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ABSTRACT

Holographic transmission gratings are produced using low power He-Ne laser and the
488-nm Ar-ion laser line. From the observed data of the Hg spectrum and the 488.0-nm, 514.5-
nm and 632.8-nm laser lines the fringe spacings of the gratings are calculated. Using the gratings
produced with the He-Ne laser the Rydberg constant is determined by measuring the diffraction
angles of the Balmer series in the H-atomic spectrum.
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INTRODUCTION

Diffraction gratings, especially those made by holographic

interference, play essential roles in spectroscopy as well as in

laser technology, in which high-quality and gratings with ex-

tremely short periods are required. The method most commonly ap-

plied in generation of fine fringes is holographic interfero-

metry, in which a thin photosensitive meterial such as photo^

resist, thermoplastic film, dichromated gelatin film or siver

halide photographic emulsion is exposed by laser radiation to

the fringe pattern and developed in a suitable solvent. In the

last few years a number of methods of recording and developing

holographic gratings has been succesfully applied [1-3]. Re-

cently a new developing technique based on in situ monitoring,

that permits fabrication of high-quality diffraction gratings of

a 255-nm spacing, has been reported [4].

The fundamental principles of the structure and production

techniques of the sinusoidal gratings have been descibed by many

authors [5-9].

As is well known, if two coherent beams of light intersect at

an angle 2« , as shown in Fig.l, they will form within the

volume common to both beams equidistant interference parallel

planes with a surface spacing given by

2 sin at. (1)

If a holographic plate is inserted in the region of the inter-

section of the beams at an angle p to the bisector of the beams

then interference fringes will appear with a spacing d which

is related to D as

* Permanent address: Department of Physics, Middle East Technical University, Ankara, Turkey. D / COS (2)
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Plane of Holographic Plate

Fig.l. Schematic representation of the interfering wavefronts
forming interference planes in intersection bisector.

Combining eqs, (1) and {2) one obtains

d - %l 2 sin<X cosp . (3)

In the case that the plate is inserted at right angles (•$•=.<» to

the parallel planes the eq. (3) reduces to

d = V 2 sin* . (4)

On the other hand, by normally illuminating the grating of

spacing d by any spectral or laser lines and measuring the dif-

fraction angles, the grating (fringe) spacing can also be deter-

mind using the usual expression

3/ d (5)
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where S is the angle of the diffraction,

II. EXPERIMENTAL PROCEDURE

We set up an optical arrangement (Fig.2) to produce ghost-

free holographic gratings. As shown in Fig.2, the beam from the

CLL SF

Fig.2. Schematic diagram showing the setup for making holo-
graphic gratings. L-Laser; SF-Spatial filter; CL-Collimating
lens; BS-Beam splitter; H-Mirror; HP-Holographic plate.

laser was filtered and expanded by a spatial filter. The col-

limated beam was directed to the beam splitter which divides

the beam into two parts in the ratio 2:1. The more intense beam

is directed by a front surface mirror with a reflectivity of

50 % onto the holographic plate. The other one travels directly

to the plate. Depending on the coherence lengths of the laser

beams used (about 30 cm for He-Ne laser and about 125 cm for Ar

ion laser) the path travelled by the first beam could be changed.

h He-Ne laser with 6 mW power (Spectra Physics Model 157) and a

5 W Ar-ion laser with spatial filter {both Spectra Physics Model

2020-05 and 332, respectively) were used as coherent light

sources. The whole apparatus was mounted on a vibrationally iso-

lated table of marble blocks sitting on inflated bicycle tubes.

The mechanical stability of the arrangement was tested occasion-

ally by means of an appropriate Michelson interferometer.



As recording material we used 4-inches * 5-inches Kodak 649F

plates. To find the most suitable exposure time for each optical

arrangement a large number of test exposures were made by measur-

ing the net power of the laser light transferred to the surface

of the recording material. An exposure time of 2-5 sec turned

out to be adequate for both lasers. The process of developing

and bleaching of the plates proceeded as follows: The exposed

plate was developed in Kodak Developer D-19 for about 5 min at

room temperature and rinsed immediately in water for 20-30 sec.

In the second step, the plate was fixed in Kodak Fixer bath for

up to 6 min and washed in folwing water for about 5 min. Then

the plate was bleached in a saturated solution of mercuric chlo-

ride (HgCl is poisonous !} until the expexted white cloudy ap-

pearance grew out of the emulsion and subsequently washed again

in flowing water for 5 min. Finally the hologram was dried in a

dust-free cabin until the emulsion became hard. Similar methods

of development and bleaching are given in literature [10,11).

To determine the fringe spacings produced with the 633-nm

line we observed the mercury spectrum in a simple spectrometer

and measured the angles of deviation of the diffracted light for

well known spectral lines of Hg. The spacings produced with the

488-nm line could be obtained by measuring geometrically the

angles of diffraction of incident laser light with 488-nm, 514,5-nm

and 633-nm lines of Ar-ion and He-Ne lasers, respectively.

* Since mercuric chloride is injuriouB to health, during the bleaching
process the necessary precautions should be taken in environment. We
recommend a commonly used and much safer bleach, e.g., potasBium feri-
cyanide [ll].

-5-

III. EXPERIMENTAL RESULTS

The sine of the observed diffraction angles of the grating

obtained by the He-Ne line is plotted as a function of the wave

lengths of Hg as shown in Fig.3. The calculated average grating

spacing from this plot, which is a linear least-squares fit to

the data, is d = 1.57 ± 0.04 ̂ "m which corresponds to an average

spatial frequency of 637 ± 16 lines/mm. Using the measured beam

500 550 600

Hg- Wavelength (nm)
Fig,3. Sine of the angle of deviation versus the incident
wavelength of mercury spectrum for the 633-nm line grating.

angle of *- 12 + 0.2 and the wavelength 632.82 nm of the He~Ne

laser eq.(4) yields d = 1.52 ± 0.02/fm.

Fig.4 shows the sine of the diffraction angles, measured by

illuminating the grating with the three laser lines, as a func-

tion of their wavelengths. From the plot we obtained the average

value d - 0.678 £ O.02^(m as the grating spacing which corre-

sponds to 1485 ± 44 lines/mm. Assuming that the plate was inserted

perpendicular to the light of incidence the expected grating
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spacing was calculated using the wavelength 488.0 run and the

measured angle * - 22 ± 1* between the beam directions. Accord-

ing to eq.(4) the expected spacing is d = 0.65 ± 0.03 ̂ im or

1535 + 71 lines/mm, which differs by 3 % from the experimental

result.

To check the grating spacing obtained by using He-Ne laser

we observed the hydrogen spectrum by means of a student spectro-

meter. The deviation angles of the Balmer series (n = 5, 4, 3)

were measured and the Rydberg constant was calculated using the

basic equation

- l/n*> . ( 6 )

85
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Fig,A. Sine of the angle of deviation versus the incident
wavelength observed for the grating recorded using 488-nm
line of Ar-ion laser.
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Table-I shows the results of this experiment and the calculated

values for the Rydberg constant.

Table-I.Spectroscopic observations of the Balmer series
of the hydrogen spectrum and the calculated values for
the Rydberg constant.

Quantum Deviation
number angle (deg)
n ± 0.20

Calculated Accepted Rydberg constant
wavelength wavelength _j

(nm) (nm) (cm )

5

4

3

16

18

24

.08

.13

.75

434

488

657

.9

.5

.3

434

486

656

.046

.133

.279

109 500 + 200

109 200 ± 500

109 500 + 300

IV. DISCUSSION

The average fringe spacing of the grating obtained from the

observed data for mercury spectrum is within 3 % of the value

calculated on the basis of deviation angle of the interfering

beams. This is just within in the limits of the given experimental

uncertainties of 4 i. The average value of the Rydberg con-

stant amounts to (109 400 ± 4001 cm which differs from the value

given in literature [12] by about 0.3 %. The experimental dis-

crepancy might be caused by an error in placing the grating in

the interferometer. In the experiments using the 488-nm line a

grating spacing of about 670-nm has been achieved which corre -

spends approximately to 1.4 X the wavelength of the incident

light.

He have demonstrated a simple experiment combining the funda-

mental principles of the holographic interferometry and of atom-



ic physics. The equipment used, except the argon ion laser, is

available in most advanced undergraduate laboratories. Replacing

the spatial filter by a microscope objective yields just as suc-

cessful results.
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