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Diffraction gratings
You can use diffraction gratings taken from CDs or DVDs (which must be blank - not written), or you can use
commercial gratings which are brighter.

Type of reticle Lines per millimeter Notes
CD 625 OK
DVD 1350 Only 300 nm of useful coverage
HD DVD 2500 Not usable
Blu-ray 3125 Not usable
Diffraction grating
commercial

500
or 1000

OK
OK

Number of grid rows
Here are some possible calibration ranges depending on the number of lines.

Better efficiency Lines per millimeter Spectral coverage (nm)

UV/NIR 600 200 - 850

UV/NIR 600 350 - 1050

Visible / NIR 800 550 - 1050

Visible 900 380 - 750

Visible 1000 380 - 700

NIR 1200 750 - 1050

Visible 1800 500 - 700

Some benches, for example the B&W ones that sell second hand for about 300 Euros, have a 1800 line grid.
And with these grids you can't even see the red LEDs and the blue LEDs on the same scale.

These  1800-line  benches  were  used  for  analysis  where  only  the  fingerprints  of  some  elements  were
needed. In these cases the lines were close to each other and were fine, but for a general use like ours they
are unusable. So be careful when you buy an expensive bench and if they do not write the number of lines
ask the seller to specify it.

Some might think that by broadening a part of the spectrum one could obtain a higher resolution, but this is
not  the  case  because  focusing  errors  and  inaccuracies  still  limit  the  achievable  precision  to  about  a
nanometer.

And also with a 600-line grid the resolution is much greater than a nanometer, here is an example:

1304 3600 pixel sensor

With 300 lines, for example, you go from 350 to 1050, therefore 700 nanometers.

So 700 nanometers divided by 3600 pixels is 0.19 nanometers resolution
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Preparing CDs and DVDs

Type of reticle Notes

CD
To prepare them, they are not separated into two halves but the surface is

peeled.superior
(the one with the writing) by tearing it with adhesive tape.

DVD To prepare them, divide the two halves and then remove the aluminum foil.
lifting it from one side and then peeling it.

Commercial diffraction grating They are ready-made, they require no preparation.

Prepare the DVDs

Using a blank disc, separate the two halves of the disc with a small
knife or razor blade.

Throw away the half of the disc with the writing and use the other
one.

Tear off the thin silver layer with tape.

If you can't, try cutting the silver layer with a knife to make it easier to
remove.  Make  a  radial  cut  from  the  center  outwards  and  start
removing from the cut.

With some types of discs it may be easier to lift a corner of the film
with the knife and peel from the lifted corner.

Once the disc is divided, it is easy to cut it with scissors. Cut a square
from the outer area of  the disc (where the lines are less curved). If
the square is too large, you can trim it later.

Be careful not to scratch the surface or touch it with your fingers.

The scoring must be horizontal (outer edge of the DVD on the left)
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Using a real diffraction grating
We bought the diffraction grating on eBay. These gratings are also cheap but may be difficult to find.

These  “Highly  efficient  embossed  Holographic  Optical  Elements  (H.O.E.)”  produce  a  brighter  colored
spectrum than DVDs. This makes it easier to measure even dim sources.

Features:

This grating has 1000 lines/mm instead of the 1350 lines/mm of DVDs and the 625 of CDs, so it
deflects a little less and a little more than the latter.

There is also a 500 line version and it could be useful to have a larger visible area.

The DVD fragment is  more rigid and therefore easier to handle and fix,  but you can make the
grating just as robust by mounting it in a slide frame.

We recommend buying a sheet as soon as possible on eBay. It takes some time to ship from Israel so buying
it now will arrive at the right time, at the end of the spectrometer construction.

Search Bay for phrases like:
“Diffraction Grating Roll Sheet Linear 1000 lines/mm Laser Holographic Spectrum”

Only buy the 1000 or 500 lines per millimeter types, the 13500 lines/inch one is no good.

The sheet that is usually sold (for only 2.88 Euro + 4 shipping) is 6 x 12 inches, which makes 15 x 30 cm.
There are enough spectrometers to make for all the friends and there is still enough left to make some nice
glasses to give to the children.

- - - - - - - -

If you can't find them, ask Lello who can be found as MAXTHEREMINO on Ebay.
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Reflection diffraction gratings

The optical benches of very expensive spectrometers
use  reflection  gratings  and  collimating  mirrors.
These  benches  get  a  two or  threefold  increase  in
brightness, thanks to the reflection grating and a five
or tenfold increase, thanks to the collimating mirror.

Unfortunately,  they  then  use  linear  sensors,
designed in the last century, which have a sensitivity
one  hundred  times  lower  than  the  best  current
WebCams.

So in the end a bench with a transmission grating
and WebCam is brighter and also significantly easier
to adjust.

These images show the results of the tests we did with
gratings using them in transmission or positioning them
in front of a mirror.

For the measurements we used a 5 mW red laser, a lux
meter  and  a  surface  mirror  recovered  from  a  laser
printer.

If you use the grating in transmission, the light that is
deflected and that we can use is about 5%.

In this second image you can see that adding a mirror
increases the brightness by almost three times.

We measured about 14% but it could be an inaccurate
measurement because a real reflection grating is not a
transmission  grating  with  a  mirror  behind  it  but  a
surface mirror shaped with lines.

Anyway, the order of magnitude is that, with a reflection
grating you increase the brightness by  about 3 times,
and it is not much.

They  get  the  bulk  of  the  brightness  gain  with  the
collimating mirror.
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Optical simulations

To calculate distances, angles and even focal  lengths of lenses we used this  excellent online simulator:
https://phydemo.app/ray-optics/simulator

To use the simulator you need to gain some experience but it is worth it, it is excellent and can be useful in
many occasions.

Using these links you can upload some of our tests to the simulator:
 LINK1,  LINK2,  LINK3,  LINK4
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https://phydemo.app/ray-optics/simulator/#XQAAAAI2BwAAAAAAAABFqcrGU8hqLFnpmU9ERVKNO8rlymXsJ34idEUbRc1gEpuNwb_yMXAxkxzTCg9buvg2C5SCNyDnw1pX-MM2K-3rRfeEIl_wtLnAMbc5X4b4rU8SH4MLWfiVskGca0xZZpX3w9IVoOitDxmZqvnk5j6vxK6U_RJE1bycoHYjFOifAxbULrjBej5KJMfJTjzKwbnNXtoGB6zEtWNqNy_zs46mq0k-H23vCFlsbql5J9ilWgB0fe0B8cyPWO1bOBZDtFY7eRxY3NByB-Os4bd7Am6Ja1l2BgGyrVQHjSRNAlLA6uKEVcEVjSRn91z0c8NOCC2KIYQjEGyZ7NC4n0TNQJZs_vy1F6Oo5SudsaMNrZx_SpCEauS4sT5zJmgA_mWUJO28Ofc8FSFOUe9UhmDTnZ8JTWy6kwqMXOaFi5t7fSBHGt9yDtEDBWlI0qA_LONdTu-4CxD8TMgCxE__z-KNkxc9fo8V1bhyEvSqpHDnYLbhey_KL5hZzLcb778FbAPf_lfXl8r95IVGd8AKYQHoCx6QRVComI--Rahs8qOnaYmGNwykM4E8Tfe2xgdGQs3qlq7ay8nFuCYG6WfXskbWthJBt2REf2xq4Mq0isIBa52sDzD5M3T-Ptfj1MTDrIcwpvWAaTpHB3a7G_rXqDOpi4SApq7Ycg3bVd4UKh72kPq-gF03GOon6WoJW9CZI_LeYQpNvVNm7IjC-N0ToeSja-U0dcsfU9x2goeg9bXRZFSiqalrCYS95OZymKQEfhuUMl6UGPu6rxpbQ9mjVvLMTelvSSzVdIiw4qVHb_1REApDzKPyOvL4-4FPCovT_cTLK9xwkfmQZ-HfCbzAvZPNIZRx4rc5U3GPFkjEwTwG2mOkN1Zbx12nvtxxly7bB1KH1eMgudFCiG90AL--E9ZE2jvFLNesSQf19QT5NcKWwXaNo_WF9jeGcB9DVOT7bJAWRDnHSDgp2_spTN5IqWfVHhXdafBiwoDNzjUw_CreQYcHyJt2Ns_JVOb468b6GK4ByFDZ36ElrX7xTj4XiHbxKdxKyx2wKHQ0lVOKTy6gBLZGPdM0lqqXj48qArIHzkLilUfegDw1iBuudqYYlARA7e5TbT697qIP2TzM3yXdy55RDY1D0uQqOy0u2detDknpTVI5odsxSbli46j7GdUAX_UVzkceTU8AKklxN4W1t6QrTiIBlBIvaQaolca8uBvw-E79Vy6XDWyM6jDrbcA2abMUsYWNx0OdEd0pR3iDC6ijHNfuyhOOWESjymsA6HDj0fijmQb3-fj5iRLjZQdRvVvx4MTl0425ALHugjGX05j34Yv5PXDiGqda69HUsU0i2lEzjNBzDja96uBkiulT5v_fq9T3
https://phydemo.app/ray-optics/simulator/#XQAAAALdAgAAAAAAAABEqcrGU8hqLFnpmU9ERVKNOwViA_DRVPClncXsHq5w_PBpyHbUreMi_X_80izkhh3A6R7RQ157eANtvLTngS2KvayEY1TsGpgYRBkPNgXsxtNXInums6LWOXZ2Z_3jjvleevMQbW32Bv6HmPKbCnrZcMSwHh8xJuNjrMcSng223RX37sqUCve2ufTLDf920r5QV_LctrEUtpqrHnU05ezBxSWdEJJ43Zy2NM9XuoyQjugQ_sUkNEvmSNFx1xUC_AMJDx9grYKJx4O_14MiinhLZvD9mvGycA6WX9E-t0R_AB1k2yXgzv8iYIEFmF8RIB8fgVJjuMa-SWGS2DtAqYzSzJlO4fnkVtwsjHldzXF3iku1e8h6kZPOVx3xHmb6VUWzgZnYHiIkl_zSSjSDngbspd9Prt3ltrQSei2zshWOAty4h_BOqc2CqCtCbF8liDqjGo5sws9gYM2qdyfA6-BWF59e1Coj6-Zr8A3DrqeRMNltngutA9VegKEBxr_oCo_azL9LbUPMdxOsNgzf77POCCKwJI1vwW8v2N-CQaVmE-APeaLy_tGXWoylP5USG7xENv8oS9f0cuJ1GEl-2gUTC6ah98lQHWfH1bSfRJtoCiSqq6BwJeTZkvYIpSGUQzctfPAc3y0JlKt2Q-MN7_DB-U0mkqGUgAWGdKP_P0i-AA
https://phydemo.app/ray-optics/simulator/#XQAAAAKfBwAAAAAAAABGqcrGU8hqLFnpmU9ERVKNO0gG928GajgL6Q_V-sUSueTftYmPfUZb9nZWU_6bSMfEQnY8HoKIbqrihouDhASo0vWzm6OgwRKEX9w5bffePdmWjbw4taJryXjf5bo5WOs8-F5LtdC8swBRhP9uwXKtMRgDkp8wzP9HmdUX6uLERmbH5WM3K0D_QcYw_h5iMGm9MwZU32g6lVGBlBpTFMBiONdrrZy7qW-kaU0WzZXwRmtdl35Zgxj-RBbzzwSAAUiGXl-FJ95LYgn87HSvstVFXYa3fQWB-ZvqZIKenFuJ7anMXp56jlBSwpHAOwR5RKG9bIFquAlJ70CgY5u2J-q3vbnzAoLx8Y-Hz3LJrPXhuaN1PrDC3iYWFdiMPLLwp7kXTSt5_NkvwQjaW_99J8QvSVFl7DwHglhiMPO_kYlz7hrdSzhSfIJCdiippx6yjNeEhJEkNP3wzR6w0l64r_NiQO3YDS9OkVJnHRmrc2ZqZ9k6jtw4ZPgWa1KJ4X2YPnksm-9un5468DuKMkEWieyTuw8FM5BqZxg5Y7dZX-dC28p0VRzAm2TMGbTmnW56Q3ZqzDi9nd0qRxZ2tOelmmiinidlz5Z44QIDgSL7CXSHiL5SexcjiOC4x1mTc-R3pMhqp84u7MDY3Y9pl9bcqW67deVrHF6zF1UEuuU4EPCKwpLmZ57WujRiaHgbIezZx9zPRKVK_6Fv94Nowj-tGAQbh9kqMBqt8fyDDUsUpnLFZAkK6wakrnP2vNyH-miGDe-z_om4gz_Lbm1rZ6IU18h82kH_3GctfmtHe8TvKcNOmEGfY1-XxAQE9gYnpK_fKlesubzyeX-lyp_JhBh3Jn0B11emAFql01KXHHchGcWrz8Kg4zdoXQ4u2fHB8bZKPNrvQzxpeMY7uBzXds8fyqg7X1mtjkKx-79ePtTvnt9WKaQAbvjhFsS6HpqDL8zrMnGeD6AekjHb4ZuArJoPIKQfPPBLp8EQ_ca_MHS7KO1sRKDwWTZIIVlWcZbHTO7e0Xl9BBI283d_kK0iRJuLX2769Cf4nhbLkPkQebUV3KmCKzG_htNv19_zpRYC9uan31odxnLea35rMCrHWNTNo1utzujPNuNqh_o2oNlD9Sd-hoVgt5m6C0rBqC6xA2FxDl66xdOyyHDoNy7V3iZxZ3HrdiQ4zHF_a67SDaARzt5Gl27P1ccRZ6PEay5CXa0JZpZgRzJTxFanKbQ3YxRrIvEXkTS0C09kFcbaiuUEen3oiWHFJvOPnrr0qcIm6TpA_DxMpWciAJivlreASQVEXR3Y0iaN_003G0ONKMScgwI-ZnKZIkp3rvm1_R3CzlLCXeWoUdSrBINJB_2zB5C0MW1AO9FNMl4bKK6pNmNJ_30G1QA
https://phydemo.app/ray-optics/simulator/#XQAAAAI_BwAAAAAAAABFqcrGU8hqLFnpmU9ERVKNO8rlymXsJ34idEUbRc1gEpuNwxNuMXAxkxzTCg9buvg2C5SCNyDnw1pX-MM2GNBSYW7ZFDLp_MTuyoxl2ym3-obljr3YbuDrz-hFLrmil3SyovVEon8dbX-UlU02jKkg3XE5tj0-f9buagxSm57SBibtTCNhSuI0OeYBBVis3CMN3HSS4d-DB8MehU_e45kpNCimItrpqyLDdkq27Np5rKmru4KduC30h_i4xsdCVGksEkW5eLzdy8T229ui6HxGhG_Q_o8MWZPpO5m8XRpF-5HqnD1lCx7_GW_JHX7qzxdVv-SoLdcIqAtg2PjXUkVKP31kqFECFA1Q8I7aoyAqX2CY5IB2cMrb9G4LFwIPr3NC8lYkpU8-FFheh4R_AfxAdtP04TEFYmUjfMgyN49expL77M3fZc6tA1wlFx0Z7NRcSu9fuMpknnLucLJBgUZ3Gc1NRHkWZK_9FjfQK9Bf7LoyfhzGqk2kat5H24z296Ise_n99QoyImFSk1VZveB1t-P_ERyIiIQn7RfAB4hh4PrQ0kxWH4j3nU1NzXKq0if8fwZpp6XGZXsyT0vbmfpDJoMN3ZUHKpHxxmRZDH7YVgtyTQMufGurY_lk8Yve6cX1uP-OtnT6mQJO5ppxkimrwdEP5g_YoQ-m-16PgMLOTsxjEFnIpKYnQIajS3U5fscqpveltybhL4e6ACsn1s9Q7l9N4JAee1gGVAAdQhCm-9dGLBTC5sf1eqDroE1e1QtUpmwgvn0tLNtqWhs3YEbKYzo-5NjTiWB84m7_n1yaX8FNi1OnshIewLZgIdrUisesf21MVQvK9HPULOc3gRK44OhyfyeBYRulYvbI3OB_hhYYuQRrSSwHO8t2gjgMFP1PJHtoJA0u5egoqhA8tmiin5JZ__34YnU0yyQJSZL17HE0R5nZl9JvfnNGWo0WBBeQcFUqos87Y_-16h4_ShjSflh2XYMzvpso2HgO1G1roF5bY20un8R6ucnVl1o1l-z64QKDQnMCt43DCgcSgzy45GgdsyGeGL55BU81QTlp3Tw8AFc5J4dgfhjei7iVYVknkyzh_w7UGgArJ0Fq8pWmx-1-Ew_CGfdeNv5etaQ0_nUKguCeQHt0t74_vzKJ-BmXCTGywHvOBVyN7o-TIOws93jGElUl5UlDmgjp3tGDwUEfjcyTQkd9hmem6rVeB8thRnGZgnhb8vjYa6Wa-GY80zpZbMtvzs4H3_PIMevDXdfLbq3_xv-oV24SEh3MqA9nJ57yMc7OKPqk_AcrirOppkUf4rfZHOmCnxPgE2tUCkWLHztx3ISbecfi40wXHf_tbxO1

