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Introduction: Phase Step
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Idea from Iranian physicist 
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Prof. Mohammad 
Taghi Tavassoly

The idea of using diffraction from phase steps for measuring physical 
quantities was first developed by an Iranian scientists.
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Applications of the Method

• High precision measurement of:

• Thickness of layers

• Refractive index of  transparent plates

• Refractive index of liquids

• Wavelength of light

• Coherence length of lasers

• Etc.
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Articles based on diffraction from phase step

• Tavassoly, M. T., et al. "Fresnel diffraction from a step in reflection and transmission." (2001): 237-246.

• Amiri, M., and M. T. Tavassoly. "Fresnel diffraction from 1D and 2D phase steps in reflection and transmission 
modes." Optics communications 272.2 (2007): 349-361.

• Tavassoly, M. Taghi, et al. "High precision refractometry based on Fresnel diffraction from phase plates." Optics 
letters 37.9 (2012): 1493-1495.

• Tavassoly, Mohammad Taghi, Iman Moaddel Haghighi, and Khosrow Hassani. "Application of Fresnel diffraction 
from a phase step to the measurement of film thickness." Applied optics 48.29 (2009): 5497-5501.

• Tavassoly, M. Taghi, et al. "Applications of Fresnel diffraction from the edge of a transparent plate in 
transmission." Applied optics 51.30 (2012): 7170-7175.

• Siavashani, Morteza Jafari, et al. "Optical diffractometry by rough phase steps." Scientific Reports 13.1 (2023): 
13155.

• Etc.
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Theory: Phase Difference
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Theory: Fringe Shift

• Continuously Change the Angle
➔ Phase Difference Increases
        Pattern Shape Changes

• Phase Difference Reaches 2𝜋
➔ Pattern reverts to its initial shape
➔ One Fringe shift Cycle
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Theory: Fringe Number Equation

We can start from 𝜃 = 0 and gradually increase the angle, to observe the shift of 
the fringes. If after turning the slide by 𝜃 = 𝜃𝑚, the fringes shift 𝑚 times, we will 
have:

Δ𝜙 =
2𝜋ℎ

𝜆
𝑛2 − 𝑁2𝑠𝑖𝑛2𝜃𝑚 − 𝑁𝑐𝑜𝑠𝜃𝑚 = 2𝜋𝑚 + 𝜙0

By recording the data corresponding to the number of fringe shifts 𝑚, versus the 
angle 𝜃𝑚 , and using the above equations, one can investigate the relation 
between the various physical quantities involved in the problem.
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Experimental Setup
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Experimental Setup
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The main platform which consists of: 
Laser, Protractor, Magnifying lens 

The holder S1 
(the thin 

microscope slide) 

The holder S2 
(the thick microscope 

slide) 
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Experimental Setup
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The observation 
screen 

The unknown liquid and 
container

The laser 
electronic board

Power bank and 
electrical cables.
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Experimental Setup in Operation
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Part A: Thickness of the Thin Slide (2.0 Points)

By recording the number of fringe shifts 𝑚, and the angle, 𝜃𝑚, and drawing 
appropriate diagrams, students must find the thickness of the thin slide.
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Part A Solution

By recording the number of fringe shifts 𝑚, and the angle, 𝜃𝑚, and drawing 
appropriate diagrams, students must find the thickness of the thin slide. 
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Part B: Thickness of the Thick Slide (1.6 Points)

By recording the number of fringe shifts 𝑚, and the angle, 𝜃𝑚, and drawing 
appropriate diagrams, students must find the thickness of the thick slide.
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Part B Solution

By recording the number of fringe shifts 𝑚, and the angle, 𝜃𝑚, and drawing 
appropriate diagrams, students must find the thickness of the thick slide. 

16
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Part C: Finding refractive index using thick slide 
(1.6 points)

Pour the unknown liquid into the container. Place the container at the center of the 
protractor and gently place the S2 Holder back onto the protractor in such a way 
that the microscope slide is immersed inside the liquid. Again, a diffraction pattern 
will be observed on the screen.
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Part C Solution

By recording the number of fringe shifts 𝑚, and the angle, 𝜃𝑚, and drawing 
appropriate diagrams, students must find the thickness of the thick slide. 
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Part D: Finding refractive index using thin slide 
(4.8 points)
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Part D: Refractive index of the unknown liquid
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Syllabus
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Syllabus – Theoretical Skills

Optics Physics
• 2.7.1. Wave optics

• Concepts of wave number, phase of light and diffraction.
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Syllabus – Experimental Skills (1/2)

• 3.3 Measurement techniques and apparatus
• Height adjustment of mechanical parts of setup.
• Measurement of angle by protractor.
• Fringe shift counting.
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Syllabus – Experimental Skills (2/2)

• 3.5 Experimental uncertainty analysis
• Identification of dominant error sources, and reasonable estimation of the 

magnitudes of the experimental uncertainties of direct measurements
• Finding absolute and relative uncertainties of a quantity determined as a 

function of measured quantities using any reasonable method 

• 3.6. Data analysis
• Transformation of a dependence to a linear form by appropriate choice of 

variables and fitting a straight line to experimental points
• Finding the linear regression parameters  either graphically, or using the 

statistical functions of a calculator
• Selecting optimal scales for graphs and plotting data points with error bars
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Syllabus – Mathematics

• 4.1. Algebra
• Taylor series expansion

• 4.2. Functions
• Basic properties of linear functions

• 4.8 Approximate and numerical methods
• Using linear and polynomial approximations based on Taylor series. 
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Thank You
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Theory: Phase difference

𝜙 =
2𝜋ℎ
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Theory

𝐸0𝑒𝑖(𝑘𝑧−𝜔𝑡)

𝑧 = 0

𝑛

𝑁

𝐸0𝑒𝑖𝜙

𝐸0

ℎ

𝑦

(𝑥, 𝑦, 𝑧)

𝐸 𝑥, 𝑦, 𝑧 =
𝑒𝑖𝑘𝑧

𝑖𝜆𝑧
∫ 𝑑𝑥′𝑑𝑦′𝐸 𝑥′, 𝑦′, 0 𝑒
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2𝑧 [ 𝑥−𝑥′ 2

+ 𝑦−𝑦′ 2
]

Fresnel diffraction: 

𝐸 𝑥, 𝑦, 𝑧 =
𝐸0𝑒𝑖𝑘𝑧

𝑖𝜆𝑧
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2𝑧
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+ 𝑦−𝑦′ 2

+ න
𝑦′=−∞

0

𝑑𝑥′ 𝑑𝑦′𝑒
𝑖𝑘
2𝑧

𝑥−𝑥′ 2
+ 𝑦−𝑦′ 2

}

𝑂

𝐸 𝑥, 𝑦, 𝑧 =
𝐸0𝑒𝑖𝑘𝑧

𝑖𝜆𝑧
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1
2

 {𝑒𝑖𝜙 න
𝑦′=0
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𝑑𝑦′ 𝑒
𝑖𝑘
2𝑧 𝑦−𝑦′ 2

 + න
𝑦′=−∞

0

𝑑𝑦′ 𝑒
𝑖𝑘
2𝑧 𝑦−𝑦′ 2

 }

After simple 
calculation

𝐸 𝑥, 𝑦, 𝑧 = 𝐸0𝑒𝑖𝑘𝑧{cos
𝜙

2
+ 2 𝑖/𝜋 sin

𝜙

2
(𝐶 𝑥 + 𝑖𝑆(𝑥))}

.

.

. Fresnel integral 

Intensity  ∝ 𝐸 𝑥, 𝑦, 𝑧 2
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