Lab 10. CHARACTERIZATION OF LIGHT SOURCES
Scanning Spectrometer Version

|. Introduction

Monochromators isolate a smal wavelength band from abroad spectral source. They consst of
adispersve dement (prism or grating) and an image trandfer system (entrance dit, mirrors
and/or lenses, and exit dit). Within the monochromator, an image of the entrance dit is
trandferred to the exit dit while dispersing the wave engths components of the incident radiation.
A grating monochromator based on a Czerny-Turner configuration similar to the one used for
thislabisshownin Figure 1.
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Figure 1. Czerny-Turner plane grating monochromator.

Incident radiation passes through the entrance dit S, and drikes the collimating mirror My. The
entrance dit acts as a point source at the focal point of spherica mirror M, that collimates the
radiation incident on the grating. The grating digperses the wavd engths spatidly into collimated
beams, spectrally separated by angle, that are incident on the focusing mirror M,. Mirror M,
focuses these beams in the plane of the exit dit as pectradly separated images of the entrance
dit. Because the pardld rays of a given wavedength are incident on the focusing eement a a
specific angle, each wavdength isfocused to adit image at a different center postion. Asthe
angle of the grating is scanned, these images are swept across the exit dit that transmits

spectraly separated light.

A diffraction grating is a plate that is ruled with closaly spaced grooves. The grating actslike a
multi-silt source when collimated radiation srikes it. Different waveengths are diffracted and
condructively interfere & different angles. The grating thet you will use is areflection grating with
1200 lines’mm. The surface of atypica reflection grating is shown in Figure 2. The angles of
incidence and diffraction are measured with respect to the grating norma, not the groove
normd. By convention, the angle of incidence is dways taken as a postive angle. The diffraction
angleis defined to be pogtive if the diffracted ray is on the same sde of the grating normd as
the incident ray (Iabeled specular reflection in the figure), and negative if it is on the opposite
sde The condition for condructive interference by a grating is given by:
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Figure 2. Diffraction from a blazed reflection grating

Here misthe order of diffraction and assumesthevaues0, £ 1, + 2, £ 3, and so on. The order
m, like the diffraction angle, is defined as positive for diffraction on the same sde of the grating
norma asthe incident ray and negative on the opposite Sde. The groove density (grooves per
mm) is related to the groove spacing d. The grating that you will use has 1200 grooves per mm
so thed pacing is

a0° Ge 1 0

d=¢ nm : mm 2:833.3 nm/groove

& mm £1200 Qrooves g
Consder monochromeatic light with a 600 nm wavelength incident on the grating a an incident
angleof 10°. Inthefirgt order, the 600 nm radiation is diffracted a an angleb = 33.1°.

For agiven d spacing and angle of incidence, a, additiona wavelengths stisfy the grating
equation at an angle of diffraction b for higher vaues of m, a phenomenon known as
overlapping orders. Thisis a problem only if the source covers a broad spectra range.

|l. Objectives

Calibrate a grating monochromator with known wavelength light source (HeNe laser).
Measure line width of He-Ne laser
M easure emission from "unknown" light source

M easure emission from broadband light source

[11. Procedure

The suggested overall layout for this experiment is given in the figure. The major components include:
monochromator and He-Ne laser.

NOTE: Alwaysremember to check for linearity of your detector with an appropriate neutral density filter
(NDF). If needed, attenuate the light entering the monochromator with aNDF.

[11.1 Monochromator Calibration (Laser)
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1) Assemblethe basic system layout as per Figure 3.
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Figure 3. Instrumental set up.

2) Direct aHe-Ne laser beam onto the spectraon. It isimportant that you use SCATTERED
light into the monochromator. If one used the direct laser light, the waveength cdibration of the
monochromator would depend upon the incident ANGLE of the laser light. In addition, the
gpectra resolution of the monochromator would be very poor because only asmal part of the
grating would be illuminated.

3) Place amirror next to the lens as shown in Figure 5. Now direct the beam reflected from the
first mirror to the mirror next to the lens. Direct this beam onto the spectradon cube. The
gpectralon cube will scatter the light so that the dit will be evenly illuminated. Check the
entrance dit to seeif the focused beam from the lensis centered on the dit. Y ou may want to
close the dit down to a couple hundred microns. By using awhite note card, check to seeif the
gmd| round mirror in the monochromator is fully illuminated. If itisn't, adjust the beam on the
gpectraon so that it becomes fully illuminated. Place the cover on the monochromator and turn
out the room lights.

4) Connect the diode output to the Lock-in amplifier.

5). Scan the HeNe laser spectrum.

Since the intengty of the focused beam on the dit is rdatively high and may saturate the

detector, you will need to check the photodetector for linearity. Now you are ready to scan the
wavelengths of the HeNe laser with the monochromator. Open the program
C:\WINDOWS\Desktop\Monochromato Lab View\ Spex270M Simple Control\ SCANNING
for Physics 2. This program will scan through a user defined range of waveengths by adjusting
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the angle of the diffraction grating in the monochromator and plotting the intengty of the light on
the low power detector as a function of the wavelength of light. Y ou will need to enter arange
of wavelengthsto scan. Thisisthe “Starting Position” and the “End Position” on the
SCANNING for Physics 2 window. For HeNe the center wavelength is 632.8 nm, so you
should scan around this. Try 631 to 635. Set the “Increment” to 0.1. The scan may reved
that the center wavelength is not 632.8 nm. If thisis off by afew nanometersthe
monochromator data will need to be shifted to the actua center wavelength. Y ou can fix thison
aMicrosoft Excel spreadsheet. Once you have found the line for HeENe you may want to
narrow in on the wavelength of interest by decreasing the range around the line and dso setting
the increments to alower vaue. If you notice that the scan plot is missing some data points due
to saturation of the detector, you will have to set the power meter to aless sengtive setting and
run the scan again.

The SCANNING for Physics 2 program records data and tores it into a two column formeat;
the first column is the wavelength and the second column is the power recorded by the power
detector. You can use Matlab, Excel and many other programs to work with these data sets.
However, you may find it more convenient to use Excd on the computersin thelab. To do this
just open the file you saved in Excd and let the Text Import Wizard configure the data so that it
can be loaded into a spreadsheet format. Save dl of your data to a disk and/or to the hard
drive of the computer. Make sure to labd your data sets with dit widths and the light source.

Repeet the scan over the same range but with a different dit width. Take datafor atota of 5
different dit widths. Be sure to include the SMALLEST dit width , 6 mm for your
monochromator. Since the peak transmission intensity will decrease with decreasing dit Sze,
the sengitivity on the power meter may need to be adjusted. Make sure that the input and exit
dits of the monochromator are the same sze. Measure the peak intengity at its maximum and
the spectra width at the haf maximum.

Sit-width Intensity Spectral width

Scan the monochromator in the 1200-1300 nm range. In this range you should observe the
second order diffraction pesk corresponding to 1265.6 nm (twice the HeNe laser wave ength).
The intengity of this pesk will be smaler , 0 adjust the lock-in sengtivity as needed. Record the
monochromator setting for the second diffraction peak.

Scan the "unknown" source
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Scan the flashlight bulb.

Page5of 6



V. Questions for Discussion

1) Based on the He-Ne calibration, determine the wavel ength correction for the monochromator. Usethis
calibration in the rest of your lab to report spectral intensity versus wavelength.

2) For you data measuring the line width of the He-Ne laser, plot the datafor all the different slit sizes on the
same graph. Clearly, the peak intensity of the transmitted light DECREASES with decreasing slit width.
WHY?
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3) Now investigate whether the SPECTRAL WIDTH of the measured laser light is changing. Re-plot your
data but normalize it such that the peak intensities of each spectrum isthe same. Does the measured

width of the laser light change with decreasing slit width?
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