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(54) COLOR TRANSLATING UV MICROSCOPE (57) ABSTRACT 
A color translating UV microscope for research and clinical 

(75) Inventori Tim Richardson, Palgrave (CA) applications involving imaging of living or dynamic 
samples in real time and providing several novel techniques 

Correspondence Address? for image creation, optical sectioning, dynamic motion 
TORYS LLP tracking and contrast enhancement comprises a light source 
79 WELLINGTON ST- WEST emitting UV light, and visible and IR light if desired. This 
SUITE 3000 light is directed to the condenser via a means of selecting 
TORONTO, 0N M5K 1N2 (CA) monochromatic, bandpass, shortpass, longpass or notch lim 

ited light. The condenser can be a bright?eld, dark?eld, 
_ _ _ phase contrast or DIC. The slide is mounted in a stage 

(73) Asslgnee: Richardson Technologies Inc., Toronto Capable of high Speed movements in the X, Y and Z 
(CA) dimensions. The microscope uses broadband, narrowband or 

_ monochromat optimized objectives to direct the image of the 
(21) Appl' NO" 11/262’805 sample to an image intensi?er or UV sensitive video system. 

. _ When an image intensi?er is used it is either followed by a 
(22) Flled' NOV' 1’ 2005 video camera, or in the simple version, by a synchronized set 

Related U S Application Data of ?lters which translate the image to a color image and 
l ' deliver it to an eyepiece for viewing by the microscopist. 

(60) Continuation of application NO_ 10/635 936 ?led on Between the objective and the image intensi?er there can be 
Aug 7 2003 HOW Pat No 6 961 086 Winch is a a selection of static or dynamic switchable ?lters. The video 
division of application NO_ 09/402,467, ?led on Dec camera, if used, produces an image which is digitized by an 
23 1999 HOW Pat NO_ 6 650 357 ?led as 371 of image capture board in a computer. The image is then 
int’ernatio’nal application NC; PC’T/C’A98/00350 ?led reassembled by an overlay process called color translation 
on Apr_ 9 1998_ ’ and the computer uses a combination of feedback from the 

’ information in the image and operator control to perform 
(60) provisional application NO_ 60/044,247, ?led on Apr' various tasks such as optical sectioning and three dimen 

23, 1997_ provisional application NO_ 60/041,855, sional reconstruction, coordination of the monochromater 
?led on Apr' 9, 1997_ while collecting multiple images sets called image planes, 

tracking dynamic sample elements in three space, control of 
Publication Classi?cation the environment of the slide including electric, magnetic, 

acoustic, temperature, pressure and light levels, color ?lters 
(51) Int. Cl. and optics, control for microscope mode switching between 

H04N 7/18 (2006.01) transmitted, re?ected, ?uorescent, Raman, scanning, confo 
H04N 9/47 (2006.01) cal, area limited, auto?uorescent, acousto-optical and other 

(52) US. Cl. .............................................................. .. 348/80 modes. 
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COLOR TRANSLATING UV MICROSCOPE 

CROSS-REFERENCE TO OTHER 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/635,936, ?led Aug. 7, 2003, now 
US. Pat. No. 6,961,080 issued Nov. 1, 2005, Which appli 
cation is a divisional application of US. patent application 
Ser. No. 09/402,467, ?led Dec. 23, 1999, now US. Pat. No. 
6,650,357 issued Nov. 18, 2003, Which application is a 371 
of international patent application No. PCT/CA 98/00350 
?led Apr. 9, 1998, Which application claims priority from 
US. Provisional Patent Application Ser. Nos. 60/044,247 
and 60/041,855 ?led Apr. 23, 1997 and Apr. 9, 1997, 
respectively. This application claims the bene?t of all afore 
mentioned applications, and incorporates all said applica 
tions herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a color translating 
microscope employing ultraviolet light in place of or in 
addition to visible and/or infrared light sources. More spe 
ci?cally, the present invention relates to a method and a 
microscope Which determine and represent differential 
absorption, transmission, re?ection, ?uorescent and/or 
Raman characteristics of a sample as a color image to a user. 

BACKGROUND OF THE INVENTION 

[0003] It has been desired for some time to ?nd a loW cost, 
reliable and yet ?exible means to vieW living and/or 
dynamic processes at high resolution in real time. Another 
desire is to be able to carry out Wide ranging spectral 
imaging based on differential spectral absorption after such 
as, Caspersson, T., 1940, “Methods for the determination of 
the absorption spectra of cell structures”, Journal of the 
Royal Microscopical Society, 60, 8-25, to study biological 
samples Without the addition of any contrast media. Yet 
another desire is to substantially reduce the amount of light 
that can potentially damage or affect the behaviour of a 
sample. In other Words, the desire has been to vieW a sample 
With the slightest possible interference With its normal 
behaviour in order to see its operation in a state substantially 
the same as that Which it Would normally experience in its 
usual environment. Accordingly, it has been desired to 
eliminate stains, ?uorochromes, dyes, ?xatives, preserva 
tives or other additives and to minimize external ?elds and 
radiations such as magnetic, electrical or photon energy. 

[0004] Color translating UV microscopes are knoWn. In 
the past many inventors have attempted to produce color 
translating UV microscopes. For example, some prior art 
microscopes have used photographic techniques as 
described in: Barnard, J. E., 1919, “The limitations of 
microscopy”, Journal of the Royal Microscopical Society, 
39, 1-13; Martin, L. C., Johnson. 1928, B. K., “UV Micros 
copy”, parts 1 & 2, Journal of Scienti?c Instruments, 5, 
337-344 and 380-387; Lucas, F. F., 1930, “The architecture 
of living cells”, Proceedings of the National Academy of 
Sciences, 16, 599-607; Barnard, J. E., 1939, “ToWards the 
smallest living things”, Journal of the Royal Microscopical 
Society, 59, 1-10; Brumberg, E. M., 1946, “A microscope 
for visual colour microscopy in the ultraviolet rays”, 
Comptes Rendus (Doklady) de I’Academie des Sciences de 
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l’URSS, 52:6, 499-502; and Land, E. H., et al, 1949, “A 
colour translating UV microscope”, Science, 109, 371-374. 
The contents of these publications are incorporated herein 
by reference. 

[0005] Other prior art attempts at color translating UV 
microscopes have been made using video techniques as 
described in: ZWorykin, V. K., Hatke, F. L., 1957, “Ultra 
violet television colour translating microscope”, Science, 
126, 805-810; ZWorykin, V. K., Berkley, C., 1962, “Ultra 
violet colour translating television microscopy”, Annals of 
the NeW York Academy of Science, 97, 364-379; Caspers 
son, T., 1964, “The ultraviolet microscope”, Journal of the 
Royal Microscopical Society, 83, 67-68; and Caspersson, T., 
1964, “The study of living cells With the ultraviolet micro 
scope”, Journal of the Royal Microscopical Society, 83, 
95-96. The contents of these publications are incorporated 
herein by reference. 

[0006] It is believed that all these prior art attempts failed 
due to the complex nature of the solutions attempted, the 
attendant costs and the high operating and maintenance 
burden and costs. The results from these systems Were 
mediocre at best due to the delay in image availability in the 
photographic processes and due to the loW resolution and 
long integration times of the video solutions available at the 
time the Work Was carried out. 

[0007] A more recent attempt at a useful UV microscope 
is shoWn in US. Pat. No. 5,481,401 to Kita et al., the 
contents of Which are incorporated herein by reference. As 
shoWn in FIG. 9 of this reference, a ?nal image is produced 
from the combination of a monochromatic UV microscope 
image With a color visible light image to obtain a pseudo 
color image. In other embodiments taught by the reference, 
separate displays of the monochromatic UV image and the 
color visible light image are provided to the user. This 
reference suffers from disadvantages in that, for example, it 
needs high poWer UV illumination to provide suf?cient 
illumination to the UV video camera Which Will be detri 
mental to the sample, it does not combine multiple three UV 
images from the same camera created With successive 
selections of light of different Wavelength center and band 
pass to create a full three colour visible image and therefore 
it is prone to misalignment of the individual cameras, and it 
is preset and not rapidly adjustable as to the Wavelengths of 
light chosen for imaging, it does not use the extending 
resolving poWer of the deep UV range of the spectrum in 
Which cellular absorption of biological specimens begins to 
offer the advantages of absorption staining of living systems 
and it Will not resolve images at resolutions greater than 
those possible under visible light vieWing conditions, as the 
?nal displayed visible light and monochromatic UV images 
are presented to the user at the same pixel resolution. 

[0008] It is desired to have a color translating UV micro 
scope Which provides substantially real time image presen 
tation Without damage to the sample and Which ranges from 
the relatively simple to construct and to use simple version 
to the poWerful and comprehensive imaging system in the 
research version described herein. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to provide a 
novel color translating UV microscope Which obviates or 
mitigates at least one disadvantage of the prior art. 
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[0010] According to a ?rst aspect of the present invention, 
there is provided a microscope for translating spectral infor 
mation to a visible color image in Which light from a source 
is separated into components by either a set of tWo or more 
?lters or a device for providing Wavelength limited light and 
then passed through or re?ected off the sample and then 
imaged by an objective lens onto a video camera Where it is 
converted to visible light by a ?uorescent coating on the 
photosensitive surface of video camera Which provides the 
image as an electronic signal Which is then converted into 
electronic data by a video to computer interface system and 
then recombined into a multicolor image by computer 
processing ?nally creating a color visible image on a display 
monitor Where the computer is supplied With information on 
the position of the ?lters or Wavelength limited light in order 
to synchroniZe acquisition of the images and the color 
translation and recombination process. 

[0011] According to another aspect of the present inven 
tion, there is provided a microscope for translating spectral 
information to a visible color image in Which light from one 
or more sources is separated into components by either a set 
of tWo or more ?lters or device for providing Wavelength 
limited light and then passed through or re?ected off an 
sample then imaged onto the input of an image intensi?er by 
an objective lens then converted to visible light by the image 
intensi?er or other Wavelength translating device the output 
of Which is then imaged on the input of a video camera 
Which provides the image as an electronic signal Which is 
then converted into electronic data by a video to computer 
interface system and then recombined into a multicolor 
image by computer processing ?nally creating a color vis 
ible image on a display monitor Where the computer is 
supplied With information on the position of the ?lters or 
Wavelength limited light in order to synchroniZe acquisition 
of the images and the color translation and recombination 
process. 

[0012] According to yet another aspect of the present 
invention, there is provided a microscope for translating 
spectral information to a visible color image in Which light 
from a source Which emits narroW spectral lines, as opposed 
to a continuum of spectra, is separated into components after 
passing through a sample and is then converted to visible 
polychromatic light by a converter such as an image inten 
si?er and is then recombined into a multicolor image by a 
combining images captured by a video camera, video inter 
face and computer Where such images are synchroniZed With 
the ?lter system. 

[0013] According to yet another aspect of the present 
invention, there is provided an optical microscope system 
Where an image intensi?er and CCD camera combined With 
a computeriZed image capture and image processing system 
is used to convert images collected in Wavelengths outside 
the normal range of human vision, such as soft X-ray, UV or 
IR, to visible images and Where, While at least one of the 
images collected is in the range 200 nanometers to 300 
nanometers, some of the other images used to produce the 
?nal color image can be collected in the range from 300 to 
3300 nanometers. 

[0014] According to yet another aspect of the present 
invention, there is provided a microscope Which includes 
active optical feedback for stabiliZation of the position and 
intensity of the illuminating optical system. 
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[0015] According to yet another aspect of the present 
invention, there is provided a microscope Which includes 
active optical monitoring for recording and providing the 
data to alloW relating the effects of the dosage of the 
illuminating radiation to the observed effects in the samples 
and for modulation of that illumination to prolong sample 
life. 

[0016] According to yet another aspect of the present 
invention, there is provided a microscope that is capable of 
selecting betWeen bright?eld, dark?eld, and re?ected bright 
?eld or re?ected dark?eld illumination or phase contrast or 
other standard forms of illumination under computer con 
trol. 

[0017] According to yet another aspect of the present 
invention, there is provided a microscope that is capable of 
sWitching objective lenses under computer control. 

[0018] According to yet another aspect of the present 
invention, there is provided a microscope that is capable of 
sWitching image intensi?ers under computer control. 

[0019] According to yet another aspect of the present 
invention, there is provided a microscope that is capable of 
sWitching video cameras under computer control. 

[0020] It is an object of yet another embodiment of the 
present invention to provide a novel color translating micro 
scope Which obviates or mitigates at least one of the dif? 
culties of the prior art. It is a further object to provide a novel 
method of forming a color image of the differential absorp 
tion of a microscope sample. 

[0021] According to yet another aspect of the present 
invention, there is provided a microscope for translating 
spectral information to a visible colour image in Which light 
from a source is separated into components by a set of tWo 
or more ?lters then passed through an sample then converted 
to visible polychromatic light by a converter such as an 
image intensi?er and then recombined into a multicolour 
image by a set of tWo or more ?lters Where such ?lter sets 
are synchroniZed With each other. 

[0022] According to yet another aspect of the present 
invention, there is provided a method of producing an image 
representing the differential absorption of light by a sample, 
comprising the steps of: 

[0023] illuminating a sample With light of a ?rst 
desired Wavelength by imposing an illumination ?lter 
betWeen a multiWavelength light source and the 
sample; 

[0024] (ii) receiving light from the sample at a photon 
gain device Which converts the received light to an 
intensi?ed White light; 

[0025] (iii) ?ltering said intensi?ed White light With an 
image ?lter to obtain visible light at preselected Wave 
length for said desired Wavelength; 

[0026] (iv) forming an image of said ?ltered intensi?ed 
White light; and 

[0027] (v) synchronously changing said illumination 

?lter and said image ?lter and repeating steps through (iv) to illuminate said sample With light of a 

second desired Wavelength and to form an image from 
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visible light obtained from said intensi?ed White light 
at a second preselected Wavelength for said second 
desired Wavelength. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Preferred embodiments of the present invention 
Will noW be described, by Way of example only, With 
reference to the attached Figures, Wherein: 

[0029] FIG. 1 shoWs a color translating UV microscope in 
accordance With an embodiment of the present invention; 

[0030] FIG. 2 shoWs a color translating UV microscope in 
accordance With another embodiment of the present inven 
tion; 

[0031] FIG. 3 shoWs an embodiment of a microscope 
stage for use With a color translating UV microscope in 
accordance With the present invention; 

[0032] FIG. 4 shoWs a color translating UV microscope in 
accordance With another embodiment of the present inven 
tion; 
[0033] FIG. 5 shoWs a color translating UV microscope in 
accordance With another embodiment of the present inven 
tion; 

[0034] FIG. 6 shoWs a color translating UV microscope in 
accordance With another embodiment of the present inven 
tion; 
[0035] FIG. 7 shoWs a color translating UV microscope in 
accordance With another embodiment of the present inven 
tion; 

[0036] FIG. 8 shoWs a color translating UV microscope in 
accordance With another embodiment of the present inven 
tion; and 

[0037] FIG. 9 shoWs a block diagram of the control and 
electronic functions of a color translating UV microscope in 
accordance With an embodiment of the present invention; 

[0038] FIG. 10 shoWs a cross-sectional vieW of a micro 
scope in accordance With an embodiment of the present 
invention; 
[0039] FIG. 11 shoWs a graph of a typical UV illumination 
?lter spectra; 

[0040] FIG. 12 shoWs a graph of atypical visible light 
imaging ?lter spectra; 

[0041] FIG. 13 shoWs a three-?lter ?lter Wheel Which can 
be employed With the microscope of FIG. 2, 7, and 10; 

[0042] FIG. 14 shoWs a four-?lter ?lter Wheel Which can 
also be employed With the microscope of FIG. 2, 7, and 10; 

[0043] FIG. 15 is a reproduction of FIG. 113 of J. E. 
Barnard’s book “Practical Photomicrography”, EdWard 
Arnold & Co., London, Third Edition, 1936, Which shoWs a 
preferred implementation of a bright?eld and dark?eld con 
denser for use With various embodiments of the invention; 
and 

[0044] FIG. 16 is a reproduction of FIG. 114 of J. E. 
Barnard’s above-mentioned book, Which shoWs a preferred 
implementation of a dark?eld only condenser for use With 
various embodiments of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] This invention stems from the desire to provide a 
poWerful neW research and clinical tool Which advances the 
state of the art in microscopes for living or dynamic sample 
microscopy While maintaining the sample in a state as close 
as possible to it’s normal conditions. In the discussion 
beloW, the folloWing abbreviations are employed With these 
de?nitions: UV—light from the spectral region of Wave 
lengths shorter than four hundred nanometers; visible—light 
from the spectral region from four hundred to seven hundred 
nanometers; IR—light from infrared, the spectral region of 
Wavelengths longer than seven hundred nanometers; NIR— 
light from near infrared, the spectral region from seven 
hundred to three thousand three hundred nanometers; and a 
subset of IR and DIC—differential interference contrast, a 
means of enhancing image contrast in microscopy. The 
terms sample denotes the particular thing being imaged by 
the microscope and normally placed on a slide in a stage or 
holder in the microscope, it is sometimes referred to in the 
literature as the object. 

[0046] Generally, it is desired to carry out Wide ranging 
spectral imaging based on differential spectral absorptions 
after the Work of Caspersson, mentioned above, in order to 
study biological samples Without the addition of any contrast 
media. It is also desired to folloW the movement of highly 
active or dynamic samples as they move in three dimen 
sional space Without a requirement for manual control so 
that an operator can ?nd a sample component of interest and 
return some time later and observe Where that component 
has moved to. It is also desired to substantially reduce the 
amount of light and/or other ?elds or energy sources that 
might damage or affect the behavior of a sample. In other 
Words, it is desired to vieW the sample With the slightest 
possible interference With its normal behavior in order to see 
its operation in a state substantially the same as that Which 
it Would normally eXperience in its usual environment. To 
this end, the use of stains, ?uorochromes, dyes, ?Xatives, 
preservatives or other additives is desirably eliminated and 
the eXternal ?elds and radiations such as magnetic, electri 
cal, acoustic or photon energy to Which the specimen is 
subjected are reduced. Also, it is desired that the system be 
relatively easy to set up, use and maintain, While being 
affordable. 

[0047] Throughout this patent the microscope along With 
the related system components are collectively referred to as 
the UVM. This system Will also eXcel in many other ?elds 
of microscopy such as metallographic, crystallographic, 
forensic and chemical microscopy due to the common 
requirements of those ?elds With the ?eld of living micros 
copy in that chemical spectrophotometric and optical infor 
mation is important to better characteriZe and understand the 
sample. This neW microscope system can provide high light 
microscope resolution, real time high speed image formation 
for stopping fast action, non-invasive spectral absorption 
image contrast formation, optical sectioning for three 
dimensional analysis, and high speed tracking of moving 
samples or components of samples in three space. 

[0048] This system employs one or more supervisory and 
image processing computers Which control all the selections, 
operating levels and Wavelengths and modes of the various 
components of the UVM, and process the image data 
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collected and assemble it into a ?nal image according to a set 
of operator selected algorithms, and feedback systems from 
the image data to the control drives of the UVM components 
to optimiZe image formation and track living or dynamic 
samples over time. Without the integration of image pro 
cessing and machine control made possible by current 
computer technology, the sophisticated ability of this UVM 
to form composite images and track living or dynamic 
samples Would not be possible. 

[0049] This system can produce unique images by rapidly 
cycling not only the Wavelength, bandWidth, polarity and 
intensity of the illuminating light but also the method of 
illumination betWeen transmitted bright?eld, transmitted 
dark?eld, re?ected bright?eld, re?ected dark?eld, phase 
contrast, and slit ultramicroscopic, as Well as being able to 
rapidly change the polarity and spectral bandWidth, by using 
?ltering or monochromators, of the light emitted from the 
sample, and change the gain of the image intensi?ers to suit 
the intensity of the resulting light from the sample. These 
rapid sWitching functions of the light in?uencing compo 
nents is then coupled With the computer’s capability to 
mathematically process the images and carry out numerical 
operations to add, subtract, multiply, divide or take other 
mathematical or boolean functions of the data to create the 
three color output planes seen as red, green and blue on the 
video display monitor. 

[0050] An eXample of the unique capability of this system 
is the creation of a ?nal image in Which structural informa 
tion obtained in the mid UVC spectrum is shoWn in blue 
While ?uorescent information excited in the tWo hundred 
and ?fty nanometer range and emitted in the blue visible 
spectrum is shoWn as green and ?uorescent information 
eXcited in the three hundred and siXty ?ve nanometer range 
and emitted in the red visible spectrum is subtracted from the 
green image and the blue image and the result is shoWn as 
red. The rapidity of the moving light and light path selecting 
components of the UVM can be fast enough to produce a full 
color translated image of a moving sample in real time. This 
requires ninety image planes per second for a thirty frame 
per second ?nal color image. The image processor must be 
able to handle mathematical operations on ninety frames per 
second, output the result of these operations to a video 
display, and be able to send data to the supervisor computer 
at the same time. It also requires that the supervising 
computer be able to direct and accept position feedback 
from typically nine hundred motion commands per second 
and four hundred and ?fty position feedback signals per 
second as Well as deriving focus, tracking, sectioning and 
brightness control information from the image processor. 
Compromises in the speed of the image intensi?er, the video 
camera, the video processor or the computer systems Will 
result in loWer frame rates for the ?nal image. 

[0051] The high resolution in this system is provided by 
the short Working Wavelengths of the microscope proper. 
This microscope system is designed to Work in the UV, and 
in some cases the vacuum ultraviolet (VUV), spectral region 
While, if desired, maintaining functional capabilities in the 
visible and IR spectral regions. Since the resolution of a light 
microscope is proportion to the Wavelength of light 
employed in image formation the use of UV and VUV light 
results in improvements in resolution many times the reso 
lution possible With visible light microscopy. It is contem 
plated that this increase in illumination Wavelength can 
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result in the microscope being able to resolve features 
potentially as small as ?fty nanometers. 

[0052] The spectral range of the UVM, Which can vary 
from a relatively narroW range in the UVC, to a very broad 
range encompassing the VUV, UV, visible and IR portions of 
the spectrum, Which, When coupled With the dynamic select 
ability of spectral region, is important since it forms the 
contrast of the image by employing the technique of differ 
ential absorption contrast. Since different components of a 
sample Will absorb, transmit, re?ect, scatter and emit light at 
Wavelengths that are characteristic of it’s physical and 
chemical properties a microscope that can take full advan 
tage of these characteristics can form images based on these 
differences Where such differences are converted to color 
images Where the colors of the ?nal image correspond to the 
differential absorption, transmission, re?ection or emission 
of the sample components. This type of contrast results in 
highly differentiated images Without the requirement for the 
addition of any contrast media to the sample. 

[0053] The real time image formation is provided by a 
video processor With onboard image processing and data 
routing capability. The video processor imports the image 
from the camera of the UVM. It then processes the image 
according to one of several algorithms chosen by the opera 
tor and ?nally outputs the image to a video monitor and, or 
stores the data on a storage media for future processing or 
retrieval. The real time nature of the image formation is 
important to alloW living and dynamic processes to be 
folloWed in real time or in sloW motion playback. The real 
time image formation requires very fast spectral source 
scanning capability so that sequential Wavelengths of light 
can be employed to illuminate the sample alloWing the 
collection of image planes corresponding to the illuminating 
Wavelengths, Which are then overlaid to produce the ?nal 
image frame. In this Way at least one, and as many as ten or 
more, image planes are processed to create each image 
frame. In the case of three images planes per frame, the light 
source and intervening optics must be able to sWitch illu 
mination or mode three times in each of the thirty cycles per 
second in a standard video frame rate to produce a real time 
video output. Alternatively the microscope can be operated 
in monochromatic mode to maXimiZe the number of frames 
available per second alloWing the microscope to image the 
motion of fast action or rapid dynamic changes. This rapid 
imaging can then be replayed at sloWer frame rates to study 
the processes involved. 

[0054] The living or dynamic sample commonly moves in 
three dimensions. These movements result in the sample 
moving out of the ?eld of vieW and/or out of the focused 
plane of vieW. In order to folloW the sample the microscope 
can track under computer control in both the X and Y 
directions of the XY plane, and the Z direction of the sample 
thickness. This requires either a stage system to hold the 
sample Which can move With the same speed and repeat 
ability as the sample in all three X,Y and Z directions or a 
dynamic positioning system for the optics so that they move 
relative to the sample. If three dimensional information on 
the sample is required then the computer can acquire images 
from a series of Z planes above and beloW the current plane 
of focus by rapidly scanning and acquiring images at inter 
vals in the Z travel. These sections can then be reassembled 
into a three dimensional image by the computer image 
processing system. The UVM, When operated at high mag 


































