LECTURE 32: Young's DouBl¢ Experiment

Select LEARNING OBJECTIVES:

w Understand the two models of light; wave model and particle model.
w Be able to understand the difference between diffraction and interference.
w Be able to understand the condition for far field.

w Understand what the fringe order represents.

w Be able to know when and how to use the small angle approximation.

w Be able to understand the features of an interference pattern (symmetries).

TEXTBOOK CHAPTERS:

w Ginacoli ((Physics Principles with Applicatiofs 7 126
w Knight (College Physics : A strategic appro&gh:3 16.6
w Boxsand :Single and mukslit interference

WARM UP:When starting any type of general interference problem, other than standing waves, wt
the most important thing to think about? After you have thought about this, what else must you
identify before mathematically solving for anything?

In this lecture we will continue to explore traveling waves, however we will shift our focus away from mechani
waves and begin to study electromagnetic waves. Recall that mechanical waves require a medium to propag
through space (e.g. waves on a string need the string to exist to travel, sound waves need air particles, sport
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vacuum of space. The question is then, what quantity changes with space and time for a light wave? It turns
that the electric field (and magnetic field) that exists in space are the quantities that are oscillating. Therefore
waves are oscillating electric and magnetic fields that propagate through space and time. The electric and m
waves are perpendicular to each other and both are perpendicular to the direction of propagation, thus light v
are transverse waves. Below is a sketch of what a light wave looks like.
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Note that electric fields and magnetic fields are vectors, and it is the oscillation of their magnitudes and direct
that make up an electromagnetic wave. We will explore the finer details about electromagnetic waves in ph2
For now, it is sufficient to recognize we are still studying traveling waves, and more specifically we are interes
the interference of traveling waves. The wave length of the light wave is shown above as well. We will learn
lectures that the wave length changes when light travels through different media, thus it is important to remer
that unless specified, when given a wavelength for light, that wavelength is measured in a vacuum. Recall th
frequency does not change when waves propagate through different media. Below is a table showing the
electromagnetic spectrum.
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https://boxsand.physics.oregonstate.edu/ph203/optics/slit-interfer-fundamentals

Identification Wavelength in vacuums) Frequency()
Gammarays ~ 3 pm (picometer 1&) ~ 100 EHz (exahertz£p

Xrays ~3nm ~ 0.1 Ehz
Ultraviolet ~30nm ~ 10 PHz (petahertz 190
Violet ~ 400 nm ~ 750 THz (terahertz 1))

Blue ~ 475 nm ~ 632 THz

Green ~ 550 nm ~ 545 THz

~575nm ~ 522 THz

~ 600 nm ~ 500 THz

Red ~ 650 nm ~ 462 THz

Infrared ~ 30>m ~ 10 THz

Microwave ~30cm ~ 1GHz
FM radio ~3m ~ 0.1 GHz (100 MHz)
AM radio ~300m ~ 1 MHz (1000 KHz)

Keep in mind that the identification we use for electromagnetic waves have a range of wavelength:
wavelengths shown above are very rough estimates for each identification.

*Side note: Are electromagnetic waves really waves? Or particles? Newton's view of light was that it existed
collection of particles. He even wrote a book called "Opticks" in the early 1700s which was widely accepted fa
100 years as the proper view of light. Around the same time as Newton, Christiaan Huygens proposed a wav
of light which fell in the shadows of Newton's particle theory of light. Around 100 years after Newton's work,
Thomas Young performed experiments supporting the wave nature of light and physicists begin to adopt Huyc
wave theory proposed 100 years earlier. The story doesn't end here. In the early 1900s Max Planck propose:
light waves can be emitted in tiny packets, or quanta, of energy. In 1905 Einstein applied Max Planck's work t
explain experimental data from the photoelectric effect, confirming that light can be thought of as packets of er
Our modern viewpoint is a wavgarticle duality interpretation.

The goal of this lecture is to study the wave nature of light via Young's Double slit experiment.

When traveling waves encounter an obstacle, the waves bends around the obstacle by some amount. Particle
not exhibit this bending behavior. Consider shooting a bullet through a small opening; the bullet continues alc
straight path. Now imagine a water wave going through the same small opening; the crests of the water wave
around the corners and fill in the space behind the opening where water did not pass through. This bending n
of waves is known as diffraction. The amount of diffraction depends on the wavelength of the wave and the si
the obstacle. Below is an overview of diffraction as applied to water waves striking a solid object, but rememb
this applies to all waves (e.g. sound, light etc..).
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Notice that when the wavelength of the wave is on the order of the obstacle length then the wave diffracts n
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(i.e. it fills in the region directly behind the log sooner) than when the wavelength is much smaller than the I
of the log. We will invoke the concept of diffraction when discussing light passing through slits and when
encountering obstacles such as single strands of hair.

Let's begin our discussion of the interference of light with some constraints that we must be apply before we
into Young's doublslit.

Constraints
w Coherent sources.
w Sources have the same frequency.
w The distance ( L ) from the sources to the viewing screen must be much greater than the distance betwt
two sources (d). This is often referred to as the "far field approximation" or "Fraunhofer diffraction” . L

Our first task is to create coherent sources with the same frequency. One way to do that is to use spherical w:
that are very far from the source. The spherical waves far from the source have such a large diameter that the
basically plane waves and since they originated from the same source they have the same frequency (e.qg. drc
pebble in water and far from the location of impact, the waves are nearly straight lines when viewed at a close
distance). Once these plane waves pass through two open slits, the slits become the new sources; they are ¢
sources since the same plane wave passed through both. Another way to get a coherent source is to use a L,

Young's DoubleSlit Experiment

Attached at the end of this lecture are two fplhge sized physical representation of Young's DaSlite
experiment; one for using bright fringes and the other for using dark fringes. The locations of maximur
intensity or minimum intensity are referred to as fringes. Study this carefully. Some important features
note:

3 Far field approximation. The larger the ratio L/d is, the more parallel the path lengths are and the
accurate the PLD = d siR{) is.

3 If the angle is small (about less than 10 degrees), then further simplifications can be used. Be cal
though, you must confirm that the angle is small before you use the small angle approximation.

3 The blue pattern represents intensity seen on a viewing screen. The taller the bumps the brighter
fringe; at the peak is the location of maximum constructive interference. Where the blue meets tt
black vertical line there is a dark fringe; this is a location of maximum destructive interference.

The last two pages are a detailed way of representing Young's double slit experiment. When solving prt
it would become very tedious to sketch all the information that is included on those two pages. Thus be!
a shorthand physical representation that | recommend using when working on problem. Remember tha
drawing a picture and labeling physical quantities greatly helps identify the underlying physics and it alst
get you started on the right path towards a solution.
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