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TH E  UESTGN of monochromatic u1tr:lviolet 
nlicroscope objectives by Kohler and von Rohr 
(13, l d ) ,  their comrllercial production by Zeiss, 

and their use in conjunction with photographic film 
marked an important step forward in man's ability 
to see very small structures in spectral regions where 
his eyes are not sensitive. Many investigators (cf. 
7, 8, 9, 16, 37, 21) have used this ultraviolet micro- 
scope in the exarliinatiorl of plant and animal tissues. 
Ultraviolet microscopy of such substances has been 
useful because the inherent absorption of biological 
materials in the ultraviolet region nlnkes possib!e 
photography without the use of dyes o r  stains, and 
because the shorter wavelengths of the incident radi- 
ation allow approxi~nately twice the resolving power 
that can be obtained with visible light. 

The well-known Zeiss ultraviolet microscope objec- 
tives, because they are monochromats, are restricted 
to use a t  one wavelength f o r  a given focal setting. 
On the other hand, the microscope described here is 
not only achromatic, but also apochromatic from 220 
to 800 mp. This makes possible a new conception 
of the method of using an ultraviolet ~riicroscope; 
namely, to use sinlultaneously or sequentially three 
different ultraviolet wavelengths, and to convert the 
ultraviolet images so obtained into visible images in 
three prinlary ndditive colors. When these three 
i~ringes are superposed, a visible image in full color 
is obtained. This procedure was earlier suggested by 
Brumberg and others (4, 5, 23 ) .  The colored image 
which is seen might be thought of as  what the eye 
would see in the microscope if its receptors had their 
peak sensitivities a t  the ultraviolet wavelengths in  
question. 

We now wish to present a preliminary description 
of a systern of ultraviolet microscopy and an instru- 
ment which employs this procedure. The system enl- 
ploys photography with rapid development and fixa- 
tion to convert the ultraviolet image into a visible 
irnage. The procedure involves image fornlation with 
an apochromatic ultraviolet microscope objective (fl), 

'This work has been sup1)orted since its origination by the 
Office of Naval Research. and is now being sponsored jointly 
by that Office and the American Cancer Society. 

exposure of successive areas of the film using three 
different wavelength bands of ultraviolet light, rapid 
development and fixation of the three latent photo- 
graphic images, and the s i ~ r ~ u l t a n ~ o u s  ofprojection 
the three fixed images through three additive color 
filters to give a full-color representation of the object 
in terms of its ultraviolet absorption. Although other 
means of wavelength translation such as  fluorescent 
screens and television rllethods have been considered 
(IZ), i t  was decided on the basis of sensitivity, avail- 
ability, and particularly retention of a permanent 
record, first to develop an instru~rlent using photo- 
graphic techniques. 

The instrument (l1ig. 1) employs a superhigh pres- 
sure, water-cooled mercury arc  (Type A-116) as  a 
light source ( A ) ,  a Wadsworth-type grating mono-
chromator (B) ,  a ~riic~oscope (C)  uslng apochrornatic 
objective lenses and identical lenses as condensers, the 
camera (D)  which employs 35-lnrn motion picture film, 
the filin-processing statlon (E) ,  the three-beam pro-
jector (F),and the viewing screen ( G  ). The instru- 
ment will b.e described in detail in a subsequerlt pnb- 
lication, but it  is perhaps worth while to mention a t  
thls time a few pertinent characteristics of the corn- 
ponents now in use. 

A.) The characteristici of the superhigh pressure 
mercury arc  have been described ( I ,  2, 10, 22). This 
source was found to be the brightest of a great variety 
of sources exanlined in the region 260 to 400 mw. 
Exposure tinrcs required vary from 0.01 to 30 seconds, 
depending not only on the wavelength region, the 
film type, and developing conditions, but also to  a 
considerable extent on the age of the arc. The 
achievement of proper exposure will be facilitated 
by an automatic photoelectric exposure control device 
now under construction. 

13.) The rr~onochromator was designed and con-
structed in this laboratory and employs a Baird Asso- 
ciates 15,000 line per inch gratinq (B,) approxi-
rnately 3 by 1.5 inches in area. Settings fo r  wave-
length are  made reproducible by means of microm-
eter-controlled stops. Rand widths are  controlled by 
slit size. 

C.) The optical systetrl of the nlicroscope will be 
described in more detail in a subsequent co~rimunica- 
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Fro. 1. Schematic diagram of color translating ultra- 
violet microscope : A-light source, B-monochromator. B, 
diffraction grating, C-microscope, s c a m e r a ,  E--Ulm proc- 
eesing station, F-three-beam projector, G-viewing screen. 

tion (11). The objective and condenser are apochro- 
matic over the wavelength range 220-800 mp. This 
of course means that i t  is now ~ossible to focus the 
microscope for ultraviolet light by focusing it with 
visible light; this eliminates what has previously been 
one of the most difRcult aspects of ultraviolet photo- 
n~icroscopy. Two objectives, one of a reflecting type 
(6, 18) and one of a combined reflecting-refracting 
type, having numerical apertures of 0.4 and 0.72 re- 
spectively, have been designed and constructed. These 
lenses fit into a standard microscope stand (Fig. 2) 
and may be used as condensers as well as objectives, 
although an achromatic quartz-fluorite ultraviolet con- 
denser has also been made. The objectives may be 
used without eyepieces and provide magnifications of 
77 x and 200 x before projection. Lenses of higher 
numerical aperture and with similar apochromatic 
properties are now being developed. 

D.) The main requirement of the camera is that 
successive frames be indexed very accurately (to a t  

E.) After the film is exposed, it moves on auto- 
matically to the film processing station, where succes- 
sive treatment of the emulsion with hot alkaline devel- 
oper, hot fixer, water, and air produces within 10 
seconds a stable negative suitable for projection (3). 
The' useful diameter of the processing cup is 0.7 inch, 
and therefore this is also the diameter of the devel- 
oped area. The principal mechanical-cheniical prob- 
lems of fast processing, such as time cycle, tempera- 
ture control, and homogeneity of processing, have 
been solved. 

F.) After the development and fixation of the nega- 
tive image, the film is moved on to a projector, where 
three images which had been taken successively at  
three dif€erent ultraviolet bands are projected simul- 
taneously through three additive color filters (red, 
green, blue) upon a 44-inch circular translccent 
screen. The magnification froxll the film to the screen 
is eight times. The resulting single, full-color image 
is reasonably sharp and bright, and liiay be viewed by 
several persons simultaneously. 

The relationship between the visible and ultraviolet 
bands may be chosen for maximum color contrast, 
since there are no "natural" colors. With three ultra- 
violet bands and three visible colors, there are six 
possible combinations of the images and filters. I n  
addition there is the possibility of processing the 
ultraviolet iniage to yield a positive rather than a 
negative. We have examined the six negative and six 
positive color combinations, using ultraviolet photo- 

least 0.001 inch), so that the subsequent triple pro- 
FIG. 2. Apochromatic reflecting-type microscope lenses in jetion is in register' Approxin'ately 400 feet of conventional stands: 0.4 N b  objective lens (left) ; 0.72 NA 

35-mm film can be used in one loading. objective lens (right) ; identical lenses used as  condesners. 
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micrographs of tissue sections, and, on the basis of in contad with the screen, aids in achieving even 
using equal gammas and equal background densities in illumination. 
the negatives, have selected the following as showing The device is called a color translating microscope, 
the greatest color contrasts : rather than a micrograph, because the manipulative - 

operations involved and the general time requirements 
visible Tva2-'C1Pngth are rather similar to those involved in ordinary visual Ultrnviolet Tarelength 

microscopy. Olre sits adjacent to the microscope, 
Short (- 265 my) Green Blue moves the slide about on the microscope stage, changes 
Medium (z 285 mp) Red Green the focus as desired, and-without significant delay- 
Long (- 315 my) Blue Red studies the magnified, full-color image. The instru- 

We are not unmindfcl that with the use of other 
ultraviolet wavelengths or the use of other photo- 
graphic procedures, different color combinations may 
show better color contrast. 

I n  the nlechanical ai~angelnent eniployed in the in- 
strument, the visible color fiiters are segnlents' of a 
rotatable disc arranged so that as each new iinage 
is developed and moves into the projector, an image 
that had been projected thro7.1gh the same color filter 
moves out of the projector; and the two remaining 
images are advanced one frame, along with their 
respective filters. Thus the desired correspondence of 
ultraviolet and visible wavelengths is maintained once 
it is set. 

G.) The clear screen brightness obtained through 
the three filters is about 100 foot-lamberts. Use is 
made of a special plastic-in-plastic screen (15) which 
gives the maximum screen brilliance, niaxinlum even- 
ness of illumination, and maximum definition of any 
of the inany different types of translucent screens we 
have investigated. The addition of a plastic Fresnel 
condensing lens (ZO) ,  placed directly ba:k of and 

ment is diierent from an ordinary microscope in that 
it permits several persons to view the image simulta- 
neously, provides permanent reeords of what is seen, 
and of course permits observation of specimens in 
terms of their ultraviolet absorption. 

I n  Fig. 3 h e  have reproduced three black-and-white 
ultraviolet photomicrographs of the type used for 
color projection. Unfortunately, since full-color print- 
ing is not used in this journal, we are unable to repro- 
duce a color photomicrograph with this article. 

Finally, it should be pointed out that the 35-ium 
black-and-white film, with its groups of three images, 
each corresponding to a different ultraviolet band, 
provides a permanent photographic record of each ex- 
periment, which can be examined at  leisnre, or each 
group of three images may be processed into a single 
full-color photograph. For example, a picture may 
be taken of the image on the projection screen with 
color film such as Kodachrome or Anscocolor, or the 
black-and-white negatives may be used ns color-sepa- 
ration negatives in the Technicolor or Polawlor pro* 
esses. This color film may then be viewed in an ordi- 
nary 35-inm motion picture or slide projector, thus 

FIG. 3. Positive print from a 35-mm fllm strip showing three pictures taken at peak transmisuions of 315 mw (left), 286 
mw (center), and 265 mw (right) ; baud width approximately 10 mp in each case ; photographed with 0.4 NA apochmmatic 
reflecting lenses used ns objective and condenser; subject, unstained intestinal carcinoid showing argentamne cells ; specimen 
(fnrniuhed by Dr. Maurice L. Pechet, Children's Hospital, Boston, Massachusetts) prepared by formalin fixation, embedded 
in parallin, cut at 4 w thickness, and mounted in glycerin on Vycor slide. 
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rnaking possible carcful, prolonged study of subjects Sloan-Kettering Institute for Cancer Research for supply- 

of ultraviolet color-translation photomicrographs. ing us with many specimens of tissue used ( 1 9 )  and for 
valuable advice and encouragement from the inception o f  
this work.. W e  also wish to acknowledge the excellent 
cooperation of Mr. L. V .  Foster and the staff  of  Bausch 

We  wish to acknowledge the invaluable technical as- and Lomb Optical Company in the construction of the 

sistance of the following members of our research s taf f :  microscope lenses, that of Dr. H .  C .  Y u t z y  and the staff 
Messrs. A. G. Carpenter, M. Fairbank, M. Parrish, Jr., N .  of Eastman Kodak Company in supplying special photo- 
T .  Pierce, and S. A. Stone, and also Dr. S. S. Ballard, Con- graphic films, and the able assistance of Mr. Clifton Tutt le 
sultant in Physics to Polaroid Corporation. W e  are in- of Kenyon Instrument Compan y in the engineering of the 

debted to Dr. R. C .  Mellors and Dr. C .  P. Rhonds of the developing unit and projector. 
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Examination of the Target Theory by ~euterdn 

Bombardment of T-1 Phage 

Ernest C. Psllard and Frederick Forro, Jr.l 
Biophysics DEuisio~z, Yale  University 

THE BIOLOGTCAIA ACTION O F  IONIZING 
RADIATIONS is of great current impor-
tance. The eEects produced are often readily 

rrleasured and a clear understanding of the process 
involved is thercfore capable of yielding structural 
inforrliation about biological systerlis. 

Lca ( 2 )  has examincd carefully the target theory 
of biological action according to which a localizerl 
sensitive volurne of dcfinite size exists and within 
which there must be considerable libcration of cnergy 
f o r  biological action to take place. This dircct action 
is certainly not the only action and Lea has pointed 
out that indirect action by free radicals and by hy- 
drogen peroxide will occur, particularly a t  low con-
centrations. According to his vicws a specimen ir- 

1 We wish t o  thank Mrs. h1;~rjorie Reaume for very valn- 
ahle 11elp w ~ t h  the pllage assays, Mr. B'. Hishee for help in 
cons(rncting (he  bombarding equipment, and Drs. P. R. Burk-
holder and n. M. Bonner for much interest and helpful advice. 

radiatcd in high concentration, and in the presence 
of a high concentration o l  large molecules, should have 
a low cfficicncy f o r  indirect action and the direct, tar- 
get type action should predo~ninate. 

Therc is today sorne qucstion as  to whether dircct 
action ever occurs, since the sirrlilarily of action of 
mutagenic agents likc nitrogcn mustard and of X ra-
diation is vcry striking, and certainly mutagenic 
agcnts must operate by collision rather than by penc- 
tration and ionization. 

I n  view of this prescnt uncertainty it  appeared to 
us to be worth while to cxarnine the targrt theory carc- 
fully in borlibardrncnts where it  should certainly be 
valid. F o r  this wc chose T-1 bacteriophage (1)which 
acts on E. coli, strain R. This phage has a spherical 
head, diamctcr 50 irrp and a long tail, length 120 r r w  

of diamcter 10 my. No corliplcx genetic structure has 
been reportcd f o r  this phagc. We found it  to be 
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