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Candy Time..

Aperture Screen
' ' Plane wave diffraction.
-1 Wavelength, 1 um.
y w2 _ = 6I A Slit width, 10 pm.
S Source to detector plane
-w/2 separation: 1 m.
e =0 z=d

Incident Wave

Question: Is it Fraunhofer or Fresnel Diffraction?
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Fresnel diffraction. Normalized slit
width is 1. The detector is at point p.
Which of the following represents the
detection intensity at the detector?
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1-D Fraunhofer Diffraction — Single Slit
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Single Slit Diffraction Pattern
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Can we distinguish different color (wavelength) by the zero order diffraction?

Can we distinguish different color (wavelength) by the first order diffraction?



Single Slit Diffraction Pattern

Zero order

20
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Important concept: most energy is stored in zero order, which is useless
for distinguishing different wavelengths.

First order can be used to distinguish different wavelengths. How can
we increase the energy in the first order diffraction?




Reflection Grating 0

Incoming Wave

Measured from
the normal to the
‘grating plane

Outgoing Wave

Gratin
g Path Difference Between Both Rays =AB-CD=a(sin0, - sin8; )

Grating spacing = a, incoming angle = §;, outgoing angle = 0,




Reflection Grating 0

Incoming Wave

I
I
I
I
I
Outgoing Wave :
I
I
I
I
I

Gratin
g Path Difference Between Both Rays =AB-CD=a(sin0, - sin8; )

Grating spacing = a, incoming angle = §;, outgoing angle = 6,,

Constructive Interference from two facets occurs when:

Grating equation Path difference = AB — C'D = a(siné,, —sin#;) = mA (integral m)

Electric Field from N facets: (Define: & = one half phase difference between

successive waves=%”—(sin 6, — sinb;)

k*(AB-CD)=k*a(sin(8.)-sin(0)))

Electric Field from N facets: (Define: & = one half phase difference between

successive waves=%‘—(sin 0, — sinb;)



Reflection Grating 0

Incoming Wave

I
I
I
I
I
Outgoing Wave :
I
I
I
I
I

Gratin
g Path Difference Between Both Rays =AB-CD=a(sin0, - sin8; )

Electric Field from N facets: (Define: & = one half phase difference between

successive waves=%”—(sin 6, — sin 6;)
E | = E 621'0: + E 641'05 4 E eﬂia E- EZich oc S111 NCE Summing the
tota 0 v 0= 0 sin o geometric series
: 2
) sin Vo
Intensity: | « (—-—~)
sino

Same expression as interference factor in multiple slit diffraction.



Resolving Power of a Diffraction Grating

7 ot order 1st order 2nd order A

N N=10 )
6;=0 sin( Nov)
(normal I x :

7 incidence) sin v

o AD., (FWHM)

Relative intensity
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Relative intensity
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ahction Grating
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I (s.'n:l(f\.ﬂ:]:))2

sin o

= %E(Sin O, — sin 6;)

Angular Dispersion = D = df,,/d\ = m/a cos,, (from a(sin 6,,—sin ;) = mM)
Resolving Power = R = A/(AN)min '



Relative intensity

Resolving Power of a Diffraction Grating

™ ot order 1st order 2nd order
. N=10 9
6;=0 sin( Nov)
(normal I < .
7 incidence) sin v
o AB.. (FWHM)
ka . .
| a = —Q—-(sm O, — sin 6;)
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B action angle
Angular Dispersion= D = df,,/d\ = m/a cos 8, (from a(sin8,,—sin0;) = m)

Resolving Power = R = \/(AMN)min

ka A

Ao = “5—" COSs Qm.&lgm == ’J’T/N et A&m == m—
m A
ﬁﬁ?,EIDAA:A)\( ): = mNAX = A
a cos 0, Nacosb,,
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. Resolving Power = (mode number) x (number of lines illuminated)

(order number)



sin( N o) ’

I o :
Sl ¥
A
"ﬂigm == Nda: the size of the grating
Nacosb,,
R =mN|= Na(sin 6, — sin 6;)

| A
Resolving Power = (mode number) x (number of lines illuminated)



Blaze grating

Incoming Wave

Outgoing Wave

Gratin
¢ Path Difference Between Both Rays =AB-CD=a(sin0,- sinf; )

Path difference = AB — CD = a(sin@,, —sinf;) = mA (integral m)

Question: is it a useful grating if most of energy is concentrated in
the zeroth order? Zeroth order: Qm = (9| and m=0.

Blazed Gratings

Blaze is defined as the concentration of a limited region of
the spectrum into any order other than the zero order.
Blazed gratings are manufactured to produce maximum
efficiency at designated wavelengths.
http://www.horiba.com/scientific/products/o
ptics-tutorial/diffraction-gratings/



http://www.horiba.com/scientific/products/optics-tutorial/diffraction-gratings/

Blaze Grating: Littrow Condition

The incoming wave is normal to the groove face

if HI — —6’1 It is called Littrow Condition

a(sin(6) —sin(@)) = A

6. = arcsin(i)
2a

Groove | Gratl q _
Normal Norma Blazing angle
+ By designing a and wedge angle, we
(9i = (91& 0, " can design a grating optimizing for a
| particular wavelength.

Na(sin 8,, — sin 6;)
A

Harrison’s 260 mm wide gratings
with blaze angle 75°
A=500 nm

A=500nm-> R>106

R = mN|=




100 =

Relative intensity

80 —

g
}

S
|

20

0™ arder r\ 1" order

AB, FwiM

” 2™ order

N=10

0, =0

(normal
incidence)

15
Diffraction angle

L&%MAUAMQ&QM&@M@AUA

0 5 10

20 25

Which is the best diffraction order for spectroscopy?




Blaze Grating: Free Spectral Range

a(sin(g)—sin(g,)) =4 (e coonm

a(sin(é)—sin(é,)) =2 X% ( 300nm)

a(sin(6,) —sin(g))) = 3><% (200nm)

First of 600nm overlaps with the second order of 300nm, and overlaps
with the third order of 200nm.....

If two lines of wavelength A and A+AA in successive orders (m+1) and m overlaps,

a(sin(@)—-sin(@.)) =(m+1)A=m(1+AA)

A . .
Free Spectral Range  (AAl), =— [R=mn]= Y UsinOn — sind;)
m

A



Example

White light falls normally on a transmission grating that contains 1000
lines /cm. At what angle will red light (650nm) emerge in the first order
spectrum?

Hint: a(sin@,, —sin#;) = mA (integral m)

1

a=——-~=CMm
1000 _
0 =0 6_=arcsin(1/a)

m=1
A =650nm



