Lab 2: Wave length of light

PURPOSE

The purpose of this lab is to measure the wavelength
of light from a He-Ne Laser using a steel ruler and a
meter stick.

What is light?
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How to measure such a small length with a steel ruler and a meter stick?



Interference of waves

Interference: superposition of 2 propagating waves with
the same frequency.
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Young’s double-slit experiment

Incident
plane
wave

(n+1)2

destructive (dark): Al=dsind=(n+4)A1=sing, = -

what is the largest possible value of 6, ?



Experimental observation

Double-slit pattern

http://en.wikipedia.org/



Experimental observation

Single-slit pattern

Double-slit pattern

http://en.wikipedia.org/



Double-slit diffraction

Diffraction (of 1 slit) “x” Interference (of 2 slits)
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single slit: Al = gsin O=(n+1)A




Diffraction grating: a lot of slits
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constructive interference: Al =dsing, = mA
Same as the double-slit case



Diffraction grating: a lot of slits

Pattern of diffraction grating: Diffraction “X’ Interference

Intensity Distribution of Diffracted Light
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Diffraction grating: a lot of slits

Diffraction grating: Diffraction “X” Interference

http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/gratint.html



Reflection grating
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d (siny —sing)=nA

D Nikoli¢ and Lj Nesi¢, Eur. J. Phys. 33 1677 (2012).



Lab 2 (reflection grating)

d(sing —sinf,)=nAi



Some approximations
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Applying Taylor expansion: cosx ~1-— X?

2 2
Mz%{(‘l’n—%j _(%j }:%xpn(\yn_xpo)

Applying Taylor expansion once more:  tan X =~ X
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h_(arb. unit)

What to expect?

d

d(sing —sin6,)=ni =ni :T[(h” ) —hnho}
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A1 =632.8nm=6.328x10"m, d :3—12inch =0.794 mm = 7.94 x10™*m



Some estimations

How big should the angles ¥, be?

nA z%\{' (¥,-¥,) —nid z%qjﬁ

A~0.001d === ¥ =~.0.001n~0.03/n=18°x+/n

How precise should these angles 6, be? i.e. fractional error?

How to realize such a precision of angle measurements?

How about systematic errors?



