Sneak Peak (Lab #1 Spectrometer)



Homemade Spectrometer

e
Diffraction grating from CD

F

lit made from razor bla

Droid camera image showing
spectrum of fluorescent bulb

& Droid camera held against 5
diffraction grating

CD grating pitch = 1.6um

DVD grating pitch = 740nm




Homemade Spectrometer

Diffraction grating from CD

Parallel light going through the tube

Razor blades to create a slit

1. How does the slit width influence the resolution?
2. Why should the diffraction grating be in parallel with slit?
3. What do we need a tube in between?



Difference Spectra

This image is in the public domain. This image is in the public domain.

incandescent fluorescent



What Color?



LCD Pixels



Calibration - Ruler



Spectrometer Calibration

The three large peaks allow simple wavelength

Spectrum of calibration. (the linear fit)
fluorescent bulb
(Literature) As long as the camera remains flush against the

grating, shifts in the camera position and spectrum
between measurements can be accounted for by
measuring the shift in the position of the slit.

Thus, there may be a horizontal DC offset between
measurements, but the wavelength/pixel scaling
should stay the same.
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Calibration Using Ruler & Fluorescent Bulb

Step 1: On the computer screen, use a ruler to measure the distance from
the center of the slit to the center of each main peak (or import image
into Matlab and count pixels — more precise!):

A B C D
1 .Disince from slit {(inches) Wavelength (nm)
2 5.42 436
3 6.78 542
4 7.66 612
5
‘ 00 Step 2: In Excel, create a plot to determine the relationship
8 g0 | Linearfit between distance and wavelength:
9 y=78.518x +10.214
10 E 500 /
11 :E.
2 B 1) Enter data in two columns and insert Scatter Chart
15| 3 300 2) Right-click on a data point in plot and select “Add trendline”
15 . P “ . . ”
|| © 20 3) Choose “linear fit” and choose “display equation on chart
. 100 4) You’'ll see y=mx+b. The offset (b) is due to refraction from the CD
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Accuracy & Resolution

Measured A ., = 630nm

__ 200 FWHM =5nm
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HeNe laser peak was within 1nm of the expected value (631nm)
FWHM of 5nm (could likely be improved using a smaller slit)
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Calibration - Matiab



.' Editor - C:\Documents and Setdngs', AdministratorDesktoph spectrum_calculate.m
File Edit Text Go Cell Tools Debug Desktop  Window  Help
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1 ¥ Simple spectroscope SCript - imports image and converts to intensity ws. wavelength 4

2

3 % Joe 3unmers, 61372010

4

5 Y———TImport JPG Imadge

6 — raw image=imread('fluorescent.jpg'); Limport JPG image .

7 %ra;_image=imread|:' incandescent. jpg' ) ; Yimport JPG image Flle Name

g - raw_image=double (raw_image) ;

a

10 Y———0dd up 3 color channels

11 - total intensity=raw_image(:,:,l)4+raw_image(:,:,2)+rav_image(:,:,3):;

12 — figqureil)

13 — peoloritotal intensity), shading flat, colormapigray)

14 — figure(2)

15 — plot (mean(total intensity(750:850,:,:))) Locahon

1a

17

15
Fle Edit Wew Insert Tools Desktop Window Help o Fil= Edit Wiew Insert Tools Desktop ‘Window Help ~
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Steps

1) Create a New Folder |

Spectroscopy
Folder

2) Put your spectrum image file and MATLAB file in the folder
(on the website under Lab #1)

B spectroscopy Folder
File Edit ‘“iew Favorites Tools Help
€ | > l_ﬁ' /-“Search || Folders [E~
Address ‘@C:\Documemts and SetingsiAdministrator\DesktopiSpectroscopy Folder v | Go

IMi5_1333
File and Folder Tasks ® h 1600 % 1200

JPEG Image

2 Make a new folder ,
Publish this folder o the ‘l ™ Bpectrum_conversiorn
Q e | JIATLAB M-fie

S R

B2 Share this falder

Other Places

@ Deskiop

D ¥ty Documents

3 Shared Documents
4 My Cormputer

&4 My Network Places

Details

Spectroscopy Folder
File Falder

Date Modified: Today, Movernber
22, 2010, 10:37 &AM

3) Double-click on the MATLAB file. This will open it!
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The MATLAB File

You should see this.

C:\Documents and Settings\Administrator\Desktop\Spectroscopy Folder\spectrum_conversion.m

1 % Imports an image and plots the average of several rows

2

3 i-—--Import JEG Image

4 — raw_image=imread {"IMG 1333 .9pg’); %import JPG image from the same directory

5 - raw_image=double {raw_image};

&

7 (---~Add up 3 color channels

g — total intensity=raw image(:,:,1)+raw_image(:,:,Z2)+raw_image(:,:,3);

a9 - pcolor {total intensity), shading flat, colormap{gray)

10 — figqure {1}

11 — pcolor {total intensity), shading flat, colormap{gray} %plots the total intensity image
12 — figure {2}

13 — row_avg=mean (total intensity{455:4653,:)) %plots the average of rows 4533 through 465

14 — plot{row avg)

15 — dlmwrite ("spectrometer output.txt',row_avg', 'newline’, "pc’); %writes avg to the file "spectrometer output.txt”
1la

17 %1

18 You can open up the spectrometer output.txt file and copy and paste into a column in Bxcel.
19 Use the magnifying glass tool to zoom in on Fig 1 and figure out the rows to average

20 153 =
21

Change the name of the file on line 4 to match the name of your
spectrum image file. Hit F5 to run the script...
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Two Figures Pop Up
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Figure 1: B&W image of
your spectrum

Figure 2: Average of rows

455-465 in your spectrum

The data from Figure 2 is written as a single column to the
file “spectrometer_output.txt” in the same folder
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Helpful Pointers
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1) Choose the rows you want to average by using the
magnifying glass tool and zooming in on Fig. 1

2) Thesslit is the brightest part of your image. The
center of the slit should be the origin of your

spectrum
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