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Mo d e l S 0 f L l' o h t (Water waves are Easy to visualize)

Plane waves approach from the left.

The wave model: Under many circumstances, light exhibits
the same behavior as sound or water waves. The study of
light as a wave is called wave optics.

(Wavelength) A ~ L (object size)

Circular waves spread out on the right.

The ray model: The properties of prisms, mirrors, and lenses
are best understood in terms of /ight rays. The ray model is
the basis of ray optics.

(Wavelength) A < L (object size)

But today we will only focus on the wave optics.
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Young’s Double-Slit Experiment (wave optics)

In 1801, Thomas Young demonstrated

that the wave theory of light was correct
Viewing
screen

The IDEA: The whole space is filled with bright
and dark spots (C/D interference). But it is much
more convenient to see these spots on a screen.
So, let’s rewrite our interference equations for
the screen.

LT
LI
»
-

The two waves overlap as AL | behind cach si

they spread out behind the \\
two slits. The two overlapped ‘“ \“\\\
waves interfere, resulting in ) )) A MMMM‘“M‘
a pattern of light and dark D "WWAW‘W‘M'

<»
A bands on the screen. 114 ﬂ]
Acident laser beam o viswof //Ij/

the double slit

(Wavelength) A ~ L (object size) =) wave optics
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Analyzing Double-Slit Interference

Light wave
(laser: 4, f)

This little segment

The paths are virtually screen
parallel because the «,
screen is so distant. P

L

difference. o

/\/\/\ Ar = dsin0 is the
path-length

Since L>>d, the paths from t
two slits at angle 0 are
ALMOST parallel (7‘1 () 7'2)

Two light waves
meet and
interfere at P.

zooms in

Double slit

= The two slits are invisible
al this scale because d<< L.

A)Y

\i

A(po =0
Constructive if Ar = mA

InheFent phase difference:

The wave from the lower slit travels
an extra distance:A ABC

Ar=dsinf = mAi

(angles of bright fringes) =

It’s easier to measure distances than angles:
replace 0 — y

ASPO:| tanf,, = —
d sin 8,, = mA

Since angles are small:

L
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Analyzing Double-Slit Interference (cont.)

Conditions for destructive
interference
(positions of dark fringes)

. . . - 1
Similar for dark fringes , Destructiveif Ar = (m +2)2 ‘

Let’s find distance A AL AL AL Thereisno dependence on m,

between fringes: ~»m _ JmFl T Ym= (m+1) 4 ™MT7 T 74 sothey are equally spaced

I. A plane wave is incident
on the double slit.

i 2. Waves spread out

Al behind each slit.
O ¥ :

.mm\\\\\\

Rl
Ol

i

Top view of
the double slit

3. The waves interfere in the
region where they overlap.  §

m=3
m=4 ar
bright fringes
fringes

4. Bright fringes occur where
the antinodal lines intersect
the viewing screen.

PHYS.1440 Lecture 23 4. Dauylow mg

1
UMASS

T



ConcepTest Double-Slit Interference |

A laboratory experiment produces a
double-slit interference pattern on a A) Closer together

screen. If the slits are moved closer  B) In the same positions
together, the bright fringes will be < C) Farther apart >

D) There will be no fringes because
the conditions for interference won't
be satisfied.

|

Central maximum

distance between fringes

Ay = AL and d is smaller, soAy Is larger

d




Intensity of the Double-Slit Interference

Remember (Ch.34) that the intensity of a wave is
proportional to square of a wave amphtude

Light from two slits ..., y
would have uniform ™
intensity 2/, if they . .
did not interfere. 7
6
. . . 5
We have two waves in the double-slit experiment Fringe 4
and an expression for an amplitude spacing Ay ~ 3
S 2
\\ l
Ag NN
_ -r [ Slits 0
A—TZacoslz ” AVAVAS 1
2
E 3
I 41 : i (For a derivati the last slide) Maximum =" | :
= T or a derivation see the last slide las

double 1 COS AL Y intensity is 4/,. >
: 6
T

Imax = 4-[1 Light intensity — : ;

. o 41, 21, O
So, the intensity 1
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_ Double-slit interference of a laser beam
Exam p I e Wlth Light from a helium-neon laser (A = 633 nm) illuminates two slits

spaced 5 mm apart. A viewing screen is 2-5m behind the slits.

d demonStratl on What are the distances between the two m = 2 bright fringes ?

Gueu: A =632 nw of:o,b"o-rc?lw/‘é=a?.fm [Wm=2

Fiundl -?
Light wave M=z A
(laser: 4, f)
NN\ m=1 | ﬂ'?
_—— — — == = — '
AN SRt
m = | g‘v
| m=- Y “
9226 Hu =9“g’lé
gL & 63310 M A5 _ 5 52y g,
A T 0D 03y ' R

=24
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ConcepTest Double-slit interference lll

A laboratory experiment produces a
double-slit interference pattern on a _
screen. If the left slit 1s blocked, the
screen will look like

““blocked

Laser beam




AL We saw in the demo that the spacing between bright spots
Spacing between bright spots: Ay, = —= is inconveniently small (~ mm),

d but we can increase the spacing by reducing d

Intensity of bright spots:

E ] We saw in the demo that the intensity of the bright spots
AL y is not bright enough,

but we can increase brightness by increasing number of slits (N)

_5 2
Laoubie siit =281 cos®[

Number of slits
o S00lines/mm)
Thus, we can replace the double slit with lincarfifiractiongrating

an opaque screen that has N closely spaced slits.

A large number of equally spaced parallel slits is
called a diffraction grating.
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The Diffraction Grating

I N slits with
= The figure shows a diffraction grating in which Spa"”\‘g &

N slits are equally spaced a distance d apart.

AN

* When illuminated from one side, each of these dI —T - - ﬂg-}::am scre
slits becomes the source of a light wave that WdI =
diffracts, or spreads out, behind the slit. A ~ 8 Ar=dsinf
practical grating will have hundreds or even '

thousands of slits. AVAVA

= Physics and math are the same as for a double-slit"\/\/» =
experiment 3 P 0 //
gmp =7 A +ﬁ° "The wave from each slit
travels Ar = dsin#f farther
= Bright fringes will occur at angles &, , such that: than the wave from the

slit above 1L,

ard —

il

. *L

=

Ar =dsin@, = mA ,,=0.1.2.3....
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The Diffraction Grating

It’s easier to measure distances on the screen
than angles: 6 — y screen y

The y-positions of these fringes will occur at: I
= = ; ; Ar = 1) between Ly,
V= L.tan Gm (positions of bright fringes) adj acent waves. ‘
Grating . i
|/ : 2 "
[ 1o
dSinamz mA m=0, 1929 35"' I \\\\2\\ |
. The integer m is called A~ —Y1
Ym = Ltan0,, | e order of the difiraction. TS~
However, these angles are NOT small and cannot be Ar = 2\ between ) (— Vo
simplified like we did for 2slit experiment. H adjacent waves. H
Thus, using these two equations we can find L

positions of the bright spots.
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Bright spot intensity

Now with N slits, the wave amplitude at the points of
constructive interference is Na.

Narrow, bright y
Because intensity depends on the square of the fringes. Most of
amplitude, the intensities of the bright fringes are: . LA SERERE RS :
Imax = N °1 1 =2
; = T : : ] QI
B ] 0,
Not only do the fringes get brighter as N increases;,
they also get narrower. B e
yNZIl 0

The bright spots are no longer equally spaced. ------__________________----~
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Measuring wavelength emitted by a diode laser

(with a demonstration)

Light from a diode laser passes through a diffraction grating having 300 slits per millimeter.
The interference pattern is viewed on a wall 2.5 m behind the grating.
Calculate the wavelength of the laser.

w geeti Wp

.,‘_,a"u L=2.5u

M=7 _ -~ Eh:-_r//’ M=0 M=| =2 J%Q ‘-_"M/J
s N ﬁL /1 N Screaip i =44, =05x
=50 cy =50 56 cuy 2o 05
< d _ T = | tay G, = % = 5 ,# = 61{ =019F cod
4o =106 cndt Ha=419 eu 2

Whet isd? 92 a 1y ‘59050& of “A..grafi
hes 300 Slits | theu Ha spec;iga betuees shits

d =(355 ) wut =033 16°

/'\ = OP g'u Q.i = 0, 33565;!"' .g“(@,."'??):
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Grating Spectrometer

I Blue light has a longer Y
- ™ wavelength than violet,
d sin Qm = mA ! 1 and thus diffracts more.
B =0,1,2,3,.. :
= Ltan6 ' P
T \ L i Light wave
\ E (Ap 43)
= Ifthe 1nc}dent light cbns1sts of two /\N\_ %
slightly dlfferent wavelengths, each \ /B 4, N
wavelength vkqll be diffracted at a overlap at y = 0.
slightly different angle. —
= Diffraction gratings are used for = Light
measuring the wavelengths of light i intensity 0

(Grating Spectrometer) T
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ConcepTest Double-Slit Interference Il

A laboratory experiment produces a
double-slit interference pattern A) Closer together
on a screen. If the screen 1s B) In the same positions

moved farther away
: : C) Farth t
from the slits, the fringes will beC) arther apart

D) Fuzzy and out of focus.

|

Central maximum

distance between fringes

Ay = 2l o i smaller, soAy Is larger

d




What you should read
Chapter 22 (Hnight )

Sections
> 22.1
> 22.2
> 22.3
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Thant you
See qyou on “[ucsday
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Intensity of the Double-Slit Interference

Remember (Ch.34) that the intensity of a wave is

Light from two slits ...., y

. . would have uniform
proportional to square of a wave amphtude intensity 2/, if they X | m
1 did not interfere. 7
S 7 P S, 1 " e I?A2 6
- Ho Cﬂo 5
Fringe 4
spacing Ay 3
.
]
— . [ Slits 0
the previous slideAr = d sin 8,, ;-Zlg-:a-fa'ﬁé ""Ty é
= 3
A =|2acos|— %
Maximum «="" 5
RS d intensity is 4/,.
< T . !
I =bA%= 4\ba2 ’COSZ = 4], cos?[— 6
. . . ' Light intensity — : '
The intensity of the double-slit ﬂ-d a1, 2, 0
interference pattern at position y is{ Zgouble = 41, cos? Ey
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