anode heating

Elsevier items and derived items © 2010, 2006 by Saunders, an imprint of Elsevier Inc.

14



Line Focus Principle

* Relationship between
actual and effective
focal spots

— Actual focal spot is the
target area struck by
electrons during an
exposure

— Effective focal spot is
the target area from
which x-rays are
projected toward the IR
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Line Focus Principle

* Because of the anode angle, the effective
focal spot Iis always smaller than the actual

focal spot
 Typical effective focal spots sizes

— Small focus = 0.6 to 1.0 mm
— Large focus = 1.2 to 2.0 mm
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Anode Heel Effect

* Refers to the absorption of x-rays
0y the anode target

« Radiation intensity Is greater at
the cathode and less at the
anode ends of the x-ray beam

« Use to produce more uniform
radiographic density of body
parts such as the thoracic spine
by placing the thicker portion
under the cathode end of the
beam and the thinner portion
under the anode portion
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Clicker Question

To use the anode heel effect when taking an
AP projection of the femur, the cathode Is
aligned with the

a) hip
b) knee
c) mid portion of the femur
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Kilovoltage and X-ray Production

* Higher kVp increases electron speed during
X-ray production resulting in x-rays with
shorter wavelengths, more energy, and
greater penetrating ability

« Use higher kVp for larger and/or denser body
parts
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Milliamperage, Time, and X-ray
Production

* Milllamperage
— Higher mA results in more x-rays produced per
seconds of exposure

— Use higher mA for larger body parts
* Time

— Amount of time x-rays are produced

— Most exposure times are < 1 second

* MAS
— Product of mA x time
— Indicates the total quantity of the exposure
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Filtration

 Removes low energy, long-
wavelength x-ray photons
that cause unnecessary
patient exposure

 Classified as inherent and
added

* Total filtration Is a
combination of inherent
and added and is
equivalent to 2.5 mm of
aluminum
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_0.5mm
| Alequiv

(glass and oll

Added 1.0 mm Al equiv

Mirror 1.0 mm Al equiv

Total 2.5 mm Al equiv
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Clicker Question

The x-ray tube total filtration should be
equivalent to:

a) 3.0 mm of lead
b) 2.5 mm of lead
c) 3.0 mm of aluminum
d) 2.5 mm of aluminum
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Summary

* The x-ray tube has a positive anode (target)
and negative cathode (filament)

* When high-speed electrons from the filament
Interact with the target bremsstrahlung,
characteristic x-rays are produced

« Dual-focus x-ray tubes have a large and a
small filament
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Summary

« Small filaments result in smaller focal spots
with better image detail but less heat loading
capacity

* Because of the anode angle, the effective

focal spot Is always smaller than the actual
focal spot

* Anode heel effect refers to a variation In
radiation intensity between the anode and
cathode ends of the x-ray beam
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Summary

kVp affects the penetrating abllity of the x-rays

mMA affects the number of x-rays produced per
second

Time Is how long x-rays are produced

mMAs Is the product of time and indicates the total
exposure

Filtration removes long wavelength, low energy
X-rays that would be absorbed by the patient
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