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1 Introduction

Optical spectroscopy is a common method to analyze the composition of light
from unknown sources. The theoretical knowledge about the spectra of light
emitted by some gas then gives us a possibility to identify the specific light
source. The analysis is based on the different diffraction of light on a grid or
the refraction on a prism.

Prisms

If light is transmitted through a prism or any other transparent material, re-
fraction can be observed. The amount of redirection is described by the index
of refraction (IOR) n of the material, which depends on the wavelength of the
incoming light. This means that white light is split up into its components.
Thereby the angle of refraction depends on the angle of the incoming rays rela-
tive to the prism. The minimum value can be reached if the light is transmitted
parallel to the basis of the prism. The following equations give the relationship
between the different angles (where € describes the angle of the prism and 5
describes the total refraction angle) to calculate the Index of Refraction from
the measurement of refraction with the Law of Snellius (Eq. (3)).

Y te
= 1
! (1)
€
= = 2
8 = & 2)
Snellius Law, where ng is the IOR of the surrounding air:
~ ngsin(a)
Nprism = sm(ﬁ) (3)

Additionally the dispersion (difference between the refraction of various
wavelengths) for glass is independent of its Index of Refraction, which makes it
possible to create prisms that either only redirect or only split light (nearly).

The resolution of prisms according to optical spectroscopy is defined trough
the Rayleigh or Sparrow criteria, where the first one gives a more accurate
definition. Following Rayleigh, two spectral lines can be considered separate if
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the primary maximum of one line is at least on the primary minimum of the
second line. The analysis of the shortest and longest optical path trough the
prism leads to a formula for the resolution.
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Grids

The principle used for grids is very similar to the one used for prisms. The
diffraction of light at a grid leads to one primary maximum (Oth order) and
various higher order maxima. This observation can be explained by Heugens
principle and the constructive and destructive interference of light. The Oth
maximum is not useful for optical spectroscopy, because there is no dispersion.
Therefore the first order maximum is analyzed. The wavelength-dependend
refraction is proportional to the sine of the angle and follows a simple law:

dsin(a) = zA (5)

The quantity d is the grid constant and z is the diffraction order observed.
This law makes the spectral analysis very simple, because measured angles can
directly be converted into the related wavelength.

Again, an expression for the resolution of grids is necessary. According
to Rayleigh’s law, the first primary minimum is required. The laws of grid
diffraction lead to the following formula:

1
dsi min) = — A
sin(omin) <z + N) (6)
where N is the number of slits. From this we get the desired expression for the

resolution:
A

A= —
zN

(7)

2 Assignments on Grid Spectroscopy

1. Construct and adjust the experimental setup.

2. Measure the spectrum of a mercury lamp in first and second order. Cal-
culate the grid constant.

3. Analyze the spectrum of an unknown lamp and identify its filling.

4. Measure the resolution of the grid in first and second order of diffraction
and compare it to the theoretical expectance.

5. Observe and discuss the dispersion spectrum of a prism qualitatively.
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3 Analysis

3.1 Calculation of the Grid Constant

In our first experiment we used a mercury lamp as light source to measure
the position of the spectral lines and to compare our data to the theoretical
prediction. This gave us a relationship between the angle of our device and the
wavelength corresponding to the line observed. Now we were able to calculate
the grid constant according to Eq. (5) for each spectral line as shown in the
following table. The center position, used to determine the diffraction angle,

was measured to be (181,85 + 0,02)°.

Angle (as read) Alpha (Degrees) Angle (Error) Wavelength (hnm) Ord. Grid Constant (nm) Grid Constant Error (nm)

194.75
194.86
195.79
195.8
195.84
197.81
197.98
198.23
198.3
198.59
199.25
199.39
199.41
199.77
200.54
200.88
201.01
201.21
201.33
201.99
202.19
202.59
212
221.34
216.54

The average value for the grid constant then was d = (1,680, 02) x 10~ m.

13.89
14
14.93
14.94
14.98
16.95
17.12
17.37
17.44
17.73
18.39
18.53
18.55
18.91
19.68
20.02
20.15
20.35
20.47
21.13
21.33
21.73
31.14
40.48
35.68

Fig. 1: Table of Calculated Grid Constants
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404.7
407.8
433.9
434.8
435.8
491.6
496
502.6
504.6
512.1
531.7
535.4
536.5
546.1
567.6
577
580.4
585.9
587.9
607.3
612.3
623.4
436
546
492
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1685.84
1685.67
1684.14
1686.53
1686
1686.24
1684.93
1683.52
1683.64
1681.6
1685.35
1684.7
1686.41
1685.06
1685.44
1685.42
1684.86
1684.81
1681.07
1684.67
1683.35
1683.8
1686.23
1682.12
1687.08

3.2 Spectroscopy of an Unknown Lamp

In the second experiment we examined the spectral lines of an unknown light
source. The first qualitative observation of the line distribution led us to the
conjecture that the light-emitting gas might be helium. The measured values
confirmed this hypothesis, as the following table demonstrates.

The presence of lines which are not in the theoretical prediction will be discussed

below.

Angle (Degrees)

15,03
15,37
16,27
17,02
17,33
20,42
22,90
23,38
24,78

Intensity ~Wavelength (nm)

low
high
medium
medium
high
high
low
high
low

443 £ 17
445 + 17
471 £ 17
492 £ 17
500 £ 18
586 + 18
654 + 18
667 + 18
704 £ 18

136.35
135.22
126.32
126.41
126.02
110.65
109.4
107.64
107.19
105.19
101.39
100.53
100.51
98.38
94.25
92.51
91.83
90.85
90.07
87.18
86.22
84.5
55.82
39.42
46.99
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3.3 Resolution of the Grid

The resolution of the grid can be calculated using Eq. (7) in different form.

A
A zN (8)
We performed our measurement of the slit opening in the first order only, be-
cause the selected pair of lines could not be found in higher orders. The value
we read from the slit following Rayleigh’s Criterion was D = (0,50+£0,02) mm.
The number of involved slits in the grid then comes from the distance divided
by the grid constant. This yields N = (298 4 15) and finally a resolution of
2 = (298 £ 15).

3.4 Spectroscopy with a Prism

In the last experiment we changed our dispersion device to analyze the dif-
ferences between the two methods. The spectra we observed were reversed in
the order of colors and the line pattern. Additionally, the lines seemed to be
sharper and closer together. As expected from the type of dispersion, only one
order could be observed. The reason for this lies in the difference between grid
diffraction and prism refraction, of course. In a qualitative measurement we
tried to match the lines to their wavelength. The smaller spread of the spec-
trum resulted to a lower accuracy of the matching, while grid spectroscopy led
to better results.

4 Conclusion

Optical spectroscopy using grids turned out to be a very accurate method to ana-
lyze the composition of unknown light or to determine grid constants. Our mea-
surements resulted into values with low relative error, which can be explained
by the accurate readings of angles from the measurement device. However a
precise determination of the center position is necessary, because otherwise the
calculation of the grid constant leads to unreasonable results. This part is also
much easier to do with grid spectroscopy by simply comparing the angles in
first left and first right order at one or more selected lines.

The analysis of the unknown lamp led to a very clear result. However some
lines could not be matched to a certain gas. These might come from a unknown
contamination of the lamp.

The determination of the resolution of the grid was only possible in the first
order of diffraction, because higher level orders were obstructed by the grids’
frame. Although the relative error of our value is very small, systematical errors
from the position of the slit, for example, should be taken into account. The
distance between grid and slit was about a few centimeters and the light might
not gone through straight enough to determine the number of involved slits
exactly.

Last, the comparison to prism spectroscopy led to grid spectroscopy as the
method that is more accurate and easier to handle. However, the light intensity
of each spectral line is higher with the second method, so that dark lines may
be discovered more easily.



