Physicist / Engineer physicist BSc, year Ill / semester 1
“Optics problem solving” — practice notes

PRACTICE 10
Dr. Gabor Erdei, 26-11-2025

1 Analysis of an anti-reflection coating by using two-beam interferometr
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n2>n1>no; Ao =550 nm, in case of normal incidence (&= 0)
I =11+12 +2ﬂ]112 COS(S (1)
OPD =n, - 2d (2)
21 21
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Ao Ao
In order to reduce reflection, the two waves have to meet in opposite phase:
d=m+2r-m ; mEeEN (4)
If m=0:
2 Ao

For a perfect suppression (destructive interference) the two waves should be of equal
intensity. We assume the reflectance on both surfaces to be small, so the incident beam (/o)
and the beam reflecting on the second surface pass the first one with about no attenuation.

Ny — Nq\2 n, —n,\?2
11=10( 0 1) and 12z10< ! 2) (6)
ng + ny ny +n,
Ny — Nq\2 n, —n,\?2
11 == 12 = ( 0 1) = ( 1 2) (7)
ng + ny n, +n,
Since both reflection coefficients are of the same sign:
Nop—NnNy Ny —MNy
= (8)
ng+n, ny+n,
NoNnq + NgNy — NNy — NNy = NNy — NNy + NNy — NN, 9
nonz - n1n1 == _nonz + Tllnl (10)
annl = Znonz (11)
Tl1 == nonz . (12)
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If no = 1.0 (air), and n2 = 1.519 (Schott BK7 glass), then n1 = 1.232. The refractive index of MgF;
is 1.379. With this d = 99.7 nm (then 6 = it). The reflectance is:

I Ny — Nq\2 ny — n,\?2 Ng—Ny Ny —n
R=—=(° 1) (1 2) 2—————Zcos4, (13)
I ng +ny ny +n, ng +nyny +ny,
where cos & = —1 now, due to destructive interference.

_ (1 — 1.379)2 (1.379 — 1.519)2 5 1-1379 1.379 —-1.519
- \1+1.379 1.379 + 1.519 1+ 1379 1.379 +1.519

That is, the approximately 4% reflectance of a BK7 glass measured at normal incidence has
been reduced about to its one quarter.

=1.23%. (14)

2 Determining the period of a diffraction grating necessary for a given resolution
If the longitudinal modes of a laser diode are separated by AA = 0.05 nm, the wavelength of
one mode is A = 635 nm, then what grating constant (a) of a diffraction grating should we
choose, so that the grating can resolve the modes in its second order (m = 2)? Let the lateral
size of the grating be D = 5.0 mm, the medium in which we are investigating is air (n = 1).

2T

) =Tsin9m-a =m2n (15)
m=2
inf, = 24 16
sino, = a ( )
sin(6N/2)\*
[10)=L|————= 17
(6) 1< sin(6/2) > 17
The phase distance (Ad) of the first zero relative to the mt" maximum (§ = m2m) is:
A6 +m2m)N m2m)N
( ) = ( ) +7r (18)
2 2
21
ASN/2 =71 - A6:W (19)
2T 21
A6=7Asm62-a=W (20)
Asin @, = A 21
Sino, = a-N ( )
How much does the direction of the m = 2 maximum change, if the wavelengthis A + AA ?
. ) 2(A+ A1)
sinf, + Asin6, = — (22)

According to the Rayleigh criterion this equals the position of the first zero calculated above:
ZA+ A 2(A+ A1)

23
a a-N a (23)
A
2+ 3= 21+ 202 (24)
A N A D 2DAA 0.787 2e
_— = - — = — b d = = . .
201 200 a =77 Hm (25)

l.e. we need to use a grating of 1/a = 1270 Ip/mm. The above value can be obtained again
directly from the formula of the resolving power R (see lecture).
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3 Determining the far-field diffraction of a Fresnel biprism
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OPD = OPLprism — OPLgjass (26)
Hence, along the optical axis OPD = 0.
OPLglass = nd (27)
OPLprism = (d — Az)n + Az (28)
OPD =Az—Az-n=Az(1—n)=xtana- (1 —n) (29)
E(x) = olk-OPD _ eii—:-xtana-(l—n) ifx> 0 30)
. —i2—ﬂ~xtan a-(1-n)
E(x) = e®0PD = ¢ "2 ,  ifx< 0 (31)
b4 —tana-(1—n) (32)
kx'?
eikz' . l% —ik—x,x
E(x’)=TfE(x)-e z' “dx (33)
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J —ikb — i~ o —ikb—iZ
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_ple  —Fxle (b x'
=lye 2-e z' Zsinc A_le-l_mlx . (35)

The minute constant phase term is present because at point x = /x/2 the prism surface takes
z = Ix/2-tan a value instead of zero. The linear phase term is the wavefront of an oblique plane
wave (observing at its intersection with the optical axis), which occurs because of the prism
surface being shifted by /x/2 from the axis. The shift of the sinc function corresponds to the
obtained diffraction spot having an off-axis position:

! !

X X
=0 - ?=—tana-(n—1) (36)

— L +=—1
Az X A ¥
Which is in perfect correspondence with the law of refraction, when a is so small that
sina ~ tana =~ a [rad]. (37)

The wavefronts perpendicular to the direction determined by equation (36) are represented
by the complex factor preceding the (33) Fraunhofer integral from which it was multiplied out
in the form of a spherical wave centered on the aperture. When the distance of the diffraction
spots taking place on the analysis screen is smaller than the Nyquist aperture, i.e. they
significantly overlap, then interference occurs between them.

overlapping region

SN
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