PHYS 2380 Quantum Physics 1

Lecture 2 — Light, wave or particle?
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Arago’s Spot

* Green laser pointer shining on a pin with a round head
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Outline

Reading and review assignments
Introductory concepts in E&M

Introductory concepts in Waves and their
detection

Examples of wave-like behaviour in light

— Single and double slit diffraction

— X-ray diffraction

Examples of particle-like behaviour in light
— Photo electric effect, Compton scattering
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Basic concepts in E&M

* Electric Field:
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Reading and review

Read Chapter 2 of your text book
Refresh yourself from your first year text
about:

— Basic concepts of E&M and light waves

— Interference of waves

— photoelectric effect

— compton scattering
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Basic E&M

e Constant j-> constant Band v

* When charges are accelerated B changes with
time

Changing B results in changing E (Faraday’s
Law)

Results in electromagnetic radiation — light




Light — simplest case
* The E and B fields have the coupled form:
E:Esin(kz—mt+¢) k=27” wave number
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Energy collected by detector

* Power collected by the detector:
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Light — energy transport

* Energy flux in the wave is given by the Poynting vector:
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* Energy delivered to a point per unit time per unit area; Power
(W) per unit area
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Intensity of detected radiation

* The intensity of the detected radiation, /, is
the average power intercepted by the
detector per unit area.
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* That /is proportional to the amplitude
squared is a characteristic result for waves and
oscillations

Power received by a detector

* Power delivered to a detector with an active area A
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* All detectors have some average response time , T,.

* The intensity recorded is proportional to the average power
received during this period multiplied by T,.

* Note that the intensity fluctuates rapidly at twice the
frequency of the light.
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Laser pointer example

* My laser pointer produces a beam of light that delivers ~5mW of power

into a 2.5 mm radius spot. What is the magnitude of the electric field
produced?
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E; =2u,cl =2(47x107)(3.0x10%)(255) =1.92x10

=1.92x10°
- E,=438V/m




Electrical breakdown in air

Air breaks down electrically when subjected to an electric field of 3 x 10°
V/m. What power laser is required to initiate this break down when the
light is focussed to a spot of 10um in radius?

The electric field required corresponds to a light intensity of:

o E (3X7106V/m)_ =1.19x10"° J/m*es
2u¢  2(4rx107)(3.0x10° m/s)

Pa = 1A=(1.19x10° 3/m* o5) (10 m)’
~375W
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