Interference and Diffraction

Diffraction and Interference both rely on __________________________________________

_________________________________________

When two or more waves pass through a given point, they produce a new wave that is the algebraic sum of the displacements of the individual waves. The resultant wave is the interference of the individual waves.

Constructive interference: the individual waves are in phase before they combine. They form a resultant wave that has greater amplitude than the individual waves.

Destructive interference: the individual waves are out of phase before they combine. They form a resultant wave that has lower amplitude than the individual waves.
Coherent sources: 

Path difference for
Constructive interference:


Destructive interference:


In optics:

Greater wave amplitude = ______________________________








_________________________________________


Thomas Young first demonstrated interference in light waves from two sources in 1801.
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The light from 2 slits produces a visible pattern of bright and dark parallel bands called fringes on a screen.

Bright/dark bands are due to constructive/destructive interference.
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Constructive interference: 





Destructive interference:















Diffraction

Definition: ____________________________________________________________________________________________________________________________________________________________

[bookmark: _GoBack]Huygens' principle: ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

	












	
	



Single-slit diffraction
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Central fringe: wide and intense

The fringes on either side of the central fringe fall off in intensity and are narrower.

Dark fringes
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Problems
The Principle of Linear Superposition
[image: ]Textbook - #45 (pg 347)



Interference - Young's Double Slit Experiment
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Diffraction - Single Slit Diffraction


Single Slit Diffraction
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1. ssm The transmitting antenna for a radio station is 7.00 km from
‘your house.The frequency ofthe electzomagnetic wave broadcast by
i station s 536 kHz. The staton bulds 2 second ransmitting
antenna that broadcasts an dentical electromagnetic wave in phise.
with the original one. The new antenna i 8.12 km from your bouse.
‘Does inerference occura he receiving anenna of your adio? If so,
i it constructive or destructive? Show your calculations.
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along the side of the square toward either empty comer, the loud-

ness diminishes gradually fo nothing and then increases again
until you hear a maximally loud sound at the comer. If the length

of each side of the square is 4.6 m, find the wavelength of the
sound waves.
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4.G9 Point A is the midpoint of one of the sides of a square. On
the side opposite this spot, two in-phase loudspeakers are located
at adjacent comers, as in Figure 27.39. Standing at point A you
hear a loud sound because of constructive interference betsween the
identical sound waves comine from fhe speakers. As yoy walk
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4.G9 Point A is the midpoint of one of the sides of a square. On
the side opposite this spot, two in-phase loudspeakers are located
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hear a loud sound because of constructive interference betsween the
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55. ssmIna Young's double-slit experiment, the wavelength of the
Tight used is 520 nm (in vacuum), and the separation between
the slits is 14X 10 m. Determine the angle that locates

(a) the dark fringe for which m = 0, (b) the bright fringe for
whichm =1, (c) the dark fringe for whichm = 1,and (d) the
bright fringe for which m = 2.
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56. The dark fringe form = 0 in a Young’s double-slit experiment is
located at an angle of 0 = 15°. What s the angle thatlocates the dark
fringe form = 17

57. ssm A flat observation screen is placed at a distance of 4.5 m
Stom a pair of slis. The separation on the screen between the central
bright fringe and the firs-order bright frnge s 0.037 m. The light
illuminating the slits has 2 wavelength of 490 nm. Determine the slit
separation.

58. Light that has 2 wavelength of 668 nm passes through a slit
6.73 x 10 m wide and falls on a screen thatis 185 m away. What
s the distance on the screen from the center of the central bright
fringe to the third dark fringe on either side?
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Two slits are 0.158 mm apart. A mixture of red light (wavelength =
665 nm) and yellow-green light (wavelength = 565 nm) falls on the
Sl A fat observation screen s located 224 m away. What is the
distince on the Screen between the thirdorder red frnge and
the third-order yellow-green fringe?
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5. In a Young’s double-slit experiment, the seventh dark fringe is
Tocated 0.025 mto the side of the central bright fringe on a flat screen,
which is 1.1 m away from the sis. The separation between the lits is
14 104 m What i the wavelength of the light being used?
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6. Ina setup like that in Figure 277, 2 wavelength of 625 nm is.
used n 2 Young’s ouble-slt experizent. The separation between the
Shits 5.4 = 1.4 X 105 m. The toal width of the screen s 020 m. In
ome version ofth setup, the separation between the double it and the
screen i L, = 0.35 m, whereas in another versionitis Ly = 050 m.
On one side o the central bright fringe, how many bright finges lie
on the sreen in th fwo versions ofthe setup? Do not include the cen-

tral bright fringe in your counting.
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In a Young’s double-slit experiment, two rays of monochromatic:
Tiht emerge from the sits nd meet at  point on  distant sreen, 35
in Figure 27.6a. The poin on the screen where these fwo 3ys meet
is the eighth-orderbright fine. The diffrence in th distnces that
the two rays ravel is 457 10 m. What s the wavelengh (n )
ofthe monochromatic Lght?
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27. ssm www A flat screen is located 0.60 m away from a single slit
Light with 2 wavelength of 510 nm (in vacuum) hines through the
slit and produces 2 difrcton patern. The widh ofth central bright
finge on the screen s 0050 m. What is the width of the sit

25, (@) Light shines through 2 singl skt whose width is 5.6 X
10*1n.A diffraction patiem i formed on 2 fat screen ocated 40 1
avvay. The isance betweeen the middle of the cental bright finge and
the frt dark ringe i 3.5 mm. What s the wavelength ofthe light?
20, The width of a slitis 2.0 x 10-* m.Light with a wavelength of
480 nom passs through this st and als on 2 screen thatis located
0.50 m away. Inthe iffaction patten, fnd the width o th bright
fringe that is next to the central bright fringe.
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*30. Light waves with two different wavelengths, 632 nun and 474 nm,
s simultaneously through a single slit whose width is 715 X 10-*m
and strike a screen 120 m from he slit Two diftaction pattems are
formed on the screen. What s th distance (incm) beftween the common
center of the iffracion patiems and the firstoccuence of a dark fringe:
from o patem faling on top of a dark fringe from th ofher patern?
#31. ssm In a single.slit iffraction patter on a fat screen, the cen-
tal bright finge is 12 cm wide when the sht width i 32 X 10~ m.
‘When the slit is replaced by a second sit, the wavelength of the
light and the distance to the screen remaining unchanged, the
central bright fringe broadens o a width of 19 cm. What is
the width ofthe second si? It may be assumed that s so small that
Sin @ ~ tan 0.
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24. A single slit has a width of 2.1 x 10 m and is used to form a
iffaction pattrn. Find the angle that locates th second dak fringe
‘when the wavelength ofthe ight s (3) 430 m and (b) 660 .
25. ssm A diffraction pattern forms when lght passes through a sin-
gl st The wavelength of the light is 675 am. Detemine the
angle that locates the st dark finge when the width of the it is
@18x10*mand (b)18x10°¢m

26. () A sithas  width of W, = 23 x 10-* m When light with
2 wavelength of A, = 510 um passes through this slit,the width of
the central bright fringe on  flat observation screen has a certain
valne. With the screen kept nth same plce, s st s replaced with
2 second lit (width ), and a wavelength of A, = 740 m s used.
The widh o th cental bright fringe on the screen is observed fo be
unchanged. Find W,
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58. Light that has a wavelength of 668 nm passes through a slit
673 10 m wide and falls on 2 screen that is 185 m away. What
i the distance on the screen from the centr of the cental bright

fringe to the third dark fringe on either side?
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58. Light that has a wavelength of 668 nm passes through a slit
673 10 m wide and falls on 2 screen that is 185 m away. What
i the distance on the screen from the centr of the cental bright

fringe to the third dark fringe on either side?
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