Champlain College - St-Lambert! Physics 203-NYC

Lab #6
Young® Diffraction

1. Objectives

To study the interferencepattern producedby a monochromaticlight source passing
through a double slit.

2. Apparatus

Optical bench,laserpen, slit-film, screenmeterstick, metric ruler, desklamp, cardboard
screen

3. Theory
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The light comingfrom eachslit will not travel the samedistanceto point P on the screen.
If L! d, the pathdifference! ! dsin" . The two waveswill interfere constructivelyat
point P if | = m" , anddestructivelywhen! = (m+ 1/2)" , where(m= 0,1,2,88) . Since
L! d,andL! vy,sin! ! y/L. Notethatfor largeanglesy/L = tan! . Howeverif L is of

the order of one meterand y is of the order of ten centimeters(as it will be in this
experiment)then the percenterror in the calculationof the angle! using the above
approximationwill be at most 0.5%, which is smaller than the uncertaintyon y itself.
Hence, you cannot blame the above approximation for any significant discrepancy
In this experimentyou will measureghe distancey from the centralbright spoton a screen
to successiveninima (dark spotscorrespondindo destructiveinterference)n eitherside
of the centralbright spot.lIt is possibleto show using the aboveapproximationghat the
ratio of slit spacing to wavelength for the above measurements is given by:
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'9: M’ where (m= 0,1,2,4%)

4. Procedure
(Record all measurements and observations in your logbook)

a) Setupthelaserandslit-film at oneendof yourtableasclosetogetheraspossible The laser
should be aimed at either the wall nearestto the other end of your table, or the screen
attachedat the other end of the optical bench.With the companylogo (resemblesan
invertedscript L within a circle) positionedat the top right corner the appropriatedouble
slit for the experiment is the third opening from the top right:

b) For the selectedslit, the slit separationshould be
d = 0.352% 0.022 mm. Sincethe slits are real slits /@
(and not infinitely small slits), they also have an

aperturgan openingwidth) of « = 0.088=+ 0.022mm.
(nominal values, provided by the manufacturer).

c) Measurel..

d) With thelaseron, measurghe distancefrom the center
of the centralbright spotto the centerof the first dark
spoton eithersideof it on the screen(m = 0). Recordboth thesemeasurementandtheir
average in a table. Calculate the rad/! for this average and record it in your table.
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e) Repeatstep3 for m = 1, 2, 3, aaa for aslong as the resultsremain consistent You will
note that the further you move from the central bright spot, the dimmer the successive
maximawill become.Do not confusedim maximawith the minima of the interference
pattern; this would be an unacceptablesourceof error Explain why the maxima get
dimmerandwhy the resultsfor successiveninima becomeinconsistentwith the formula
for a double slit.

f) Calculate the overall average for the rid/! .

g) Using the value for the separatiornd (given in step1l above),calculatean experimental
value for the lasef@ wavelength! . Compareyour calculatedvalue with the range of
possiblewavelengthsgiven by the manufacturer(the informationis given on the lase®
label).

h) What do you expectwould happento the interferencepatternand the spacingbetween
successivenaximaand minimaif you doubledthe slit spacing?/erify your assumptions
by usingthe doubleslit with larger spacingjust below the oneyou usedon the slit-film in
steps2 to 6. Takea few appropriataneasurementsf the interferencepatternto determine
approximately how many times ¢g@r the new spacing between the slits is.
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