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INTERFERENCE METHOD FOR OPTICAL ALIGNMENT
by Dr. Kenneth R, Trigger

. Yan Heel i suggests a straightforward method using an optical interference
pattern to obtaln an accuracy of 0,06 seconds of arc. This is achieved by
observing the cotor transitions in the patiern formed by a white-light source.
I+ is shown in Figure | that two square "stits” of dimensions w , separated a

Jdistance d , will inherentiy yieid greater accuracy than one slit of width d.

FIGURE |

The length of the path used in Van Heel's work was limited primerily because of
the path in air and the intensity of the source. IV appears possible To overcome
both of these In a permenent installation at reasonable cost when compared To
other alignment systems. The ini¥iai installation of a Two*milf long, one~foot
diameter plpe and necessary pumps to get a pressure between 107" and | torr will
probably be 50% of the cost of the total system. Intense light sources are
available. For example, the Osram long-arc, xenon-mercury lamp has a light
ocutput of one~kilowatt in The visible region with about six~kiteowatts input.

Some Improvement in the Ycoherent® 1ighi output can be made by enclosing the
source in a spherical cavity with a small radiating hole, The power radiated,

P_, is:
pr !
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where Fo is the power input, Qc is the total Q of the cavity, and Qh is the
contribution of the radiating hote. Since QW< Q

CJL area of radiation hole
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surface area of cavity X (i-r)
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' Yan Heel, A.C.S., PROGRESS IN OPTICS, | (196!), pp. 291-329, (interscience)
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.. with r being the reflectivity of the surface, neglecting other losses. The
maximum radiation hole radius 'is,z for d = 3w,

< f4

5 ~ 32w

where ¢ is the focal length of the condensing lens shown in Figure 2, The
parameters P f , and d are correlated to minimize the scattered light.

i P ~ 0‘7 (3‘2)3\/)

4 Re(1-r) °

since about 90% of the power is iransmitted within the first minima of the
di ffraction paitern, the Iacldent intensity at the aperiures is

I~ tr 2
i
ew)
The useful transmitted intensity at the telescope is, for ( L'Z))/W =q
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As may be noted in The above discussion, P is optimized for each value of

( L.‘Z-) . With proper use of The telescope, £ dees not have to vary
continuousiy, [f £ = 200 cm, Po = | ke, R (radius of cavity) = 7.5 c¢m, and
r = 0.9, then

[ 105

t (L~ z)°
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Thus, at a digtaence of two miles, {, == {10

!.c. 2
‘i" waﬁ—"/cmo

-/ ZJenkins and White, FUNDAMENTALS OF PHYSICAL OPTICS (1937) p. 141 (McGraw - HI1I)
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E{GURE 2

The sensitivity of +he normal humen eye is adeguate To detect considerably

less., For example, oy Cen‘i’éur‘i, one of The brightest stars as viewsd by an
obsetrver on earth, provides an imlensity of 3 X 30"“’ wa*i"rs)’cmz. From the
above discussion IT is ssen “hat in the worst case a factor of more than 3,000
can be oblained for accelerator alignment. Increasing the available intensity
by an order of magnitude should not be difficult. With a seurce and detector

at each end the maximum value of (L =3 ) can be halved gaining a factor of
four. The limit on the reflectivivy s 0.97, a factor of thres more. OFf course,

a8 good telescope will also helip,

Since it appears possible 1o consiruct an adeguete éys?em, some further
geometrical factors will be considered. The intensity distiritution at the
Telescope, T, in Flgure 2 is given by: s :

4)[=T %}L cosB
o = ?(S"”@ ~ Jem @2)
B= z%?f(szw, -~ 5in 8))

St B, -g}?-

Stn 6, = %
L5
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Applying this {0 accelerator conditions, for the position of maximum intensity
ar T,

3) ‘K":Zg'xo

and the digtance belween monochromatic minima positions is:

A, = (L-E)é?é

The aceuracy in determining >fw is

S?{’bz C(L'E’)ﬁ-

where & Is The ratio of the accuracy with which one can obtain the distance
between fringes divided by the disiance beiwesn fringes. The corresponding
accuracy In 7(0 Is: .

@ §yxe 22 2

Since A?!“ should not be oo ﬁdrge for telescopic viewing, let A‘c’f” = | em,,
then: ’

- < B
§y,=e cw. and Swamz.ecm

Thus, the error in Sx o Is @ cm. so That it appsars reasonable to align the

accelerator o grealer accuracy than 0.1 om by optical means leaving adequate
margin for fabrication and measurement inaccuracies. [T is to be noted that
Van Heal has been able to achisve e = /1200 by using The color contrast,

There is one advantage in th2 optical technique that should not be overw
looked, This Is the comparetive simplicity in provessing the date te provide
informaiion for realignment. With the use of Eguation 5), direct conversion
to mstzontal and vertical position 18 obtainad, Although this data could be
put into a canputer to find the center of the distribution, 2 presentation such
as Figure 3 will generally suifice to dstermine the center by inspection. Plac~
ing an interterence diaphragm into position in the light tubs, locating the
position, recording and ploiting the data, and removing the diaphragm should be
a reasonably fast operatien. With a diaphragm every forty feet, the total time
reguired 1o accumulste the data would be less than five or six hours, With the
information in the form of Figure 3, realignment couid begin immediately.
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Another potential sdveniage lies In the possibiiity of Incorporating the
vacuim pipe into the accelerator suppert structure. |1 appears that a 12V
aluminum pipe has suffjclent torsionai rigidity in Iivself o satisfy the tetsl
torsional requirement.” The stiffness in bending would have to be increased
by a factor of B by a suitable truss,

3&. Boverily Whitehouse, Private Conversation.
&H would |ike to thenk R, Heim Yor many helpful discussions,



