






















































































































































































































































































































































































350 I VISUAL AND OPTICAL TESTING 

a 
qualification: Process of demonstrating that an individual 

has the required amount and the required type of train
ing, experience, knowledge and capabilities. See also 
qualified. 

qualified: Having dernOll?trated the required amount and 
the required type of training, experience, lmowledge 
and abilities. See also qualijicat·ion. 

quality: The ability of a process or product to meet specifi
cations or to meet the expectations of its users in terms 
of efficiency, appearance, longevity and ergonomics. 

quality assurance: Administrative actions that specifY, 
enforce and verify a quality program. 

quality control: Physical and administrative actions required 
to ensure compliance with the quality assurance pro
gram. Quality control may include nondestructive test
ing in the manufacturing cycle. 

quality of lighting: Level of distribution of luminance in a 
visual task or environment. 

radiance: Radiant flux per unit solid angle and per unit pro
jected area of the source. Measured in watts per square 
meter steradian. Compare irradiance. 

radiant energy: Energy transmitted through a medium by 
electromagnetic waves. Also known as radiation. 

radiant flux: Radiant energy's rate of flow, measured in 
watts. 

radiant intensity: Electromagnetic energy emitted per unit 
time per unit solid angle. Measured in watts per 
steradian. 

radiant power: Total radiant energy emitted per unit time, . 
radiometer: Instrument for measuring radiant power of 

specified frequencies. Different radiometers exist for 
different 

radiometric phetometer: Radiometer for measming radiant 
power a variety of wavelengths. 

raster: A repeijtive pattern whereby a directed element 
(a robotic ann or a flying dot on a video screen) follows 
the path of a selies of adjacent parallel lines, taking 
them successively in turn, always in the same direction 
(from top bottom or from left to right), stopping at 
the end of lone Hne and beginning again at the start of 
the next Following a raster pattern makes it possi
ble for electron beams to form video pictures or frames 
and for a sensor bearing armature to cover a predeter
mined part of the surface of a test object. 

rat's tooth principle: (1) The tendency for hard material on 
a tooth's front surface to wear more slowly than soft 
material on the back surface, keeping the edge shalp. 
(2) Mechanism of wear whereby adjacent hard and soft 

surfaces wear at different rates, prodUCing a self sharp
ening edge. 

recommended practice: A set of guidelines or recom
mendations. 

Recommended Practice SNT-TC-1A: See ASNT Recom
m£nded Practice No. SNT-TC-1A. 

recovery: Reduced stress level and increased ductility of 
metal after work hardening. See creep. 

recrystallization: Changes in microstructure and properties 
upon heating of cold worked metal. 

red mud: Debris (usually oxides of the contacting metals) of 
fretting wear, mixed with oil or grease and retained at 
or near the site of its formation. See also cocoa. 

reference standard: Work piece or energy source prepared 
according to precise instructions by an approved agency 
for tests and calibrations requiring precise and consis
tent measurements. (In the case of photometry, the 
standard is a light source). 

reflectance: The ratio of reflected wave energy to incident 
wave energy. Also lmown as reflectiVity. 

reflection: A general term for the process by which the inci
dent flux leaves a surface or medium from the incident 
side, without change in frequency. Reflection is usually 
a combination of regular and diffuse reflection.2 

reflectometer: Photometer used to measure diffuse, specu
lar and total reflectance. 

reflector: A device used to redirect the luminous flux from a 
source by the process of reflection.

2 

refraction: The bending of radiation's path by the medium 
through which it passes. 

relative photometry: (1) Evaluation of a desired photomet
ric characteristic based on an assumed lumen output of 
a test lamp. (2) Measurement of an uncalibrated light 
source relative to ,mother uncalibrated light source. 

relevant indication: See indication, relevant. 
remote viewing: Viewing of a test object not in the viewer's 

immediate presence. The word remote previously 
implied either closed circuit television or fiber optic sys
tems remote enough so that, for example, the eyepiece 
and the objective lens could be in different ro0:'11s. High 
resolution video and digital Signals can now be transmit
ted around the world with little loss of image quality. 
Compare direct viewing. 

replica: Piece of malleable material, such as polyvinyl or 
polystyrene plastic film, molded to a test sUlface for the 
recording or analysis of the sUlface microstructure. 

replication: A method for copying the topography of a sur
face by making its impression in a plastic or malleable 
material, 

reserve vision acuity: The ability of an individual to maintain 
vision acuity under poor viewing conditions. A visual 
system with 20/20 near vision acuity under degraded 
viewing conditions has considerable reserve vision 

acuity compared to that of an individual with 20no near 
vision acuity. 

resolution: An aspect of image quality pertaining to a sys
tern's ability to reproduce objects, often measured by 
resolving a pair of adjacent objects or parallel lines. See 
also minimum line pair, resolving power. 

resolution test: Procedure wherein a line is detected to ver
ifya system's sensitivity. 

resolution threshold: Minimum distance between a pair of 
points or parallel lines when they can be distinguished 
as two, not one, expressed in minutes of arc. Vision acu
ity, in such a case, is the reciprocal of one-half of the 
period expressed in minutes.2 

resolving power: The ability of vision or other detection sys
tem to separate two points. Resolving power depends 
on the angle of vision and the distance of the sensor 
from the test surface. Resolving power is often mea
sured using parallel lines. Compare resol1.ttion. 

retina: In the eye, the tissue that senses light. 
retinene: See visual purple. 
rhodopsin: See visual purple. 
robotic system: Automated system programmed to perform 

purposeful movements in variable sequences. 
rod: Retinal receptor that responds at low levels of lumi

nance even down below the threshold for cones. At 
these levels there is no basis for perceiving differences 
in hue and saturation. No rods are found in the fovea 
centralis.2 

SI: The International System of units of measurement. 
Includes most of the base units fonnerly called metric. 

SNT-TC-1A: See ASNT Recammended Practice No. SNT
TC-1A. 

sampling, partial: Testing of less than one hundred percent 
of a production lot. See one hundred percent testing. 

sampling, random partial: Partial sampling that is fully 
random. 

sampling, specified partial: Partial sampling in which a par
ticular frequency or sequence of sample selection is 
prescribed. An example of specified partial sampling is 
the testing of every fifth unit. 

saturation: Relative or comparative color characteristic 
resulting from a hue's dilution with white light. 

scaling: (1) Fonning a layer of oxidation product on metals, 
usually at high temperatures. (2) Deposition of insolu
ble constituents on a metal surface, as in cooling tubes 
and water boilers. ! 

scoring: (1) Marring or scratching of any formed part by 
metal pickup on a punch, die or guide. (2) Reducing the 
thickness of a part along a line to weaken it purposely at 
a specific location. I 
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scotopic vision: Dark adapted vision, using only the rods in 
the retina, where differences in brightness can be 
detected but differences in hue cannot. Vision is wholly 
scotopic when the luminance of the test surface is below 
3 X 10-' cd-m-' (2.7 X 10-0 cd-ft-'). Also lmown 
as parafoveal vision. Compare mesopiC vision and 
photopic vision. 

scuffing: A type of adhesive wear. 
seam: Linear discontinuity fonned by a lack of metal from 

folds produced by an underfilled pass dming metal roll
ing. Squeezed tight on subsequent passes, the underfill 
runs parallel to the longitudinal axis of the bar. 

second stage replica: A positive replica made from the first 
cast to produce a duplicate of the original surface is 
called a second stage replica. 

secondary creep: Second stage of creep, where deformation 
proceeds at a constant rate and less rapidly than as in 
primary creep. Essentially an equilibrium condition 
between the mechanisms of work hardening and 
recovery. 

sensitization: Precipitation of chromium carbides in the 
grain boundaries of a corrosion resistant alloy, resulting 
in intergranular corrosion that would otherwise be 
resisted. 

shadow casting: Nondestructive technique of vapor depos
iting a thin metal film onto a replica at an oblique angle 
in order to obtain a micrograph of a test sUlface of an 
opaque specimen. 

shear break: Open break in metal at the periphery of a bolt, 
nut, rod or member at approximately a 45 degree angle 
to the applied stress. Shear breaks occur most often 
with flanged products. Also called shear crack. 1 

shear crack: See shear break. 
shoulder: Cylindrical metal component surface, machined 

to receive threading indentations but in fact not 
threaded, where the thread stops on the outside surface 
of the pipe. 

signal electrode: Transparent conducting film on the inner 
surface of a vidicon's faceplate and a thin photoconduc
tive layer deposited on the film. 

signal processing: Acquisition, storage, analysis, alteration 
and output of digital data through a computer. 

simple magnifier: A microscope having a single converging 
lens, 

smoothing: In image processing, use of positive coefficients 
in a linear combination of pixel values to smoothen 
abrupt transitions in a digital image. Also caned low 
pass filtering. 

spalling fatigue: See subcase fatig1.t€. 
specific examination: In certification of nondestructive test

ing personnel, a written examination that addresses the 
specifications and products pertinent to the application. 
Compare general examination and practical exami
nation. 
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specification: A set of instructions or standards invoked by a 
specific customer to govern the results or performance 
of a specific set of tasks or products. 

spectral power distribution: The radiant power per unit 
wavelength as a function of wavelength. Also lmown as 
spectral energy distribution, spectral density and spec
tral distribution. 

spectral reflectance: The radiant flux reflected from a mate
rial divided by the incident radiant flux. 

spectral transmittance: The radiant flux passing through a 
medium divided by the incident radiant flnx. 

spectrophotometer: Instrument used for spectropho
tometry, 

spectrophotometry: Measurement of electromagnetic radi
ant energy as a function of wavelength, particularly in 
the ultraviolet, visible and infrared wavelengths. 

spectroradiometer: Instrument used for spectroradiometry. 
spectroradiometry: Measurement of electromagnetic radi

ant power and spectral emittance, used palucuhuly to 
examine colors and to measure the spectral emittance 
of light sources. 

spectroscope: Instmment used for spectroscopy. 
spectroscopy: Spectrophotometry or spectroradiomehy in 

which the spectmm, rather than being analyzed only by 
a processing unit, is presented in a visible form to the 
operator for organoleptic examination. 

spectrum: Representation of radiant energy in adjacent 
bands of hues in sequence according to the energy's 
wavelengths or frequencies. A rainbow is a welllmown 
example of a visible spectmm. 

specular reflection: When reflected waves and incident 
waves form equal angles at the reflecting surface. 

specular: Pertaining to a mirror-like reflective finish, as of a 
metaL Compare lambertian. 

speed of light: Thc speed of all radiant energy, including 
light, is 2.997925 X 108 meters per second in vacuum 
(approximately 186,000 miles pcr second). In all materi
als the speed is less and vades with the material's index 
of refraction, which itself varies with wavelength.2 

speed of vision: The reciprocal of the duration of the expo
sure time required for something to be seen.2 

standard observer response CUIve: See eye sensitivity 
curve. 

standard: Document to control and govern practices in an 
industry or application, applied on a national or interna
tional basis and usually produced by consensus. See also 
working standard and reference standard. 

steel: An iron alloy, usually with less than two percent 
carbon. 

stereo photography: Close range photogrammehic tech
nique involving the capture and viewing of two images 
of the same object in order to reconstruct a three 
dimensional image of the object. 

strain: The alteration of the shape of a matelial by external 
forces. 

stress: (1) In physics, the force in a material that resists exter
nal forces such as tension and compression. (2) Load 
per unit area. 

stress raiser: Contour or property change that causes local 
concentration of stress. 

stress riser: See stress raiser. 
subcase fatigue: Fatigue originating below the case depth. 

Compare case crushing. Also spallingfat-igue. 
subcase origin fatigue: See subcase fatigue. 
subsurface fatigue: Fatigue cracking that Oliginates below 

the surface, Usually associated with hard surfaced or 
shot peened pmts but may occur anytime subsurface 
stresses exceed sud~lCe stresses. 

T 

TIG welding: Tungsten inelt gas welding, 
TTf: Time temperature transfonnation. 
Tarasov etching technique: Way of visually inspecting for 

the presence of deleterious eflects in hardened steels by 
using specific etching solutions and methods of 
inspection. 

temperature diagram: See time temperature transformation 
(TTT) diagram. 

tempeling: Process of heating a material, patTIcularly hard
ened steel to below the austenite transformation tem
perature, to improve ductility. 

teItiary creep: Third stage of creep, marked by steady 
increase in strain to the point of fracture under con
Shillt load, 

threshold: See adaptive threshold, resolution threshold, 
threshold. 

thresholding: Digital data processing technique that 
reduces a gray level image into a binary image. 

throat, actual: Shortest distance from the root of a fillet weld 
to its face, as opposed to theoretical throat or weld size. 

throat, theoretical: The distance from the beginning of the 
root of the weld perpendicular to the hypotenuse of the 
largest right tJiangle that can be inscribed within the 
cross section of the fillet weld, Compare weld size. 

throat, weld: Distance from the root of a fillet weld to its 
face. Compare weld size and throat, actual. 

time temperature transformation (TIT) diagram: A graph 
shOwing time required at any temperahne to transform 
austenite to pearlite, bainite or martensite. 

tip: In casual usage, the distal or objective end of a 
borescope. 

tool mark: Shallow indentation or groove made by the move
ment of manufactming tools over a surface. Compare 
gouge or nick. 

trace: line fanned by electron beam scanning from left to 
right on a video screen to generate a picture. 

tracer: In leak testing, a gas that is sensed as it escapes from 
confinement. 

transfonnation diagram: See time temperature transforma
tion (TTl') diagram. 

troland: A unit of retinal illuminance equal to that produced 
by a surface whose luminance is 1 nit when the pupil 
measures 1 square millimeter. (1 nit = 1 candela per 
square meter.) 

tubing string: Pipe with which oil or gas has contact as it is 
brought to the eaIth's surface. Also called production 
string. 

tungsten inelt gas (TIG) welding: See gas tungsten arc 
welding. 

IJ 

ultraviolet borescope: See borescope, ultraviolet. 
ultraviolet radiation: Electromagnetic radiation with wave

lengths ranging from about 4 to about 400 nm, between 
visible light and X-rays, Compare near ultraviolet 
radiation. 

ultraviolet radiometer: A meter, usually calibrated at 
365 nm, used in fluorescent liquid penetrant and mag
netic particle testing to detect output of ultraviolet 
lamp. 

undercut: Undesirable groove left unfilled by weld metal, 
created during welding and located in base plate at the 
toe of a weld. 

v 
VT: Visual testing. 
vaporproof borescope: See waterproof borescope. 
video: Pertaining to the tnmsmission and display of images 

in an electronic format that can be displayed on a cath
ode ray screen. 

videoscope: Jargon for video borescope. See borescope, 
video. 

vidicon tubes: Television tube that uses the photoconduc
tion method. Compare image orthicon. 

vigilance decrement: Degradation of reliability during per
formance of visual activities over a period of time. See 
also psychophysics. 

visibility: The quality or state of being perceivable by the 
eye. In many outdoor applications, visibility is defined 
in terms of the distance at which an object can be just 
perceived by the eye. In indoor applications it usually is 
defined in terms of the contrast or size of a standard test 
object, obselved under standardized view conditions, 
having the same threshold as the given object. 2 
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VISIOn: Perception by eyesight. See far vision, machine 
vision, mesopiC vision, near uision, peripheral vision, 
photopic vision, scotopic vision, speed of vision. 

vision acuity: The ability to distinguish fine details visually. 
Quantitatively, it is the reciprocal of the minimum 
angular separation in minutes of two lines of width sub
tending one minute of arc when the lines are just resolv
able as separate.2 

visual acuity: See vision acuity. 
visual angle: The angle subtended by an object or detail at 

the point of obselVation. It usually is measured in 
minutes of arc.2 

visual background noise: Formations on or signals from a 
test object that constitutes the background to a disconti
nuity. The higher the level of visual background noise, 
the more difficult it is to distinguish a discontinuity. 

visual efficiency: Reliability of a visual system. The term 
visual efficiency uses 20/20 near vision acuity as a base
line for 100 percent visual efRciem.y. 

visual field: The locus of objects or points in space that can 
be perceived when the head and eyes are kept fixed. 
The field may be monocular or binocular.2 

visual perception: The interpretation of impressions trans
mitted from the retina to the brain in terms of infonna
tion about a physical world displayed before the eye. 
Visual perception involves anyone or more of the fol
lowing: recognition of the presence of something 
(object, aperture or medium); identifying it; locating it 
in space; noting its relation to other things; identifying 
its movement, color, brightness or form.2 

visual performance: The quantitative assessment of the per
fonnance of a visual task, taking into consideration 
speed and accuracy,2 

visual purple: Chromoprotein called rhodopSin, the photo
sensitive pigment of rod vision. The mechanism of con
verting light energy into nerve impulses is a 
photochemical process in the retina. Chromoprotein is 
transformed by the action of radiant energy into a suc
cession of products, finally yielding the protein called 
opsin plus the carotenoid known as retinene. 

visual task: The appearance and immediate background of 
those details and objects that must be seen for the per
formance of a given activity. The term visual task is a 
misnomer because it refers to the visual display itself 
and not the task of extracting information from it.2 

visual testing: Method of nondestructive testing using elec~ 
tromagnetic radiation at visible frequencies. 

voids: Hollow spots, depressions or cavities. See also discon
tinuity ~md dislocation. 
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l1li 

wear: See erosion; rat's tooth principle; wear, adhesive; and 
wear, fretting. 

wear, adhesive: Degradation of a surface because of micro
welding and consequent fracture due to the sliding of 
one sUlface against another, Types include fretting, 
galling and scuffing. 

wear, fretting: Surface degradation caused by microwelding 
and microfractures on surfaces rubbing each other, Also 
called chafing, friction oxidation and wear oxidation. 
See also cocoa and false brtnelling. 

wear oxidation: See fretting wear. 
weld size: Thickness of weld metal-in a fillet weld the dis

tance from the root to the toe of the largest isosceles 

right triangle that can be inscribed in a cross section of 
the weld. 

weld throat: See throat. 
welder's flash: Clinical condition, specifically keratocon

junctivitis, commonly caused by overexposure to ultra
violet radiation of welding are, 

white light: Light combining all frequencies in the visible 
spectrum. 

work hardening: Increase in hardness accompanying plastic 
deformation of a metal. Usually caused in a metal by 
repeated bending or flexing. Compare creep and 
recovery. 

working standard: Work piece or energy source calibrated 
and used in place of expensive reference standards. In 
the calibrating of photometers, the standard would be a 
light source. 

REFERENCES 
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INDEX 

Page numbers in italics refer to Section 12, "Glossary of 
Visual and Optical Testing Terms." 

A 
AFNOR (French Association for Standardization) . 
AlA (Aerospace Industries Association) . 
ANSI. See American National Standards Imiitutc 
API. See American Peh'oleum Institute 
ASME. See American Society of Mechanical Engineers 
ASNT. See American Society for Nondestmctive Testing 

178 
178 

ASNT Recommended Pmctice No. SNT -TC-IA. See American Society for 
Nondestmctive Testing 

ASTM. See American Society for Testing and Materials 
A WS. See American Welding Society 
Abrasive wear .. 
Acceptable quality level (AQL) . 

198 
160-161,340 

Acceptance criteria, weld testing. See Weld testing, acceptance criteria 
Acetone, for surface preparation. 
Acoustic imaging .. 
Actual required resolution. 
Acuity. See Vision aCllity 
Adaptive threshholding .. 
Adhesive wear .. 
Aerospace Industries Association (AlA) . 
Aircraft inspection 

118 
309-311 

130 

100 
200-201 

178 

bores('"Ope applications .. 6-8, 86, 138-139, 293, 294-300 
composite materials discontinuities. 
main landing gear huck beam pitting corrosion . 
ruddcr rib flange cracks . 
slat drive mechanism bell crank cracldng .... 
spoiler actuating mechanism lube holo cracks. 
torsion bar core corrosion pitting .. 
turbine bladc inspection. 
wing front spar lower cap cracks. 
wing rear !;par doubler and weh cracks. 

Altoy:; .. 
phase diagrams. 

Alpha ferrite .. 
Alpha iron . 
Amhient light .. 
American Bureau of Shipping (ABS) . 

298-300, 330 
297-298 
296--297 
294-295 

295 
294 
320 
298 

295-296 
215 

215-217 
217,340 
217,340 

340 
178 

American Conference ofGovemmental Industrial Hygienists. 26 
178 

179,180,187 
179 
263 

178,180,322 

American National Standards Instihlte (ANSI) . 
ANSUASNTCP-189 .. 
ANSI Bl3.l.. 

American Nuclear Institute (ANI) .. 
American Petroleum Institute (API) .. 

APIRP7G. 
API RP8B . 
API Standard 1104 .. 
API Specification 5CT . 
API Standard 5B .. 
tubular goods inspection .. 

American Society for Nondestructive Testing (ASNT) . 
ANSIJASNTCP-189 .. 
ASNT Level III program. 
ASNT Recommended Practice No. SNT-TC-IA ... 
visual committees .. 
visual testing qualification/certification .. 

188,190 
191 

180,186 
186,188 

323 
188-191,322-327 

8,178 
179, 180, 187 

187 
8,180-187,254 

vi-ix,8 
69,187 

American Society for Testing and Matcrials (ASTM) . 
E380, Standard Mehic Practice Guido .. 

American Society of Mechanical Engineers (AS ME) . 
Bollcr and Pressurc Vcssel Code. 

andSNT-TC-IA .. 
and nuclear industry . 
visual testing (VT-l,-2,-3) in .. 

American Welding Society (AWS) . 
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178-180 
x 

74,178 
179-180, 255,2fi4 

185-186 
263-266 

179-180, 255, 264-266 
8,69,178 

180, 186, 258, 261 
63,69 

AWS Dl.l, Structural Welding Code-Steel (Dl.l) . 
AWS Certified Welding Inspector (CVVI) .. 
See also Wcldinspection; Welding 

Angle ofvision . 
for horescopes .. 

Angstrom .. 
Angtilated borescopes . 
Annealing .. 
Arc bums .. 
Arc strikes. 
Arc welding .. 
Archiving photographs . 

13-14,55-60 
87-90 

55 
85 

34{) 

326 
261,262 
250,340 

314 
105 Aspirin safety seal inspection. 

Attenuation. See Optical filters and filteling 
Attribute testing. 160,161 

217,340 
92-107,128-130,228-243,279-291 

137 

Austenite .. 
Automated visual testing .. 
Automatic focusing, video borcscopes . 
Automation. See Automated visual testing 
Automotive inspection 

borescope applications .. 
brake shoe sorting .. 
finish texture analysis. 
glass. 
shock ahsorbers ,. 

Average outgoing quality (AOQ) .. 
Average outgoing quality limit (AOQL) . 
Aviation applications. See Aircraft inspection 

B 
BSI (British Standards Institute) . 
Babbitted surface inspection ... 
Back lighting .. 
Ball valve inspection. 
Bandpass filters .. 
Bidirectional stresses .. 
Billets. 
Bimodal histogram threshholding .. 
Binary systems. 
Birefringence .. 
Black light. See Ultraviolet radiation 
Blackbody radiation .. 
Blind.~pot.. 
Blobs, in image segmentation .. 
Blotch .. , 
Blue hazard function .. 

86 
288-291 
279-288 

321 
133 
161 
161 

178 
270 

93 
272 

94 
196-197 

275 
100 

216,340 
340 

31-33,340 
11,58, fi1 

100-101 
279, 280, 287, 340 

26,340 
Boiler and Pressure Vessel Code. See American Society of Mechanical 

Engineers 
Boiler feed pump inspection .. 
Boiler tube inspection. 
Boiling water reactor vessel inspection. 

269-270 
138 

266-268 
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Bolting inspection .. 
Borescopes _, ... 

aircraft inspection applications. 
construction " .. 
development of .. 
direction of view. 
entry port size. 
fiber optic .. 
field of view ... 
focusing .. 
magnetic particle testing, use in .. 
miniature. 
optical components ... . 
p,h?tography with .. . 
ngld .................... . 
special purpose. 
test object effects .. 
video instruments. See Video borcscopes 
See also specific applications 

Bottle inspection .... 
Bozzini, Philipp .. 
Brake shoe sorting (automotive brakes) .. 
Brazing .... 
Brightnclo'S 

spot meters .. 
and vision .. 
See 01,,0 Contrast; Intensity; Light 

BnneD microscope. 
Brinel1ing .. 
British Standards Institute (BSI) .. 
Burr ... 
Bursts .... 
Butt weld~ or butt joints. 
Butterfly valve inspection .. 

c 
CCD, See Charge coupled devices 

272-274,298 
82-91, 134-139,293, 340-341 

6-8,86, 138-139, 293, 294-301 
88-91 

4-6 
84,85,88-89 

75 
82-83, 137,293 

75,88 
83-84,137 

308 
84, 85, 89, 293 

87-88 
91 

83-85 
85-87,89-91 

74-75 

105-107 
4 

288-291 
249-250,261-262 

41 
62 

79 
341 
178 
341 

275,341 
165,168,170,171,247,248,341 

272,273 

CEN (European Committee for Standardi7.ation) , 
CRT, See Cathode ray tube 

178 

CWI See American Welding Society, Certified WeJding Inspector 
C-scanning ... 299-300,309-310 
Cable reefs.. . 150 
Calibrated borescopes... 85 
Cameras. See Charge coupled devices; Photography; Video component~ 
Candela.... x, xi, 341 
Candy inspection. 
Caps, for color vision examinations .. 
Car inspection. See Automotive inspection 
Carbon arc welding . 
Carhurization .. 
Case crushing .. 
Casing .... 
Castings 

discontinuities ... 
See at~u Steel 

Cataracts. 
Cathode, in galvanic corrosion ... 
Cathode ray tubes ... 
Cavitation fatigue. 
Cellulose acetate replication .. 
Cementite ... 
Centralizers, for video camera ... 
Ceramics 

inspection ..... 
microstructure size distribution .. 

104-107 
16,17-20 

250 
213 
205 
322 

276 

23,59 
207-208 
140-141 

205-206,341 
108-111 
217,341 
150-151 

320-321 
145 

Certification and qualification of persOIlllel. See Amelican Society for Non
deshuctivc Testing; Amclican Welding Society, Certified Welding 
Inspector; Qualification 

CeItified Welding Inspector program. See American Welding Society 
Chafing fatigue. 
Charge coupled devices (CCDs) ... 

in nuclear reactor inspection .... 
size .. 
in video borcscopes ........................ .. 
Charge injected deviccs (Cm) .. . 

201 
95-96,230,341 

268 
137 

134-135 
96 

271-272 Check valve inspcction .. 
Chemical etching. See Etching 
Chemical industry. See pctrolcum and chemical industry applications 
Chlorinated hydrocarbons, for surface prepamtion.. 118-119 
Circuit board inspection.. 331-335 

Classification, in image ~'egmentation .. 101 
Cleanliness, importance of..... 54 
Closing of images.. 99,341 
Cocoa ... 341 
Codes. 178, 263, 341 

See also Standards 
Coefficients, of spatial61ters .. 
Coil breaks, in steel. 
Coil welds, in steel .... 
Cold drawing .. 
Cold light . 
Cold ship (steel) inspection. 
Cold working ... . 
Color cameras .. . 
Color chips .. 
Color temperature .... 
Colorvision .. . 

aging and .. . 
classification ... 
color hlindness/dcfidency ..... 
examinations 

caps/disks . 
pseudoisochromatic plates/charts .. 

spcctmm .. 
in weld inspection .. 

ColOlimeters, for steel inspection. 
Colors .. 

discoloration indicating discontinuities .. 
spectmmHH 
See also Color vision 

Comparators, surface. 
Complete inspection/testing ..... 
Composite materials inspection .... 

aircraft panels. 
microstnlcture size distribution dctennination . 

Compound microscope. 
Compressive strength ... 
Condensate pump inspection .... 
Cones. 
Contact stress fatigue. 
Contra.~t ..... 

See also Blightness; Light; Resolution 
Control charls . 

96,341 
222 
223 
196 
16 

232-234 
217 
149 

135,137 
16,32-33 

9,14-20,61-62 
15 

15-16,61-62 
14-20 

16-20 
16,349 

61-62,94 
63 

238-240 
61-62,342 

62,329 
61-62,94 

76-77 
160,342 
328-330 

298-300,330 
145 

79,80,342 
197 

269-270 
36, 57-58,61,342 

201-205 
62,342 

161,162 
214 Cooling methods, to prevent temperature discontinuities ... 

Corn cob inspection ... 106 
11,57 

30 
33 

197,206-210,342 
209-210 
208-209 

213 

Cornea .. 
Corpuscular theory .. 
Correlated color temperature .. 
Corrosion. 

cracking .. 
crevice .. 
elevated temperature .. 

fatigue fracture. 210 
fretting. See Wear, fretting 
galvanic.. 207-208 
rust.. 62, 119 
unifunn.. . 208 

Cracks. 344 
in aircraft parts.... 294-298 
composite matrix cracking. 328, 329 
in forgings. 275 
replication analysis ... 111, 112 
stress-corrosion cracking..... 209-210 
in weld~ ............................. 67,261 

Crampton, George Sumner 4-7 
Crawlers 128-129,149-150 

See also POSitioning and transport systems; Remote visual testing 
Creep. 211-212,342 

replication analysis.. 111,112 
Creep fraehIre . 212 
Crevice corrosion.. 208-209 
Crystalline structure.. 214-215 
Cylinders for photometry.. 42 
Cystoscopcs.. . 4 

D 
DIN (German Institute for Standardization) ... 
Dark adapted vision .. 

See also Vision 
De Broglie ... 
Defect . 
Deformation. 

cffect on metal struchlre .... 
Delamination .. 

See also Exfoliation; Lamination 
Delta ferrite. 
Deltairon ... 
Densitometer .. 
Department of Defense (DOD) . 
Deptboffield .. 

in photography: effcct of apcrture .... . 
video borescopes ........................... . 

Depth of focus, borescopes .. 
Design criteria .. 
Desmutting .. 
Detergents, for surface preparation . > 

Dewetting ... 
Diabetic retinopathy . 
Diaplrragm valve impection .. 
Difference measure .. 
Diffracted light technique ... 
Dilation, of images .. 
Dimensional inspection 

image processing .. 
ofpipes .... 
of pumps .. 
weld profiles .. 

Direct photometry .. 
Direct substitution alloys . 
Direct viewing . 
Direct vision borcscopes . 
Direct vision instrument. 
Directional lighting . 
Dirt, rolled in steel. 
Discoloration, indicating discontinuities .... 
Dist:ontinuities .. 

in bolting .. 
in castings. 

178 
36,342 

30 
342 

194-195,342 
217,218 

329 

217,342 
217 
37 

178 
142-143,342 

142-143 
137-138 

87-88 
52-53 

121 
118-119 
262,342 

59 
272 
103 

293-294,299-300 
99,342 

101 
188-191,322-327 

270 
156-159,163-176,253-262 

38,342 
215,342 

342 
89 

342 
342 
226 

62,329 
342 

273-274 
276 
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in forgings. . 274-276 
size of, and detection. 74-75 
in steeL 222-241 
See also Weld inspection, discontinuities; spccific discontinuities by name 

Disks, colored. See Caps, colored 
Dislocation.. 342 
Distribution photometers. . 44-46 

E 
Eddy current testing, visual aspects. 
Edge breaks, in steel .. 
Edge finding. 
Effective throat.. . 
Elastic deformation. 
Elasticity .... 
Electric arc welding .. 
Electromagnetic energy .. 

~1Jeetrum .. 
wave theory .. 

Electromagnetic testing, visual aspects of .. 
Electron microscopes .. 

Electronic component inspection. 
Electrons .. 

Elevated temperature discontinuities. 
Elevated temperature fatigue. 
Endoscopes .. 

See also Borescopcs 
Energy. See Electromagnetic cnergy; Radiant energy 

307 
223 

100-101 
343 

194-195,343 
194,343 

343 
30-34 

16,31,61-62, 94 
30-31 

307-308 
133-134 
331-335 

33 
210-214 

212 
4,343 

Engine inspection. See Aircmft inspection; Automotive inspection 
Equilibrium diagram .......................................................................... . 
Equivalent 20/20 near vision acuity . 
Equivalent sphere illumination photometers .. 
Erosion, of imagcs . 
Erosion (wear) .. 
Etch crack .. 
Etching .. 

chemical dchants . 
heat generation dUling .. 
macroetching ... 
process .. 
safety precautions. 
for welds . 

Ethyl alcohol, for surface preparation. 
European Committee for Standardi7.ation (CEN) ... 
Eutectic liqUid and eutectic point. 
Eutectoid .... 
Evaluation .. 
Exfoliation .. 

See also Delamination 
Eye 

anatomy of ... 
protective filters .. . 
sensitivity CUlVC ... . 

spectral response. 
See also Safety; Vision 

Eyeglasses .. 
Eyesight. See Vision 

f 
Fabric seam temperature indication .. 
False blinelling .. 
False indication ... 
Farsightedness .. 
Fastener inspection. 

343 
69 

41-42 
99 

198-199,213,343 
343 

118-124 
119,122-124 

120 
118 

121-123 
120 
124 
118 
178 

216,343 
343 
343 
296 

11,35,57-61 
26 

343 
33-34 

11-12 

116 
201,343 

343 
11,343 

272-274 

---~--~~~~~~------
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Fatigue 
cavitation.. 205-206 
contact stress... 201-205 
corrosion fatigue fracture ". 210 
elevated temperature.. . 212 
fatigue strength.. .. 197 
thennal cycling. 212 

Feature extraction. 92,100,343 
in automotive finish texture analysis. 283-285 
in high speed optical tests. 101-107 

Ferrite.... 217,343 
Fiber optics ................ , ...................... , .................... 82-83,137,293,295,343 

See atw Borescopes, many of which use fiber optic technology 
Fiberscope. See Horcscopes, fiber optic 
Field of view, horescopes .. 
Fields. 
Fillet welds . 
Film speed ... 

~~::~:: ~;~~:t~~e~~i~~·fiit~~·~~d·iiit~ri~g· .. · . 
Finish texture analysis (automotive finishes) .... 
Fixed multiple cell photometers, 
Flakes .. 
Flange weld ... , .......................................... . 
Flash lighting. See Stroboscopic lighting 

75,85,88 
139,343 

164,167,344 
143-144 

96-97 

279-288 
45 

344 
17 

F1atness measurement, hot rolled steel.. 234-236, 237, 238 
Flexible horescopes. See Borescopcs, fiber optic; Video borescopes 
Floppers, in steel .... 
Fluorescence . 
Fluoroscopes .. 
Fluoroscopy .. 
Fluting, in steel... 
F1ux cored arc welding. 
Flying rigs . 
Focus .. 

of bores copes .. 
of eye. 
principal plane of .. 

Food product inspection systems . 
Footcandle ... .. 
Ii' ootlambert .. . 
Forgings 

discontinuities .... 
See also Steel 

Forward oblique borescopes .. 
Fourier transfonns ... 
Fovea centralis ..... 
Foveal vision. 

See also Vision 
Fr.lchlre surface replication ... 
Frame .... 
Frames (video) ... 
French Association for Standardh·.ation (AFNOR) .. 
Fretting wear. See Wear, fretting 
Friction digs, in steel .................. .. 
Friction oxidation. See Wear, fretting 
Front lighting .... 
Frozen dinner inspection ... 
Full wrap .... 
Furnace photogrammetry .. 

G 
Gages, for tubular goods inspection. 
Galling ... 
Galvanic corrosion .. 
Gammairon .. 

224 
3,16,21,305-309,344 

132 
306 
224 
2,0 
129 
344 

83-84,87-88 
60 

142, 143,344 
102-107 

xi, 344 
xi, 344 

274-276,344 

89,90 
101,102-103, 105-106 

57,61,344 
36 

108-109,112-113 
344 
139 
178 

224 

92 
105-106 

116 
314-319 

190 
200-20l,344 
207-208, 344 

217,344 

Gas-cooled borescopes . 
Gas metal arc welding. 
Gas tungsten arc welding ..... 
Gasket seals .. 
Gastroscopes .. 
Gate valve iuspection .. 
Gears, contact fatigue .. . 
GeOInetricaloptics ........................................ ·· .. . 
Gennan Instillite for Standardization (DIN) . 
Ghost lines, in steel. 
Glare .. 
Glass stress detection ... 
Glaucoma .. 
Global threshholding .. 
Globe valve inspection. 
Gloss measurement, in steel .... 
Goniometers .. 
Gouging wear .. 
Gradients, for image enhancement. 
Grain boundaries ..... 
Grains .... 
Gray level.. 
Graybody radiation .. 
Green rot... 
Grinding .. 
Grinding wear .. 
Grinding crack .................................................. . 
Groove welds. See Weld inspection; Welding 

H 
Ilad6eld's steel. 
lIalf-fringe photoelasticity ..... 
Halitation . 
Hard facing ... 
Hardenability .. 
Heat affected zone ... . 

replication analy~;s .. .. 
Ileat checking .... 
Heat treatment. 
Heisenberg, Werner ... 
Helicopter blade inspection, borescopes in . 
High pass spatial filters ... . 
High speed optical testing ..................... . 
Histogram thresholding, bimodal ... .. 
Iloisting equipment, oil field. 
Hooke's law .... 
Hot rolled steel flatness measurement. 
Hot slah surface discontinuity inspection ... 
Hot ~trip inspection ..... 
Hottear .. 
lIue ..... 
Human vision. See Vi~;on 
Huygens, Christian .. 
Hybrid microelectronic circuit inspection. 
lIyperthennia .. 

I 

86 
252-253 

251-252, 344 
322-323,344 

4 
270-271 
204,205 
2-3,344 

178 
227 

62,344-345 
321 

59 
100 
271 

42-43,238,239,241 
44-45 

200,345 
97-99 

214-215,345 
214-215,345 

92,345 
32,33,345 

213,345 
119 

199-200 
345 

200 
321 

140-141,345 
199-200 

220 
218 
111 

212,345 
217,218 

30 
7 

96-97 
92-107,228-243,279-291 

100 
191 
194 

234-236 
230-231 

232 
345 
345 

30 
332-334 

23,25,345 

IGSCC (Intergranular Stress Corrosion Cracking). See Stress corrosion 
cmcking 

ISO. See International Organization for Standardi7.atlon 
Iconoscopes . 132 
Illuminance.. . 345 
IlluminanL'€ photometers ..... 39 
Illuminated magnifiers . 77 

Illuminating Engineering Society ... 
Illumination. See Lighting 
Image amplifiers, solid state. 
Image guides, fiber optic .. 
Image orthicons . 
Image processing .. 

automotive finish .. 
coatings, surface gloss of .. 
composite materials . 
electromagnetic testing .. 
reaturc extraction .. 
image convolution ... 
image enhancement ... 
image segmentation .. 
mathematical morphology . 
in radiogmphy .. 
size determination. 
smoothing .... 
strip steel. 
.~·ee also Video compoTlents 

Image tubes. 
Imaging devices, photoelectric. 
Imaging devices, solid state 

55 

132 
82-83,345 

132-133,140,268,345 
96-101,345 

280-285 
241 
330 
307 

92,100,101-107 
97 

92,96-99,144-147,345 
92,100-101,345 

99-100 
306-307 

101 
97 

233-234,235 

94-95,132-133,140 
94-95,132-133,140 

charge coupled devices. See Charge coupled dcvice.~ (CCD) 
charge injected devices (CID) ................................................ . 

Inadequate joint penetration. 
Incandescence .. 
Indexing borescopes .... 
Indications. 
Industrial practices .. 
Inert gas shielded arc welding .. 
Infrared radiation. 
Integrated circuit inspection .... 

Integrating sphere photoTneters. 
Intensity 

rcquirements for light sources. 
See also Brightness; Light 

96 
261 
345 

89-90 
345 
178 
345 

23,34,346 
333,334 

46 

55 

Interference microscopes. 81 
Interference o~eetive.... 346 
Interference seals. 322,346 
Intergranular Stress Corrosion Cracking. See Stress corrosion cracking 
Interlaced scanning. 139,346 
Internal sh·esses.. 196 
International Organization for Standardization (ISO) . 178 

ISO DIS-9712.. 179 
Interstitial alloys. 215,346 
Interpretation, of indication. 346 
Inverse square law .. 37, 38 
~_ 1~~~ 

Iron, phase h·ansfonnations. . 217-222 
Irradiance.. 346 
Ishihara plateslchart~.. 16,346 
Isomorphous binary systems. 216,346 
Isothermal transfOimation . 218-220 

J 
Jaeger eye chart. 

See Vision acuity 
Japanese Industrial Standards Committee (jISC) . 
Joint configurations . 

K 
Keratoconjunctivitis. 
Kinetic vision acuity . 

12,55,190,346 

178 
247 

23 
64,346 

l 
Laboratory microscopes ... 
Lambert cosine law. 
Lambertian ... 
Lamination (steel defect) . 

See (/ ko De lamination 
Lang, John . 
Lap joints. See Weld inspection; Welding 
Laps ... 
Laplacian operator .. 
Lasel'.~ .. 

for ceramic inspection .... 
hazards .... 
for hot slab surface discontinuity inspection ... 
lor strip steel inspection ... 
lor surfilee measuremeIlt . 

Leak testing, visual aspects of ... 
Lens, of the human eye. 
Lens systems ofbOl'escope~· . 
Levels of (visual testing) qualification . 
Light.. 
Lighting ... 
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79,80,346 
37,38 

346 
226,275 

7 

275,346 
99 

346 
320-321 

22-23 
230 

232-233, 236 
238,239 
304-305 

11,57,346 
83-91 

183 
346 
346· 

detection and measurement of. See Photonwters; Photometry 
electromagnetic ~pcctnml and .... 16,31,94 

x-xi, 37 
31 

30-31 

measnrement units. 
speed of.. .. 
theories of .. 
See also BrighbICss; Lighting; Radiant energy 

Light adapted vision .. 
See also Vision 

Light guides. 
Lighting .. 

for automotive finish inspection .. 
color temperature .. 
ii!lImination for visual testing .. 
intenSity attenuation ... 
light guides ... 
luminOlls efficiency ... 
for machine vision systems .. 
measureahle quantities and unit~ .. 
for photography. 
placement of .... 
for weld impeetion .. 

Line pair .. 
Liquid cryslal devices. 
Liquid metal contact . 
Liquid penetrant testing, vi~ual aspects of . 
Long pass filters .. 
Lot tolerance percent defective (LTPD). 
Low pass spatial filters ... 
Lumen .. 
L\lminance .. 
Luminance photometers ... 
Luminous efficiency .. 
Luminous flux. 
Luminous intensity .. 
Lux ... 

M 
Machine shops, borescope applications ... 
Machine vision systems ... 

for automotive brake shoe sorting ,. 
for ulltomotive surface inspection. 
image sensors ... 
lighting ... 
object rccognition/classification .... 

36,346 

83,91,346 
2,67 
280 

16,32-33 
54-56 
38-39 
83,91 
33-34 
92-94 

37 
143 

54, 92-93, 237 
67-68 

346 
102 

213-214 
58, 85, 93, 305-306 

94,95 
161 

97,346 
x, xi, 347 

347 
41 

33-34,347 
x, xi, 347 
x, xi, 347 
x, xi, 347 

86 
92-107,347 

288-291 
279-288 

94-96 
92-94 

92, 101, 284-291 
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programming of test procedures .... 
forsteei ..... 
See also Image processing 

Macroetching .. 
Macroscopes . 
Macular lutae .. 
Magnetic particle testing , ... 
Magnification 

horescopes ... 
vs. resolution and aperture .. 
television systems" 
video borescopes .. 

Magnifiers ..... 
surface comparators .. 
typical working characteristics .... . 

Manhattan Project horescope ..... . 
Martensite .. 
Mask in image processing. 
Match bend effect. 
Mathematical illOlphology .. 
Matrix cracking, in composites. 
Maxwell, James Clark .. 
Measurement, units of .. 
Measuring magnifiers .... 
Mechanical propelties 

See also Discontinuities; Steel; Weld inspection 
Median spatial filters. 
Melting points. See Temperature indicating materials 
Mesopic vision. 

See aLm Vision 
Metal crystalline structure. 
Metal inert gas (MIG) welding .. 
Metal to metal seals .. 
Metallographic micros(.'Opes . 
Metallography ....................... . 
Metallurgical instabilities .. 
Metallurgical microscopes. 
Metric units of measurement .. 
Microborescopes . 
Microelectronic component inspection .... 

microscopes .. 
high power .. 
low power .. 
medium power ... 
for metallographic tests .. . 
for replicate analysis ............................ . 
See also specific types of microscopes 

Microstructure 
electron microscopy .. 
replication... . .. ................ . 
grain structure. 
of steel. 

Microwelding .. 
Military specifications 

MIL-P-50884 .... 
MIL-P-55110 .. 
MIL-STO-271, SNT-TC-IA recommendations ... 
MIL-STO-410, SNT -TC-IA recommendations ... 
MIL-STD-1949A .. 
MIL-STO-1050, sampling plans in .... 

Miniature horescopes .... 
Minimum enclosing rectangle method .. 
Minimum line pair ... 
Mirror stereoscopes.. .. ..................... . 
Modulus of elasticity . 
Molten metal contact .. 
Monochromatic light .. 

103-107 
228-243 

IlS 
78 

58,347 
2,63,85,93,307-309 

88 
80 

142 
136-137 

76-81, 292-293 
76-77 

76 
6,7 

218,219,220-221,347 
96-97,347 

144,347 
99-100 

328,329 
30 

x-xi, 37, 55 
77,78 

97 

36,347 

214-215 
252-253 
323,347 

80 
215,347 
212-213 

79-80,347 
x-xi, 37, 55 

293,347 
331-335 

76-81,347-348 
79-81 
77-78 
78-79 

215 
108-109 

108, no, 133-134 
108-110 
145-147 
217-222 
200-201 

335 
335 
186 
186 
308 

160-162 
84, 85, 89, 348 

101 
348 
316 

194-195,348 
213-214 

2,61,348 

Monochromator ... 
Mottle .. 
Moving cell photometers .. 
Moving mirror photometers .... 
Miiller-Lyerillusion. 
Multichannel filtering approach .... 
Multiphase alloys .. 
Multiple cell photometers .. 

N 
NOE. See Nondestructive testing 
NO!' See Nondestructive testing 
NOT. See Nondestructive testing 
Nanometer. 
Naphthas, for surface preparation .. 
NAV SHIPS 250-100-1. 

2,348 
279-280, 287, 348 

45 
45-46 

59 
279,282-283 

215,348 
45 

Naval Submarine Research Laboratory (color vision classification) . 
Near ultraviolet radiation .. 

55 
U8 

8 
15-16 

348 
11,348 

348 
203, 204, 348 

69,348 
235 

38-39,94 
30 

348 

Nearsightedness .... 
Necking down .. 
Negative sliding. 
Neural acuity .......................................................... . 
Neural networks, dis(.'Ontinuity classification by . 

Neutral Rlters .. 
Newton, Sir Isaac ... 
Nick.. 
Nit. 
Nitze, Max .. 
Nondestructive testing ... 

quality tolerances .. 
visual testing as ................................................................... .. 
See a/:"o Visual testing, visual aspects of other test methods 

Nonlinear mechanical property behavior ... 

xi,348 
4 

181,348 
53 

vii,2 

Nonwetting .. 
Nuclear power plants ..... 

borescope applications .. 
rcactor pressure vessel inspection .. 

Nuclear Regulatory Commission. 

o 

195-196 
262 

245-276 
86,138-139 

263-269 
263 

74 Objective distance ......................................................................... . 
Oil field pipe and tube inspection. See Tubular goods inspection 
Opening, of images... 99 
Operating characteristic (OC) curves. 160-161 
Optic disk.... 58,348 
Optic nerve. 11 
Optical bench photometers... 44 
Optical filters and filtering ... 38-39 

in machine vision systems. 94,95 
protective Rlters.. . 26 

Optical testing.. 52 
high-speed. 101-107 
safety... 22-26 
steel, surface inspection of cold strip ..................................... 232-233,234 
systems/components. See specific entry-e.g., Horescopes; Machine 

vision; Microscopes 
Optics, geometrical . 
Orange peel, on steel. .. 
Organoleptic visual testing .. 
Orthicons. 
Oven temperature verification .. 
Overlap ... 
Oxidation .. 
Oxyfuel gas welding .... 

2-3 
225 

228,348 
132-133,140,268 

115 
260 
213 
250 

I 
I 

p 
Panoramic horescopes ... 
Parafoveal vision .. 

See also Vision 
Parallax measurement (in photogrammetry) .... .. 
Partial sampling .............................................. . 
Pattern recognition, in strip steel inspection .... . 

PearJite ......................................................... . 
Penetnmt testing, visual <llIl'ects of .. 
Perception .. 

See also Vision 
Perfonnance standards ... 

See a~~o Refcrencc standards 

85,90,91 
36 

314-316,349 
160 

233-234,235 
217,219,349 

58, 85, 93, 305-306 
57,65,69 

65-66 

Peripheral vision.. 13,349 
Periscopes.. 6,89, 90 
Personnel qualification and certification. See Certification; Qualification 
Petroleum and chemical industry applications. 

borest'Opc applications .. 
furnace photognunmetry .. 
remote pipeline inspection. 
standards, specifications, etc .... 
threa(l~ in tuhular goods . 
See also Pipe inspection 

phase contrast microscopes. 
phases .... 

phase diagrams. 
phase transformations .. 

Photocathode materials .. 
Photoconductive components 

light detection and measurement .. 
photoconductive lag .. 
photOCOnductive hlbes" . 
photoconductor cells .. 
photodiodes . 
vidco technology .... 

66 
86-89 

314-319 
148-153 

180,186,188-191,322-327 
322-327 

80,81 
215,349 

215-217,349 
217-222 

131 

35-36,43 
133 

132,140 
35,131 
36,131 

131-133 
See also Charge conplcd devices; Solid state dcvices 

Photoelasticity, half-fringe .. 321,349 
35,131 

94-95,131-133,140 
35-36 

131, 132, 140, 349 
314-319 

142-144,313-314 

Photoelectric effect .. 
devices .. 
tnhes. 

Photoemissivc devices .. 
Photogr.lmmetry .. 
Photogrdphy .. 

with borescopes . 
Hlmchoice. 
of microstructure. 
for surface inspection of stee! .. 

Photometers .. 
distribution photomcters . 
equivalent sphere illumination photometers . 
illuminance photometers. 
luminance photometers .... 
photomultiplier tube photometers .. 
photovoltaic cells . 
mdiometers .. 
refiectometers ... 
spectometers .. 
typesoL. 
zeroing .. 
See als(/ Photometry 

Photometry .. 
cosine cubed law .. 
direct .. 
invcrsc square law .. 
Lamhert cosine law .. 
measurement units and characteristics oflight . 
reference standards ... 

91 
143-144 
146-147 
230,231 

35-50,349 
44-46 
41-42 

39 
41 
41 

35,39-41 
24,43-44 

42-43 
44,240 

44-46 
40-41 

35-50,349 
37,38 

38 
37,38 
37,38 

37 
37-38 

relative .. 
source intensity attenuation ... 
standard observer re~ponse curves. 
substitution. 
See also Photometers 

Photomultiplier tube photometers. 
Photons ... 
Photopic vision ... 

See also Vision 
Phototnmsistors .. 
photovoltaic cell photometers .. 
photovoltaic cells .. 
Pichll'C pyramid method, of discontinuity classification. 

pigs .. 
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38 
38-39 

36 
38 

41 
16,21,349 

36,349 

36 
39-41 

35,132 
235 
150 

See also Positioning and transport systems; Remote visual testing 
pill pack inspection .. 104-107 

190 
225 

226, 275, 349 

Pin stretch .. 
Pinchers, in steel. 
Pipe (the defect) . 
Pipe inspection 

grades.. 188 
pipeline {.'Oating temperature indicators. 117 
remote visual testing. 148-153 
standards and specifications.. 188-191 
thread inspection. 190,322-327 
See also Petroleum and chemical industry applications; Tubular goods 

inspection; Weld inspection 
Pitting .. 
Pixels . 
Planck's constant. 
Planck's equation .. 
Planck's radiation law ... 
Plasma arc welding. 
Plastic defonnation .. 
Platelet .. 
Plug valve im,l'ection .. 
Polar log coordinate traru;fonn . 
Polarizing microscopes .. 
Polishing. 
Porosity ... 
Positioning and transport systems 

automated ~ystems .. 
for nuclear reactor inspection. 
for remote vi5t1R1 testing of pipes. 

Positive sliding .. 
Postforming heat control, tcmperature indicators for. 
Posture .. 
Poultice corrosion ... 
Power plants 

202-205,349 
100, 144, 349 

30,33 
33 
32 

250 
194-195 

349 
272 

102-103 
80-81 

119 
259-260,349 

128-130 
267-268 
148-150 
203,349 
116-117 

13 
208 

boiler weld inspection.. 164-166 
boreseope applications.. 86,91 
See also Nuclear power plants; Weld inspection, acceptance criteria 

Practice .. 178 
See Recommcnded Practice; Standards 

Preattentive processing.. 9 
Precipitation hardening.. 217,221-222 
Presbyopia.. 59 
Pressure vessels. 245-276 

nuclear reactors. 263-269 
weld inspection acceptance criteria.. 166-167,172 
See also American Society of Mechanical Engineers, Boiler and Pressure 

Vessel Code; Weld inspection 
Pressurized water reactor vessel inspection .. 
Prewitt gradient .. 
Prewitt, J.M.S .. 
Primaryfocu,~ing, borescopes . 
Principal plane of focus. 

265-266 
98-99 

98 
137 

142,143 
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Printed wiring board inspection. 
Procedures ... 
See also Standanls; specific applications 

Process {.~ntrol . 
temperature indicators for .. 
See also Quality 

Profile gages ............................................... , .... " ... . 
ProHle method, of discontinuity clasl>ification .. 

Project Milkbottlc .. 
Pseudocolor ". 
Pseudoisochromatic plates .. 
Psychophysics. 
Pump inspection .... 
Pupil ... 
Pyrometer.; .... 

a 
Qualification ................................................................ . 

See aLm Certification and qualification of personnel 

332-335 
155-176 

349 
115-116 

325-326 
234 

7 
307,349 

16,349 
9-10,65,349 

269-270 
11,57,349 

231 

8,68,181,254 

Quality.. . 350 
quality assurance.... . 53,350 
qtmlity control...... 53, 228, 279, 350 
sampling plans and ................................................................. 160-162,351 
See aLw Process control; specific applications, e.g., Automotive inspection; 

Steel 
Quantum theory . 
Quenching ... 

R 

30,31 
220-221 

RDVs (remotely operated vehicles). See Remote visual testing 
Radiance. 350 

Hadiant energy .. 
blackbody radiation .. . 
graybody radiation ...... . 
luminous efficiency .. . 
radiometers .... 
selective radiators. 
spectrum .. 
theories of .... 
See also Brightncss; Electromagnetic energy; I,ight 

H.adiant flux .... 
Radiant intensity .. 
Radiation. See Radiant cnergy 
Radiators, selective .. 

See also Blackbody; Grayhody 
Radiography 

of aircraft .. 
visual aspects of.. ................ . 
of welds, vs. visual tcsting . 

Radiometers ... 
Railway bearing inspection .. 
Random partial sampling. 
Rasters ... 
Rat's tooth principle. 
Reactor pressure vessel inl>pection . 
Heading borescopes .. 
Receptors ..... 
Recommcnded Practice. 

30-34,350 
31-33 
32,33 
33-34 

24,43-44 
32-33 

16,31,94 
30-33 

350 
350 

32,33 

296-297 
306-307 

156 
24,43-44,350 

U5 
160 

139,350 
100,350 
263-269 

90 
36, 57-58, 61 

178 
API RP-7G or API RP-8B. See American Petrolellm Institute 
ASNT Recommended Practice No. SNT-TC-IA. See American Society for 

Nondestructive Testing 
vs. standards. See Standards 

Recovery ... 
Hecry.;tallization .......... . 
Ueference standards .. 

211,217,218,350 
217, 218, 350 

350 

for photometry ... 
for sluface finish . 
for weld inspection ... 

Red mud .. 
Reflectance. 

as illumination .. 
reflectivity .. 
ref:lectometers ... 
See also Gloss measurement; SUlfaee finish 

HeHection .. 
Rcflectometer. 
Reflector. 
Refraction ... 
Regression, in automotive finish texture analysi.~ .. 
Regulations. 

See also Codes 

37-38 
76-77,240,284-286 

65-67,69,157-158,164 
350 
350 

54 
74-75 
42-43 

350 
350 
350 
350 

285-287 
178,263 

Helative photometry .. 38,350 
Remotevisual testing. . 68-69,267-268,350 

pipes and vessels. 148-153 
positioning and transport ................... 128-130 
remotely operated vehicles (ROVs) . 128-130,149-150,267-268 
video technology ............................................................................ 137-140 
See ulso Automated visual testing; Machine vision; Positioning and trans

POlt systems. 
Remotely operated vehicles (ROVs). See Remote visual testing 
Replication.. 108-113,350 

cellulose acetate.. 108-111 
silicone mbber .. 

Reserve vision acuity .. 
Resistance welding. 
Hesolution .. 

acuity examination. 
actual required .. 
of eye . 
focusing of bores copes . 
¥s. magnification and aperture .. 
televisiorJvideo . 
See also Vision; Vision acuity 

Retina .. 
Retrospective borescopes ... 
Return traces. 
Rhodopsin .. 
Right angle boreseopes .... 
Rigid borescopes . 

miniature borescopes .. 
See also Borescopes 

Roberts gradient .. 
Robert~, L.G ... 

111-113 
65,350 

250 
351 

63-65,265 
130 

55,63-65 
83-84 

80 
129-130,141-142,265 

11,22,24-26,57-61,351 
89-91 

139 
58,61 
88-91 
83-85 

84,85,89 

98 
98 

Robotics. See Automated visual testing; Positioning and tmnspOit systems 
Rods. 36,57-58,61,351 
Holl fOiming machines. 
Rolled-in dirt and scale. 
Rolled stock inspection. 
Rolling .. 
Rust. See Corrosion 

s 

116-117 
226 

275-276 
203-205 

SI units for measurement.. . x-xi, 37, 55, 351 
SNT-TC-1A. See American Society for Nomlestmctive Testing, Heeom

mended Practice No. SNT-TC-IA 
Saccadic movement .. 
Safety .... 

blue hazard .. 
etehant use .... 
infrared hazards .... 
laser hazards. 

58 
22-26 

26 
120 
23 

22-23 
I 

retina damage. 
ultraviolet hazards .. 

Sampling plans .. 
Scale .. 
Scanning 

automated quality control of stee! .. 
borescopes .. 
electron microscopy ... 
video screen formation. 
weld inspection .. 

Schindler, Rudolph. 
S(.'Oring (wear) .. 
Scotopic vision. 

See also Vil>ion 
Scuffing .. 
Seals, on tubular good~ .. 
Seam.~ .. 
Season cracking . 
Secondary emission in photomultiplier tubes. 
Secondary focusing, borescopes . 
Section steel inspection .. 
Sectioned borescopes .. 
Seizing .. 
Semiconductor components, inspection of .. 

Semiconductors . 
Sensitization ... 
Sequential lighting .. 
Shadow ca.<;ting . 
Sheet steel inspection .. 
Shielded metal arc welding .. 
Ship Structure Committee (SSC) . 
Shop microscopes .. 
Short pass illters . 
Shoulders .... 
Silicone mbber replication .. 
Simple magnifiers .. 
Sintered metals .. 
Sistering .. 
Skin lamination .. 
Slab surface discontinuity inspection. 
Slides, vs. prints .. 
Sliding .. 
Slip marks . 
Slivers, in steel .. 
Smoothing, in image processing. 
Smutting .. 
Sobel, I ... 
Sobel gradient.. 
Society of Automotive Engineers (SAE) . 
Socket weld .. 
Soda bottle inspection ... 
Solder joint impection . 
Solid state devices 

image amplifiers .. 
imaging devices .. 
photodiodes . 
See also Photoconductive devices 

Solidification .. 
Solventeleaning .. 
Sorting system, tor automotive brake shoes. 
Spalling fatigue .. 
Spatial filters .. 
Spatial light modulators. 
Specifications. See Standards 
Specified partial sampling ... 
Spectral emissivity .. 
Spectrophotometry .. 

22,24-26 
23-24 

160-162,351 
119,226,351 

230-238 
89 

108-110 
139 

67 
4 

200-201,276,351 
36,351 

200-201,351 
322-323 
275,351 

209 
41 

137 
231,232 

89,90 
200-201 
332-334 

131 
214,351 

136 
133, 134, 138, 351 

222-227 
250 
178 
79 
94 

326-327,351 
111-113 
292,351 

195 
130 
227 

230-231 
314 

203-205 
191 
227 

97,351 
121 
98 

98-99 
178 
174 
105 

248, 261-262, 331, 332 

132 
95-96 

36,131 

214,215 
118-119 
288-291 

205,351 
96-97 

101-102 

160 
32 

44,240,352 

INDEX I 365 

Spectroradiometers. 37,43-44,352 
Spectroscopy.. 352 
Spechum.. 352 

color.. 61-62,94 
electromagnetic. 16,31,94 

Speedometer calibmtion . 279 
Standard observer response curves. 36,352 
Standards. 352 

vs. codes, specifications, practices ... 178 
perlormance standard~ . 65-66 
See also Military specifications; Referenee standards; specific standards 

under names of issuing organh:ations 
Stapelton measurement system. 241 
Steel. 193-243,352 

discontinuities.. . 222-241 
mechanical properties.. 194-197 
phase transfonnations.. 217-222 
plate flatness measurement.. 234-236 
surface pUlity measurement of strip .. 240-241 
surlacc inspection of cold strip. 232-233,234 
torsion bars. 294 
See also Pipe inspection; Weld inspection 

Stefan-Boltzmann law. 
Stepping pipe crawlers .. 
Stereo .... 

microscopes. 
photogrammetry .. 
See also Vision, binocular 

Sticker breaks, in steel. 
Stiffness .. 
Storage vessels 

32 
128-129 

352 
78-79,316 

314-319 

227 
194-195 

borescopcs .. 86, 148 
acceptance criteria.. 166-167,168,112,175 
See also American Society of Mechanical Engineers, Boiler and Pressure 

Vessel Code 
Strain.. 352 
Strain replication.. 110-111,112 
Stress.. 352 
Stress concentration. 197 
Stress corrosion cracking.. 209-210,214 

replication analysis ... 111,112 
Stress fatigue, contact. 201-205 
Stress rupture. 212 
Stress-l>train curves.. 194-195 

bidirectional stresses and. 196-197 
nonlinear.. 195-196 

Stretcher strains, in steel.. 227 
String shot, in steel pipe.. 191 
Stringers .... 275-276 
Strip l>i:eel inspection.. 232-234 

Strip surfaec purity measurement.. 240-241 
Stroboscopic lighting.. 2 

for machine vision systems.. 93, 94 
for video borescopes . 135-136 

Structural Welding Code-Steel (D1.1) ... 180,186 
See also American Welding Society 

Structured lighting. 
Subcase origin fatigue. 
Subsurface fatigue .. 
Submergcdarc welding .. 
Substitution photometry .. 
Subsurface origin fatigue. 
Subtraction, in image segmentation. 
Surfa(.'C, in.~peetion of .. 

comparators .... 
equipment for. 
surface finish .. 

93 
205,352 

352 
250 
38 

202 
100 

222-227 
76-77 

228-241 
76-77,240,284-286 
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surface roughness of steels .... 
Surface origin fatigue .. 
Surfa(.'e preparation .. 
Syrup bottle inspection ... 

T 

236-238 
203-205 

118-119,255 
105-107 

TIC. See Tungsten inert gas 
Talbot's law.. 38,40 
Tanks. See Storage vessels 
Tarasov etching technique. . 201,352 
Target angle ....................... 13-14,64-65 
Television camera tubes.. 139-140 
Television systems. 132-133 

for glass stress detection. 321 
for hot slab surface discontinuity il1~'Pection . 230 
for nuclear reactor inspection. 267-269 
remote closed circuit. 139, 141 
scanning (producing an image) . 139 
video resolution... 141-142 
See al.so Image processing; Remote visual testing; Video components 

Temperature effect, on mechanical properties ..... . 195,196 
elevated temperature discontinuities ................ 210-214 

Temperature indicating materials .. 114-115 
applicatious .. 115-117 

Tempering ............... 218, 220-221 
Tensile strength.. . 196,197 
Tensile stress and stress corrosion cracking. . 209-210 

Textile mills 
microscope use in .... 
temperahlre indicator use in .... 

Texture, importance of surface . 
Texture analysis (automotive finishes) . 

Thennal fatigue. 
Thin ceramic inspection .. 
Thread inspection, in tubular good~ .... 
Threshholding ..... 
Time temperature transformation diagrams. 
Toilet paper inspection. 
Tone pulse encoding. 
Tool and die shops, boroscope applications. 

Tool mark .... 
Tnlces .. 
Transport systems. See Po~itioning and transport systems 

Troland ...... 
Tubing string .. 

79 
U6 
54 

279-288 
212 

320,321 
190,322-327 

100,352 
218-219,352 

105, lO6 
145-147 

86 
352 

139,352 

xi, 353 
322,353 

Tubular goods inspection 
borescopcs .... . 148_153,188,190-191 
grades.. 188 
hoisting equipment.. . 191 
new pipe ... 189-190 
thread inspection. 190,322-327 
useddrillpipe. 190-191 
See also Petroleum and chemical industry applications; Pipe inspection 

Tungsten inert gas (TIG) welding ............................................ 251-252,353 
Tungsten lamps... 33 
Turbine blade inspection. 320 

u 
Ultrasonic testing .. 

visual aspecl~ of.. 
Ultraviolet radiation. 

borescopes .. 
hazards .. 
for machine vision systems .. 
radiometers .. 

186,191 
309-312 

16,21,34,353 
85 

23-24 
93 

24,353 

Undercut .. 
UndcIWater visual testing ..... . 
Unified theory .................. .. 
Uniform corrol>ion .. 
Units of measure .... 

V 

253,260-261,353 
63, 66-67, 68, 142, 268 

30-31 
208 

x-xi, 37, 55 

VT-1,-2,-3 tests. 179-180,255,264,266 
See also American Society of Mechanical Engineers, Boiler and Pressure 

Vessel Code 
Valve inspection .. 
Vaporproof horescopes ......................... ···· 
Vessels. Sec Pressure and storage vessels 

270-272,273 
85,353 

Video borescopcs ................................... . 
black and white vs. color imaging .. . 

lighting .. 
magnification factor. 
for remote visual testing of pipes ... 
size limitations. 
video taping. 
See also Video components 

Video components ...... 
cables .. 
cameras .. 
digitizcrs . 
nuclear reactor inspection .... 
recorders .. . 
resolution ... . 
systems .. 

91, 134-139,293 
135 

135-136 
136-137 
148-153 

137 
138 

353 
150 

68-69, 94-95, 129-130, 150-151, 268 
92 

267-269 
267-269 

129-130,265 
68,92 

129 
tube vs. chip type . 
See also Charge coupled devices; Image orthicons; Image processing; 

Machine vi~ion systems; Positioning and transport systems; Remote 
visual tcsting; Resolution; Solid state devices; Television systems; Video 

borescopes; Vidicon tubes 
Vidicon tubes. 
Vigilance decrement .... 
Vision. 

acuity. See Vision acuity 
aging and .... 
anatomy of ... 
angle of viewing. 
attitude eHects (of observer) . 
background noise .. 
binocular .. 
blind spot .... 
brightness contrast .. 
color vision. See Color vision 
differentiation .. 
distance .. 
fatigue effects ...... 
health effects .. 
light and dark adapted. 
mesopic state. 
observer differences .... 
perception ... 
peripheral .. 
phYSiology of ... 
spectral response . 
visual efficiency .. 
Weber's law and .. 

94-95,132, 133, 140 
65,353 

353 

57,59 
11,36,57-58,61 

13-14, 55-60, 87-90,353 
60 

69,353 
60-61,314-316 

11,58,61 
62 

9 
56,61 

59 
59-60 

36 
36 

59-60, 62, 65, 69 
58-60,353 

13-14,58 
9-11,60-61 

33-34 
65,353 

10 

See {/I&'o Machine vision; Resolution; Vision acuity 

Vision acuity .. 
10-12,353 

12-13,55,254 
14-20 

63,66-67,68 
10,12 

examinations .. 
color vision .. 
for underwater inspection .. 

far vision .... 

farsightedness. 
kinetic .. 
ncar vision .. 
ncarsightedness .. 
neural acuity . 
weld inspection and ..... 

II 
64 

10,12,69 
II 
69 

63-65,254 

See aL~o Color vision; Resolution; Vision 
Visual task photometers. 42 
Visual testing... vii, 2-3, 52, 353 

angle of viewing ............ 13-14, 55-60, 87-90 
design considerations.. 53 
environmental factors. 54-56 
remote. 68-69,148-153 
and nondestructive testing ..... 2, iv, vii 
safety................................... 22-26 
test object effects. 74-75 
visual aspecl~ of other test methods. 304-312 
See also lltllllerous specific applications and aspects of visual testing-e.g., 

Aircraft inspection; Lighting; Quality; Safety; Vision; Vision acuity; 

Weld inspection 
Voids .. 

in composites. 
See also Porosity 

w 
Wafer ceramic inspection ... 
Wappler, Reinhold .. 
Water circulation pump inspection. 
Water-cooled bores{.'Opes .. 
Waterproofborescopes. 
Wave theory .. 
Wear .. 

replication analysis .. 
abrasive .. 
adhesive .. 
erosive .. 
fretting .... . 
gouging .. . 
grinding .. 
oxidation. 
in pumps .. 

Weber's law ... 
Weld inspection .. 

acceptance criteria (weld profile/size) ..... 
butt weick .. 
Hlletwelds .. 
flange welds .. 
pipewclds .. 
pipelines .. 
power boilers. 
pressure and storage vessels ... 
socket welds. 
weld discontinuities. 

after welding .. 
before welding .. 

353 
328,329 

320,321 
4 

270 
86 
85 

30-31 
197-201,213,354 

Il2 
198 

200,354 
198 

201,354 
200 
199 

201,354 
270 

10 
156,253-254 

163-176,253-262 
165-171,247,248 

164,167 
174 

167-176 
172-175 
164-166 

166-167,172 
174 

163-164, 259-261 
157-158,256 

156,256 
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chemical etehants for .. 
codes and standards. .. ................ .. 

124 
178-179 

See also Certification and qualification of personnel; names of 
organizations that issue standards 

discontinuities .. 
during welding .. 
gaging of weld profile/size ..... 
inspection plan, typical. 
marking repair welds . 
personnel qualification .. 

163-1&1,172,256-262 
156-157,256 

255,256-259,354 
179 
158 

68,254 
65-57,69,157 reference standards .... 

remote. 152-153 
sampling plans . 160-162 
underwater vision acuity. . 63, 56~67, 68 
visual performance verification. 63-68 
visual vs. radiographic.. .................................. 156 
See also American Welding Society; Remote visual testing; Welding 

Welder's flash .......................................................... ···· .. · .................... 23,354 
Welding 

arcwclding .... 
basic joint configurations . 
brazing .... 
complete penetration ... 
effcct on stress corrosion cracking ... 
fabrication processes .. . 
gas metal arc welding .. . 
gas tungsten arc welding .. .. 
metal structure in ............ . 
oxyfi.iC1 gas welding. 
partial pentetration .. 
resistance welding ... 
shielded mctal arc welding .... 
soldering .. 

250 
247 

249-250, 261-261 
247-248 

210 
253 

252-253 
251-252 
214-215 

250 
248 
250 

temperature indicator applications. 
types/processes. 
typical weld components.. .. ............................. . 
See also American Welding Society; Weld inspection 

250-251 
248,262,331 

117 
248,249 

254 

~~:eJ:1~~~~~~~~t~·::::::::::::::::::::::::::::::::::::::'.::::::::::::::" .. 354 
77-79,85 

32 
332-335 

4 

Wien radiation law .... 
Wiring board inspection .... 

Wolf, Georg .. 

Work hardening .. 
Working standard. 

y 
Yield point .. 
Yield strength .. 

elevated temperature and. 

z 
Zoom lenses. 

211,217,218,354 
354 

194 
194,196 
210-211 

313-314 
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