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The most stunning diamonds exhibit such brilliance, fire, and sparkle that it leaves everyone breathless. A diamond’s beauty is all about how well it handles the light. But what makes these stones shine the way they do? Do diamonds refract light? As the light enters the diamond, it’s scattered and fractured, creating that famous sparkle - that’s the
refraction at play. However, some diamonds might sparkle less than others. Why’s that the case? Don’t worry. We’ve covered everything you should know about diamond’s light performance in this article. So, be sure to read it until the end! Refraction is generally defined as the change in the direction of a wave passing from one medium to another
and is caused by its change in speed. For instance, ocean waves travel faster in deep than in shallow water. If the wave approaches a beach diagonally, the part that’s farther from the shore will move faster than the closer part. And as a result, the wave will swing around until it’s moving in a direction perpendicular to the beach. We know it has
nothing to do with gems and light but bear with us. When it comes to electromagnetic waves constituting light, they are refracted when they cross the border from one transparent medium to another one due to their change in speed. A ray of light is comprised of many wavelengths that, in combination, appear to be colorless. Upon entering a glass
prism, or in our case a diamond, the different refractions of the various wavelengths fan out and apart - like in a rainbow. The Refractive index of a diamond is 2.41, which is relatively high and gives them their sparkly characteristics. The better the diamond cut is, the more noticeable refraction of light it is. So, let’s talk about one of the most
important 4Cs of diamonds - the cut. See Also: The cut refers to how well a gem is cut and polished. It includes how well proportioned the stone is, its symmetry, and its depth. Diamond cut isn’t referring to the actual shape of the gem - such as pear or oval shape - though. As you might know, cut quality directly affects the diamond’s beauty and
brilliance. A well-cut gem is luminous and reflects light back to the viewer’s eyes. Conversely, a poorly cut diamond appears dull and lifeless instead of brilliant. Differences in diamond cut significantly impact the beauty and value of the diamond - and that’s why some consider the diamond cut to be the most important of the 4Cs. GIA diamond cutting
grades range from Excellent to Poor (for round diamonds). The diamond cut grade depends on several factors - including symmetry, brilliance, polish, and fire. A professional gemologist at the GIA examines each stone under magnification to determine the cut grade: Excellent cut diamonds exhibit the highest level of brilliance and fire. Because
nearly all of the incoming light is reflected through its table, the diamond sparkles magnificently.Very Good cut diamonds show exceptional brilliance and fire. A large portion of the entering light reflects through the stone’s table. To the naked eye, Very Good cut gems provide almost identical sparkle to those of Excellent grade.Good cut diamonds
show brilliance and sparkle with a good amount of light reflecting through the table back to the viewer’s eye. These stones provide beauty at a lower price.Fair cut diamonds provide very little brilliance, as the light quickly leaves through the sides and bottom of the gem. Diamonds with this grade can be a good choice for smaller carats and those
playing the role of side stones.Poor cut diamonds yield almost no sparkle, fire, or brilliance. Entering light escapes from the bottom and sides of the stone. Learn More: Is IGI As Good As GIA? Diamond cut prices depend on the precision and quality of the cut - mainly its proportions and symmetry. If the facets, for example, are proportional, they will
refract and reflect light back to the viewer’s eyes in fabulous fashion. Diamonds that aren’t very well cut have facets and pavilions that don’t refract and reflect light in the same spectacular way. And trust us, the amount of light return found in an exceptionally cut diamond is worth the extra price. A diamond is less than radiant without fire and
brilliance, no matter the table size or carat weight. In other words, the diamond’s cut is the factor that most notably affects its beauty. That’s the reason why the prices of higher-quality diamond cuts are worth every penny. Also, it’s better to spend more money on the cut than on clarity and color. Read Also: Who Controls The Price Of Diamonds? The
most important element in a diamond’s value and price is its cut quality. Many factors are involved in a diamond’s cut quality, such as facets, proportions, finishing details, and the ability to reflect and refract light. The better these elements are, the higher the quality of the stone is - thus, the higher the price. While clarity and color play an essential
role in a diamond’s appearance, cut is the most critical of the 4Cs. Here are the main factors that impact the price of a diamond: Proportions (table, width, and depth)Symmetrical facets (windows, mirrors, and steps of a diamond)Brilliance (brightness of light reflection)Fire (the dispersion of colored light)Scintillation (flashes of sparkle when light
moves)Finishing details (polishing and permanent treatment) Now let’s cover each of these factors one by one. 1. Diamond Proportions To further understand the elements impacting a diamond’s cut quality, let’s look at proportions - mainly its table, width, and depth. These factors are measured and are excellent indicators of quality. Proportions
directly impact diamond’s ability to reflect light and showcase brilliance. They’re based on the ratios between shape, angle, and size of each diamond facet. Various combinations of these factors affect how the diamond will interact with light, dictating its overall appearance - and its GIA grading. The diamond table percentage is determined by
dividing the table’s width by the width of the diamond. So, for example, if the table facet is 3.5 millimeters wide and the diamond diameter is 5 millimeters, the table percentage is 70%. If the table percentage is too big, the light won’t reflect off the crown angles and facets. Vibrant reflections won’t’ be seen as the light will escape from the top of the
stone - instead of reaching the viewer’s eyes. On the flip side, if the table percentage is too low, the light will remain trapped within the diamond and be emitted through other parts of it instead of to the viewer’s eyes. The ideal table percentage heavily depends on the diamond shape. If you're unsure about the actual table percentage of your
diamond, visit your local jeweler. They’ll be able to walk you through the options and factors. A diamond’s width is established by measuring from one end of the stone’s girdle to the other. The width is most crucial when it comes to determining the length-to-width ratio, which shows how proportionate the diamond is along with its shape. The length-
to-width ratio is simply measured by dividing the length of the stone by its width. For instance, if a diamond has 5 millimeters and a width of 3 millimeters, the length-to-width ratio is 1.67. Depth percentage refers to the height of the stone, from the top of the table to the culet. Depth is measured in percentage or millimeters. Depth percentage is
calculated by dividing the gem’s depth by the width. For example, if a diamond measures 4 millimeters in depth and 4.5 millimeters in width, the depth percentage is 88.8%. In most cases, a lower depth percentage of two gems with the same carat weight would appear more prominent because of the increased width. Conversely, a depth percentage
that’s too low can make a darker appearance as it won’t reflect light as strongly. When a diamond is cut too deep, light hits the pavilion at a much sharper angle resulting in immediate reflection of it to another pavilion. The light is then forced to retract and leave the stone through its bottom. As this happens, the diamond becomes lifeless and dull. In
addition, a diamond cut that’s too deep tends to look smaller than those of an excellent cut. When a stone is cut too shallow, light hits the pavilion at a lower angle. The light passes through the gem and leaves through the sides instead of reflecting back to the viewer’s eyes through the diamond’s table. While shallow-cut diamonds, also known as
“spready diamonds,” might appear more prominent due to their table size, the light that leaves through the bottom of the gem significantly reduces its brilliance, sparkle, and fire. 2. Symmetrical Facets The facets of a diamond are small mirrors that reflect light to our eyes. Facets surround a gem’s table - there are facets below the girdle as well as
above it. The pavilion is also made up of facets. For instance, a round brilliant diamond features 58 facets total. The symmetry, size, and placement of the facets affect how well the stone reflects and refracts the light. A diamond with too many facets, not enough facets, or with unproportioned facets can lead to a diamond looking less brilliant. 3.
Brilliance A diamond’s brilliance is the brightness level of the white light reflection. When you look at a gem face-up under a light source, you should see it reflect an abundance of white light. A stone that’s not symmetrical, or is cut too shallow or too deep, appears lifeless and dull instead of brilliant. 4. Fire A diamond’s fire is the magnitude of
colored light reflected off the facets and table. When looking at a diamond face-up, in broad daylight, you should be able to see colored light bouncing off of the stone - and that light is called fire. If the diamond doesn’t show colored light reflection, it has a low amount of fire. 5. Scintillation Diamond’s scintillation refers to flashes of sparkle you see
when light moves across the stone’s facets and table. The scattering of the light looks like sparkle and is a result of the light and dark areas on the surface of the diamond. A diamond is more desirable if it has a more significant amount of scintillation. On the flip side, a stone without much scintillation can look lifeless. 6. Finishing Details The finishing
details refer to the actual craftsmanship of the diamond and consist of the gem’s permanent treatment and polishing. The polish of a diamond is the condition and quality of the facet surfaces. A well-polished diamond creates a clear mirror for the light to reflect off of; a diamond with poor polish appears dull because the facets don’t reflect the light as
strongly. What’s The Difference Between Diamond Shape And Diamond Cut? Many people confuse the terms “diamond cut” and “diamond shape,” but those two have distinct meanings. Diamond shape describes the figure or outline of the precious stone. For example, “round brilliant” and “pear-shaped” refer to the general shape and appearance of
the diamond.Diamond cut refers to the facets, dimensions, symmetry, and reflective abilities of the stone. For example, a heart-shaped diamond might be cut deep or shallow, brilliant or dull - the actual cut differs significantly while the heart shape remains the same. Do diamonds refract light? Yes, they do. Refracting the light is one of the diamond’s
main qualities that makes it so unique. The diamond is cut so that light enters, bounces, and bends within the precious stone - and in the end, leaves from the top of the gem back to our eyes. This concept is known as refraction. On that note, a well-cut diamond will reflect the light perfectly within it. Diamonds are generally cut to maximize the
brilliance, sparkle, fire, and overall visual beauty of the stone. Learn More: Why Does A Diamond Sparkle? Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as
long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike — If you remix, transform, or build upon the material, you must distribute
your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an
applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Understanding the behaviors of waves is fundamental to the study of physics, particularly within the
realm of wave phenomena. Reflection, refraction, diffraction, and interference are key concepts that explain how waves interact with different media and obstacles. These phenomena are not only pivotal for the International Baccalaureate (IB) Physics Higher Level (HL) curriculum but also have wide-ranging applications in technology, engineering,
and everyday life. Reflection is the phenomenon where a wave, such as light or sound, bounces back after encountering a surface or boundary that it cannot pass through. The laws of reflection govern this behavior, which are universally applicable to all types of waves. Law of Reflection: The angle of incidence ($\theta i$) is equal to the angle of
reflection ($\theta r$), both measured relative to the normal (an imaginary line perpendicular to the surface). Types of Reflection: Specular Reflection: Occurs on smooth surfaces like mirrors, where parallel incoming waves reflect in parallel. Diffuse Reflection: Happens on rough surfaces, causing incoming waves to scatter in many directions.
Mathematically, reflection can be described using the boundary conditions that the tangential components of the electric and magnetic fields must be continuous across the boundary. For example, in optics, the Fresnel equations quantify the reflection and transmission of light when encountering different media. 2. Refraction Refraction is the
bending of a wave as it passes from one medium to another with a different wave speed. This change in direction is governed by Snell's Law, which relates the angles of incidence and refraction to the refractive indices of the two media. Snell's Law: $$n 1 \sin(\theta 1) = n 2 \sin(\theta 2)$$ Where: $n 1$ and $n 2$ are the refractive indices of the
first and second media, respectively. $\theta 1$ is the angle of incidence. $\theta 2$ is the angle of refraction. Refraction is responsible for various optical phenomena such as the bending of light in lenses, the apparent bending of objects submerged in water, and the formation of rainbows. The refractive index ($n$) of a medium is defined as: $$n =
\frac{c}{v}$$ Where: $c$ is the speed of light in a vacuum. $v$ is the speed of light in the medium. 3. Diffraction Diffraction refers to the bending and spreading of waves around obstacles and through openings. The degree of diffraction depends on the wavelength of the wave and the size of the obstacle or aperture relative to that wavelength.
Principle of Diffraction: When a wave encounters an obstacle or aperture that is comparable in size to its wavelength, it bends around the edges, leading to a spreading of the wavefront. Huygens-Fresnel Principle: This principle postulates that every point on a wavefront acts as a source of secondary spherical wavelets. The new wavefront is the
envelope of these wavelets. Mathematically, the angle of maximum diffraction ($\theta$) can be approximated by: $$\theta \approx \frac{\lambda}{a}$$ Where: $\lambda$ is the wavelength of the wave. $a$ is the width of the slit or obstacle. Diffraction is essential in understanding the resolution limits of optical instruments and plays a crucial role in
technologies such as diffraction gratings used in spectroscopy. 4. Interference Interference is the phenomenon where two or more waves superpose to form a resultant wave of greater or lower amplitude. This can lead to patterns of constructive and destructive interference. Constructive Interference: Occurs when waves meet in phase, resulting in a
wave of greater amplitude. Destructive Interference: Occurs when waves meet out of phase, resulting in a wave of reduced or zero amplitude. Young's Double-Slit Experiment: A classic demonstration of interference where light passing through two closely spaced slits produces an interference pattern of bright and dark fringes on a screen. The
condition for constructive interference in Young's experiment is given by: $$d \sin(\theta) = m\lambda$$ And for destructive interference: $$d \sin(\theta) = \left(m + \frac{1}{2}\right)\lambda$$ Where: $d$ is the distance between the slits. $\theta$ is the angle of the fringe. $\lambda$ is the wavelength of the light. Interference is not limited to light
waves; it occurs with all types of waves, including sound and water waves, and is fundamental to the operation of devices like interferometers used in various scientific measurements. 5. Wavefronts and Phase Understanding the concept of wavefronts and the phase of waves is essential in analyzing reflection, refraction, diffraction, and interference.
Wavefront: A surface over which the wave has a constant phase. Wavefronts can be planar, spherical, or cylindrical depending on the wave source and medium. Phase Difference: The difference in phase between two points in a wave, crucial in determining constructive or destructive interference. Phase plays a significant role in superposition, leading
to phenomena like standing waves, beats in sound waves, and the various interference patterns observed in different wave contexts. 6. Polarization and Wave Types While not always directly related to reflection, refraction, diffraction, and interference, understanding polarization and the nature of waves enhances comprehension of wave behaviors.
Polarization: The orientation of the oscillations of a transverse wave, such as light, relative to its direction of propagation. Wave Types: Transverse Waves: Oscillations are perpendicular to the direction of wave travel (e.g., light waves). Longitudinal Waves: Oscillations are parallel to the direction of wave travel (e.g., sound waves). Polarization affects
how waves interact with surfaces and materials, influencing reflection and refraction characteristics. 7. Mathematical Treatment of Wave Phenomena Mathematical models provide a quantitative understanding of wave behaviors. Key equations and principles include: Wave Equation: Describes how waves propagate through a medium.
$$\frac{\partial~2 \psi} {\partial x~2} = \frac{1}{v"2} \frac{\partial~2 \psi} {\partial t~2}$$ Where: $\psi$ is the wave function. $v$ is the wave speed. Snell's Law: Governs the refraction of waves between media. Fresnel Equations: Provide the amplitude coefficients for reflected and transmitted waves at an interface. Diffraction Formulas:
Quantify the extent to which waves bend around obstacles. Interference Conditions: Determine the positions of constructive and destructive interference fringes. These mathematical frameworks are essential for solving complex problems in wave optics and understanding wave interactions in various scenarios. Advanced Concepts 1. Wave Optics vs.
Ray Optics Wave optics considers the wave nature of light, accounting for phenomena like interference and diffraction. In contrast, ray optics treats light as rays that travel in straight lines, effectively explaining reflection and refraction but not diffraction or interference. Applications: Wave optics is crucial for understanding and designing devices
like lasers, holography, and optical fibers, where wave interactions significantly impact performance. 2. Polarization by Reflection and Refraction When waves reflect or refract, their polarization can change. The Fresnel equations describe how the amplitude of polarized light varies upon reflection and refraction. Brewster's Angle: The angle of
incidence at which light with a particular polarization is perfectly transmitted through a surface without any reflection. $$\tan(\theta B) = n 2$$ Where: $\theta B$ is Brewster's angle. $n 2$ is the refractive index of the second medium. At Brewster's angle, the reflected light is completely polarized perpendicular to the plane of incidence. 3.
Diffraction Gratings Diffraction gratings are optical components with a periodic structure that splits and diffracts light into several beams traveling in different directions. The resulting interference creates a spectrum of light, which is used in spectroscopy. Grating Equation: $$d (\sin \theta i + \sin \theta m) = m\lambda$$ Where: $d$ is the grating
spacing. $\theta i$ is the angle of incidence. $\theta m$ is the angle of the $m~™ {th}$ order maximum. $m$ is the order of the maximum. $\lambda$ is the wavelength of light. Diffraction gratings are essential in analyzing the spectral composition of light sources, enabling precise measurements in scientific research. 4. Thin Film Interference Thin
film interference occurs when light waves reflect off the upper and lower boundaries of a thin film, leading to constructive or destructive interference based on the film's thickness and the wavelength of light. Condition for Constructive Interference: $$2n d \cos(\theta) = m\lambda$$ Condition for Destructive Interference: $$2n d \cos(\theta) = \left(m
+ \frac{1}{2}\right)\lambda$$ Where: $n$ is the refractive index of the film. $d$ is the thickness of the film. $\theta$ is the angle of incidence within the film. $m$ is an integer. $\lambda$ is the wavelength of light. This phenomenon explains colorful patterns seen in soap bubbles and oil slicks on water. 5. Advanced Interference Patterns Beyond the
simple double-slit experiment, interference patterns can become more complex with multiple sources or varying path differences. Multiple Slit Interference: Utilizing more than two slits increases the number of interference fringes and can improve the resolution of spectral lines. Interference in Thin Films: Leads to the formation of Newton's rings,
concentric circular interference patterns observed in thin film optics. Understanding these advanced patterns is vital for applications in optical engineering, such as the design of anti-reflective coatings and high-precision measurement tools. 6. Quantum Interference While classical wave interference deals with macroscopic waves, quantum
interference involves the probability amplitudes of particles like electrons and photons. Double-Slit Experiment with Particles: Demonstrates that particles exhibit wave-like interference, supporting the wave-particle duality concept in quantum mechanics. Quantum interference is foundational in technologies such as quantum computing and quantum
cryptography, where the superposition and entanglement of quantum states enable advanced computational capabilities. 7. Applications in Engineering and Technology Reflection, refraction, diffraction, and interference underpin numerous engineering and technological advancements: Optical Lenses and Mirrors: Utilize reflection and refraction to
focus or redirect light in cameras, telescopes, and microscopes. Fiber Optics: Depend on total internal reflection to transmit light over long distances with minimal loss. Holography: Employs interference patterns to create three-dimensional images. Noise-Canceling Headphones: Use destructive interference to reduce unwanted ambient sounds. Radio
and Microwave Engineering: Rely on understanding wave behaviors for signal transmission and antenna design. These applications highlight the practical significance of wave phenomena in modern technology and infrastructure. 8. Mathematical Modeling and Simulation Advanced studies involve using mathematical models and computer simulations
to predict and analyze wave behaviors. Techniques such as Fourier analysis, complex numbers, and differential equations are employed to solve wave-related problems. Fourier Transform: Decomposes complex waveforms into their constituent sine and cosine components, facilitating the analysis of wave interactions and signal processing. Simulation
tools like MATLAB and COMSOL Multiphysics enable the visualization and exploration of wave phenomena, aiding in both educational and research settings. 9. Interdisciplinary Connections Wave phenomena intersect with various scientific and engineering disciplines: Acoustics: Studies sound waves, their propagation, and interaction with
environments. Electromagnetics: Explores electric and magnetic fields as wave phenomena, integral to telecommunications and energy transmission. Quantum Physics: Investigates the wave properties of particles, essential for understanding subatomic processes. Medical Imaging: Utilizes wave-based technologies like ultrasound and MRI, relying on
wave behavior for imaging the human body. These interdisciplinary links demonstrate the pervasive influence of wave phenomena across scientific and technological fields. 10. Experimental Techniques Studying wave phenomena involves various experimental setups to observe and measure reflection, refraction, diffraction, and interference: Laser
Interferometry: Uses lasers to create precise interference patterns for measurements at microscopic scales. Diffraction Experiments: Employ slits and gratings to analyze wave bending and interference patterns. Refractometers: Measure the refractive index of liquids and solids by observing the bending of light. Reflection Coefficient Measurements:
Determine the proportion of wave energy reflected from a boundary. These techniques are fundamental in both academic research and industrial applications, enabling accurate characterization of materials and wave behaviors. Comparison Table Aspect Reflection Refraction Diffraction Interference Definition Bouncing back of a wave from a surface.
Bending of a wave as it passes into another medium. Bending and spreading of waves around obstacles or through slits. Superposition of two or more waves leading to constructive or destructive patterns. Key Equation $\theta i = \theta r$ $n 1 \sin(\theta 1) = n 2 \sin(\theta 2)$ $\theta \approx \frac{\lambda}{a}$ Constructive: $d \sin(\theta) =
m\lambda$Destructive: $d \sin(\theta) = (m + \frac{1}{2})\lambda$ Applications Mirrors, radar, acoustic reflections. Eyeglasses, cameras, fiber optics. Diffraction gratings, optical instruments. Interferometers, noise-canceling headphones. Dependence on Wavelength Minimal for reflection. Significant when crossing media with different refractive
indices. Prominent when wavelength is comparable to obstacle size. Depends on phase relationship, which is wavelength-dependent. Types Specular and diffuse. Normal and anomalous. Single-slit and multiple-slit. Constructive and destructive. Energy Behavior Conserved; energy is reflected. Energy is partially transmitted and partially refracted.
Energy spreads out due to bending. Energy can be redistributed; constructive regions have higher intensity, destructive have lower. Summary and Key Takeaways Reflection, refraction, diffraction, and interference are fundamental wave phenomena in physics. Reflection involves waves bouncing off surfaces, governed by the law of reflection.
Refraction describes the bending of waves as they move between media with different refractive indices. Diffraction is the bending and spreading of waves around obstacles and apertures. Interference results from the superposition of waves, leading to constructive and destructive patterns. Advanced concepts include wave-particle duality, thin-film
interference, and practical applications in technology. Mathematical models and experimental techniques are essential for analyzing and utilizing wave behaviors. By the end of this section, you will be able to do the following: Explain wave behavior of light, including diffraction and interference, including the role of constructive and destructive
interference in Young’s single-slit and double-slit experiments Perform calculations involving diffraction and interference, in particular the wavelength of light using data from a two-slit interference pattern The learning objectives in this section will help your students master the following standards: (7) Science concepts. The student knows the
characteristics and behavior of waves. The student is expected to: (D) investigate behaviors of waves, including reflection, refraction, diffraction, interference, resonance, and the Doppler effect [BL]Explain constructive and destructive interference graphically on the board. [OL]Ask students to look closely at a shadow. Ask why the edges are not sharp
lines. Explain that this is caused by diffraction, one of the wave properties of electromagnetic radiation. Define the nanometer in relation to other metric length measurements. [AL]Ask students which, among speed, frequency, and wavelength, stay the same, and which change, when a ray of light travels from one medium to another. Discuss those
quantities in terms of colors (wavelengths) of visible light. We know that visible light is the type of electromagnetic wave to which our eyes responds. As we have seen previously, light obeys the equation c=fA, c=fA, where c=3.00x 10 8 c=3.00x 10 8 m/s is the speed of light in vacuum, f is the frequency of the electromagnetic wave in Hz (or s-1), and
A A is its wavelength in m. The range of visible wavelengths is approximately 380 to 750 nm. As is true for all waves, light travels in straight lines and acts like a ray when it interacts with objects several times as large as its wavelength. However, when it interacts with smaller objects, it displays its wave characteristics prominently. Interference is the
identifying behavior of a wave. In Figure 17.2, both the ray and wave characteristics of light can be seen. The laser beam emitted by the observatory represents ray behavior, as it travels in a straight line. Passing a pure, one-wavelength beam through vertical slits with a width close to the wavelength of the beam reveals the wave character of light.
Here we see the beam spreading out horizontally into a pattern of bright and dark regions that are caused by systematic constructive and destructive interference. As it is characteristic of wave behavior, interference is observed for water waves, sound waves, and light waves. Figure 17.2 (a) The light beam emitted by a laser at the Paranal
Observatory (part of the European Southern Observatory in Chile) acts like a ray, traveling in a straight line. (credit: Yuri Beletsky, European Southern Observatory) (b) A laser beam passing through a grid of vertical slits produces an interference pattern—characteristic of a wave. (credit: Shim’on and Slava Rybka, Wikimedia Commons) That
interference is a characteristic of energy propagation by waves is demonstrated more convincingly by water waves. Figure 17.3 shows water waves passing through gaps between some rocks. You can easily see that the gaps are similar in width to the wavelength of the waves and that this causes an interference pattern as the waves pass beyond the
gaps. A cross-section across the waves in the foreground would show the crests and troughs characteristic of an interference pattern. Figure 17.3 Incoming waves (at the top of the picture) pass through the gaps in the rocks and create an interference pattern (in the foreground). Light has wave characteristics in various media as well as in a vacuum.
When light goes from a vacuum to some medium, such as water, its speed and wavelength change, but its frequency, f, remains the same. The speed of light in a medium is v=c/n v=c/n , where n is its index of refraction. If you divide both sides of the equation c=fA c=fA by n, you get c/n=v=fA/n c/n=v=fA/n . Therefore, v=f Anv=fAn, where AnAn
is the wavelength in a medium, and An = An, An = A n, where A A is the wavelength in vacuum and n is the medium’s index of refraction. It follows that the wavelength of light is smaller in any medium than it is in vacuum. In water, for example, which has n = 1.333, the range of visible wavelengths is (380 nm)/1.333 to (760 nm)/1.333, orAn = An
= 285-570 nm. Although wavelengths change while traveling from one medium to another, colors do not, since colors are associated with frequency. The Dutch scientist Christiaan Huygens (1629-1695) developed a useful technique for determining in detail how and where waves propagate. He used wavefronts, which are the points on a wave’s
surface that share the same, constant phase (such as all the points that make up the crest of a water wave). Huygens’s principle states, “Every point on a wavefront is a source of wavelets that spread out in the forward direction at the same speed as the wave itself. The new wavefront is a line tangent to all of the wavelets.” Figure 17.4 shows how
Huygens’s principle is applied. A wavefront is the long edge that moves; for example, the crest or the trough. Each point on the wavefront emits a semicircular wave that moves at the propagation speed v. These are drawn later at a time, t, so that they have moved a distance s=vt s=vt . The new wavefront is a line tangent to the wavelets and is where
the wave is located at time t. Huygens’s principle works for all types of waves, including water waves, sound waves, and light waves. It will be useful not only in describing how light waves propagate, but also in how they interfere. Figure 17.4 Huygens'’s principle applied to a straight wavefront. Each point on the wavefront emits a semicircular
wavelet that moves a distance s=vt s=vt . The new wavefront is a line tangent to the wavelets. What happens when a wave passes through an opening, such as light shining through an open door into a dark room? For light, you expect to see a sharp shadow of the doorway on the floor of the room, and you expect no light to bend around corners into
other parts of the room. When sound passes through a door, you hear it everywhere in the room and, thus, you understand that sound spreads out when passing through such an opening. What is the difference between the behavior of sound waves and light waves in this case? The answer is that the wavelengths that make up the light are very short,
so that the light acts like a ray. Sound has wavelengths on the order of the size of the door, and so it bends around corners. [OL]Discuss the fact that, for a diffraction pattern to be visible, the width of a slit must be roughly the wavelength of the light. Try to give students an idea of the size of visible light wavelengths by noting that a human hair is
roughly 100 times wider. If light passes through smaller openings, often called slits, you can use Huygens’s principle to show that light bends as sound does (see Figure 17.5). The bending of a wave around the edges of an opening or an obstacle is called diffraction. Diffraction is a wave characteristic that occurs for all types of waves. If diffraction is
observed for a phenomenon, it is evidence that the phenomenon is produced by waves. Thus, the horizontal diffraction of the laser beam after it passes through slits in Figure 17.2 is evidence that light has the properties of a wave. Figure 17.5 Huygens’s principle applied to a straight wavefront striking an opening. The edges of the wavefront bend
after passing through the opening, a process called diffraction. The amount of bending is more extreme for a small opening, consistent with the fact that wave characteristics are most noticeable for interactions with objects about the same size as the wavelength. Once again, water waves present a familiar example of a wave phenomenon that is easy
to observe and understand, as shown in Figure 17.6. Figure 17.6 Ocean waves pass through an opening in a reef, resulting in a diffraction pattern. Diffraction occurs because the opening is similar in width to the wavelength of the waves. This video works through the math needed to predict diffraction patterns that are caused by single-slit
interference. Which values of m denote the location of destructive interference in a single-slit diffraction pattern? whole integers, excluding zero whole integers real numbers excluding zero real numbers The fact that Huygens’s principle worked was not considered enough evidence to prove that light is a wave. People were also reluctant to accept
light’s wave nature because it contradicted the ideas of Isaac Newton, who was still held in high esteem. The acceptance of the wave character of light came after 1801, when the English physicist and physician Thomas Young (1773-1829) did his now-classic double-slit experiment (see Figure 17.7). Figure 17.7 Young’s double-slit experiment. Here,
light of a single wavelength passes through a pair of vertical slits and produces a diffraction pattern on the screen—numerous vertical light and dark lines that are spread out horizontally. Without diffraction and interference, the light would simply make two lines on the screen. When light passes through narrow slits, it is diffracted into semicircular
waves, as shown in Figure 17.8 (a). Pure constructive interference occurs where the waves line up crest to crest or trough to trough. Pure destructive interference occurs where they line up crest to trough. The light must fall on a screen and be scattered into our eyes for the pattern to be visible. An analogous pattern for water waves is shown in
Figure 17.8 (b). Note that regions of constructive and destructive interference move out from the slits at well-defined angles to the original beam. Those angles depend on wavelength and the distance between the slits, as you will see below. Figure 17.8 Double slits produce two sources of waves that interfere. (a) Light spreads out (diffracts) from
each slit, because the slits are narrow. The waves overlap and interfere constructively (bright lines) and destructively (dark regions). You can only see the effect if the light falls onto a screen and is scattered into your eyes. (b) The double-slit interference pattern for water waves is nearly identical to that for light. Wave action is greatest in regions of
constructive interference and least in regions of destructive interference. (c) When light that has passed through double slits falls on a screen, we see a pattern such as this. This simulation demonstrates most of the wave phenomena discussed in this section. First, observe interference between two sources of electromagnetic radiation without adding
slits. See how water waves, sound, and light all show interference patterns. Stay with light waves and use only one source. Create diffraction patterns with one slit and then with two. You may have to adjust slit width to see the pattern. Visually compare the slit width to the wavelength. When do you get the best-defined diffraction pattern? when the
slit width is larger than the wavelength when the slit width is smaller than the wavelength when the slit width is comparable to the wavelength when the slit width is infinite [BL]The Greek letter 6 0 is spelled theta. The Greek letter A A is spelled lamda. Both are pronounced the way you would expect from the spelling. The plurals of maximum and
minimum are maxima and minima, respectively. [OL]Explain that monochromatic means one color. Monochromatic also means one frequency. The sine of an angle is the opposite side of a right triangle divided by the hypotenuse. Opposite means opposite the given acute angle. Note that the sign of an angle is always = 1. The fact that the wavelength
of light of one color, or monochromatic light, can be calculated from its two-slit diffraction pattern in Young’s experiments supports the conclusion that light has wave properties. To understand the basis of such calculations, consider how two waves travel from the slits to the screen. Each slit is a different distance from a given point on the screen.
Thus different numbers of wavelengths fit into each path. Waves start out from the slits in phase (crest to crest), but they will end up out of phase (crest to trough) at the screen if the paths differ in length by half a wavelength, interfering destructively. If the paths differ by a whole wavelength, then the waves arrive in phase (crest to crest) at the
screen, interfering constructively. More generally, if the paths taken by the two waves differ by any half-integral number of wavelengths (1 227A, 327, 52 A, etc.) (122, 324, 52A, etc.), then destructive interference occurs. Similarly, if the paths taken by the two waves differ by any integral number of wavelengths (A, 22, 32, etc.) (A, 21, 34, etc.)
, then constructive interference occurs. Figure 17.9 shows how to determine the path-length difference for waves traveling from two slits to a common point on a screen. If the screen is a large distance away compared with the distance between the slits, then the angle 6 6 between the path and a line from the slits perpendicular to the screen (see the
figure) is nearly the same for each path. That approximation and simple trigonometry show the length difference, AL AL, to be dsin6 dsin6, where d is the distance between the slits, AL=dsinf. AL=dsin6. To obtain constructive interference for a double slit, the path-length difference must be an integral multiple of the wavelength, or

dsin6=mA, for m=0,1,—-1,2,-2,...(constructive). dsin@=m2, for m=0,1,-1,2,—-2,...(constructive). Similarly, to obtain destructive interference for a double slit, the path-length difference must be a half-integral multiple of the wavelength, or dsin6=(m+%2)A, for m=0,1,—1,2,-2,...(destructive). dsinf=(m+%)A, for m=0,1,—1,2,-2,...(destructive). The
number m is the order of the interference. For example, m = 4 is fourth-order interference. Figure 17.9 The paths from each slit to a common point on the screen differ by an amount d sin 6 d sin 6, assuming the distance to the screen is much greater than the distance between the slits (not to scale here). Figure 17.10 shows how the intensity of the
bands of constructive interference decreases with increasing angle. Figure 17.10 The interference pattern for a double slit has an intensity that falls off with angle. The photograph shows multiple bright and dark lines, or fringes, formed by light passing through a double slit. Light passing through a single slit forms a diffraction pattern somewhat
different from that formed by double slits. Figure 17.11 shows a single-slit diffraction pattern. Note that the central maximum is larger than those on either side, and that the intensity decreases rapidly on either side. Figure 17.11 (a) Single-slit diffraction pattern. Monochromatic light passing through a single slit produces a central maximum and
many smaller and dimmer maxima on either side. The central maximum is six times higher than shown. (b) The drawing shows the bright central maximum and dimmer and thinner maxima on either side. (c) The location of the minima are shown in terms of A A and D. The analysis of single-slit diffraction is illustrated in Figure 17.12. Assuming the
screen is very far away compared with the size of the slit, rays heading toward a common destination are nearly parallel. That approximation allows a series of trigonometric operations that result in the equations for the minima produced by destructive interference. Dsinf=m2\ Dsin6=mA or Dy L =mA Dy L =mA When rays travel straight ahead, they
remain in phase and a central maximum is obtained. However, when rays travel at an angle 6 0 relative to the original direction of the beam, each ray travels a different distance to the screen, and they can arrive in or out of phase. Thus, a ray from the center travels a distance A/2 A/2 farther than the ray from the top edge of the slit, they arrive out of
phase, and they interfere destructively. Similarly, for every ray between the top and the center of the slit, there is a ray between the center and the bottom of the slit that travels a distance A/2 A/2 farther to the common point on the screen, and so interferes destructively. Symmetrically, there will be another minimum at the same angle below the
direct ray. Figure 17.12 Equations for a single-slit diffraction pattern, where A is the wavelength of light, D is the slit width, 6 6 is the angle between a line from the slit to a minimum and a line perpendicular to the screen, L is the distance from the slit to the screen, y is the distance from the center of the pattern to the minimum, and m is a nonzero
integer indicating the order of the minimum. Below we summarize the equations needed for the calculations to follow. The speed of light in a vacuum, c, the wavelength of the light, A A, and its frequency, f, are related as follows. c=fA c=fA The wavelength of light in a medium, A n A n, compared to its wavelength in a vacuum, A A, isgiven by An = A n
.An=2An.17.1 To calculate the positions of constructive interference for a double slit, the path-length difference must be an integral multiple, m, of the wavelength. A A dsin6=mA, for m=0,1,—1,2,-2,...(constructive), dsin6=mA, for m=0,1,—-1,2,—-2,...(constructive), where d is the distance between the slits and 6 0 is the angle between a line from the
slits to the maximum and a line perpendicular to the barrier in which the slits are located. To calculate the positions of destructive interference for a double slit, the path-length difference must be a half-integral multiple of the wavelength: dsinf=(m+%2)A, for m=0,1,-1,2,-2,...(destructive). dsinf=(m+%)2, for m=0,1,-1,2,—-2,...(destructive). For a
single-slit diffraction pattern, the width of the slit, D, the distance of the first (m = 1) destructive interference minimum, y, the distance from the slit to the screen, L, and the wavelength, A A, are given by Dy L =A. Dy L. =A. Also, for single-slit diffraction, Dsinf=mA2, Dsin=mA, where 6 6 is the angle between a line from the slit to the minimum and a
line perpendicular to the screen, and m is the order of the minimum. Suppose you pass light from a He-Ne laser through two slits separated by 0.0100 mm, and you find that the third bright line on a screen is formed at an angle of 10.959 relative to the incident beam. What is the wavelength of the light? The third bright line is due to third-order
constructive interference, which means that m = 3. You are given d = 0.0100 mm and 6 6 = 10.952. The wavelength can thus be found using the equation dsin8=m2 dsin@=mA for constructive interference. The equation is dsin@=mA dsin6=mA . Solving for the wavelength, A A, gives A= dsin® m . A= dsin® m . Substituting known values yields A= (
0.0100 mm )( sin 10.95° ) 3 =6.33%x 10 —4 mm=633 nm. A= ( 0.0100 mm )( sin 10.95° ) 3 =6.33x 10 —4 mm=633 nm. To three digits, 633 nm is the wavelength of light emitted by the common He-Ne laser. Not by coincidence, this red color is similar to that emitted by neon lights. More important, however, is the fact that interference patterns can
be used to measure wavelength. Young did that for visible wavelengths. His analytical technique is still widely used to measure electromagnetic spectra. For a given order, the angle for constructive interference increases with A A, so spectra (measurements of intensity versus wavelength) can be obtained. Visible light of wavelength 550 nm falls on a
single slit and produces its second diffraction minimum at an angle of 45.0° relative to the incident direction of the light. What is the width of the slit? From the given information, and assuming the screen is far away from the slit, you can use the equation Dsinf=mA Dsinf=mA to find D. Quantities given are A A = 550 nm, m = 2, and 6 2 6 2 = 45.0°.
Solving the equation Dsinf=mA Dsin6=mA for D and substituting known values gives D= ma sinf = 2(550 nm) sin45.0° =1.56x 10 —6 m. D= mA sin6 = 2(550 nm) sin45.0° =1.56% 10 —6 m. You see that the slit is narrow (it is only a few times greater than the wavelength of light). That is consistent with the fact that light must interact with an object
comparable in size to its wavelength in order to exhibit significant wave effects, such as this single-slit diffraction pattern. Monochromatic This last diagram shows how to get monochromatic coherent light in order to put it through a double slit in order to see the interference patterns. Double Slit When light travels through a double slit, the waves
diffract and start to interfere with each other. A screen at a given distance away will show the interference pattern. At some points there will constructive interference and at some points destructive interference. The interference pattern recorded looks something like this: Fringe Spacing Ultimately we get: In practice it looks like this: To calculate
the fringe spacing we use the following relationship: w = Fringe spacing (m) = Wavelength (m) s = distance between the slits (m) D = Distance between the slits and the screen (m) Notice that for white light the colours are splits, but there is a central part which remains white. Also notice how the intensity decreases as you move away from the
central maximum. Using Lasers Using lasers can be dangerous as they can damage ones eyes and using them safely is essential. When using a laser ensure you take care of the following: Diffraction Single Slit Diffraction Single Slit Properties Derivation of Single Slit Formula Part 1: Part 2: A laser beam of wavelength 550 nm is directed at a
diffraction grating with 500 lines per millimetre. Calculate the angle of diffraction for the first two orders. Your answer should include: 16 / 33Explanation: First order: 16 Second order: 33 For the same set up as in question 1, calculate the maximum number of diffracted patterns produced. 3Explanation: 3 orders Refraction RefractionIndex The
refractive index of a substance is a ratio of the speeds of light in the different media. The refractive index of a substance is given as: Where; n = refractive index ¢ = speed of light in a vacuum cs = speed of light in the substance The refractive index of air has a value of 1. Remember this as students often forget this helpful pointer. Snell’sLaw The
above relation is for when light enters into a medium, but what happens if it goes over a boundary between two different media? Snell found a relation, something we now call Snell’s Law: Where; nl = refractive index of the first medium = the first refracted angle n2 = refractive index of the second medium = the second refracted angle Totallnternal
Reflection Total internal reflection is a phenomena that occurs when a wave is completely reflected between boundaries of the same medium. This means that light stays within the confines of the medium. For total internal reflection to occur the angle that the light makes at the boundary must be at a critical angle: Uses of Cladding Cladding is used
as an insulating material around the medium where total internal reflection is taking place to help the light totally internally reflect. Introducing cladding can help to reduce the critical angle (see above equation). This is particularly useful in fibre optic cables. Fibre optic cables are used for people to connect to the internet at very high speeds. The
cladding means that more people have access to the information as it is easier to send. Dispersion Dispersion occurs when information does not all arrive at the same time. Here we have two types of dispersion; material and modal. Material dispersion occurs when different wavelengths propagate at different velocities which is dependent on the
refractive index of the material used in the fibre optic cable. Modal dispersion occurs when the signal is spread in time because the propagation velocity of the optical signal is not the same for all modes of the signal. Pulse Broadening and Absorption As the signal travels down the cable, some of the signal will be lost due to absorption by the cladding.
As such, in long cables, there are points where the pulse is enhanced and ‘re-energised’. This allows the signal to travel long distances and to not be completely absorbed by the cable/cladding. A ray of light is totally internally reflected within some glass. The glass has no cladding and is exposed to the outside air. Calculate the critical angle when the
refractive index of glass is 1.7? 36



