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A wavemeter using the near-field Talbot diffraction is simplified. High accuracy wavelength 
measurement can be obtained from each spacing between two adjacent maximum intensities of 
the periodicity along multiples of the Talbot distance. Our experimental results are confirmed by 
our calculations. In contrast to the previous works, we use a diffraction grating with sufficiently 
large grating period. Therefore, the setup is practical and the pixel size of camera used to measure 
the interference pattern can be large. Moreover, the obtained Talbot patterns are sharp without 
using a post-image processing. According to our recent setup, we use the grating with a period of 
12.5 μm. With visible light lasers, the Talbot  distances are in  the range of a few hundred of 
micrometers. These distances are much larger than a pixel size of normal camera. An external cavity 
diode laser with rubidium saturated absorption spectroscopy is used to calibrate our setup. High 
accuracy at 1 pm can be achieved. 

Keywords: wavemeter, near-field effects, Talbot effect. 

1. Introduction 

Since first found by Henry Fox Talbot nearly two centuries ago [1], the Talbot effect, 
a self-imaging of periodic patterns in coherent optics, has been intensively studied. 
The effect involves a diffraction of monochromatic light via a periodic structure, such 
as a transmission grating, in a near-field regime where the wavefront curvature has to 
be taken into account and can be described by Fresnel diffraction. The self-image of 
a grating repeatedly appears at integer multiples of a distance so called the Talbot 
length LT. Within the limit of the paraxial approximation, the Talbot length LT can be 
expressed as LT = d 2/λ where  d is the grating period and λ is the light wavelength. 
Moreover, rescaled Talbot self-images can be observed in fractions of the Talbot 
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length [2,3]. The Talbot phenomenon has been exploited in a wide range of applica-
tions from optical sensors [4-12] to matter-wave optics [13-16]. 

One of the promising applications of the Talbot effect is to utilize the Talbot effect 
for spectral measurement since coherent light sources with different wavelengths pro-
vide different Talbot periodicity of the self-images. Fourier-transform Talbot spectro-
meter was first experimentally demonstrated using a tilted grating [17]. The setup has 
no moving parts and can be compact in size. The spectral resolution is independent of 
the light wavelength, but limited by the grating period d. Another type of spectrometer 
with fixed optical elements was built using the Talbot effect in digital holography [18]. 
This spectrometer design is associated with the image amplitude reconstruction at dif-
ferent distances from a grating plane. The Talbot spectrometer based on a moving de-
tector and slit was also proposed [19] and investigated for spectral responses to 
polychromatic white light [20]. Much improvement in wavelength resolution of tilted-
grating Talbot spectrometers is recently obtained with the recent advances made in dig-
ital imaging sensors. A compact lens-free spectrometer using non-paraxial mid-field 
diffraction provides the spectral resolution less than 1 nm [21]. With the aid of tone 
parameter extraction algorithms, a compact Talbot wavemeter with below 10 pm pre-
cision was reported [22]. 

Here, a Talbot wavemeter based on measuring the Talbot length is proposed. An ex-
ternal-cavity diode laser (ECDL) locking to a rubidium saturated absorption spectrum 
of a rubidium vapor cell [23] is employed for calibration of the wavemeter. Thus, the 
spectral resolution of 1 pm is realized. 

2. Methodology and experiment 

Our Talbot wavemeter consists of a magnifying lens, grating and a camera (Fig. 1). 
The setup is similar to the previous work [22]. Nevertheless, the grating (d = 12.5 μm)  
with large grating period can be used in our scheme. Practically, a periodical grating 
with a larger period size provides advantages over the ones with smaller pitch since it 

Fig. 1. Talbot wavemeter with an inclined grating configuration. The lens is used to expand the laser beam. 
A low-cost camera can be used to explore the Talbot interference patterns. The Talbot length, and therefore 
the laser wavelength, can be extracted from the interference patterns along the longitudinal direction (z) 
respected to the camera lines. The grating periodic structures are placed in the x-axis. 
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can bring about a larger detailed structure of an optical Talbot carpet. This makes an 
alignment process for the construction of a wavemeter and data analysis of the Talbot 
pattern much simpler. The lens (PAF2P-A10A, focal length = 10.0 mm, Thorlabs) is 
used to expand the laser beam to cover the entire area of the camera in order to achieve 
the highest possible number of Talbot carpet peaks. The distance between the lens and 
the grating is about 8 cm and between the grating and the camera is set to be a few mm 
in order to see sharp images. A low-cost camera (MT9J003 1/2.3-inch 10 Mp CMOS) 
with pixel size p of 1.67 μm can be used to explore the Talbot interference patterns. 
In order to obtain high accuracy to 1 pm, an external cavity diode laser (ECDL) [23] with 
rubidium saturated absorption spectroscopy is used to calibrate our setup. The calibra-
tion process is only required once during the installation of the wavemeter. The ECDL 
is a tunable laser and the wavelength of our laser used for calibration is λC = 780.241 nm 
because it can be locked to hyperfine spectra of Rb atoms with the D2 hyperfine tran-
sitions and the laser linewidth has been narrowed to below 100 kHz. The Talbot length 
obtained from two nearest peaks of the interference patterns along the longitudinal di-
rection z respected to the camera lines (Figs. 2 and 3) is first calibrated with the ECDL. 
For divergent beam illumination (θ ≈ 0.18°), the Talbot distances will change with the 
number of Talbot plane or propagation distance [24,25]. However, this effect can be 
eliminated on our method as the laser calibration method can cancel out as shown in 
Eq. (1) as well as all uncertainties due to the parameters, such as grating period and 
tilt angle. The result of the wavelength measurement of an unknown laser λ can then 
be obtained, 

λC LT C λ = ------------------------- (1)
LT 

where LT(C) and LT are the measured Talbot length of the calibrated laser (ECDL) and 
unknown laser, respectively. 

Fig. 2. An example of the experimental periodic pattern of the Talbot effect detected at a CMOS image 
sensor for a coherent light source of the ECDL (a). The Talbot length LT(C) is also displayed along the z-
axis due to the tilted grating. The simulation (b) done with I (x, z) =  ψ(x, z)ψ*(x, z) from Eq. (2) with the 
grating tilted angle, α = 27.2°, divergent beam angle, θ ≈ 0.18°, and wavelength of 780.241 nm is used 
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Fig. 3. Cross-section of the Talbot carpet (as shown in Fig. 2 for the laser wavelength of 780.241 nm) as 
a function of longitudinal (horizontal) pixels (z) for different laser wavelengths. (a), (b), and (c) are the 
cross-sections associated with the laser wavelength of 780.241, 633, and 532 nm (±10 nm), respectively. 
The arrows are shown for the examples of the peak positions used in measuring the Talbot length for each 
laser wavelength. 

In order to check our experimental results, the wave on the detection screen, rep-
resented in the paraxial approximation with arbitrary angle of incidence θ is given by 
(for details see Ref. [3]) 

kθ + nkd
2 

ψ x z  = An exp


i k θ + nkdx i+ k – ------------------------------ z  (2)
2k 

n   

The Fourier components An = sin(nπ f ) /nπ with f denoting the open fraction which 
is  the ratio  between  the  open window  and  period of  the  grating. The parameters 
kθ = ksinθ, kd = 2π/d, and k = 2π/λ are the projection of the incident wave vector onto 
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the x-axis, wave number of the grating period, and wave number of the incident wave, 
respectively. 

3. Methodology and experiment 

The tilted transmission grating (α = 27.2°) illuminated by coherent light leads to for-
mation of the Talbot periodic structures, also called a Talbot carpet [3], at a detector. 
Figure 2 shows both an image of the Talbot carpet which was captured via an image 
sensor when the rubidium-stabilized ECDL with the wavelength of 780.241 nm was 
utilized as a light source and the simulation done with Eq. (2). The experimental result 
(Fig. 2(a)) fits well in great detail to our simulation (Fig. 2(b)). The grating period was 
located along the vertical pixels of the image and the horizontal pixels correspond to 
the longitudinal distance z from the transmission grating plane. Changes in intensity 
along the horizontal pixels are noticeably periodic. The Talbot length LT can be meas-
ured from the regular intervals of these repeated patterns. This can be more evident 
via observing a cross-section over the horizontal pixels. The cross-sections for an ECDL 
at 780.241 nm, a He-Ne laser at 633 nm, and a green laser at 532 nm (±10 nm) were 
demonstrated and shown in Fig. 3. Each data point of the cross-section results from 
mean values of all rows of the Talbot carpet image. The distinctive peaks of the cross 
-section are indicated by the arrows shown in Fig. 3. The interference patterns shown 
in Figs. 2 and 3 were obtained directly and recorded from the camera without using 
a post-image processing. We use a programming for extracting the distance between 
the peaks of the Talbot distances. Our algorithm has a method of locking a threshold 
of selecting the spacing between the peaks. This can omit the peaks from fractional 
Talbot effect. The distances between these adjacent peaks in the unit of pixel size p were 
averaged to obtain the Talbot length LT for a single Talbot carpet image. Thirty images 
of the Talbot carpet were analyzed for the measurement of each spectral wavelength 
of a laser to yield the final mean value of the Talbot length LT. The ECDL was used 
as the reference laser since its output wavelength λC = 780.241 nm was frequency-
locked to rubidium transition D2 line. The Talbot length LT(C) for the ECDL was de-
tected to be 262p  (p is the pixel size of the camera). The Talbot length LT for the  
He-Ne laser and the green laser were measured to be 323p and 382p. By using Eq. (1), 
the measured wavelengths of the He-Ne and green laser were 632.889 and 535.139 nm, 
respectively. These numbers can be obtained due to the accuracy of our calibration laser 
(λC = 780.241 nm). This is related to the systematic error of our setup [26]. These ex-
perimental results are in the typical range of both types of the lasers as specified in 
their datasheets. Nevertheless, we checked the He-Ne laser with the wavelength meter 
(WS7-60 Series, HighFinesse). The measured value was 632.992 nm, which corresponds 
to the value obtained by our wavemeter and can be varied with the laser temperature. 
The wavelength distribution was also measured at approximately 0.8 nm with a com-
mercially available spectrometer (CCS175/M, Thorlabs). The statistical error of our 
measurements was about 0.9 nm due to the number of pixels. This can be improved 
by reducing the pixel size of the camera or increasing the Talbot pattern by a lens lo-
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cating behind the grating. For example, if the pixel size is reduced by one order of mag-
nitude, the statistical error can be 0.09  nm. Note  that our experiment took place in 
an uncontrolled environment where there was no vibration reduction and temperature 
stabilization. 

4. Conclusions 

A simple wavemeter based on the near-field Talbot effect with large grating period has 
been demonstrated. A diffraction grating with large grating period can be used with 
our method. Therefore, the alignment and image processing can be made much easier. 
However, this simple technique is able to achieve high accuracy at 1 pm using the high 
precision laser calibration. The experimental samples were conducted with a low-cost 
diode laser and He-Ne laser. The obtained results were 535.139 and 632.889 nm, re-
spectively. Measurement accuracy can be improved by using a higher precision and 
accuracy laser in the calibration process. This robust scheme has the potential to be 
used in scientific research such as atom tracking, laser locking and even for industrial 
applications. 
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