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The da ta ob tain ed with a reve rs ing inte rferomete r ma y be a ppli ed \0 th e optical path diffe re n(;e 
equation fo r eva lu a tin g the a be rra ti on cons tants of a le ns. Thi s pa pe r gives the d e ve lop me nt of op ti cal 
path diffe re nce e quation s fo r th e revers ing int er fero me te r. Th ese eq uations a re a pplied to r es ult s 
obta ined with two le nses and a co mpa ri son is made of values from th e inte rfe romete r, geometrical 
measure me nts. and theo re ti cal co mputation. 

The inte rfe rom e te r is a lso app li ed to the meas ure me nt of c hrom ati c a be rra ti on. So me data are 
in c lud ed fo r co mpariso n of the int e rferome te r res ults with th ose ob ta ined by o the r method s. 

The adva ntages of the wave fro nt revers ing int e rfe ro mete r over the T wyma n int e rfe rome ter are 
(a) it ca n be adj us ted to s how th e effec ts e ith er of s ph e ri ca l abe rra ti on or coma separat e ly a nd ind e· 
pende ntl y of as ti gm a ti s m e ve n tho ugh they a ll ex is t toge the r : (b) th e s ize of t he revers ing int e rfe r· 
ome te r e le me nt is independe nt of the s ize of the lens to be te s te d ; (c) th e a djus tm e nts are eas ie r than 
those of the Twyman type; a nd (d) the fringes are less vulne rabl e to vib ra ti on e ffec ts than mos t othe r 
inte rferome ters . 

Key Wo rds: Abe rra ti on . inte rfe rome tr y. le ns tes ting, mir ro r tes tin g. 

1. Introduction 

A mod ifi cation of th e Kijs ter s [lj=l pri sm inte rfer
ometer, labeled " The wavefront re vers ing inte r("er
ometer" by J B. Saund er s [2], is used to e valuate th e 
prim ar y monoc hromati c aberrations of two lenses. 
The method s and ins trum entation for thi s a pplica tion 
were described ora ll y by Saund er s [3] but de ta ils of 
the equations a nd method of use have not been de
scribed in the lit era tu re. 

Equation s for optical pa th diffe rence, for thi s in
terfero meter , are de veloped from the corresponding 
equations deri ved by Conrady and used by Kin gs
lake [4] with the Twym an interferometer. Results 
are ob tain ed on a simple as phe ric le ns a nd a telescope 
objective. Because both th e a ppli catio n and a nalys is 
of results with thi s interferome ter are so simple the 
amount of data used for these results is very ex te n
sive. These results are condensed into tables and 
graphs to show the good agreement obtainable with 
thi s interferometer and results obtained by other 
me thods. 

2. Optical Path Difference Equation 

Consider parallel light falling on the front surface 
of a le ns, such as a telescope objective, and arriving 
at a point M (fi g. 1) di splaced from the ideal image 
point Mo in the P etzval surface. 

The rec tangular coordinate sys te m (x, y, z) has its 
z-ax is coin c id ent with the optic ax is of the lens and 
th e xy-plan e coinciding with the bac k principal plane. 

I Based 01 1 wo rk pt:dormcd whil e the authur was a guest wo rk e r at the Nat iona l Bureau 
of Standards . 1958- 1959. 

t P"cs ent add ress : Geogra phical Survey Ins titut e. ~'Iini s try or Construction. Tokyo. 
Japa n . 

:\ Fi gures in hracl..ets ind icate Ihe lit era ture refe re nces a t the e nd or Ihi s pape r. 
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The arrows indicate the direc tions of posItIve co
ordinates in the syste m. The yz-plan e is chosen as 
the meridional pb;lI1 e and , therefore, co ntain s the id eal 
im age point Mo. The coordinates of Mo and Mare, 
respec tively, (0, h , L) and (ot , h + oh , l + oL). 

If we re present the optical path of a ray of light, 
from the source to M, through the point (xv, Yv) by 
Fv and that through the origin by Po the formula [4] 
for the path difference is, 

Po - p v = (1/4)al(x~+ y~)2 + (h/L)a2Yv(x~ + y~) 

+ (h2/2/'l)a3(x; + 3y;) 

+ (01/'2/2) (x~ + Y;) + (oh/ l)yv + (ot/I)xv. (1) 

In this formula 1 can be replaced by the focal le ngth , 
/, if the lens is a telescope objec tive. The quantities 
ai, a2 , and a3 are the absolute cons tants for a lens 



sys te m of a given typ~ and size,. i? whic~, higher order 
aberrations are practically negbgJble. 1 he constants 
are connected with the usual geometr ic measures of 
aberration by the following equations: 

Longitudinal spherical aberration 
al = s2j'l 

Sagittal coma 
s2h 

Distance between the focal lines 
([3 = 2h2 

where 2s is the aperture of the lens. 
Longitudinal spherical aberration is posltJve when 

t he paraxial focal length is longer than that of th e 
marainal rays. Coma is positive when the absolute 
valu: of the y-coordinate of the paraxial image point 
is smaller than that of the intersection of the rays 
from the two extre mities of the x-axis in the le ns 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 interfero meter is a~justed to receive 
the wave front, in the manner descnbed by Saunders 
[5J (see fig. 2), the two parts of the wave ~r~nt (one 
on each side uf the dividing pJane) are dlVlded by 
amplitude division, and a component from one s!de 
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 r~y: that are 
symmetrical with respect to the beam dJvJd~r plane. 
The order of interference observed at any POll1t repre
sents the difference in path between the two rays. 

It will be can venient to use a coordinate system, for 
the reference points in the inverting interferometer, 
that is displaced and rotated relative to the xy-c~
ordinate system shown in figure 1. The new coordJ
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. 

Mirror 
Lens 

FIGURE 2. Optics for testing lenses lVith vile cOlljugate lit infinity. 
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F IGURE 3. Coordinate system for the Wave Front Reversing Inter· 
ferometer. 

The Y-axis wiJJ be chosen to pass through the origin 
of the xy-coordinate and normal to the X-axis. The 
anIYle be tween the x and X-axis is 8. The distance 
be~ween the origins of the two coordinate syste ms is g. 

In general, the Y-axis need not be chosen to pass 
through the origi n 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 uenerality of the equations to be derived if the 
anal;sis uf the data is followed judiciously as described 
below. 

The reversin o interferometer prism folds the wave 
front along theO X-axis. Any two points in the lens 
aperture that are symmet:ical abou t the X-axis appear 
to coincide in the interferometer. Let (XI. YI) and 
(x:!. y:!) be one such pair of points. The correspond
inO" points in the XY-coordinate sys tem are IX I • YI ) 

and (x:!. Y:!). Because of symmetry about the X-axis 
itis apparent that 

and (2) 

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

YI = X I sin 8+ YI cos 8 + g cos 8. 

xz=X:! cos 8- Yz sin 8 - g sin 8. 
(3) 

The path difference for the two rays that appear to 
pass through (X I . YI ) is (/JI - /Jz) = Plz_ Values tor 



PI and /h are obtained from eq (1) by putting v equal to 
1 and 2, respectively. If we the n substitute for XI, 

X2, YI, and Y2 the equivalent fun ction s of XI. X2 , YI, 
and Y2 shown in eq (3), we obtain an equation for P I2 

as a function of the la tter coo rdinates. On eliminatin g 
X2 and 1'2, by means of eqs (2), a nd droppin g subscripts, 
we obtain 

P('2Y = AW + BX + C 

A = alg + aAh(J) cos 8, 

B = 2a2g(h(j) sin 8 + a:!(h(J)2 si n 28, 

(4) 

(5) 

(6) 

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

All quantities in A, B, and C are constant for any 
one sett ing (adjustment of the interferometer) and con
sequently the coefficien ts themselves are also con
stant. In general, data from any three reference 
points are sufficient to evalu ate A, B, and C, but not 
necessarily (/1, (/'2, and o,!. which are the quantities 
desired. However. adjustments (valu es for g, h, and 
8) can be made that will permit the evaluat ion of the 
lens constants (/1. (l2, and (/'1. A judicious choice of 
g, h, and 8 will permit the evalu atio n of any of these 
cons tants from on ly two reference points, that are 
properly c hosen. Da ta from several reference points 
will yield sta tistical 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 eva lu ated separately. 
Some of the operations for obta ining them are as 
follows: 

3.1. Spherical Aberration,al 

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

(7) 

where A and KI are constants. The slope, A, of the 
s traight line P/2Y versus R2 is readily obtained from 
two or more reference points . Equation (5) shows A 
to be a linear function of g and h. If h is held con
stant and values are found for A that correspond to 
two or more values of g, a plot of A versus g will yield 
a s traight line, the slope of which is (II· 

3 .2. Coma, a2 

If g is he ld constant (eq (5)) and values for A are 
obtained for two or more values of h, a plot of A versus 
h will yield a straight line whose slope is (a2(J) cos e. 
Thus the value of a2 is readily obtained. 
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3.3. Astigmatism, a3 

It is apparent that the coefficient of astigmatism , 
a'l, appears in eq (6) as a linear function of B. The 
function B, may be obtained from observation at any 
two reference points (X], YI ) and (X3, Y3) such that 
YI = Y3 (fig. 3) and XI =-X3 . Equation (4), for these 
two points becomes: 

AR2+BXl +C=P I2/2Y1 , 

AR2 - BX l + C = P34/2Yl , 

where P;J4 = (P3 - P4). Taking differences , we obtain 

B = (P 12 - P'l4)(4X IY 1_ 

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

(8) 

A plot of (P 12 - P34)/4Y versus X will approximate a 
s traight line, the slope of which is B. If we ob tain 
values of B for differe nt values of h, while g is held 
co ns tant , it is apparent from eq (6) that a plot of the 
mean value of B (for h = + hand h = - h) versus h2 

will yield a straight line , the slope of which is (a3/fZ'y 
s in 28. Thus the value of a3 is directly obtained. 

4 . Adjustment of the Dividing Plane 

Because of the analytical form of eq (1) and the man
ner in which the constan ts, ai, a2, and a3 enter it, it 
is possib le to choose the adjustments of the interfer
ometer (values for g, h, and 8) so as to favor th e 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 h, and 
conseque ntly also B, becomes zero (eq 6) and eq (4) 
becomes: 

where K t is invariant with respect to P, 1', and R. 
There are no off-axis aberrations and, therefore, the 
interferogram shows the e ffect of spherical aberration 
only. 

If 8 is adjusted to equal ± 90° and reference points 
are confined to the Y-axis , eq (4) becomes: 

(9) 

where K3 is invariant with respect to P, 1', and R. 
If the dividing plane is adjusted to coincide with the 

x-axis, in figure 3 (g= 0, 8 = 0), eq (4) becomes : 

(10) 

where K4 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, 8 = 45°) eq 
(4) becomes: 

where K" is a constant. The term containing al if' 
eliminated, the term containing a~ is reduced to 1/\12 
of its maximum and the term containing a:l 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. 

S. 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 MI (fig. 2). 
Light emerges from the curved face of the prism, 
diverging radially from the virtual source Mo. The 
light traverses the lens twice and returns to the point 
M 2, which is conjugate to MI. 

For obtaining different values of h, 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 oj leftses 

Lens number II 

Type .................... .. ..... . As pherical-p lane Acromal -doublet 

Aperture ... 24 em 30 em 

Focal lengt h 200 em 300 em 

Glass ... B5C- 517 

68 

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 (1). How
ever, the analysis is based on the general procedure 
described above. Values for A and B are obtained by 
supplying data into eq (4) and then evaluating aI, 
a2, and a:l from eqs (5) and (6). 

In the following tables the distance, h, is represented 
by {3, where h = f tan {3. 

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 I2 = (PI - p.J is related to the order of 
interference, N, by the equation 

where 'A is the wavelength of the light. The yellow 
line of helium ('A = 0.5876 /1-) was used here. The unit 
used for optical path difference will be 'A/2 , so that P 12 

is numerically equal to the order of interference. 
The Kosters 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, N, 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 'A/2. 

Figure 8 shows values for P/2Y (from column 4, 
table 2) plotted against Y2 in eq (4). The slope of the 
best fitting, straight line through these points is the 



/3 ~ - 3° /3 ~ - 1.5° /3 ~ 3° 

FIGURE 4. InterJerograms with Lens No . I , adjusted to g= 0, 0= 0, and to diffe rent 
values Jor {3. 

g=o g=1 9 = 2 g =3cm 

FIGU RE 5. Intetferogroms wi th Lens I , adjusted Jor {3 (or h) = 0 . 0 = 0, and to different values Jor g. 

best value for A. T o obtai n th is best va lu e wo uld 
re quire least sq uares analys is. However, since thi s 
paper is intended onl y to show procedure~ and the 
good agree ment fo und be tween thi s inte rfe rometer 
and other methods of tes t, a gra phical determin ation 
of A, is ass um ed to be adequ ate. 

Va lues for A, corres ponding to diffe rent values [or 
h are plotte d in fi gure 9. The slope of the bes t fittin g 
s tra ight line is (eqs 5 and 10) equal to (a~/fj cos o. 
Multipl ying the slope by fl cos 0 gives the value a~ . 
The sa me procedure is used for obtaining a l. In thi s 
case A is plotted against g, (eqs 5 and 9) for consta nt 
values of h . 

T able 3 shows readings from the int erfe rogra m, 
read along the line Y = 5 c m (at diffe re nt values o[ X) 
for pairs of points that a re eq ual d istances [ro m the 
Y-ax is but of op pos ite s ign. The corresponding mean 
valu es of ( PI ~ - P:\4)/4Y are shown in co lumn 5. From 
eq 8, the s lope, 8 , of the s tra ight lin e (PI ~ - P;H)/4Y 
=BX (fi g. 10) is found to be - 0.1 26 (P/2) c m2 • The 
mean va lu e fo r 8, in eq 6 (for h = h and h = -h), is 
plotted aga in st h~ in fi gure 11. The slope of the cor
respond ing bes t lin e is (a;\l.p) s in 20, fro m which a;\ 
is obta ina ble. 

208- 65 1 0 - 66- 2 
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FIGU RE 6 . 1 nterJerograms with Lens No . I , adjusted to g = 0 , 0 = 45', 
and to different values Jor {3. 



0..0 

-0.5 

P 
2Y 

-1 .0. 

-1.5 

o 

f3 : - 2° f3 : - 1° f3 : 1° f3: 2° 

FIGURE 7. lnt erferograms with Lens No. II , adjusted to g = O, 0 = 0 and to di./fen"nt 
values for h (or P). 

TABLE 2. Example lor computing A 
Prism and le ns adjust ment s: g = O. {3 = 6°. and fi = O. 

9 : 0 

f3 : 6° 

Reference point s on Y-axis (X = 0). 

Y N P 1'/2Y 

- 0.6 0.0 

- 3.9 - 3.3 - 1.6'> 

- 6.9 - 6. :1 - 1. 57 

- 9.2 - 8.6 - 1.43 

- 11.7 - 11.1 - 1. 39 

- 13.:1 - 12.7 - 1. 27 

- 14.1 - !:l.,> - 1.12 

- 14. 1 - 135 - 0.97 

- 13. 1 - 12. '> -.78 

- 11.0 - 10.4 - .58 

10 -7.0 - 6.4 - .32 

II - 2.5 - 1.9 - .09 

12 + 3.,> +4. 1 + . 17 

A (SIOpe).0.27:0:'55. + 0.0120 (t)/cm 2 

50 lao 
Y~cm2 

FIGURE 8. GraphicaL determination oI A Fom eq (4). 

150 

70 

10. 

9 • 0 

e· 0 
Slope' (O'/f) cos e 

5. 

Q O. 

"" 

-5 . 

-10.. 

-20. -10 10 20 

FIGURE 9. Graphical determination of a, Irom eqs (4), (5), and (10). 

TABLE 3. Data from figure 6a and computed reSllits lor figure 8 

x N X N (I'" - P"J/4 Y em 

Oem 0.8 

- 1.6 -2 3." -1l.26 

- .1.8 - 4 f).4 - ,,\ 1 

- 5.5 - 6 9.4 - .76 

- 7.1l - 8 H.1l - l.00 

10 - 8.2 - 10 17.0 -1.26 
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X em 

~ IGURE 10. Graph fo r evalILating B frOfll eq (9). 

0 .0 ,---,---,----,---,---,---, 

-0 .1 

- 0 .2 

B ~ 45' 
9 ~ 0 

Slope = (O'/f2) sin 2 B 

0 .10 , 
g=2em 

0.05 r- f3 = 0° 
Slope, A= 0, 9 • 

P 
0.0 ~ . • 2Y • • • • • 

-0.05 

' 0.10 I 
a 50 100 

y ', em' 

FIGUHE "2. Graphical representation of eq (4), showing non linearit y 
and, consequently, nonconfo rmity 10 the basic opticul path cli} 
jerence eq ( I). 

TABLE 4. ComplL/ation of a, for Lens J 
Adjll ~ IIJH' III S : g = O and 0 = 0. 

f3 A Al2 (' Ill f3 A Al2 (' Ill 

I. ,) ' 
3.0' 
6.0 ' 

0.0032 
.0065 
.0 122 

- 1.5' - 0.0029 
- 3. 0' - .0058 
- 6.0 ' - .0111 

Th e data for evaluating 02 and aa, fro m lens No. I , 
-0.3

0
L---L---...L..---'----.-L-----'-----' faJ! very nearly on a s trai ght line. The res ultant valu es 

20 40 60 80 100 120 for th ese co nstan ts are ve ry good. Table 4 and figure 9 
h 2

, em' s how the A' s for diffe rent values of h that are used to 

FIGURE It . Graphical delerlll.illation of a;j frOIll eq (5). 

6. Results 

The data and computation used to ma ke the com· 
parison of re s ults by inte rfe rometry with those from 
other me thod s is too ex te nsive to be included here. 
exce pt in graphi cal and tabular form s. The geo· 
me tri c al me thod used for obtainin g aberration con
stants wi ll not be desc ribed . There are severa l s uc h 
methods availab le. Th e Fouc ault knife edge. for 
example is one of the simplest of methods for meas ur· 
ing sp herica l aberration . When the lens spec ification s 
are known the aberrations c an be comp uted from 
theory. 

6 .1. Lens No. I (Aspherical, Plano-Convex) 

W hen onl y s pheri cal abe rration exi s ts in an in ter
ferogram (i.e., h = 0) and if the le ns is correc ted for 
thi s aberration, the observed value for th is a be rra tion 
will be very small. In thi s case the higher order 
aberrations are dominan t and eq (7) appears not to 
sati sfy th e data. Figure 12 s hows a plot of P/2Y 
versus yz (eqs 4 and 7) [or a co nstant value of X. 
T he slope of thi s curve (values for A = atg) is small and 
vari es uniformly over a small ran ge. 
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e valuat e a2. Th e slope, (aJf> cos e, of the stra ight 
line in fi gure 9 is found to be 0.000570 (,,-/2)/cm:l , 

from which we obtain: 

Table 5 and figure 11 show the corresponding da ta 
and r es ult s for B. Th e slope B=(a:l//2) sin 2e, of 
the straight line in figure 11 is found to be - 0 .002 16 
(,,-/2)cm4, from which we obtain: a3 = 2.59 X lO- :I/c m. 

TABI.E 5. COII/ plitotion of a" for Len, I 
AtljU ~ II11 t" 111 ::-: g = O a lld 0=- 90°, 

Valu(' s Iff f3 an- Iht· a Vt'ral!,(' fi ll' 11 =+ 11 and h =- II, 

I ' - 0.042 - I' - 0.048 - 0.045 
2' - . 126 - 2' - .128 - .127 
3' - .2'>5 - 3' - .262 - .258 

~_IL ______ __ 

Table 6 is a s ummary of results obtained with the 
in terferometer , res ults b y direct (geometri cal) meas ure
ments, and values obta ined from theory by com
puta tion. The computed values are based on third 
order aberra tion theory, assumin g the lens to be 
plano·con vex in form . Coma and s phe rical aberration 
were too small to be measured directl y. These values 
are considered to represent good agreeme nt betwee n 
the djffere nt methods of tes t. 



TABLE 6. Summary of results for Lens I 

Coefficients a. x 107 c m3 0 2 X 106 cm2 0.1 X 103 em 

Inte rferomete r method .. Ve ry s mall 
Geome trical method.. .. ... . . .... .. . . .. . ... . ......... .... . 
Values computed from theory .. . ... .. ... , . .... . . 1.37 

3.42 

3.44 

2.59 
2.74 
2.50 

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

Di stance between focal lines, Lens I 
13 

Int erfe rom etry Direct Computed 

Millimeter Millimeter Millimeter 
10 

0.63 0.61 
20 2.53 2.8 2.44 
30 5.69 5.7 5 .49 
40 10.1 3 10.5 9.78 

The distance between the two astigmatic focal lines 
was measured directly, for several values of {3. These 
values are compared with corresponding values com
puted from interferometer measurements and from 
theory. Table 7 summarizes these results. 

6.2. Lens No. II, 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 Y from 0 to 10 cm. 
Beyond 10 cm, 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 cm the resultant slope of the best fitting 
straight line yields a value of 1.82 X 1O - 8/cm 3 for al. 

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 tes ts. 

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 (3). 
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P 
2Y 

0 .04 

0.00 

o 20 40 

g = 1.5em 
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60 80 10 0 
y2, em2 

120 

FIGURE 13. Graph for evaluating a, of Lens No. II. 
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FIGURE 14. Graph for evaluating a2 of Lens No. II. 
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FIGURE 15. Graph for evaluating 3;J of Lells No. II. 

TABLE 8. Summary of results for Lens II 

Coeffi c ient s (II x LOS em J az x 101 cm3 (/3 X It)! em 

Int e rferome ter me thod 
Geumetri cal method .. 

1.82 
1.93 

7.71 1.28 
1.32 

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

13 
Distance between focal lines , Lens II 

Interferome try 

e m 
O. I I 
.46 

1.04 
1.84 

Geome trical 

em 
O. IS 
.50 

1.06 
1.92 



7. Chromatic Aberration 

The change in focal distance, with change in wave· 
length of the light, can be measured very accurately 
wjth this interferometer. If the dividing plane of the 
prism is adjusted to pass through the focal point, 
ft, of the lens for light of wavelength Al (see fig. 16}, 
and to form an angle ex with the optic axis, OJ!, of the 
lens the light for other wavelengths will not return 
toward fl. If f2 is the focal point for light of wave· 
length A2, this light will return toward the point 
I~, where the distance (j; -h) equals (h - I~. The 
points h and I ~ are on the axis of the lens but not in 
the dividing plane. The two component beams of 
Al (on e on each side of the dividing plane) will return 
toward j;. The y will form two images at M2 in figure 2 
that are superimposed. The two component beams of 
A2 will form two separated images at I.; and 1:;. 

Figure 16 illu strates the relative po~ition ~f points 
and lines in the image space. The di s tance (j; -I.;) 
is approximately equal to 2(j; - j2) = 2tlf If the divid· 
ing plane intersects th e le ns at 5, whi ch is a t a di s tance 
g from its axis, the angle ex is given by the formula , 

ex = g/f = d/(f; - J ;) = d/2tlf. (12) 

It should be re membe red that th e angles E and ex 
(fig. 16) are relatively s mall and that the di sta nces, g 
and L, are also small compared to the focal le ngth f. 
The distan ce, L , is the di stance from the dividing plane 
at 5 to an arbitrarily c hosen reference point, T. If the 
observed diffe re nce in order of interfere nce, be tween 
points 5 and T, is N the n the angle E is, given by the 
formula , 

E = d/f = NA2/(2L). (13) 

On eliminating d from eqs (12) and (13), we obtain the 
working formula, 

D.f= f W A2/(4 gL). 

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

:15.,,"' P,'"dpl. PI,", " L,", 

S 

9 

OL-__ ~O~t~ic~A~x~i~s ______________ ~~~ __ ~ __ ~~ __ _ 

I, 

FIGURE 16. Rela tive position of points and lines in the image space. 
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For visual observations it is convenient to se t the 
dividing plane at some chosen wavelength and observe 
values of N for all other wavelengths that are to be 
used. However, for photographing th t fringes it 
was found more convenient to adju st the dividing 
plane visually at each of the several fo cal 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 p.,). 

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 p., 
and for the indicated wavelengths. Figures 18 and 19 
are graphical representations of changes in focal 
length of lens I and le ns II , respectively. There is 
also included for comparison , values obtained by direc t 
measurement of the fo cal di s tances. 

A ~ 4 4 7 1 A ~ 5016 A ~ 6678 J\ 

FI GU RE 17. Photographs of fringes , with yeLLow Light, when the prism 
' s adjusted fo r autocolLLmat ion of Light of the several indicated 
wavelengths. 
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u 

l'2 
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X Geometric measurements 

- Theoretical computation 

WAVELENGTH, A 

FIG URE 18. A plot of focal length oj Lens r verSIlS /Vavelength 0./ 
light . 
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@ Interferometric measurement 

2 

OCJ ____ ~----~~~==~-L--~ 
5000 6000 

Wavelength, A 

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

This study was done under the guid ance of J. B. 
Saunders, Engineeri ng Metrology Section, to whom the 
author would like to express his sincere thanks for hi s 
kind instructions including arranging the present 
report. He is also indebted to I. C. Gardner for his 
ceaseless encouragement. 
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