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the projection of a reticle in the object 
plane of a microscope. Quantitative 
measurements are made by observing 
the displacement of the ghost reticle 
in a previously calibrated system. The 

technique may be used on solid or 

liquid surfaces and does not require 
that they be highly reflective. It may 
be used to determine thickness and 
refractive index of transparent films 
and, being nondestructive, is of value 
in studying time-dependent behavior. 

The proceedings of this meeting will 
be published and are expected to be 
available next fall at $5 per copy 
through the New York Microscopical 
Society, located at the Museum of 
Natural History, 79th Street and Cen- 
tral Park West, New York, N.Y. 

MARIE JONES 

Bristol-Myers Company, 
Hillside, New Jersey 

The Electron Microscope and 

Its Future Development 

The first successful operation of an 
electron microscope in North America 
was announced in 1939 (1). Many of 
the formidable technical obstacles that 
lay in the way of obtaining electron 
optical images at high magnification 
were overcome in the encouraging at- 

mosphere of E. F. Burton's laboratory 
at the University of Toronto. Accord- 

ingly, to commemorate the anniver- 
sary of the announcement, the Burton 
Society of Electron Microscopists held 
a special meeting at the university on 
16 January 1965. The work of Bur- 
ton's talented group of students (which 
included Cecil Hall, J. Hillier, W. A. 
Ladd, and A. F. Prebus) was de- 
scribed by Hillier (now at RCA, 
Princeton). The achievement of Hillier 
and co-workers in rapidly making a 
modified version of the Toronto micro- 

scope commercially available to biolo- 
gists and physicists considerably influ- 
enced the pace of development of ul- 
trastructural investigations. 

J. H. Reisner (RCA, Camden) dis- 
cussed the possibilities of viewing the 
electron optical image by an image 
intensifier-television system. It was 
pointed out that image intensifiers al- 
low electron microscope images to be 
seen comfortably in a bright room, 
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analyzing the final image by means of 
a pulse-height analyzer system was de- 
scribed. Each line of the TV scan can 
be separately analyzed to show the 
number and density of objects in this 

part of the image. R. K. Ham (Mc- 
Master University) reviewed some re- 
cent developments in the transmission 
electron microscopy of thin crystalline 
films, especially metals, and gave an 
outline of the principles of diffraction 
contrast and the use of selected area 
electron diffraction. R. D. Heidenreich 
(Bell Telephone Laboratories) dis- 
cussed the resolution and contrast limi- 
tations in imaging single atoms. He 
used a wave optical approach, based 
on reconstruction of the diffraction 
image present in the back focal plane 
of the objective lens, to show the limi- 
tation in resolution due to the spherical 
aberration of the objective lens. De- 
terioration of the image due to inclu- 
sion of inelastically scattered electrons 
was also discussed. D. F. Parsons 
(University of Toronto) discussed bio- 
logical applications of electron diffrac- 
tion and, in particular, recent work 
on the configuration of polyamino 
acids in very thin, oriented films. 

These lectures were followed by a 
panel discussion about future develop- 
ment of the electron microscope. Possi- 
ble ways of enhancing electron optical 
contrast in order to avoid the use of 
heavy metal stains for biological ma- 
terials were discussed. J. H. Reisner 
indicated that most microscopes in 
present use are not adjusted for maxi- 
mum contrast. It is possible to find, 
for a given microscope, accelerating 
voltage, focal length for the objective 
lens, and size and position for the 
objective aperture which will give opti- 
mum contrast. Reisner pointed out that 
all the information necessary for mak- 
ing these adjustments has been pub- 
lished but has never been summarized 
in a convenient form for the electron 
microscopist. 

Members of the panel agreed that 
the best approach to increased electron 
optical contrast was by use of in- 
focus phase contrast. This appeared 
more satisfactory than the low acceler- 
ating voltage approach, since there 
would be less damage to the specimen 
being examined. In fact, it appears de- 
sirable to increase the accelerating volt- 
age above present levels (40 to 100 kv) 
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indicated that an extra-high-voltage 
electron microscope would enable thick- 
er and more representative metal speci- 
mens to be examined with less loss of 
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contrast due to inelastically scattered 
electrons. Possible methods of achiev- 
ing phase contrast were discussed by 
Heidenreich, Hillier, A. F. Howatson 
(University of Toronto), and Reisner. 
Reisner considered that since the dep- 
osition of contamination (a layer of 
carbon formed by breakdown of hydro- 
carbon vapor) on objects in the beam 
can be minimized by surrounding them 
with a cooled metal surface, it is now 
more feasible to maintain a quarter 
wavelength phase plate in operating 
condition for a practical length of time. 
However, considerable technical diffi- 
culties in the manufacture of phase 
plates and in protecting them from 
damage by the electron beam have to 
be faced. F. W. C. Boswell (Waterloo 
University) considered that an im- 
provement in contrast would be useful 
also, for inorganic specimens, in de- 
tecting vacancies and small dislocations 
in crystalline substances. 

Hillier prefaced a discussion on im- 

proving the resolution beyond the 

present 5 A for nonperiodic structures 

by asking whether such an improve- 
ment could be justified in terms of 
available specimens. At this level of 
resolution, the specimen would need 
to be very much thinner than the 

present minimum 50- to 200-A thick- 
ness. A clear picture of molecular 
structure or individual atoms can only 
be obtained if the film is a few atoms 
or molecules thick. This would pre- 
clude the use of the relatively thick 
conventional Formvar or carbon sup- 
port films and would require a different 

way of mounting the specimen. At 

present there appear to be more possi- 
bilities for improving the resolution of 
the microscope than for improving 
techniques for the preparation of speci- 
mens. Improvements in the objective 
lens design were discussed by Boswell, 
Heidenreich, Hillier, Reisner, and 
B. W. Schumacher (Ontario Research 
Foundation). The advantages of super- 
conducting magnet lenses were de- 
scribed. With the use of such a lens, 
using a few turns of wire, it should 
be possible to make a dimensionally 
"thin lens" with the spherical aberra- 
tion reduced to one-half or one-third 
of usual values. The high magnetic 
stability of such lenses was empha- 
sized. Schumacher asked whether a 
mathematical analysis of strong mag- 
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netic and electrostatic lenses with in- 
tercombined fields should not be 
made in the hope of finding systems 
of smaller overall spherical aberration 
but still having rotational symmetry. 
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The early studies of Gabor along these 
lines were restricted to weak lenses 
and limited by the fact that com- 

puters were not then available. Hillier 
then brought up the possibility of ob- 

taining a negative spherical aberration 
lens, suggesting that one type of nega- 
tive correcting lens (having a very thin 
charged membrane across the aper- 
ture) should be reconsidered now 
that contamination can be reduced to 
small proportions. Heidenreich pointed 
out the necessity for filtering out in- 
elastically scattered electrons. These 
electrons contain no determinate in- 
formation about the structure of the 
object and only cause deterioration in 
resolution and contrast. However, 
Schumacher suggested that energy loss 
contrast is worth investigation where 
contrast, rather than the resolution, is 
the limiting factor. The intermediate 
or final image can be subjected to 
energy loss analysis in order to ac- 
centuate this type of contrast. Reisner 
pointed out that loss of resolution may 
also occur due to charging of the speci- 
men. He suggested that a conducting 
type of resin might be advantageous 
for reducing charging over thin sec- 
tions of tissue. More use might be 
made of thin carbon films evaporated 
over the specimen. Reisner consid- 
ered that it would be difficult to neu- 
tralize the charges on the specimen 
with a low-voltage electron gun since 
the gun itself might cause the specimen 
to charge up. R. G. E. Murray (Uni- 
versity of Western Ontario) indicated 
that a number of features of present-day 
microscopes could be improved; for 
instance, a more efficient phosphor for 
the viewing screen might be found 
and a better method of comparing ex- 

actly the dimensions of two specimens 
-or one specimen and a magnification 
standard) might be devised. There was 
also some discussion of the difficulties 
currently experienced by some electron 
microscopists in preventing significant 
etching of biological specimens while 
using cooled-surface, anticontamina- 
tion devices. 

The meeting was adjourned with the 
resolve to hold further discussions in 
the near future in Toronto on elec- 
tron microscope development. 

D. F. PARSONS 

Department of Medical Biophysics, 
University of Toronto, Toronto 5, 
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For the first time, a high-performance, 
low-cost Raman Spectrometer is available 
to the spectroscopist. Compact and easy 
to use, the new instrument combines a 
gas laser source with a high-resolution 
grating monochromator to provide a to- 
tally new approach to a well-known ana- 
lytical concept. 
Raman spectra provide important supple- 
mentary information to any research 
laboratory conducting qualitative or 
quantitative analyses with infrared spec- 
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troscopy. Simpler than infrared spectra 
because of the lower intensity of over- 
tone and combination bands, Raman 
spectra permit better analytical discrimi- 
nation between substances in a mixture. 
Since Raman line intensity is directly pro- 
portional to concentration, quantitative 
calculations are easy to perform. 
Raman spectra are essential for structural 
analyses. Only a combination of infrared 
and Raman spectra will permit determina- 
tion of geometric and symmetry proper- 
ties. Raman lines correspond to energy 
differences in the vibrational and rota- 
tional states of the molecule. 
The P-E Laser-Excited Raman Spectrom- 
eter, Model LR-1, is a complete recording 
instrument at a comparatively low price. 
For full information and sample spectra 
write to Instrument Division, Perkin-Elmer 
Corporation, 723 Main Ave., Norwalk, 
Connecticut. 
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