2 Source Interference

· Recall: two waves sending pulses towards each other can either:

a) add to create an increased amplitude (constructive interference-CI)

b) add to create a decreased amplitude (destructive interference-DI)

· At maximum amplitude, we get an anti-node 
· At minimum amplitude (zero), we get a node 
· If two objects were poked repeatedly into a tank of water, each would generate circular waves radiating from the source of energy

· The overlap of the two sets of waves creates an interference pattern with CI and DI
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The following shows a 2 source interference pattern where crests and troughs add together to form nodes (labelled D) and antinodes (C)
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· The path difference,|PS1 – PS2|, for waves travelling from S1 or S2 to a point P (any point on the pattern) yields either an anti-node if waves arrive at P in phase (some whole number multiple of wavelength) or a node if waves arrive at P out of phase (a multiple of half a wavelength).
· |PS1–PS2| = nλ if in phase (CI results)

· |PS1–PS2|=(n+ ½)λ if out of phase                   (DI results)
· We assume P is far away from the sources such that sin and tan are equal for small angles (θ) (Try on your calculator for 12o)
· With light, it’s difficult to get two light bulbs to constantly generate waves at the same time (in phase)
· Thomas Young, in 1801 used one light bulb and then passed the light through a double slit.
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The result is a symmetrical pattern of alternating dark and bright lines, which was projected onto a screen. 
· The dark lines are nodal lines (DI) and the bright lines are anti-nodal lines (CI).

· As the sources are in phase, a symmetrical pattern results on both sides of the right bisector. 

· The n = 0 line is an anti-nodal line (or bright line) which is used as a reference line. It is called the central maximum.

· Successive anti-nodal lines on both sides of the central max are labelled n = 1, 2, 3.... and so on.  (There are two n = 1 anti-nodal lines on each side).
· Young was able to measure the wavelengths of red and green light using this pattern; an important discovery at the time; the first time this property had been measured
· He developed some mathematical formulae based on the inherent geometry (as outlined)

[image: image8.png]double st

source.

Eachsiitactsas a
Source of waves; the
wayes from the two sits
interfere constructively
or destructively at e
screen.

screen

m

paltern of light and dark
fringes observed onthe.
screen,





     [image: image2.wmf]l

q

=

d

n

sin


  [image: image3.wmf]l

=

d

x

L

D

   [image: image4.wmf]P

S

P

S

n

n

n

1

2

-

=

l


· All of these formulae work for double slit interference patterns and are for constructive interference only. (Simply replace n with (n+½) for DI)
· L is the distance from the double slit to a point on the pattern, λ is the wavelength of the light, x is the distance from the central maximum along the interference pattern, θ is the angle between the central max and P using a line of length L, n is a reference number (stated in questions as 1st nodal line use n=1+½, etc) and Δx is the distance between adjacent nodal or anti-nodal lines.

Examples:

1) An interference pattern in water has the third nodal line occurring at 25o when the distance between the two sources is 2.00 cm. Find the wavelength of the waves.

λ=dsinθ

n+½ 

= 
2) Violet light of wavelength 400 nm passes through a double slit with slits 46.0 μm apart. If the distance between adjacent nodal lines is 3.00 cm, how far away is the screen upon which the pattern is shone on? 

L = dΔx/λ 

= 
3) A student measures the wavelength for sodium light using a double slit with d = 0.15 mm. A screen is located 3.0 m away and the distance across 8 nodal lines is 8.0 cm. Find the wavelength of the sodium light.

λ = dΔx/L

= 
4) UV light falls on a double slit (d = 1.90 μm). A second order bright line appears 13.2 cm from the central bright line. The distance from the slits to the pattern is 0.600 m. Find the wavelength.  

λ = dx/nL 

=
5) The second nodal line in an interference pattern is located at 18.2o to the central reference line. The screen is 1.20 m away and a double slit has d = 14.0 μm. Find the wavelength of light used.

λ = d sinθ/(n + ½)

= 
Single Slit Interference

· Recall that waves passing through a narrow opening bends (diffraction).

· The maximum bending occurs when the slit width is the same as the wavelengths

· Using a narrow slit, light can be bent to cause interference patterns
· As most light will travel straight through; the central maximum is twice as wide (or 2Δx wide)
· The anti-nodal lines aren’t as bright as with double slit (except the central max)
· The other big result is that the waves arrive in phase at locations opposite to that of double slit (due to the extra wide central maximum)

· The n=1 for CI is corrected as n-½ now in our interference formulae and for DI, we use the n-value without correction

· The 2nd order nodal line uses n =2 and the 3rd order bright fringe uses n = 3-½ 
Example:

Light with a wavelength of 670 nm passes through a single slit with a width of 12 μm. A screen is located 30.0 cm away. How wide is the central maximum in the interference pattern produced?

λ = dΔx/L

The central max is 2Δx = 

Diffraction Gratings

· Using multiple slits (thousands of them in a cm) reinforces the pattern to make very sharp and distinct images

· The result is that the spacing between bright fringes increases (larger Δx)

· The provided number 10 000 lines/cm allow us to find d; the separation between slits as the reciprocal. (1/d = 10 000 lines/cm)

· Diffraction gratings are used in spectroscopes to observe spectra from emitted stars

Example:

 A diffraction grating has 12 000 lines/cm and a He-Ne laser is used (638 nm) to produce an interference pattern on a wall 1.23 m away. How far apart are the adjacent nodal lines?

λ = dΔx/L
Δx = [image: image5.png]
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Each slit is a source of waves and the waves from the slits interfere constructively or destructively at the screen.
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