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The tested light is projected onto an arrangement composed of two special spiral gratings, in which the second
spiral grating is positioned at the Talbot image of the first one. From the shapes of the resultant moire
fringes, the quality of collimation of the tested light can be easily checked.

Collimated monochromatic light is often used in op-
tical metrology. The error of collimation will influ-
ence the resulting measurement and reduce the
accuracy of measurement. Therefore an easy and
simple method to check the quality of collimation of
the light is important. Several papers` 5 for check-
ing collimation of the light beam have been pub-
lished that are based on the Talbot effect and moir6
technique. Although these studies used simple and
easily adjustable setups, the resultant moir6 fringes
are in linear distribution in spite of the convergence
of the light because they all used linear gratings.
Hence it is not easy to distinguish them clearly.

In this Letter a collimation method that uses two
special spiral gratings is proposed. It is also based
on Talbot interferometry. The resultant moir6
fringes are distributed radially for collimated light
and spirally for noncollimated light. Moreover it is
easy to tell whether the light source is inside or out-
side the focus according to the direction of the spiral
distribution.

The optical arrangement is shown in Fig. 1.
Monochromatic light is incident upon the first spiral
grating SGI and is then projected onto the second
spiral grating SG2. SG1 and SG2 are two special
spiral gratings, as shown in Figs. 2 and 3. They
have the same radial period p but are in different di-
rections, and SG2 is positioned at the Talbot image
of SG1. For simplicity, let the amplitude transmit-
tances of SG1 and SG2 be written as

1 1 /27rrti(r, 0) = -+-cos - -2 2 p
1 1 (2irrt2(r, 0) = -+- -cost - +2 2 p

for noncollimated light. Then the intensity on the
observation plane OP located just behind SG2 can be
written as

I(r,0) = Jti'(r,0)t2(r, 0)12. (4)

If Eqs. (2), (3), and (4) are combined, the intensity
distribution IM(r, 0) of the resultant moir6 fringes is
given in the form of

2(2rrr
IMr,O0) - Cost -r- - 27rr -80).

p
(5)

From relation (5) it can be seen that there are eight
sets of moire fringes, when 0 is from 0 to 27r. The
shapes of these eight sets of moire' fringes are deter-
mined by the following equation:

2-rr -27rr - 80 = 2N'r,
PI p

N' = 0;1,... 7. (6)

For collimated light since p' = p, Eq. (6) can be
rewritten as

0 = - 1 No, N' = 0,1,. .. 7. (7)

The shapes of the moir6 fringes are radial.
For noncollimated light, since p' • p, Eq. (6) can

be rewritten as

(1)40) ,

40) (2)
S

respectively. Since SG2 is positioned at the Talbot
image of SG1, the wave field on 5G2 is given by

1 1 (2vrr_t1'(r, 0) = -- ± -jcosl -- -
2 2 p 

40) , (3)
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Fig. 1. Optical arrangement
mated light. CL, collimating
gratings; OP, observation plane.
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wherep' is
onto SG2.
ous that p'
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Fig. 2. Diagram of SG1.

(b)

Fig. 3. Diagram of SG2.
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N' = 0, 1,... 7.

From Eq. (8) it is easily understood that the shapes
of the moir6 fringes are spiral.

For divergent light, we have p' > p, then k < 0.
The spiral moir6 fringes are clockwise. Because
the light source is inside the focus, the collimated
lens CL should be moved away from the light source.

For convergent light, we have p' < p, then k > 0.
The spiral moir6 fringes are counterclockwise. Be-
cause the light source is outside the focus, the colli-
mated lens CL should be moved toward the light
source.

In order to demonstrate the feasibility of this
method, we use two self-made spiral gratings with a
radial period of 0.4 mm/line to check the collimation
of the light. SG2 is positioned at the first Talbot
image of SG1, that is, m = 1. A He-Ne laser with a
wavelength A = 632.8 nm is used in this experiment.
The resultant moire fringes are shown in Fig. 4 for
(a) quasi-collimated light, (b) divergent light, and (c)
convergent light.

(c)

Fig. 4. Moire fringes for (a) quasi-collimated light, (b) di-
vergent light, and (c) convergent light.
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