PH 113 MJM  May 1, 2008.  Int/ Diffraction Wsheet    Name________________________  Box___
6th ____   7th ___
 (r = w sin (;   I = Io cos2 ((/2)  I = Io [sin((/2) / (/2]2 
1. A double slit experiment is performed with light of wavelength 633 nm. The screen is 2.00 m horizontally from the slits. The slit separation is 0.250 mm. How many bright maxima are there between the central bright spot and a point on the screen which is 7.30 mm vertically from the center?

[ Hint: find the extra path.]
D sin (  = 2.5 x 10-4 x 7.33 x 10-3/2 = 9.16 x 10-7 m 
D sin (/( = 1.44, so there are 1.44 wavelengths in the extra path. 
This means one bright spot (when the extra path is one wavelength) between the center and this point
If Io is the intensity in the center of the pattern, 
find the intensity I at the point given above 
(7.30 mm from the center)

Since (r = 1.44 (,  ( = 2 ( (1.44) = 2.88 ( radians = 518 degrees
I = Io cos2 ((/2) = 0.035 Io 
2. Two narrow slits are illuminated by coherent light of wavelength 480 nm. This produces a pattern of alternating bright and dark bands on a screen several meters from the slits. The first bright spot away from the center is at an angle of 2.90 x 10-4 radians. If the maximum intensity is Io on the screen, calculate the intensity ¼ way between the bright spot in the center of the screen, and the closest dark spot. [ Hint: figure out how many wavelengths of extra path, then get (]

At the dark spot the path difference is (/2 and the phase difference is (. Since we are in the region of small angles, things are linear; cut the angle in half and the distance cuts in half, and the path difference cuts in half. ¼ of the way to the dark spot we will have a path difference of ¼ (/2 = (/8 and a phase difference of ( = 45o .
Then the intensity is   I  =   Io cos2 (22.5o) = 0.85 Io.

3. A grating has a first-order maximum at 20o for light of wavelength 500 nm. 
What will the angle be for the 

d sin ( = 600 nm, and d sin 20o = 500 nm
bright spot in first order at 600 nm?

So, sin ( = 6/5 sin 20o = 0.41






( = 24o






At 500 nm, how many grating orders 
2nd order:  d sin ( = 2( =  1000 nm; sin ( = 0.68
will be visible? 



3rd order:  d sin ( = 3( =  1500 nm; sin ( = 1.03

0th, 1st and 2nd orders will be seen
How many total maxima are visible?  5 maxima, one in the middle, 2 for 1st order, 2 for 2nd order
4. Coherent light of wavelength 500 nm is used to illuminate a single slit. On a screen 3.00 m from the slit, the first small maximum of the diffraction pattern, is 6.5 mm from the bright central maximum. 

Which diagram would most accurately represents the situation at the maximum closest to the central bright spot

i) straight line of arrows
ii) half circle of arrows,  iii) full circle of arrows

iv) one and a half circles of arrows   v) two full circles,     vi) ¾ of a circle of arrows

5. A slit of width 0.35 mm is 2.00 m from a screen. When coherent light of wavelength 650 nm falls on this slit, a pattern of bright and dark light is formed on the screen. How far from the center (where it is the brightest) of the screen is the first dark spot? Ditto for the second bright spot. What is the intensity halfway between the first and second dark spots, given the intensity in the center is 1.00 x 10-7 W/m2 ?

[ It’s not Io/2. Draw the phasor diagram, and recognize the arc length is Eo. Then find Ep.  Or find (, knowing that ( is 2( at the first dark spot.]
1st dark:

a sin ( = (;    sin ( = (/a = 6.5 E-7 / 3.5 E-4 = 1.85 E – 3 


Tan ( = ( = y/ L  so y = 2.00 m x 1.85 E-3 = 3.7 mm 

2nd bright spot at 1.5 x 3.7 mm  = 5.55 mm because a sin ( = 2 (, and things are linear at small angles
Halfway between the 1st and 2nd dark spots, ( = 3(. 

( = phase diff between 1st and last from the slit. ( = 2( at the 1st dark, and 4( at the 2nd dark.

I = Io sin2(3(/2) / (3(/2)2 = 4/(9(2) Io = 0.045 Io = 4.5 x 10-9 W/m2
6. A grating has a spacing of 2.500 x 10-6 m between adjacent slits. This grating has a total width of 5.000 mm.  For a wavelength of 500.0 nm, at what angle is the first-order bright spot? What is the closest wavelength to 500.0 nm which can be resolved in first order by this grating?

The number of slits is N = 5.000 E-3 m / 2.50 E-6 per m = 2000

The grating has a resolving power R = N in 1st order, so R = 2000 = (/((.

If (/(( > 2000, the two wavelengths cannot be resolved. So the smallest (( will be (/2000.

That makes it ¼ nm, and the closest resolvable wavelength would be 500.25 nm

7. Two lines of mercury are at 577.0 nm and 579.0 nm. If a 12-mm width of a grating having 500 slits per centimeter, is illuminated with mercury light, , these two first-order peaks would be   

i) definitely resolved  ii) barely resolved   iii) clearly resolved
(/(( = 578/2 = 289.  If this is less than the grating’s resolving power, the lines can be resolved. 

The grating has 1.2 cm x 500/cm = 600 slits. So its resolving power  = 600; they can be resolved.  
