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The recent development of commer-
cial electron microscopes which even the
small research laboratories can aflord
ls certain to contribute greatly to man's
understanding of nature, padicularly in
those fields of science concerned direct-
ly with human wellare. The electron
microscope, because of its tremendously
high useful magnilying power, makes
possible the direct observation of indi-
v i dua l  pa r t i c l es  \  h i ch  l i e  i n  a  p re \ i ous -
ly unexplored domain, a domain which
can be studied neither by direct optical
methods nor by the indirect statistical
methods utilizing X-ray and electron
dilfraction.

This paper gives a description of the
electron miscroscope, incuding those ba-
s i c  p r i nc i p l es  wh i ch  i l l u s t ra l p  i l s  poss i -
bilities and limitations as a tool for re-
sea rch  and  ana l ) s i s .  S ince  l he  same  ba -
s i c  compnr  e . r i s  a re  common  l o  l he  [ a -
mil iar l ight microscope (L.M.) and the
electron microscope (E.M.), the opera-
tion and special properties of the 1at-
ter can be illustrated most conveniently
by a comparison of the two types:

Source ol Iliumination

L.M.: Visible or ultraviolet l ight.
E. M.: High velocity concenfuated

stream of electrons acceler-
ated by 10,000 to 100,000
volts.

Condenser Lens
L. M.: Glass or quartz.
E. M.: Electric or magnetic fields.

The latrter is more trequently
used.

Object
L. M.: No limitation except size.
E. M.: Must be thin enough to

transmit large fraction o1-
electrons, less than 10,000
A.U.* In most cases the elec-

1_un  o t ream a r  d  h i gh  vacuum
kiUs living specimens, al-
though cell slructure can still
be studied.

Ob jec l ' vo  and  P ro je . l i ng  Lenses
L. M.: Glass or Quartz.
E.M.r Electr ic or magnetic f ields.

uoservauon oI t  lnat lmage
L.M.: Eye, photographic plate or

ordinary screen.
E. M.: Photographic plate or fluor-

escent scleen.

Changing Magnification
L. M.: Change lens or change length

of instrumen!.
E. M.: Change current producing

magnetic field.

Support for Object
L. M.: Glass sl ide.
E. M.: Plastic film about 100 A.U.

thick, or fine mesh metal
screen.

Elfect of Object Upon Illuminating
Beam

L.M.: Selective absorption and re-
flection oI light.

E. M.: Scattering proportionate to
density.

"Optical Path" Through Microscope
L. M.: Air and special oils.
E. M.: Vacuum, 1/10,000 mil l imeter

or mercury.

Maximum Useful Magnification and
Resolving Power

L. M.: Magnif icat ion 2,000 j  Resolv-
ing power 1,000 A.U.

E. M.: Magnif icat ion 200,000; Re-
solving power. 10 A.U.

The measure of the perlormance of a
microscope depends not pdmarily on its
magnification (the ralio of the image
size to the object size), but on its abili-
' O a e  A n g s r f o m  I I r  A U . ,  e q l , d r  l / t 0 0 . -
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resolving power of about 1,000 A.U.
corresponding to a useful magnification
of about 2,000.

Recalling that X'rays have wave
lengths ol about 1A.U., one might pro-
pose an X-ray microscope. This must
be excluded, because as yet, no medium
has been found which will refract X-
rays by a sufficient amount to provide
a suitable lens system.

What about the wave length of a
stream of high speed electrons? It may
be 1/100,000 as Iarge as the wave Iength
of ordinary light. This concept of wave
lengths being associated with a material
stream of par.ticles may be new to many,
and it is certainly not an idea which can
be seen from ordinary intuitive con-
sideralions. The de Broglie wave theory
o f  na l l e r : s  now  a  wp l l - i ounoed  expe r i -
mental fact, particularly for e,lectrons.
The length of electron waves is inverse-
l y  p ropo r l i ona l  l o  r he  spead .  l 1  i s  g i ven
by the relat ions:

Wqlie Length in A.U. = 12.3/\ lV.

where y is the accelerating voltage. In
the particular case where V is 50,000
volts, the wave length is .055 A.U. The
theoretical implication is that, if a lens
systFm can b' da\i led ihal is as | Iee
I rom ab . r ra t i ons  a "  a  l i gh t  s t s ten ,  t he
possible resolving power will be about
1 4.U., which will be small enough to
study the structure of individual atoms
and crystalline structure. Thus far,
neither electrostatic nor magnetic lens
systems of this quality have been de-
veloped; and, moreover, practical con-
siderations indicate that there is little
hope of reaching the theoretical limit
of Iesolution.

Aba r  | a l i uns  i nne  en l  i n  l hp  r ype  o l
e l { - . t , on  up r ' ca l  syc lems  emp loypd  p re -
scribe upper limlts for' the diameter oI
the effective apertures which may be
used. These lange between .01 and .001
radians. This leads to a practical limit
o '  r pso lu t i on  f o r  t he  e lec t t on  m ic ros -
cope of the order of 10 A.U. EVen this
limitation signilies a gain by a factor.
o I  100  i n  t he  reso l \ l ng  power  and  mag-
n i l i c a l l o n  b s . o m p a r F d  \ d i 1 l  l h e  i g h l
micloscope.

ty 10 distinguish between details ol in-
dividual structures. As the magnifica-
tion is increased beyond a certain value
for any instrument, it is found that no
more line structure 01 the object ap-
peats, and the image becomes increas-
ingly indistinct. The term magnilicq-
tion can have signilicance only when it
is less than or equal to the in(L:timum
r$eable mognilication. This is defined
as the value of the magnification at
which the fuzziness of the fine structure
just begins to obscure the individual
particles. This maximum depends on
the resoh,ing pouerj which is defined
as the minimum possible separation of
two individual lines or points of the ob-
ject which can st i l l  be dist inguished as
two rather than one in lhe image.

l n r s  uppe r  l rmr r  o l  . I r agn lL r . a t . on  l s
caused by the failure of light to travel
in straight lines. The divergence from
rFc l i l i n ca -  p ropaga ( i on  i s  known  as  d i J -

traction, atd. can be expected in any
type of wave propagation whenever the
apertures involved are ol the same order
of magnitude as the wave length of the
r .d i a t i on .  The  l im i t a l i on  i n  l he  l i gh i
microscope is imposed by the nature ol
light, rather than by imperlections of
the lens- From a mathematical study
o l  d i l f r r c t i on  p l  eno -Y le ru ,  l he  I o - ' ow ing
approximate relation lor the resolving
power (R.P.) of a lens can be d€Tived:

R. P, = uaDe length/D

w ' l . . r e  D  i s  L ' l ,  d i cne rp *  o t '  r e  ob jec -
Irve aperiure.

In order to make R.P. a minimum, D
is made as large as practicable and the
wave length as small as possible. The
diameter cannot be increased by a large
factor due to construction dilficulties.
T ' 1e  rema in ing  t e rm .  l hF  wa \  e  l enS l l _ ,
i n  l i ah l  m i c roscopy .an  be  reduced  oy
using ultraviolet light, -tor which a com-
monly used wave length is 2537 A.U.,
instead ol visible light, for which 4,200
A  T -  i -  ' h .  a n o  1 .  A 1

wave lengths below 2,000 A.U., a lens
cannot be found which does not absorb
A  l T . " a  " - 2 . i i n r  ^ r  t h F  I  d r '  I n  o r c l i n -

ary practice, the most refined methods
ot light microscopy using ultraviolet
l i gh l  and  o i l  immer - i on  l en -es ,  g i ve  a
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Since the depth of focus in a micros_
cope system increases as the effective
aperture decreases, the sma1l aperture
requirement for the electron micros-
cope is not altogether disadvantageous.
The best light microscope often has a
depth of locus equal to o! less than its
resolving power. The electron micros-
cope has, on the other hand, a depth ol
focus often as great as the object's dia-
meter; thus portions of specimen lying
outside the focal plane are still imaged
sharply, Because of this the electron
microscope can be easily adapted to
stereomicroscopy.

nven though the electron microscope
has been known and used lor nearly
sixteen years, only recently has it come
in ro  common  use  i n  i ndus t r y .  The re ,  as
in lhe university research laborato_y, i t
is proving to be extremely valuable.
Present commercial models have reduc-
ed the difficulties connected with high
voltage and vacuum Iequirements to
the extent that they can be operated
by nontechnical personnel for routine
analysis work. For nonroutine prob-
lems, an experienced operator with a
good technical background is required.
Operators in the latter category are
lather scarce, but they can be trained
within a reasonable length ol time.

The standa.rd commercial electron mi-
croscope can be easily modified lor use
in the electron diffraction investiga-
tions which are of such great value in
the study ol crystalline structure. When
the microscope is used as an electron

diffuaction camera, the lens system is
inoperative.

The ability to observe details as small
as 10 A.U. has opened new fields which
oifer practically unlimited possibilities.

The type of objects which can now be
studied by electron optical methods
range between such things as the inter-
nal structure of bacteria to large organic
molecules (molecular weight 400,000 or
more). The eleclron microscope is rap-
idly becoming an essential tool in the
fields ol biology, medicine, chemistry,
physics and metallurgy. The biologists
are now able to study disease viruses
and bacteria that are far beyond the
range oI the lrght mjcroscope. Signif i-
cant studies have aheady been made of
such things as the role of blood plates

and librin in the process ol blood clot-
ting, the degeneration of red corpuscles,
the nature of organic cell structure, and
the breathing system of the mosquito
larva. The chemists can now predict
quantitatively those physical properties
of matter which depend upon particle
size such as catalytic activity, covering
capacity of paint pigments and wearing
quality of synthetic rubber. Metallur-
gists are studying etched metallic sur-
faces by direct observation ol replicas,
Physicists are making rapid advances
in surface physics by observing the na-
ture of thin lilms of evaporated metals.
These applications of the electron m1-

croscope are but a lew of those which

mark the beginning of a new era in

microscopy.


