Interference Constructive - Destructive

diff. grating Note: A difference = 0 difference
reflection

% — destructive A — constructive
. d . + n A same condition
Al =dsIiné M:Esme

reflection tot. inter. = reflection + path length
effect effect effect

=iy

8-0 n decrease- no change



Newton-1666 Woolsthrope Eng. Prism separates light into its component colors
[different wavelength]

ROY G BIV To help remember

. . RED
Light = ORANGE

t glass prisn 3
Contains > GRreen

all colors ) &= BLUE
l /\ ”i INDAGO

O ~ VIOLET
Circdlar = Before Newton it was thought that the glass ‘darkened’
Elongated the white light into colors.

The Baroque Cycle
Neal Stephenson
Unusual characters !!

Newton’s proof of separating idea:

White

: Only one color Newton...
Light gets through.
—_—

‘ Same color: 2nd prism
qurther darken light!




The index of refraction and dispersion
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Vv = wave velocity

Add up 2 waves point by point

Interference — partial/total cancellation/increase

Constructive Interference

AVAVAVAVAN
/\/\/\/\/\'_/\/\/\/\/\)

S

anything in-between

Destructive Interference

AVAVAVAVASRS
AVAVAVAVANE

e

8-3



'Corpuscular or particle theory of light

2 particle sources add in simple way
(Newton believed this)

€ 2

0 NUMBER —>

CLASSICAL PARTICLE DESCRIPTION of the two-lit experiment would say that the
distribution of all particles that arrive at the screen is the sum (black curve) of the dis-
twribution curves for particles from the upper sli* solid celor) and lower slit (broken color). -

Christian Huygens proposed
Wave theory of light (correct)
2 wave sources
Interference yields large intensity
oscillations

Thomas Young

did the experiment 1801
observed light-wave interference

0 NUMBER —>

QUANTUM PARTICLE DESCRIPTION says the disteibution of particles
teibution pattern typical of wave phenomena, bot only if each particle can

will show a dis-
go through both 8 - 4
olits. Observation shows clearly that this description, and not the classical one, is correct.



Add 2 waves that have traveled slightly different distances.

(P W W v W
. ”\/\/\/\/\/\/\/\/\/‘

XX t t . X
Sum=E OS|n(2n?+2n—)+E Os1_n(27t—+27t—)

N e’ trig. identity

U Sl @' + sin@'= 2 Su«(@ +&) Co.)@ 5)
X+X
Sum=2E  cos(n —) s1n(27t— [ ])
’ Ay oL T AL |
Big difference with 7%\&” x-x° ! time dependence same with zero shift
X-X' forget time term

h =0.1,2,3, 4 M I.e. time average squared

cos(mz) = %1 5> o, X-X
constructive interference \ | = [ZEo] cos”(m T)

%:A%%% cosrgnggéIZ) 0

destructive interference
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Shifted by A

(+A) + (+A) =2A Constructive interference

8-5a



l?»/2

Shifted by A/2

(+A) + (-A) =0  Destructive interference

8-5b



Huygens’ Principle Huygens’ point source
Generate how wave propagates

_ _ wave fronts (maxima)
by summing up point sources propagate in

e e =— - -a—— NEW Wave front Spherical shells
P
% Old wave front http://arana.cabrillo.edu/~jmccullough/Applets/Flash/Optics/Refraction.swf

Snell’s law follows from wave nature of light

Generate all
of geometrical optics!!!
@ Ke.‘g'(u)(r’o-n é); o~ Qy‘

@ Ke.‘Fra';?{iah N, Sng = " $in O . L~ //




Refraction

J

Copyright © 2008 David M. Harrison

http://faraday.physics.utoronto.ca/PVB/Harrison/Flash/Waves/Refraction/Refraction.swf

http://www.upscale.utoronto.ca/PVB/Harrison/Flash/Optics/Refraction/Refraction.swf 8 - 6 a



Incoming

Wave
=S

|

https://phet.co

file Help

lorado.edu/en/simulation/wave-interference
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Two-Slit Experiment

constructive

A‘e — 0’ A, ZA,  XXY | mA ///’/,/ I
>, samepathlengthh | 7 7T I
N N T |
<« N S T
. T
) \ * BT Al-=0-
; expanded T T
view T T
\\\\ X-___
- “\\\ Af =
path length difference 2

AL = d sin(0) P
Al =—+A
destructive 2

Al = A A +}\,...,A +nA
2 2 2

http://www.walter-fendt.de/htmI5/phen/doubleslit_en.htm 8-7



Conslruclive interference ———=

.,_,__ dsin (1= !

_fsinft=
l{&‘

Constructive interterence 2 -S I I t I Nn te rfe rence

Bright lringe

P

]

Destructive intevlerence
Dark fringe
X g ——__“-‘

2
()

Bright fringe

4

8-7a

(‘th

: . . or
iﬂﬂ.- \dsinG—“—Ea Vi én.f-aj__)A
Paﬂq r'eua . \
| dsfeence U g drucde il ) 27O 2
Oa v ‘Cﬁ'nae. 3
e ppp————
Constructive interfere

http://www.walter-fendt.de/htmi5/phen/doubleslit_en.htm



Interference of Light at a Double Slit

or -0 |+
T e -

Double slit

90 60 30 0 30 60 90

http://www.walter-fendt.de/ntmi5/phen/doubleslit_en.ht. /\ /\/\ A A
ne=2g m=1 m=1{ m=1 m=2 |

8-7a-1

Light intensity



http://www.walter-fendt.de/html5/phen/doubleslit_en.ht

Linear Distance in an Interference Pattern

Small angle approximation 8(radians) <~.1

y<<Hor L

Mnﬁzﬁnﬁzﬁzslzy

8-7b



2-slit interference demo N
mln.‘p

Measure 2y ~2cm

Dowubie shit

~.1
I min.—‘a
. Klsualur Judy
L:50ft12m 2.54cm 1m 15 24rm
1ft 1Im 100cm
: A ..
dsing =—
2
1Inm =(10)"m

8-8

Two-Slit Interference
d~ .522mm = .522(10)m

L~50ft O I He-Ne
-Iaser
’ |
' . 1 =632.8nm
SIn@= ¥
“H =6.33 (10)"m

|
)
)
“
“small angle approx.

sir;b":‘i— _ Y H~L
H
y = LA (15.24) 6.33(10)" .
2d 2(.522)(10)"

=02.4(10) ""°m
=.924(10) """**m
y =.924(10)*m
y =.924cm

expect




Two-Slit Interference

O(first min)

" Al =dsin(0)
AL = path length difference

O(first min)

AL=dsin(0) =2

8-8a

A



homework <

Two-Slit Interference
min to min = 2y

<€ > >€ >

> <€
|
o @ a -
—) |
|
|

y

23.0 mm -

-

23 mm = 4(2y)
8y =23 (10)3m
y =2.875103m Use to find sin(8)

5 ly d sin(0)=A/2

L=1.4m d=A/[2 sin(e)]

tan (G)Zy/L:2.875 103/1.4 d =632.9 10 /[2 (2.05 103) ]
tan(e)=y/L= 2.05 103 = 632.9 10° /4.1 (10%)=154 10° m

tan(e)~sin(e) here

8-8b



Single-Slit Diffraction

e




Single Slit Diffraction

d yi First minimum ! T ii
- p— | lilﬁs\
—SInf =— | S5
2 2 . (;} _9h= 0 I(:;)) ;inG: I)_J
B right ar
— A S.&M'i’g‘:& )!. !A}m:‘« ﬂ‘ﬁ'.o‘- :
F‘-]: S/iqn@ = - -—
4 £
z
53 ng.h s L?‘ d'.Fgf‘tc.f"th '
Intensity
!d e, +o,¢ "7‘5 5 £ e
Caneceld éa?‘fém ;'Li_ }'Z?L ;' ‘%%
http://www.walter-fendt.de/htmli5/phen/singleslit_en.htm i il ME g
3. 24 _A 0 A 24 3asin@
8-9a D D D D D D



|
Diffraction of Light by a Single Slit

http://www.walter-fendt.de/ntmI5/phen/singleslit_en.htm
8-9a-1


http://www.walter-fendt.de/html5/phen/singleslit_en.htm

Single-Slit Diffraction

{0
d/2| A
\ 5'”‘9:__’I width
o L
L Ag~2%
AL SIn@
=TT ———p
d/?2 Aﬁ:ﬂsm :i
2
J Destructive 1st

| 8-9b




Single Slit Diffraction Single-Slit Diffraction
d yl 2nd minimum

—Sing =—
4 2
500 B SRt T e
!-ola",ﬁ‘ caveds ,“l(j%{

3(‘0:-6. C.z.'.-u/; ¢ 41, ’/y
A {d) sinﬂz%‘i
Lo Dark
' . - A
%% i G = %: {5'"911/' 7‘2/
e , -,y
07 N 4
Intensity
i1y
Pl %
#g 1‘1
§ :
M{- v.*'-.w . .
% 2 a0 4 21 aasmb
8-9¢c D D D D D D



I 8-9d

Single-Slit Diffraction
Destructive 2nd

Aﬁzgﬁnezi
4 2
sin¢9:2i

d



Single slit diffraction demo

laser
}a se P

— —

—————————————————————————————————————

He-Ne laser

2=6.3310)"m

L~H =1524m

ﬂnezl

*

First minimum %, |
1Stmin = Esinﬁz/l )
2

y

8-10

4d ~.348(10)°m
" A
U /"J
=3¢ =3 -

2"'*91
2

15t min diff

Single-Slit Diffraction

M:r”v'... _.c
4+

smfall angle approx.

_ (6.33)(10) ' m(15.24m)

348(10)°m
=277(10)*m = 2.8cm =3cm



Width of Prof. Croft’s Hair

3‘- 18t min

Hlai rd H i

_ y 2

Laser "~ O #.;M“"&\,.&

635 mn SI'h g~ ~ s,
H small angle approx. 3

6.35 (10)7 m (

1t min at y=7mm= 7(10) 3m

g min dif 1 With L=Hi~2m Blocking screen shape gives
“sing=2 sing = 2 same pattern
2 2 d as hole in screen
A
Y_2 ,4-= 4 L
L d y

~ 6.35(10)'m 1m
e 7(10)°m
halr — 9(10)_4m
=.09(10)°m =.09mm or =.1mm 8-11




Diffraction Grating

— > Al =m ) Constructive interference m=0, 1, 2....
3w dsin() d sin(6)= m A

Sin(O)Zm% m=0,1,2....

m=0 implies 6=0 (straight through)
m>0 depends on A

Can use to diffract visible light from

0 0
4000 - 6000 A [A=10"cm=10""m]

8-12



Diffraction Grating

AL = d sin(0)

constructive

AL=0,A,2A, ...,mA

“white light” many A’s

different A < different 0

Diffraction Grating separates A’s

= I\(/A} = d sin(0)

8-12a



First-order -

maximum forac'tion Grating
Second-order i
=% e

maximum

4

B
R

; ﬁf‘—‘ JS.'né:: MA

)

Grating
(5 slits)

e 5 .
(5 slits) ouble slit

f | " ﬂ F

J lAaa anl MJ Pt - /\/\/\/\/\
=2 m=1 m=1{} m=1 m=2

m=2 m=1 m=0 m=1] n=2 8_13

Light intensity




Rules for interface reflection

n >N’ NO PHASE CHANGE
n<n’" 7 PHASE CHANGE= EXTRA PATH OF A /2

/\

Transmission slows down Transmission speeds up
n<n’ n>n’

Reflection Reflection

T PHASE CHANGE= EXTRA PATH OF A /2 NO PHASE CHAI8\|61E4

htto://www ketterina edii/ohvsics/drussell/Demos/reflect/reflect html



Simple effect — interface reflection only interference

Just before the soap film pops, it goes dark
Al2 phase change

no phase change

n>1

If thickness t << A, then

2nt/A << 2
Destructive interference for all wavelengths
No reflected light

Black regions t << A

https://www.youtube.com/watch?v=6qzQIlsg5e TE&feature=youtu.be
8-14a



same from this line Simple effect —path length only interference

<_>ﬁ MIrror  netal ref index~1.3
L A2 change on reflection

Al =2 L Path length difference A2+ AI2= A . 2 reflections
No reflection effect

Al =2 L =212 gestructive interference (1sY

Al =2 L =A constructive interference (1)

Al=2L=Am m=1234,5.. constructive interference
At=2L=(mA+1/2) m=0,1,2,3,4,5. gestructive interference

8-14b



Note: A difference = 0 difference
interference between rays reflected

*reflected from top

THIN FILM INTERFERENCE

depends on

A5§“me ~L & from bottom interface. n,>n,>n,
Incidence "y
nN,>N,<nNj
"1 PATH DIFF n,<n,<n,
| IN FILM
N.<n-,>n
t . —TA¢=2t o
2
Y tot. inter.|5 reflection [+|path length
effect effect effect
specify figure out choose to fit
Case n,<n,<n, Case la Case 1b
- constructive destructive
A2 T: A2 “th1 i CCqlns 25
change change thinnest thinnest
Ae=2t=A,,=A/n,
reflection At=21=%,/2=712n,

changes —no effect

t=A/2n,

t=A/4n,
8-15 Just path length gives effect




Example anti-reflection coating in green 932 NM
Want A/2 for destructive interference kCD//Want to interfere
? destructive

(cancel)

n]_ < n2 T:. A2 Change

same MnF2 n,=138 It Al =2t

T : A /2 change >
glass  ny;=1.50

n, <n,

have no interface reflection effect

Want A/2 for destructive interference
effect effect effect

must come from path length 0
min. thickness Anz — Al =2t
t:(l)}“n2 — -2
2" 2 ,
1A
1:min -
4n,
t.. =96.4 nm — _1 532

t =———nm
_ _ | (1.38)
Note: A difference = 0 difference 8-16

tot. inter. = reflection + path length



THIN FILM INTERFERENCE

Interference between rays reflected

Assume ~ 1 *reflected from top example
_ _u ~ & from bottom interface. Constructive
Incidence PATH DIFF. enhanced”
n,=1 INFILM reflection
A A e —_— 2 t

tot. inter.|5 reflection [+|path length
effect effect effect

specify figure out choose to fit

Case Mi1<n,>n; constructjveé must undo
n.=1 n,=1.5 =
) SN 1.33 At=2t=%,/2=\/2n,
T: A2 no —
change change t=hidn,

Reflection change|

T2 g-17 Note: A difference = 0 difference




Example anti-reflection coating in green 932 NM

«———Want to interfere

I I A “«
Want A /2 for destructive interference l ? G destructive
n,=1

Air (cancel)

n]_ < n2 T:. A2 Change

N >Ny no change

glass n, =15 It Al =2t

A/2 for destructive interference
from reflection only

Want A from path length

min. thickness

1532

min = = 7 = M
2(15) —

»
»

water  n,=1.33

tot. inter. = reflection + path length
effect effect effect

t.. =177 nm

Want A2 need A
A2
A, =Al =2t
t — ﬂ’nZ l
2 DI ﬂ“nz -
14 N,
min 2 n2

8-17a Note: A difference = O difference



Uncoated Lenses and Coated Lenses.
Top: A cross section of compound lenses in a camera shows light scattering
from uncoated glass surfaces, Bottom: and thelr suppression by a thin
antireflective surface coating on the lenses, greatly improving the image.
Goro Studio, New York, 1944,

8-18




EM wave in vacuum

A AN

VAVAY

A=c/f
n

AlIR 1.000293
ICE 1.309
WATER 1.333
GLASS 1.523
DIAMOND 2.419

8-19

http://stwww.weizmann.ac.il/Lasers/laserweb/Ch-1/F1s1t2p2.htm



Brewster's Angle Reflected intensity for one polarization

| goes to zero. /7

vibration along
_ direction of

air n=1 e reflection !!
e .~ . L A |
material  n>1 | “ R a
et | 9,40, +90°=180°
glass...) | ¢ :
. 1 Note: L
P : sin {8,) = n.sin {90°-8,}
Pl ST a -7 sin (8;) = ncos (8,)
..::....E \ ........... -‘.‘: tan (88) =n
- | 90", =-.

sir:i (90°-8,) = cos(8,)

v
........................
-----------------------

(aX1S verrcal)

Light
—  — — — — — — — — — — i — —1— ~— —
direction

8-20 Unpolarized Plane-polarized

light light

Analyzer

(axis horizontal)

Wi,

No light



