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The data obtained with a reversing interferometer may be applied to the optical path difference

equation for evaluating the aberration constants of a lens.
path difference equations for the reversing interferometer.

This paper gives the development of optical
These equations are applied to results

obtained with two lenses and a comparison is made of values from the interferometer, geometrical

measurements, and theoretical computation.

The interferometer is also applied to the measurement of chromatic aberration.

Some data are

included for comparison of the interferometer results with those obtained by other methods.
['he advantages of the wave front reversing interferometer over the Twyman interferometer are
(a) it can be adjusted to show the effects either of spherical aberration or coma separately and inde-

pendently of astigmatism even though they all exist together:
ometer element is independent of the size of the lens to be tested; (c)

those of the Twyman type: and (d) the fringes
interferometers.
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Introduction

A modification of the Kosters [1]? prism interfer-
ometer, labeled “The wavefront reversing interfer-
ometer’” by J. B. Saunders [2], is used to evaluate the
primary monochromatic aberrations of two lenses.
The methods and instrumentation for this application
were described orally by Saunders [3] but details of
the equations and method of use have not been de-
scribed in the literature.

Equations for optical path difference, for this in-
terferometer, are developed from the corresponding
equations derived by Conrady and used by Kings-
lake [4] with the Twyman interferometer. Results
are obtained on a simple aspheric lens and a telescope
objective. Because both the application and analysis
of results with this interferometer are so simple the
amount of data used for these results is very exten-
sive. These results are condensed into tables and
graphs to show the good agreement obtainable with
this interferometer and results obtained by other
methods.

2. Optical Path Difference Equation

Consider parallel light falling on the front surface
of a lens, such as a telescope objective, and arriving
at a point M (fig. 1) displaced from the ideal image
point M, in the Petzval surface.

The rectangular coordinate system (x, y, z) has its
z-axis coincident with the optic axis of the lens and
the xy-plane coinciding with the back principal plane.

' Based on work performed while the author was a guest worker at the National Bureau
of Standards. 1958-1959.

?Present address: Geographical Survey Institute,
Japan.

' Figures in brackets indicate the literature references at the end of this paper.

Ministry of Construction, Tokyo.

lens testing,
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(b) the size of the reversing interfer-

) the adjustments are easier than

are less vulnerable to vibration effects than most other

mirror testing.
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FIGURE 1. Coordinates for Twyman lens testing interferometer and
the Courady optical path difference formula.
The arrows indicate the directions of positive co-

ordinates in the system. The yz-plane is chosen as
the meridional plane and, therefore, contains the ideal
image point M,. The coordinates of M, and M are,

respectively, (0, h, [) and (8¢, h + 8h, [+ 81).

If we represent the optical path of a ray of light,
from the source to M, through the point (x,, y,) by
F, and that through the origin by P, the formula [4]
for the path difference is,

(1/4)ai(x}

Po—pv= + ¥+ (h/l)azy,(x%+ y3

+ (h*21) ay(x: + 3y?)
+(81/202) (x2+ y2) + (8h /1)y, +
In this formula / can be replaced by the focal length,

/, if the lens is a telescope objective. The quantities
ai, az, and a3 are the absolute constants for a lens

(8¢/D)x, (1)



system of a given type and size, in which higher order
aberrations are practically negligible. The constants

are connected with the usual geometric measures of

aberration by the following equations:

Longitudinal spherical aberration
== W
2P

Sagittal coma
s%h

o —

_ Distance between the focal lines
e 2h?

where 2s is the aperture of the lens.

Longitudinal spherical aberration is positive when
the paraxial focal length is longer than that of the
marginal rays. Coma is positive when the absolute
value of the y-coordinate of the paraxial image point
is smaller than that of the intersection of the rays
from the two extremities of the x-axis in the lens aper-
ture. In this case the flare extends outward. The
distance between the focal lines is positive when the
distance from the lens to the tangential image line
is shorter than that to the sagittal line.

If the inverting interferometer is adjusted to receive
the wave front, in the manner described by Saunders
[5] (see fig. 2), the two parts of the wave front (one
on each side of the dividing plane) are divided by
amplitude division, and a component from one side
is superimposed on a component from the other side
so that interference is obtained in the regions where
the two parts overlap.

This folding of one part of the wave front over onto
the other part automatically provides a measure of the
optical path difference between two rays that are
symmetrical with respect to the beam divider plane.
The order of interference observed at any point repre-
sents the difference in path between the two rays.

It will be convenient to use a coordinate system, for
the reference points in the inverting interferometer,
that is displaced and rotated relative to the xy-co-
ordinate system shown in figure 1. The new coordi-
nates will be represented by X and Y. See figure 3.
We will choose the line of intersection of the dividing
plane of the prism with the xy-plane as the X-axis.
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FIGURE 2. Optics for testing lenses with one conjugate at infinity.
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FIGURE 3. Coordinate system for the Wave Front Reversing Inter-
ferometer.

The Y-axis will be chosen to pass through the origin
of the xy-coordinate and normal to the X-axis. The
angle between the x and X-axis is 6. The distance
between the origins of the two coordinate systems is g.

In general, the Y-axis need not be chosen to pass
through the origin of the xy-axis. It should. however,
be normal to the X-axis and g is then the distance from
the X-axis to the origin of the xy-coordinates. The
above special placement of the Y-axis will not restrict
the generality of the equations to be derived if the
analysis of the data is followed judiciously as described
below.

The reversing interferometer prism folds the wave
front along the X-axis. Any two points in the lens
aperture that are symmetrical about the X-axis appear
to coincide in the interferometer. Let (x;. );) and
(x2. y2) be one such pair of points. The correspond-
ing points in the XY-coordinate system are (X,. ¥))
and (X.. Y,). Because of symmetry about the X-axis
it is apparent that

Xi=X.=X

and

: (2)
Yi=—Y.=Y

Also, it can be shown that the coordinates of one
system are related to those of the other system by
the following transformation equations:

x;=X, cos §—Y, sin §— g sin 6.

yi=2X, sin 0+Y, cos 6+ g cos 0.

x2=Xs cos 6— Y, sin 6 — g sin 6.

y»=X, sin 6+ Y, cos 6+ g cos 6.

The path difference for the two rays that appear to
pass through (X,. Y, is (pi—ps)=P. Values for
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p1 and p» are obtained from eq (1) by putting v equal to
1 and 2, respectively. If we then substitute for x,.
x2, 1, and y» the equivalent functions of X,. X,. Y,
and Y, shown in eq (3), we obtain an equation for P,
as a function of the latter coordinates. On eliminating
X, and Y., by means of eqs (2), and dropping subscripts,
we obtain

P[2Y=AR?*+ BX + C, (4)

where R?= X2+ Y2,
A=a,g+ ash[f) cos 0, (5)
B=2ag(h[f) sin 0+ as(h/f)? sin 26, (6)

and C is a function of all quantities in eqs (1), and (3),
except the x, y, X, and Y-coordinates.

All quantities in A, B, and C are constant for any
one setting (adjustment of the interferometer) and con-
sequently the coefficients themselves are also con-
stant. In general, data from any three reference
points are sufficient to evaluate 4, B, and C, but not
necessarily @, a», and a3, which are the quantities
desired. However. adjustments (values for g, h, and
0) can be made that will permit the evaluation of the
lens constants a;. @». and a3. A judicious choice of
2, h, and 6 will permit the evaluation of any of these
constants from only two reference points, that are
properly chosen. Data from several reference points
will yield statistical values that are more precise than
values from only two points.

3. Analysis of Interferograms

There are several ways that spherical aberration,
coma, or astigmatism may be evaluated sepurately.
Some of the operations for obtaining them are as
follows:

3.1. Spherical Aberration,«,

If the reference points are chosen to fall on the
straight line, X = constant, eq (4) becomes:

P2Y=AR*+ K, (7)

where 4 and K, are constants. The slope, A4, of the
straight line P/2Y versus R? is readily obtained from
two or more reference points. Equation (5) shows 4
to be a linear function of g and h. If A is held con-
stant and values are found for 4 that correspond to
two or more values of g, a plot of 4 versus g will yield
a straight line, the slope of which is «;.

3.2. Coma, a,

If g is held constant (eq (5)) and values for A4 are
obtained for two or more values of A, a plot of 4 versus
h will yield a straight line whose slope is (ax/f) cos 6.
Thus the value of a» is readily obtained.

3.3. Astigmatism, a;

It is apparent that the coefficient of astigmatism,
az, appears in eq (6) as a linear function of B. The
function B, may be obtained from observation at any
two reference points (X, Y¥;) and (X3, Y5 such that
Y i=Y; (fig. 3) and X, =—X3. Equation (4), for these

two points becomes:
AR%*+ BX,+ C=Py3/2Y,,
AR2 “BX] -+ C:P34/2Y1,

where Ps;=(P;—Py). Taking differences, we obtain

B:(PIZ_P34)/4‘X1Y]-

On dropping the subscripts of X and Y, this equation
may be written as:

(Plz"P:M)/‘LY;BX- (8)

A plot of (P, —P34)/4Y versus X will approximate a
straight line, the slope of which is B. If we obtain
values of B for different values of A, while g is held
constant, it is apparent from eq (6) that a plot of the
mean value of B (for h=+h and h=—h) versus A2
will yield a straight line, the slope of which is (as/f?
sin 20. Thus the value of a; is directly obtained.

4. Adjustment of the Dividing Plane

Because of the analytical form of eq (1) and the man-
ner in which the constants, a;, a», and a3 enter it, it
is possible to choose the adjustments of the interfer-
ometer (values for g, h, and 6) so as to favor the effect
of any of the three aberrations. This is an outstand-
ing advantage of this interferometer. If the source
is located on the optic axis of the lens, then A, and
consequently also B, becomes zero (eq 6) and eq (4)
becomes:

P2Y=AR?+ K.,

where K, is invariant with respect to P, Y, and R.
There are no off-axis aberrations and, therefore, the
interferogram shows the effect of spherical aberration
only.

If 6 is adjusted to equal =90° and reference points
are confined to the Y-axis, eq (4) becomes:

P2Y=a,gR*+ K; 9)

where K3 is invariant with respect to P, Y, and R.
If the dividing plane is adjusted to coincide with the
x-axis, in figure 3 (g=0, 6=0), eq (4) becomes:
P2Y = axh/)R*+ K, (10)
where K, is invariant with respect to P, R, and Y.
Spherical aberration is eliminated because its effect



is symmetrical about the optic axis and astigmatism
is eliminated because of its symmetry with respect
to the X-axis. The interferogram contains the effect
of coma only.

If the dividing plane is adjusted to bisect the angle
between the positive x-and y-axes (g=0, 6=45° eq
(4) becomes:

PI2Y = a:sh N2 - R2+ as(h2X + K (11)

where K; is a constant. The term containing a; is
eliminated, the term containing a- is reduced to 1/V2
of its maximum and the term containing a3 is a maxi-
mum. The interferogram shows a reduced effect of
coma and the full effect of astigmatism.

In these special cases, the analysis can be done
easier than for the general setting of the dividing
plane. It is, however, preferable to follow the general
way of analysis in order to eliminate the error due to
locating the origin of the XY-coordinate system (error
in g). The errors in the initial adjustment of the lens
(error in h) is also automatically canceled out by the
procedures to be followed. In deriving eq (4), it is
assumed that the Y-axis passes through the origin of
the xy-coordinates. Although we are not giving the
proof here, it can be shown that this will not affect
the generality of the equation as long as the procedures
described above are followed.

5. Experiments

The prism used in these tests has a 3.8 ¢cm diam,
convex entrance face with a radius of curvature of 20
cm. A light source is placed at the point M, (fig. 2).
Light emerges from the curved face of the prism,
diverging radially from the virtual source M,. The
light traverses the lens twice and returns to the point
M., which is conjugate to M.

For obtaining different values of A, the lens is rotated
about an axis parallel to the x-axis (fig. 1), which coin-
cides with the nodal plane. This position of the axis
of rotation avoids shifts in the position of reference
points, relative to the lens, when it is rotated. The
reference marks (or points) are located between the
lens and the mirror.

TABLE 1. Description of lenses
Lens number | 11
Dy D e et e et R e e r s Aspherical-plane | Acromat-doublet
79114 D1 ¢ e enemertreo s A 24 ¢cm 30 em
Focal length.... 200 em 300 em
(8 F Y e ot cearon oo, B S (5 T | A s

Two lenses are used for these tests. For reference
purpose they are described in table 1.

In these experiments the lenses were adjusted to
satisfy the conditions of eqs (9), (10), and (11). How-
ever, the analysis is based on the general procedure
described above. Values for 4 and B are obtained by
supplying data into eq (4) and then evaluating a,
a», and a; from eqs (5) and (6).

In the following tables the distance, A, is represented
by B, where Ah=ftan B.

The reference marks used for reading the orders of
interference are usually located so that their projec-
tions lie on the Y-axis, at intervals of 1 cm. However,
when taking data for astigmatism it is sometimes con-
venient to choose reference points elsewhere in the
XY-plane.

Since the light traverses the lens twice, its effect
on the optical path is doubled. Consequently, the path
difference, P»=(p;—p») is related to the order of
interference, N, by the equation

NA= 2P|3

where N is the wavelength of the light. The yellow
line of helium (A\=0.5876 w) was used here. The unit
used for optical path difference will be A/2, so that P,
is numerically equal to the order of interference.

The Késters prism has a plane wedge [1] built into
it. The vertex of this wedge is at a right angle to the
dividing plane. In general the line of reference points
is chosen either parallel or perpendicular to this wedge.
When it is chosen parallel to it (i.e., parallel to the Y-
axis) a constant may be added to all readings to elimi-
nate the effect of this wedge on the data. If the line
of reference points is parallel to the X-axis, the wedge
must be eliminated by subtracting values from the
reading that reduces the effect of the wedge to zero.
These values are proportional to the magnitude of the
wedge and to the distance from the reference point
to the vertex of the wedge. This effect, however,
may be regarded as a kind of error in locating the origin
of the XY-coordinates with respect to the origin of
the xy-coordinates (or the optical center of the lens).
This error is eliminated by the general procedure of
analysis described above.

Figures 4, 5, and 6 show photographs of fringes taken
through lens I. Figure 7 shows fringes taken through
lens II. The background of fine, low contrast fringes
in figure 7, is caused by light reflected from the two
inner surfaces of the air spaced doublet. This light
cannot be eliminated except by antireflecting coatings
on the surfaces.

To illustrate computation procedures, table 2 shows
the observed orders of interference, V, at points along
the Y-axis (X=0) and corresponding positions (values
for Y) of the reference points, observed in figure 6a,
column 3 contains values for P (corrected for the prism
wedge), in units of \/2.

Figure 8 shows values for P/2Y (from column 4,
table 2) plotted against Y? in eq (4). The slope of the
best fitting, straight line through these points is the
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B=-3° B=-15° B=15° B=3°

FIGURE 4. Interferograms with Lens No. I, adjusted to g=0, 6=0, and to different
values for B.

gise=y) g=0 (o] ] (s} 72 g=3cm

FIGURE 5. Interferograms with Lens I, adjusted for B (or h)=0, 6=0, and to different values for g.

best value for 4. To obtain this best value would
require least squares analysis. However, since this
paper is intended only to show procedures and the
good agreement found between this interferometer
and other methods of test, a graphical determination
of A, is assumed to be adequate.

Values for A, corresponding to different values for
h are plotted in figure 9. The slope of the best fitting
straight line is (eqs 5 and 10) equal to (a./f) cos 6.
Multiplying the slope by flcos 6 gives the value a..
The same procedure is used for obtaining a;. In this
case A is plotted against g, (eqs 5 and 9) for constant
values of A.

Table 3 shows readings from the interferogram,
read along the line Y=5 cm (at different values of X)
for pairs of points that are equal distances from the
Y-axis but of opposite sign. The corresponding mean
values of (P, — P3y)/4Y are shown in column 5. From
eq 8, the slope, B, of the straight line (P, — P3,)/4Y
=BX (fg. 10) is found to be —0.126 (P/2) cm?.  The
mean value for B, in eq 6 (for A=h and h=—h), is BERIES B=6°
plotted against A2 in figure 11. The slope of the cor-
responding best line is (ay/f?) sin 26, from which a;
is obtainable.

FIGURE 6. Interferograms with Lens No. I, adjusted to g =0, 6= 45°,
and to different values for (3.
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B=-r B=1°

B=2°

FIGURE 7. Interferograms with Lens No. Il, adjusted to g¢=0, 6 =0 and to different

values for h (or B).

TABLE 2. Example for computing A
Prism and lens adjustments: g=0, B=6°, and #=0.
Reference points on Y-axis (X =0).

(P12 — P39/4Y cm

—0.26
=il
S0!

=100

1826

1 N ] ;77 | ﬁl”/ZY " T T
0 —0.6 0.0 | o
1 =319 =538 =165 Ll
5 A D.4 0o g - O
2 =010 = oy =157 8=0
= (a
3 —92 | —86 | —143 (9z/;)cos &
5.
4 =L =i =539
5 =B3RS =il 127
6 —14.1 =345 =112 "é oL
7 —141 | —135 | —097 o
8 —131 | —125 | —.78
9 -110 | —104 | —.58
_5
10 -7.0 —64 | —.32
11 =25 =] —.09
]2 =35 +4.1 el
_ e -10. [~
.
=20 =10 [o]
h, cm
( FIGURE 9. Graphical determination of a, from egs (4), (5), and (10).
0.0/—
=0i5i=
P TABLE 3. Data from figure 6a and computed results for figure 8
2Y =
X N X N
90—
0 cm 0.8 cm
2 — 115 =2 315
G5 : i —
d Atsiope) - 225495 . 16,0120 (3) /em? 4 38 || -4 | 64
p
| \ 6 -55 —6 | 94
(0] 50 100 150
Y2 cm? 8 —7.0 -8 | 13.0
- 10 -82 || =10 | 170
FIGURE 8. Graphical determination of A from eq (4). - B
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FIGURE 10.

007 7 | | ;
6+ 45°
g=0
Slope = (93/;2)sin 26
-0.1 n
|
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FIGURE 11. Graphical determination of ay from eq (5).

6. Results

The data and computation used to make the com-
parison of results by interferometry with those from
other methods is too extensive to be included here,
except in graphical and tabular forms. The geo-
metrical method used for obtaining aberration con-
stants will not be described. There are several such
methods available. The Foucault knife edge, for
example is one of the simplest of methods for measur-
ing spherical aberration.  When the lens specifications
are known the aberrations can be computed from
theory.

6.1. Lens No. | (Aspherical, Plano-Convex)

When only spherical aberration exists in an inter-
ferogram (i.e., h=0) and if the lens is corrected for
this aberration, the observed value for this aberration
will be very small. In this case the higher order
aberrations are dominant and eq (7) appears not to
satisfy the data. Figure 12 shows a plot of P/2Y
versus Y2 (eqs 4 and 7) for a constant value of X.
The slope of this curve (values for 4= a,g) is small and
varies uniformly over a small range.
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FIGURE 2. Graphical representation of eq (4), showing nonlinearity
and, consequently, nonconformity to the basic optical path dif-
ference eq (1).

TABLE 4. Computation of as for Lens |
Adjustments: g=0 and 6=0.
B A N2 em B A N2 em
1.5¢ 0.0032 || =1.5° | —0.0029
3.0° 0065 [t—3.0° —.0058
6.0° 0122 —6.0° —.0111

The data for evaluating a» and ag, from lens No. I,
fall very nearly on a straight line. The resultant values
for these constants are very good. Table 4 and figure 9
show the A’s for different values of A that are used to
evaluate a.. The slope, (as/f) cos 6, of the straight
line in figure 9 is found to be 0.000570 (A/2)/cm?,
from which we obtain:

a»=3.42 X 10 %/cm2

Table 5 and figure 11 show the corresponding data
and results for B. The slope B=(as/f? sin 26, of
the straight line in figure 11 is found to be —0.00216
(AM/2)em?, from which we obtain: a;=2.59 X 10-3/cm.

TABLE 5. Computation of as for Lens |
Adjustments: g=0 and 6=-—90°,
Values of B are the average for h=+h and h=—h.

B | BN2cemz|| B | B N2 ecm?|[Mean: B A2 em?
191 —0.042 ||—1°| —0.048 —0.045
2° =26 =28 =128 =127
3° SN0 —.258

=259 =38

Table 6 is a summary of results obtained with the
interferometer, results by direct (geometrical) measure-
ments, and values obtained from theory by com-
putation. The computed values are based on third
order aberration theory, assuming the lens to be
plano-convex in form. Coma and spherical aberration
were too small to be measured directly. These values
are considered to represent good agreement between
the different methods of test.



TABLE 6. Summary of results for Lens |

Coefficients a; X107 cm3 | a» X 10 cm? | a3 X 103 em

Interferometer method....
Geometrical method.......
Values computed from theory.

Very small 3.42 2.59
2.74
2.50

TABLE 7. Comparison of results by interferometry, with geometrical
measurements, and values computed from theory

Distance between focal lines, Lens 1
B
Interferometry Direct |Computed
Millimeter | Millimeter|Millimeter
°
lﬂ 0163 P 0.61
2 2.53 2.8 2.44
3 5.69 5.7 5.49
4° 10.13 10.5 9.78

The distance between the two astigmatic focal lines
was measured directly, for several values of 8. These
values are compared with corresponding values com-
puted from interferometer measurements and from
theory. Table 7 summarizes these results.

6.2. Lens No. Il, a Telescope Objective

When values for P/2Y, in eq (4), are plotted against
Y2 (X=constant), for obtaining A, the points fall on
a relatively straight line for values of ¥ from 0 to 10 cm.
Beyond 10 ¢m, they show deviations that indicate an
increasing effect of higher order aberrations. The
results for g=1.5 cm are shown in figure 13 to illus-
trate this effect. When the aperture of this lens is
limited to 10 ¢m the resultant slope of the best fitting
straight line yields a value of 1.82X10-8cm? for a;.

The results for coma and astigmatism, for lens II,
are presented in figures 14 and 15, respectively. Table
8 summarizes the results for lens II and includes cor-
responding results obtained by direct measurement.
Coma was too small to be measured at the angles used
in these tests.

A series of direct measurements was also made on
the distance between focal lines (astigmatism) for
this lens and the results are compared, in table 9,
with results obtained from interferometer tests of the
same angles (values for B).

T T T T T T
0.12 P2 ]
g=15cm
Slope,A=a
0.08F Pe,A g .
P
2Y
004~ -
0.001~ |
L]
! ] ! L L
0 20 40 60 80 100 120 140

Y% cm®

FIGURE 13. Graph for evaluating a, of Lens No. I1.

2. T T T T T

9=0
6=0
Slope,A=a, h/f

=20 -10 o 10 20

FIGURE 14. Graph for evaluating a» of Lens No. I1.

.00
T T T T
\X o
8 =-45°
|
—-05 Bs—é (Bh+B—h)=O3h%2_
X
|
5(Bh+B-h)
_4'0 - -~
X
N
— 15 | | | |
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FIGURE 15. Graph for evaluating as of Lens No. II.

TABLE 8. Summary of results for Lens Il

Coeflicients a; X 108 em?®| @y X 107 em?® | a3 X 103 em

Interferometer method
Geometrical method..

71 1.28

1.82
1.93

TABLE 9. Comparison of results by interferometry with results from
direct measurements

Distance between focal lines, Lens I1
B
Interferometry Geometrical
cm cm
1° 0.11 0.15
2 .46 .50
3° 1.04 1.06
4° 1.84 1.92




7. Chromatic Aberration

The change in focal distance, with change in wave-
length of the light, can be measured very accurately
with this interferometer. If the dividing plane of the
prism is adjusted to pass through the focal point,
f1, of the lens for light of wavelength A, (see fig. 16),
and to form an angle a with the optic axis, 0f;, of the
lens the light for other wavelengths will not return
toward fi. If f; is the focal point for light of wave-
length \,, this light will return toward the point
I;, where the distance (fi—f:) equals (f:—1). The
points f; and I, are on the axis of the lens but not in
the dividing plane. The two component beams of
A1 (one on each side of the dividing plane) will return
toward f;. They will form two images at M, in figure 2
that are superimposed. The two component beams of
N2 will form two separated images at I, and 3.

Figure 16 illustrates the relative position of points
and lines in the image space. The distance (fi —1,)
is approximately equal to 2(f; — f2) = 24Af.  If the divid-
ing plane intersects the lens at S, which is at a distance
g from its axis, the angle ais given by the formula,

a=glf=d[(f —13) = d|2Af. (12)

It should be remembered that the angles € and «
(fig. 16) are relatively small and that the distances, g
and L, are also small compared to the focal length f.
The distance, L, is the distance from the dividing plane
at S to an arbitrarily chosen reference point, 7. If the
observed difference in order of interference, between
points S and 7, is N then the angle € is, given by the
formula,

€= d|f=N\/2L). (13)
On eliminating d from eqs (12) and (13), we obtain the
working formula,

Af=f*Nh:/(4gL).

All quantities on the right hand side of this formula
may be measured and, consequently values for Af
are obtainable for any chosen wavelength.

Second Principle Plane of Lens

Optic Axis

fy
FIGURE 16. Relative position of points and lines in the image space.
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For visual observations it is convenient to set the
dividing plane at some chosen wavelength and observe
values of N for all other wavelengths that are to be
used. However, for photographing the fringes it
was found more convenient to adjust the dividing
plane visually at each of the several focal points and
to use the yellow line of helium for photographing the
fringes. These photographs permit a measure of the
difference in focal length of the lens, for the light
chosen, and that for helium yellow (A =0.5876 w).

Figure 17 shows several photographs of fringes
produced by light of different wavelengths. The
number of fringes in these pictures is a measure of the
difference in focal length of lens I, for A=0.5876 u
and for the indicated wavelengths. Figures 18 and 19
are graphical representations of changes in focal
length of lens I and lens II, respectively. There is
also included for comparison, values obtained by direct
measurement of the focal distances.

\ =447

A =5016 A=6678 R

FIGURE 17. I’Iu_)lu,l:ru/)/ls of fringes, with yellow light, when the prism
is adjusted for autocollimation of light of the several indicated
wavelengths.
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FIGURE 18. A plot of focal length of Lens I versus wavelength of

light.



T T T T
8l o
© Interferometric measurement
6
(5
=
I
“—
<4
2k
o ! I I !
5000 . 6000
Wavelength, A

FIGURE 19. 4 plot of focal length of Lens II versus wavelength of
light.
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