
















APPENDIX: Description of the Reed Spectrometer

The SPEX Model 1000M spectrometer in our laboratory is a research-grade instrument
capable of providing high-resolution spectra in the range from 4000 to 8000 Angstrom
(A).

The figure above shows the location of the various optical components inside the
spectrometer housing. The positions of the grating and two mirrors in this spectrometer
are characteristic of what is called a Czerny-Turner configuration. In this configuration,
the incident light (which is to be analyzed) enters through a narrow entrance slit that lies
at the focus of a concave mirror of 1.0 m focal length. The concave mirror reflects the
light to produce a cylindrical beam of parallel rays that illuminate the full surface of a
rotatable diffraction grating. The grating diffracts the light, dispersing the various
wavelengths within the original incident light to different angles in the horizontal plane.
The “rainbow” of light is collected by a second concave mirror that focuses the light
rainbow on the wall that contains the exit slit. By rotating the grating, one can control
which particular wavelength (from the rainbow) passes through the exit slit. Just behind
this slit is the entrance to a photomultiplier tube (PMT). The PMT produces an electronic
pulse each time a photon is incident upon its front surface. These pulses are counted by
the Stanford Research System SR400 Photon Counter for a predetermined amount of
time, and this photon count at the given wavelength is proportional to the light intensity
at that wavelength. A spectrum (i.e., light intensity vs. wavelength) is obtained by
programming the spectrometer (using LabVIEW software) to rotate the grating through a
sequence of angles so that the photon count (for a predetermined time interval) can be
determined at each of a sequence of light-wavelengths.

The table on the next page summarizes the manufacturer's specifications for the Model
1000M spectrometer. The wavelength resolution of the spectrometer is defined as the
relative wavelength separation between two infinitely narrow peaks, such that two peaks,
rather than just one, can be readily discerned in an experimental spectrum. The resolution
depends on how wide the variable-sized slits are set by the user and the spectrometer’s
dispersion specification (= nm of wavelength resolution per mm of slit opening). From
the table we see that the 1000M’s dispersion is 0.8 nm/mm. Thus, if the user sets the



entrance and exit slits to their minimum width of 10 µm = 0.01mm , then the ultimate
resolution of the instrument will be obtained, which is
0.8 nm mm( ) 0.01mm( ) = 0.008 nm , or equivalently, 0.08 A 1 A = 0.1 nm( ) . Another

important specification of a spectrometer is the absolute accuracy of its wavelength
readout mechanism. After learning that the relative wavelength resolution of the Model
1000M can be as low as 0.08 A , it may surprising to find in the table that the absolute
accuracy in wavelength measurement is only ± 0.5 A. Fortunately, in many experiments
an absolute wavelength accuracy is sufficient and in other experiments, which require
higher precision, the analysis can be designed to use (relative) wavelength differences for
making comparisons to theory.


