
20 BIOCHIMICA ET BIOPHYSICA ACTA VOL. 14  (x954) 

T H E O R Y  AND T E S T  OF COMMERCIALLY A V A I L A B L E  W O L T E R  

P H A S E P L A T E  F O R  USE IN S C H L I E R E N  OPTICAL SYSTEMS 

E M P L O Y E D  IN U L T R A C E N T R I F U G A T I O N  AND E L E C T R O P H O R E S I S *  

by  

R O D E S  TRAUTMAN AND V IC TOR W. B U R N S  

Radiation Laboratory, Donner Laboratory of Medical Physics, University of California, 
Berkeley, California (U.S.A .) 

In 195o WOLT ER1 described a new type of schlieren diaphragm 2 which utilized 
Fresnel diffraction effects to yield on the photographic plate or ground glass of the 
schlieren camera a pattern which has an intensity null at the true boundary position. 
In contrast to diaphragms with mechanical straight edges from opaque elements such 
as a blade, bar, wire or slit, WOLTER'S completely transparent "phaseplate" employs 
an optical edge. The optical edge is the discontinuity at the edge of a uniform transparent 
coating over half of a supporting transparent glass plate. The coating is thus similar in 
size and position to the half plane or blade, except that  it is transparent and of such a 
thickness that transmitted rays will be one half a wavelength out of phase with adjacent 
rays not passing through the coating. The phaseplate edge can give a shadow on the 
ground glass only if the light source image does not focus on it (i.e. does not focus in the 
plane of the schlieren diaphragm). Thus straight baselines in principle give no regis- 
tration but peaks do, since boundary regions in a parallel wall cell defocus the light source 
image as well as deflect its, 4. Each level in a boundary region can thus be represented 
by a prism accounting for the deflection and a lens accounting for the defocusing 
(schematically shown in Fig. 6). I t  is this defocused light source image illuminating 
the mechanical schlieren diaphragm which casts the familiar Fresnel type diffraction 
pattern on the photographic plate 5. Various ways of obtaining the baseline and regions 
where there is no lens action (e.g. top of peak) are available when using a phaseplate: 
a. the edge of the phaseplate can be centered in a mechanical slitS, 7. The baseline is 
obtained by bisecting the slit pat tern which is well defined in those regions in which the 
phaseplate pattern is missing, b. A very narrow wire (about i /4-I /3  diameter of a wire 
suitable for a diaphragm) gives the baseline regions but no peaks. Hence the super- 
position of the wire accurately along the optical edge of the phaseplate gives both 
baselines and pattern of essentially the same width for all deflections. An example 
of this appears later (Fig. 2a). c. A third way is to defocus the light source, but this 
gives tilted baselines, d. A fourth way is to avoid overexposure and use the very faint, 
extremely sharp line which does appear due probably to imperfections in the phase- 
plate. 

* This work was suppor ted  (in part)  by  the Atomic Energy  Commission and by  a grant  from 
the Life Insurance  Medical Research Fund.  
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Several methods of making a phaseplate were suggested by WOLTER 1. These were 
all tried unsuccessfully in this laboratory. I t  was only when the American Optical 
Company, Instrument Division, Buffalo, N.Y., experts in phase coatings, was contacted 
that  a usable phaseplate was obtained. The coating is MgF2 evaporated onto the sup- 
porting plate, and is sufficiently durable that it can be cleaned with methanol and lens 
paper, and no cover glass is necessary. The cost of the coating is nominal; the price of 
the complete phaseplate being determined mainly by the choice of the supporting glass 
as to a. optical quality b. size and c. shape, including notches or holes for mounting 
purposes. 

The purpose of this paper is to describe test experiments with the phaseplates 
and present in greater detail the theory of its operation in a schlieren optical system. 

EXPERIMENTAL 

The tests of the phaseplates  supplied by the American Optical Company for the mercury  green 
hne were made on both  a Klet t  electrophoresis appara tus  and Spinco Model E ultracentrifuge. The 
plates were supplied round and notched so t ha t  they 
could be cemented to a brass  ring which was at tached 
to the d iaphragm m o u n t  (see Fig. I). The coating has 
a slight greenish tinge to it which has a negligible 
effect on its t ransparency.  For the comparison pictures 
the brass ring had s imultaneously a wire (O.OLO" dia- 
meter) and/or  a s tandard  Spinco bar  (t. 5 ram). The 
phaseplates  were made from ordinary plate glass. 
Ideally, one would prefer an optical flat, bu t  only a 
small region (approx. i ram) on either side of the edge 
is used, and repolished plate glass was found satis- 
factory. An unpolished plate glass with an observable 
"orange peel" surface gave good pa t te rns  except for 
the mott led background due directly to this "orange 
peel" surface (see Fig. 2a). This figure also shows 
application of a wire o.oo3" dia. along the phaseplate  
edge to register baseline regions. I t  is essential tha t  
the edge be sharp, for if i r is  not, it acts like a cylinder 
lens and discriminates between the rays of the same 
deflection coming from the two sides of the boundary  
region. This causes a distort ion of the pa t te rn  and is 
easily detected on a symmetr ical  gradient  because the 
diffraction fringes inside the peak do not  cross at the Fig. I. Phaseplate  mounted  on brass  ring. 
center (see Fig. 2b). Lower  half is coated to a line 2 m m  below 

Fig. 3 a shows the appearance of a boundary  the wire shown. 
in the ultracentrifuge with a wire (top), phaseplate  
(center) and a bar  (bottom). The three d iaphragms were parallel and used simultaneously.  The 
synthet ic  boundary  cell s was used to get the boundary  in the center of the cell. The double meniscus 
is due to a layer of mineral  oil on the protein solution. Notice tha t  the baseline is a lmost  invisible 
with the phaseplate.  Observe also tha t  the diffraction fringes have greater  contras t  than  the ones 
of the wire or bar  (a point  to be discussed theoretically later) and have essentially the same horizontal 
spacing for the three d iaphragms at any chosen height above the baseline. Fig. 3 b shows the same 
test  on the Klett  electrophoresis appara tus .  Two exposures are shown. The phaseplate  pa t te rn  
remains sharp over a wide range of exposure, losing the baseline on overexposure.  This is in contras t  
to the wire pa t te rn  which loses the peak relative to the baseline. On overexposure the bar  pa t te rn  
reveals diffraction fringes inside, as pointed out  previously by  KEGELES 9. I t  has been the experience 
in this labora tory  t ha t  the obscure condition mentioned by  ~vVolter on the size of the light source 
slit is inapplicable, and all the pictures of this paper  have been taken with conventional  slit openings 
and exposure times. I t  has been observed, also (but not  i l lustrated here by  a photograph)  t h a t  in- 
creasing the light source slit width to as much  as 0. 5 m m  is equivalent  to increasing the exposure 
as far as sharpness  of detail is concerned. Hence s t r ingent  conditions on light source slit width  are 
in practice not  necessary. Areas were measured under  the curves of Fig. 3a and 3b with the result  
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tha t  the average of the bar pat terns  agreed with the wire and phaseplate within the plate reading 
error of ± 1%. 

Fig. 3c shows the boundary  of Fig. 3a taken at very high magnification (small angle of the 
phaseplate as schlieren diaphragm). The wire or bar pat terns  at this magnification would be un- 
usable. Thus  the phaseplate retains its very narrow registration of the boundary (geometricai 
shadow) over the  entire range of diaphragm angles. The phaseplate also retains its excellent regis- 
t rat ion for both steep and shallow gradient curves. This is in direct contrast  to tile wire pat tern 
which becomes poorer as the curve becomes steeper. This is shown in Fig. 4 b which is the sixth 
frame of a s tandard lipoprotein TM run, using a single cell but  the wire (upper pattern) and the phase- 
plate (lower pattern) s imultaneously for comparison purposes. Compare the appearance of the pat tern 

a b 

Fig. 2. Special imperfect phaseplates, a. Unpolished plate glass; b. Rounded edge of phaseplate 
coating. In spite of the mott led background, the phaseplate in a, gives legible patterns.  The baseline 
regions have been made visible by at taching a fine wire (o.oo3" dia.) along the phaseplate edge. 

Fig. 3. Comparison of bar, wire and phaseplate as schlieren diaphragm simultaneously,  a and b. 
Upper pat tern:  O.OLO" wire; Middle pat tern:  Phaseplate;  Lower pat tern:  1. 5 mill bar. a. Ultra- 
centrifuge. Synthetic boundary cell. Mineral oil on top of protein solution, b. Electrophoresis. Two 
exposures shown. Above: Overexposure; Below: Normal exposure, c. High magnification (t5 ° dia- 

phragm angle) of phaseplate pat tern of a. 
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Fig. 4. Comparison of wire 
and phaseplate  in analytical 
ul tracentrifugal  flotation 
lipoprotein run. a. i s t  frame : 
2' after a t ta ining 52,64 o 
RPM; b. 6th f rame:  38' 
after a t ta ining 52,64 o RPM. 
Single cell; upper  pa t te rn  - 
wire, lower pa t te rn  - phase- 

plate. 
a b 

in the neighbourhood of the vertical bar  for the wire and the phaseplate.  Dis turbances  in the cell 
sometimes encountered in sedimenting as well as floating runs  are usually much  more vividly por- 
t rayed by the phaseplate  than  the wire or bar. An example of this is shown in Fig. 4a, where the 
upper  pa t te rn  is the wire and lower pa t te rn  is the phaseplate.  

There is an outs tanding anomaly  of all schlieren dia- 
ph ragms  in wbich the inside pa t t e rn  appears  with sharper  
"corners"  than  does the outside pa t te rn  at  the tails of a bell- 
shaped peak, This is evident on the bar  pa t te rn  of Fig. 3a and 
3b and can be seen also on blade (knife edge) pa t te rns  if one 
reverses the blade so as to compare black on white and white 
on black pat terns .  The pa t te rn  in which the knife edge cuts out  
the undeflected light source image as well as deflected rays 
(opaque upper  half-plane in electrophoresis, for example) will 
have sharper  corners than  the usual pa t te rn  in which the inside 
of the bell-shaped peak is a shadow region. Wi th  the phaseplate,  
since outside and inside pa t t e rns  are merged to a single null- 
point  registration, the nature  of this anomaly  becomes clear. 
I t  is due to the closer spacing of the diffraction fringes inside 
the pa t te rn  as compared to outside. This is seen on all the 
pictures but  mos t  vividly on Fig. 3c. The steeper the gradient, 
the greater  is this effect. Since the theory of the diffraction 
pat terns ,  to be presented below, indicates only symmetr ical  
diffraction pat terns ,  this anomaly of the schlieren optical system 
poses a serious question as to whether  in these regions there is 
accurate registration of the boundary.  Thus,  the averaging of 
inside and outside pa t te rns  with the bar, for example, takes 
care of size changes due to exposure variat ions bu t  does not  
take care of this difference in shape of inside and outside pat tern.  
An at t ract ive hypothesis  for the explanat ion of the closer 
spacing of fringes inside the pa t te rn  is tha t  the light rays 
from the two sides of the boundary  with the same deflection 
are somehow interacting to yield the diffraction pa t te rn  inside, 
bu t  effectively are independent  for the diffraction pa t te rn  out-  
side. In  Fig. 6, to be explained when the theory  is considered, 
the light source images at  G and H from the two sides of the 
boundary  would be considered as s imultaneously casting an 
interfering Fresnel type diffraction pat tern.  As a test  of this 
hypothesis  a boundary  was formed in the macro electrophoresis 
cell (7.5 m m  channel width) so tha t  the boundary  region would 
be wide enough, left and right, to enable masking out, at  the 
cell, light from one side of the boundary,  and then the other  
side, leaving a vertical strip down the center of the cell which 
was not  masked at all. If  the hypothesis  were correct, then the 
closer spacing in the center of the channel, inside the boundary~ 
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Fig. 5. Anomalous diffraction effect. 
Selective masking  of certain 
boundary  regions showing inde- 
pendence of light rays of the same 
deflection in determining the 
Fresnel diffraction pa t t e rn  which 
has closer spacing inside the 
boundary  than  outside. Horizontal  
phaseplate  in scanning schlieren 
camera.  Solvent (upper) buffer, 
solution (lower), o.3 % protein. 
Left, masking out  solution side of 
boundary  max.  gradient, right, 
masking out  of solvent side of 

boundary  max.  gradient.  
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would become greater and equal to that  outside the boundary left and right of the center where the 
masks were placed. Fig. 5 shows the resulting photograph for one setting of the phaseplate in the 
electrophoresis apparatus. No cylindrical lens is used and the phaseplate is horizontal, representing 
one position in a scanning type pattern. I t  can be seen that  the spacing inside the two sides of the 
boundary is closer than outside (which incidentally shows that  the anomaly is not due to the cylindrical 
lens and]or the diaphragm being diagonal). But the spacing is not altered by the masks. Therefore the 
hypothesis is false tha t  the spacing inside is due to the interaction of light from the two sides of 
the boundary that  have the same deflection. Hence, this phenomenon remains unexplained, and 
perhaps must wait explanation until the schlieren optical system is handled completely by physical 
optics from the light source to the photographic plate, rather than mixing geometrical and physical 
optics as indicated in the theory below. 

Theory o/the spacing o/the/ringes "outside" th~ geometrical shadow 
There are two methods in the literature for deriving the expressions for the Fresnel 

fringes in the schlieren optical system. Both consider the schlieren camera without the 
cylindrical lens. However, the schlieren optical set-up without the cylindrical lens is 
still quite complex and in the usual arrangement the camera objective is between the 
diffracting edge (schlieren diaphragm) and the photographic plate. To avoid this com- 
plication DIST~CHE n refers all optical components to the neighbourhood of the cell by 
geometrical optics, then treats the interaction of these elements by physical optics to 
get the intensity distribution in the plane, in this neighbourhood, which by geometrical 
optics is imaged on the photographic plate. The details of the derivation are obscure, 
but the resulting fringe spacings are those of Fresnel diffraction from a knife edge. The 
absolute magnitude of the spacings in terms of the refractive index distribution and 
optical constants is %/2 times as large as the spacing predicted from WOLTER'S theory 
(if it is applied to the same diffracting element, a knife edge). 

WOLTER 1, on  the other hand, chooses an equivalent optical system which has no 
lenses between the schlieren diaphragm and the photographic plate. This is shown in 
Fig. 6. (Various equivalent optical systems are given by SVENSSON4.) Geometrical optics 
are used to find the location of the light source after rays pass through the schlieren 
lens, the gradient lens, and the second schlieren lens acting also as a camera objective. 
This (defocused) light source image is considered the source, the schlieren diaphragm 
the diffracting element, and the photographic plate the screen in the conventional 

H I 
I 

Solvent 

f11 
- j -  

c E 

- P - q "1 

D 

Fig. 6. Schematic equivalent schlieren optical system. A. Light source; B. (First) schlieren lens; 
C. Cell; D. Schlieren diaphragm; E. (Second) schlieren lens and camera objective; G. Light source 
imo, ge for rays passing through solution side of max. refractive index gradient; H. Light source 
image for rays passing through solvent side of max. ref. index gradient: P. Photographic plate or 

ground glass. 
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Fresnel type diffraction problem. The method is only outlined by WOLTER. Since it 
gives an insight into the schlieren optical system and allows derivation of fringe spacings 
(other than the anomaly mentioned earlier) for any type of diaphragm one may choose 
to use, the details are considered here. Because of the equivalence of the various 
schlieren optical systems the conclusions for the one of Fig. 6 are assumed valid in any 
system, including the diagonal slit, cylindrical lens set-up. 

First consider the lens action of the gradient. This has been described3, 4 but a 
simple derivation will be given I / 
here. In Fig. 7 the cell is shown -- [ 
illuminated by two parallel rays. light toys I 
By definition, the focal length of = I ~  
the equivalent lens is the distance 
to the point of focus when illumi- 
nated by parallel light. From the !_ o _ 
drawing, - -  d3 = d z / /  where ac- Fig. 7. 
cording to convention the upward 

- j  

L e n s  a c t i o n  o f  a r e f r a c t i v e  i n d e x  g r a d i e n t .  

direction of z is positive and focal length / is positive if the focal point is to the right 
of the cell. But the deflction of light passing through an index of refraction gradient 
is 3 = a d n / d z  where a is the cell path length and n is the index of refraction of the 
solution in the cell at the location of the ray considered. Thus: 

d z  I I 

/ = - -  ~ = a d2n  = - -  " a n "  ( I )  

d z  2 

The lens E of focal length b focuses the cell C on the plate P according to the lens 
formula 

I i ] 
+ (2) 

m ~ b 

Its magnification M is expressible from (2) as 

n n - - b  
M (3) 

m b 

Rays through two portions of the boundary region are drawn in Fig. 6. The two regions 
are on either side of the maximum refractive index gradient and have the same deflection. 
The effect of the gradient is schematically shown by the insert figures of a prism and a 
lens. The solvent side of the maximum gradient is concave, hence is a diverging lens, 
whereas the solution side is convex (on a c vs z plot) and is a converging lens. Just  the 
converging side is considered. I t  focuses the light source at G' which is now imaged by 
the lens E to the point G by the lens formula 

I I I 
+ . . . .  ( 4 )  m - -  / g b 

Solving this for b - -  g, the distance p of the source from the diffracting element, gives: 

b 2 
p ~ b - -  g (5) m - - b - - - /  

The distance of the screen from the plate is 

q ~ n - -  b (6) 

R e / e r e n c e s  p .  35 .  
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Now in the Fresnel t reatment  a change of variable from the coordinate z, which 
is the distance on the plate from the geometrical shadow to the fringes, to v is desirable 
to make a universal plot, the Cornu Spiral, of the relationships involved. The trans- 
formation is 

v = - -  ~/k (7) 
where 

k ~ J ~q(p + q) 2p (S) 

in which A is the wavelength of light and p and q are the distances defined above. Note 
that  in the schlieren case p is a function of position in the boundary region but  q remains 
constant. Substituting (5) and (6) for p and q, k can be expressed in terms of m, b, A and/ .  
Then from (I) and (3) it can be put in a more useful form: 

(2a[n"[) (9) 

Absolute value symbols have been used since the same numerical expression is valid 
for the diverging boundary region yielding source H. 

In  Fig. 8 the actual phaseplate diaphragm D is considered. The supporting glass 
plate is not drawn. The source G corresponds to G of Fig. 6 and the point N is the geo- 
metrical shadow of the optical edge A of the phaseplate. The Fresnel t reatment  12,13, 

A Is - - ~  ~ 
.,~==~- v II 

Z 

P(z ' ,~  

0 

P,(z 
O P -Intensity 

Fig. 8. Fresnel diffraction from a phaseplate. 

which is a special case of the more general Kirchoff treatment, states tha t  the amplitude 
of the light at a point P on the plate can be obtained by  integration of the wave con- 
tributions to P from differential elements along the wave front at D originating from 
G as source. I t  is assumed that  the portions of D that  contribute an appreciable amount 
to the amplitude at P are sufficiently close to the line GP that  the wave front can be 
assumed planar. In using the Cornu Spiral, shown schematically for this problem in 
Fig. 9, the v's in the third quadrant  are negative corresponding to distance s on the wave 
front below the origin O of the line GP. From the geometry in Fig. 8 the relationship 
between s and z is 

s - - p  (~o) 
z p + q  
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so tha t  the conversion of distance on a wave front  s to the variable v can be determined,  
a l though not  needed here, f rom (7), (8) and (I0) as 

v J 2 ( p  + q) s (ii) 
pq~. 

The calculation of the ampli tude at P~ will be considered. The distance zl is negative, 

LY 

~ Z" 
7 j r - - - - - - -  

Fig. 9. Cornu Spiral used in solution of the diffraction pattern from a phaseplate. 

hence s 1 and vl are positive. All the contr ibut ions from D to the ampli tude at P1 are 
(see Fig. 9) '  

Z'O: light passing through lower half plane between - -  oo and 01 

0A : light passing through lower half plane between 01 and A 

AZ:  light passing th rough  upper  half plane between A and + oe 
i~ no phase shift were involved 

A Z "  -- A 'Z ' :  correction of A Z  for the half wave phase shift present in regions 
above A compared  to regions below A. 

A'A : net  ampli tude of light at P1 due to all light passing through phaseplate  from 
- - o r  to + o o  

This result is generalized for any  point  P as follows: If  E(v) is the ampli tude of the vector  
from the origin of the spiral to the point  v, where v corresponds to P, and Ep is the 
ampli.tude of the light vector  at P then 

Ep = E ( v ) -  E(--v) = 2E(v) (~2) 

which is the relation given wi thout  derivat ion by  WOLTER 1. The location of the maxima  
and minima of intensi ty can be found by  determining which values of v maximize and 
minimize E(v). I t  is usually considered tha t  the 45 ° line cuts the spiral at the critical 
values vc 13. For  maxima 

For minima 
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Vc)raax i = ~/4 i -  5/2 i = I, 2, 3 . • • (13) 

re)mini = ~ ¢ / ~ -  I/2 i ~ I, 2, 3 . . .  (14) 
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and on the plate, using (7), (9) and (13) or (14), the location of the ith fringe, counting 
the geometrical shadow null as zero, is: 

Zc)mino = 0 

Zc)mini = M *v/~/(2aln"l) V'4 i - -  I/2 i ~ I, 2, 3 . . .  

Zc)maxi = M ~/~/-~1~"1)  V ~ -  5/5 i = ,,  5, 3 . . .  

For the opaque upper half plane as schlieren diaPhragm the amplitude at PI, using 
again Fig. 9, would be the amplitude of the vector Z'O + AO = Z 'A .  The critical values 
of v for this vector as the head moves around the spiral are again very close to those cut 
by the 45 ° line and hence the spacing of the fringes with a mechanical edge will be the 
same as with a phaseplate, as observed qualitatively in the experimental section. The 
relative intensities between the first maximum and first minimum of the phaseplate 
pattern will be greater than with the knife edge. Thus 

Knife  edge:  Imaxl 1,34 I 0 

Phasep l a t e :  

Iminl o.78 Io 

/max1 1,73 I0 
Iminl o,59 I 0 

- - - -  1. 7 

2.9 

Thus the phaseplate does not eliminate diffraction effects, in fact intensifying the fringe 
pattern, but  utilizes diffraction to enable a null point registration of true boundary 
positions. 

S U M M A R Y  

An inexpens ive  prac t ica l  phasep l a t e  ava i lab le  commerc ia l ly  is descr ibed.  I l l u s t r a t ions  are g iven  
of i ts  use  in e lec t rophores is  a n d  u l t r acen t r i fuga t ion  e q u i p m e n t s  as a schl ieren d i a p h r a g m - - t h e  
opera t iona l  h e a r t  of t he  schl ieren opt ical  sy s t em.  Prac t ica l ly  t h e  use  of t he  phasep la t e  is w a r r a n t e d  
when  a. h igh  magni f i ca t ion  angles  are  used  b. t he  ref rac t ive  index  g rad ien t  curve  is s teep c. dis- 
t u r b a n c e s  in t he  cell are  to  be seen m o s t  clearly.  Theore t ica l ly ,  t he  phasep l a t e  conf i rms concep ts  
as to  t he  n a t u r e  of t he  diffract ion fr inges f rom a n y  schlieren d i a p h r a g m  since i t  ope ra te s  on diffract ion 
due  to  defocus ing  of t he  l ight  source  image  by  t he  lens ac t ion  of t he  gradient .  DISTi~CHE'S and  
WOLTER'S t h e o r y  of the  fr inges are con t ras t ed .  T he  phasep l a t e  also m a k e s  more  clear t he  n a t u r e  
of t he  a n o m a l y  of schl ieren p a t t e r n s  nea r  t he  basel ine  wh ich  show a different  shape  of curve  depend ing  
u p o n  t he  o r ien ta t ion  of t he  opaque  edge.  

RI~SUMI~ 

Une  l ame  ~ diffract ion p r a t i que  et  bon  march6 ,  e x i s t a n t  dans  le commerce ,  es t  d6crite. Des  
exemples  de son emploi  d a n s  l%lectrophor~se et  l ' u l t r acen t r i fuga t ion  c o m m e  " s c h l i e r e n d i a p h r a g m "  
- -  piece pr incipale  d ' u n  sys t~me  op t ique  schlieren - -  son t  donn6s.  Du  po in t  de r u e  p ra t ique ,  l ' usage  
de cet te  l ame  p e u t  6tre r e command6 ,  a. lorsque des angles  i m p o r t a n t s  d ' a g r a n d i s s e m e n t  son t  utilis6s, 
b. lorsque la courbe  du  g rad ien t  d ' indice  de r6fract ion a une  pen t e  61ev6e, c. lo rsque  des  t roub les  
de f o n c t i o n n e m e n t  dans  la cellule do iven t  8tre d6cel6s p lus  c la i rement .  D u  po in t  de  r u e  th6or ique ,  
la l ame  de diffract ion conf i rme les h y p o t h e s e s  re la t ives  g la n a t u r e  des f ranges  de diffract ion d ' u n  
" s c h l i e r e n d i a p h r a g m "  que lconque ,  pu isqu 'e l le  agi t  sur  la diffract ion due  au  d6p lacemen t  de l ' image  
de la source l umineuse  pa r  l ' ac t ion  de lenti l le du  grad ien t .  Les  th6or ies  de DIST~CHE et  de WOLTER 
sur  les f ranges  s0n t  mises  en  opposi t ion.  L a  lame rend  ~ga lemen t  p lus  claire la n a t u r e  de l ' annma l i e  
des  d i a g r a m m e s  de schlieren au  vois inage  de l 'or igine qui  donne  & la courbe  une  forme d 6 p e n d a n t  
de l ' o r i en ta t ion  du  bord  opaque .  

Z U S A M M E N F A S S U N G  

Eine  p rak t i sche ,  billige u n d  im H a n d e l  erh~lt l iche P h a s e n p l a t t e  wird beschr ieben.  Es  werden  
Abb i ldungen  yon  seiner  V e r w e n d u n g  als ein Sch l i e rend iaphragma ,  d e m  wi rkungsvo l l s t en  Teil  e ines  
op t i schen  Sch l ie rensys tems ,  bei Aus r i i s t ungen  fiir E lek t rophorese  u n d  U l t r azen t r i f uga t i on  gegeben.  

Re#rences  p. 35. 
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Die V e r w e n d u n g  der  P h a s e n p l a t t e n  is t  p r a k t i s c h  gerecht fer t ig t ,  wenn  a. grosse  Vergr6sse rungswinke l  
benf i tz t  werden,  b. die K u r v e  des  B r e c h u n g s i n d e x g r a d i e n t e n  steil  is t  u n d  c. die StOrungen in der  
Zelle a m  deu t l i chs t en  zu sehen  sind.  Theore t i s ch  bes t~ t ig t  die P h a s e n p l a t t e  Begriffe, die die N a t u r  
der  S t reuungs rAnder  der  Sch l i e r end i ag ramme  betreffen,  da  sie au f  die S t reuung ,  die dem Unscha r f -  
werden  des  L ich tque l lenb i ldes  zuzuschre iben  ist  du rch  die L i n s e n w i r k u n g  des  Grad ien t en  wirkt .  
Die Theor i en  der  Ri inder  von  DIST~CHE u n d  WOLTER werden  e inande r  gegeni ibergeste l l t .  Die P h a s e n -  
p l a t t e n  m a c h e n  ebenfal ls  die Ar t  der  Anomal i e  der Sch l i e renmus te r  in der  N~he  der  Grundl in ie  
deut l icher ,  die eine verschiedene ,  yon  der  Or ien t i e rung  des  u n d u r c h s i c h t i g e n  R a n d e s  abh~ingige 
K u r v e n f o r m  zeigen. 
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