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ABSTRACT 

According to teaching and experimental requirements of Optoelectronic information science and 
Engineering，in order to consolidate theoretical knowledge and improve the students practical ability, 
the Fourier transform spectrometer ( FTS) experiment, its design, application and improvement are 
discussed in this paper. The measurement principle and instrument structure of Fourier transform 
spectrometer are introduced, and the spectrums of several common Laser devices are measured. Based 
on the analysis of spectrum and test，several possible improvement methods are proposed. It also 
helps students to understand the application of Fourier transform in physics. 
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1． INTRODUCTION 

Fourier Transform Spectrometer (FTS) [1] is based on the Fourier transform of the measured 
interference pattern to obtain spectrum. It has many advantages, such as multi-channel, high 
throughput, high precision, high signal to noise ratio, wide spectrum, non-contact, digital and so on[2,3]. 
FTS is very important for the study of atomic and molecular physics, astronomy and physics, 
spectroscopy, atmospheric remote sensing, analytical chemistry and other fields [4-6]. And it is also 
essential equipment for industrial inspection, customs inspection and so on [7]. 

Michelson interferometer and Fourier Transform Spectrometer are the instruments of measuring 
wavelength which is used frequently in college physics experiment teaching. The studies of Fourier 
Transform Spectrometer focus on the aspects of optical path difference[8], resolution[9], dynamic 
correction technique[10,11]，Static Fourier Transform Spectrometer[12,13]. There have been many patents 
in domestic [14]. 

In this paper, the measurement principle and instrument structure of Fourier transform 
spectrometer are introduced, and the spectrums of several common Laser devices are measured. Based 
on the analysis of spectrum and test，several possible improvement programs are proposed. It helps 
students to understand the application of Fourier transform in physics. 
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2. THE EXPERIMENTAL PRINCIPLE OF FTS [15,16]

Fourier transform spectroscopy is used to modulate the incident light by Michelson interferometer. An 
interferometric signal is changed into an electrical signal by a detector converts, and digital time 
domain interferogram is obtained by A/D. There is a Fourier transform relation between time domain 
interferogram and the incident light spectrum. The spectral information of incident light can be 
obtained by Fourier inverse transform of interferogram. 

Fourier transform are the process of modulation and demodulation in fact, modulation is realized 
by Michelson interferometer, and the intensity value of the interference is 

∫
∞

∞−
= σπσσ xdI 2cos)(I(x)                         (1)

Where: x is the optical path difference; it moves with the moving mirror, σ  is the wave number 
for monochromatic light.  

Since the Fourier transform is reversible, if measured light is continuous spectrum, the spectral 
intensity distribution after interference can be calculated as following: 

∫
∞

∞−
= x2cos)x()I( xdI πσσ                         (2)

The optical path difference of the interferometer is changed continuously, and the variable optical 
flux emitted by an interferometer can be recorded by an optoelectronic element. So the radiation 
intensity of any wave number can be obtained by Fourier cosine transform of Interferogram. 

3. EXPERIMENT AND RESULTS

3.1 Experimental device 

XGF-1 type Fourier transform spectrometer is used in this paper, the integrated device is shown in 
Figure1, light path and acquisition system, computer software system, an external light source are 
included. 

Figure 1 XGF-1 type Fourier transform spectrometer 

XGF-1 type Fourier 

transform spectrometer

Computer Sodium lamp 
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3.2 Optical path 

Figure 2 Internal optical path of FTS (1-external source, 2-built-in light source, 3- adjustable diaphragm, 

4- collimation mirror, 5- Plane mirror, 6- precision translation stage, 7- slow motor, 8- movable mirror,

9- Interference plate 10- compensation plate, 11- Fixed mirror, 12- receiver 1 13- Reference light source

14-, t Semitransparent mirror 15- plane mirror, the 16- receiver 2, 17- light source converter) 

The XGF-1 type FTS is a time modulation type moving mirror spectrometer, which is obtained by 
Fourier transform of the interference information generated by the double beam interferometer. The 
core part is the Michelson interferometric optical system, light path is shown in figure 2. The parallel 
light passing through the collimating mirror enters semitransparent mirror of the interferometer and 
divides into two coherent lights with certain phase difference. When the moving mirror of the 
interferometer moves continuously, the changes of interferogram will be received by receiver and 
recorded at a certain data intervals by the recorded system. 
3.3 Results 

Figure 3 The interferogram and Spectrum of Na lamp 

Firstly we preheat the experimental instrument and do other preparations, the light column 
diameter and acquisition time are set to 2.6mm and 7 minutes, and the magnification of the light source 
is set to "*16" file. The collected interferogram shows the shape of the gourd, as shown in Figure 
3(left). The reasons are as follows: 

The actual light sources in interferometry are not absolute monochromatic but have a certain 
spectral line width λΔ . Therefore, the fringe intensity of other wavelengths are distributed between the 
two curves λ  and λλ Δ+ . The actual fringes in the interference field are the superposition of 
these interference fringes. The maximum value of each wavelengths coincides in the zero level, then 
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slowly staggered, staggered distance of the maximum value of each wavelengths increases when the 
interference level is higher, the bonding strength of the peak and the contrast ratio decrease gradually. 
We take a rectangular spectral structure with bandwidth as an example. The intensity distribution of all 
the lines in the interference field is: 
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The reason of the gourd shape in the interferogram is the decrease of interference contrast ratio. 
The interferogram is transformed by Fourier transform of rectangular function and spectrum is 

local amplified, which is shown in Figure 5(right), we can directly get the wavelengths of Na lamp, one 
is 589.0nm, and the other is 589.8nm. The relative errors between the standard values 589.0nm and 
589.6nm are as follows respectively: 

0%100%
589.0

589.0-589.0
1 =×=η (4) 

0.034%100%
589.6

589.6-589.8
2 =×=η (5)

The results indicate that the wavelength of the Na light can be measured accurately; the 
experimental results meet the requirements of resolution. 

Similarly, the light column diameter and acquisition time are set to 6.0mm and 7 minutes, and the 
magnification of the light source is set to "*16" file. Double yellow lines of the measured Na lamp are 
589.4nm and 590.2nm, the relative errors are 0.068% and 0.102% respectively. In comparison, the 
diameter of the light bar has a great influence on the results. 
3.4 Applications 

We use this instrument to measure the spectrum of several common light sources in the laboratory. 

Figure 4 light source of high pressure mercury lamp and the spectrum 

High pressure mercury lamp light source and the spectrum are shown in Figure 4. The main 
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radiations are 404.7nm, 435.8nm, 546.1nm and 577.0 ~ 579.0nm in visible spectral line. Experimental 
results show the wavelengths of experimental results are 404.6nm, 436.0nm, 546.2nm and 576.9 ~ 
579.2nm, the spectrums of the visible part are measured accurately.  

Figure 5 Light source and spectrum of He-Ne laser 

Figure 6 Light source and spectrum of red semiconductor laser 

The spectrum of He-Ne laser and red semiconductor laser are shown in Figure 5 and 6. The 
wavelengths of experimental results are 632.4nm (theoretical value of He-Ne laser is 632.8nm) and 
656.2nm (theoretical value of red semiconductor laser is 650.0nm), Experimental results show the 
spectrums of the visible part are measured accurately. 

4. EXPERIMENTAL IMPROVEMENTS

4.1 Methods for improving resolution 

From the expression of resolution[17]: 

  
λδλ

λ 02l
R

m

==  (6) 

We know that the resolution of spectrum is proportional to the maximum moving distance of the 
moving mirror. In order to obtain high resolution, the moving mirror is required to move a larger 
distance, and the larger the moving distance is, the harder the interferometer is made. Obviously, the 
Michelson interferometer cannot meet the requirement of resolution completely. Therefore, it is 
necessary to change the design of the spectrometer, larger optical path difference can be obtained just 
by moving a short distance of the moving mirror. An interferometer can better meet this requirement as 
following description: 

632.4nm 

656.2nm 
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il
Diameter of
apertures
Unit (mm)

1 -c 1.4
2 -ß1.8
3 -ß2.2
4 -02.6
5 -ß3.O
6 -03.4
7 -03.8
8 -06.0

The improved structure is shown in Figure 7. The conventional moving mirror is changed to a 
group of movable mirrors consisted by a right angle moving mirror and a plane mirror 
(Refraction-Refraction mirror), the Refraction-Refraction mirror is fixed, and right angle mirror can be 
moved. The light from the light source passes through the beam splitter, one of the lights is shot on the 
Right angle moving mirror firstly, and then reflected back from the Refraction-Refraction mirror. The 
optical path of the light increases rapidly due to the existence the group of mirrors, the group of mirrors 
only moves a small distance, we can get a large optical path difference. The design of this kind of 
structures can improve the resolution. 

Figure7 Refraction-Refraction type interferometer 

4.2 Improvements of the experimental instrument structure 

Firstly，the XGF-1 type Fourier transform spectrometer is only equipped with eight fixed 
apertures, as shown in Figure 8. Light bar diameter changes from 1.4mm to 6.0mm increasing by 

0.4mm increments. But according to the formula λδλλ 02== lR m , the resolution is closely 

related to the actual wavelength, and also according to the results of above measurements, the diameter 
of the apertures has a great influence on the accuracy of the results. Therefore, we think that the 
apertures can be adjusted to continuously adjustable circular hole，as shown in Figure 9. 

Figure 8 Light aperture switch                      Figure 9 Improved light aperture 

The light source switch of XGF-1 type Fourier transform spectrometer is shown in Figure 10, light 
source switch only has two choices: bromine tungsten lamp and other light sources. However, the 
directivity of the incident light directly affects the alignment of the optical path, and the light passing a 
distance will produce some errors, thus the difficulty of the experiment will be increased. The 

Fixed mirror 

Refraction-
Refraction 
mirror 

Right 
angle 
moving 
mirror 
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following improvements are made for the light source switch: The light source converter can be 

designed as a o360  continuous adjustable and rotatable reflector, which is easy to fix at a single 

column support, as shown in Figure 11. Thus, when the external light source is fixed or is inconvenient 
to move, the optical path can be adjusted by rotating the knob of light source switch, so as to the 
collimation of the light path can be realized better. 

Figure 10 Light source switch  Figure 11 Improved light source mirror 

Figure 12 The aperture of external light source       Figure 13 Improved graph of Light aperture 

The aperture of external light source is designed to be a rounded and rectangle aperture, shown in 
Figure 12. The size of aperture directly affects the size of the incident light flux and the quality of the 
light interference. So we do the following adjustment to the light source aperture: two movable 
diaphragms are designed, and then the incident light flux can be adjusted continuously. The improved 
graph of light aperture is shown in Figure 13. 

5. CONCLUSION

In summary, we use XGF-1 type Fourier transform spectrometer to measure some spectrums of 
several common light-emitting devices. And multiple reflection interferometers by changing the design 
of the optical path are proposed to obtain greater optical path difference and improve the resolution of 
the instrument. At the same time, some improvements were also proposed in the design of the 
spectrometer to ensure that external factors impact the experimental results minimally. It can help 
students to understand the application of Fourier transform in physics better. We expect that our study 
and discussion will lead to significant advances and new opportunities in the design and optimization 
of Fourier transform spectrometer. 

Movable 
Diaphragm 

Movable 
Diaphragm 
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