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INTRODUCTION 

Most of what you will see today is from the presentations of the 
following: 

•  Martin Plenio (Imperial College, London) 

•  Peter Knight (Imperial College, London) 

•  Yaron Silberberg (Weizmann Inst., Israel) 

•  Paul Corkum (Nat'l Research Council of 
      Canada)   



INTRODUCTION 

BUT WAIT,DR.V, 
“THERE ARE NO SCIENTISTS THAT LOOK 

LIKE MY FRIENDS HERE OR LIVE 
WHERE I LIVE” 

That is where YOU, NEWTON, and your frinds come in.  You 
may be a presenter at a conference like this in the future. 



TECHNOLOGICAL  
PROGRESS 

In this section we will discuss the progress made in the following 
areas: 

Space-time measurement 
Computational power 
Ability to distinguish small time intervals 
Microscopes 



TECHNOLOGICAL  
PROGRESS 

Space-Time Measurement 
BORING, BORING, DR.V! 
Well, Newton, you know those navigation devices 

you use in your car, we could not have had them 
20 years ago.Let’s see why? 

The next slide is from 
Martin Plenio’s  
Presentation. 



TECHNOLOGICAL  
PROGRESS 

Space-Time Measurement 
•    



TECHNOLOGICAL  
PROGRESS 

Space-Time Measurement 
SO, DR.V. HOW DO THE CLOCKS ENABLE US TO 

HAVE NAVIGATION DEVICES? 

Atomic clocks must be very, very precise because satellites (multiple) must: 
1.  Exchange signals with the navigation device. 
2. Measure the time these signals take to travel from the device to the 

satellite(s) 
3. From the different times (and distances) measured by multiple satellites, 

your position can be determined. (General relativity is also taken into 
account)   



TECHNOLOGICAL  
PROGRESS 

Computational Power 
SO WHAT IS THIS?. Well, Newton,we humans 

have always worked to develop tools to do some of our 
work for us.  Some of the tools help us do 
mathematical and logical calculations. 

Let’s look at another slide of Martin Plenio’s 



TECHNOLOGICAL  
PROGRESS 

Computational Power 
SO WHAT IS THIS? You ask. We humans have 

always worked to develop tools to do some of our 
work for us.  Some of the tools help us do 
mathematical and logical calculations. 

Let’s look at another slide of Martin Plenio’s 



TECHNOLOGICAL  
PROGRESS 

Computational Power 
HEY, DR. V, WHAT IS THAT THING 

CALLED “MOORE’S LAW” THAT IS ON 
THE LAST SLIDE?  



TECHNOLOGICAL  
PROGRESS 

Computational Power 
GEE, DR. V, HOW DO THEY GET ALL OF 

THOSE COMPONENTS IN THE 
COMPUTER? 

Well, We will look at another slide from Martin Plenio’s 
presentation 



TECHNOLOGICAL  
PROGRESS 

Computational Power 



TECHNOLOGICAL  
PROGRESS 

Computational Power 

So we have seen that in order to progress to 
where we are today, we have had to 
change technologies.  We have travelled 
from mechanical technologies to quantum 
mechanics.  We will shortly learn about 
quantum mechanics. 



TECHNOLOGICAL  
PROGRESS 

Ability to “see” what is happening 
in shorter time intervals 

WAIT!  WAIT! WAIT! DR. V, WHAT 
ARE YOU TALKING ABOUT? 

We will look at some slides from Paul Corkum’s 
presentation to help you understand what we are 
talking about here. 
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Ability to “see’ what is happening 
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WAIT!  WAIT! WAIT! DR. V, WHAT ARE 
YOU TALKING ABOUT? 

We will look at some slides from Paul Corkum’s 
presentation to help you understand what we are 
talking about here. 



TECHNOLOGICAL  
PROGRESS 

Ability to “see” what is happening 
in shorter time intervals 

Now we can look at some more of Paul Corkum’s 
slides to see what progress has been made in 
our ability to “see” what is happening in 
shorter time intervals. 



TECHNOLOGICAL  
PROGRESS 

Ability to “see’ what is happening 
in shorter time intervals 

Now we can look at some more of Paul Corkum’s 
slides to see what progress has been made in 
our ability to “see” what is happening in 
shorter time intervals. 



TECHNOLOGICAL  
PROGRESS 

Ability to “see” what is happening 
in shorter time intervals 

BUT DR.V, SO WHAT.  WHAT 
DOES ALL OF THIS MEAN? 

Again we will look at one of Paul Corkum’s slides 
to help us appreciate the accomplishment. 



TECHNOLOGICAL  
PROGRESS 

Ability to “see’ what is happening 
in shorter time intervals 

BUT DR. V, SO WHAT.  WHAT DOES 
ALL OF THIS MEAN? 

Again we will look at one of Paul Corkum’s slides 
to help us appreciate the accomplishment. 



TECHNOLOGICAL  
PROGRESS 

Ability to “see” what is happening 
in shorter time intervals 

WHAT IS AN ATTOSECOND, DR.V.? 

This question is answered in another of Paul 
Corkum’s slides. 



TECHNOLOGICAL  
PROGRESS 

Ability to “see’ what is happening 
in shorter time intervals 

SO,WHY CAN’T WE SEE SHORTER EVENTS 
WITH VISIBLE LIGHT?  WHAT ROLE 
DOES THE LIGHT PLAY IN OUR 
ABILITY TO SEE?  AND, WHAT IS AN 
ATTOSECOND? 

We will answer the first question in a little while.  The 
second question was answered in another of Paul 
Corkum’s slides. 



TECHNOLOGICAL  
PROGRESS 

Microscope Development 
•  1021 - The properties of magnifying glass are first clearly 

described by the Arabic physicist, Ibn al-Haytham (Alhazen), 
in his Book of Optics.[1]


•  1100s - The properties of magnifying glass becomes known 
in Europe after Alhazen's Book of Optics is 
translated into Latin


•  1200s - Spectacles are developed in Italy

•   1590 - Dutch spectacle-makers Zacharias Janssen and his 

son Hans Janssen, invented a compound microscope.




TECHNOLOGICAL  
PROGRESS 

Microscope Development 
•  1609 - Galileo Galilei develops a 

compound microscope with a convex and a concave 
lens.


•  1625 - Giovanni Faber of Bamberg (1574 - 1629) of the 
Linceans coins the word microscope by analogy with 
telescope.


•  1665 - Robert Hooke publishes Micrographia, a 
collection of biological micrographs. He coins the word 
cell for the structures he discovers in cork bark.


•  1674 - Anton van Leeuwenhoek improves on a simple 
microscope for viewing biological specimens.




TECHNOLOGICAL  
PROGRESS 

Microscope Development 
•  1860s - Ernst Abbe discovers the Abbe sine condition, a 

breakthrough in microscope design, which until then was largely 
based on trial and error. The company of Carl Zeiss exploited this 
discovery and becomes the dominant microscope manufacturer of its 
era.


•  1931 - Ernst Ruska starts to build the first electron microscope. It is a 
Transmission electron microscope (TEM)


•  1936 - Erwin Wilhelm Müller invents the field emission microscope.

•  1951 - Erwin Wilhelm Müller invents the field ion microscope and is 

the first to see atoms.

•  1953 - Frits Zernike, professor of theoretical physics, receives the 

Nobel Prize in Physics for his invention of the 
phase contrast microscope.




TECHNOLOGICAL  
PROGRESS 

Microscope Development 
•  1967 - Erwin Wilhelm Müller adds time-of-flight spectroscopy to the 

field ion microscope, making the first atom probe and allowing the 
chemical identification of each individual atom.


•  1981 - Gerd Binnig and Heinrich Rohrer develop the 
scanning tunneling microscope (STM).


•  1986 - Gerd Binnig, Quate, and Gerber invent the 
Atomic force microscope (AFM)


•  1988 - Alfred Cerezo, Terence Godfrey, and George D. W. Smith 
applied a position-sensitive detector to the atom probe, making it 
able to resolve atoms in 3-dimensions.


•  1988 - Kingo Itaya invents the 
Electrochemical scanning tunneling microscope


•  1991 - Kelvin probe force microscope invented.




TECHNOLOGICAL  
PROGRESS 

Microscope Development 

Let’s look at some specific examples 
presented by Yaron Silberberg. 
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PROGRESS 
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Let’s look at some specific examples 
presented by Yaron Silberberg. 



QUANTUM MECHANICS 
matter:  wave or particle? 

Experimental demonstration of wavelike 
property of electrons 

Davisson-Germer Experiment 
1925-American physicists C.H. Davisson and 

L.H. Germer accidentally observed electron 
interference. 

1927-published findings 
1937-shared Nobel Prize with G.L.Thompson 
http://video.google.com/videoplay?

docid=-4237751840526284618 



QUANTUM MECHANICS 
matter:  wavelength-momentum 

relationship 
“The diffraction of electrons indicates that we need 

to develop a system for describing the wave 
behavior of small objects. From observation 
we learn that the wavelength of an object is 
related to its momentum. The relationship is 
given by the DeBroglie equation:


 
 



where h is Planck's Constant (6.63E-34 J s = 
4.14E-15 eV s), named for Max Planck.”




QUANTUM MECHANICS 
Schrodinger’s Equation 

When considering objects as small as 
electrons, the equivalent to Newton's 
Laws is an equation which was originally 
written down by Erwin Schrödinger. This 
equation cannot be derived from any 
fundamental law but is based on several 
well established principles of physics.   



QUANTUM MECHANICS 
Schrodinger’s Equation 

The basic ingredients in Schrödinger's Equation 
are:


  1. The equation which relates the wavelength of 
an object to its momentum.


  2. Conservation of energy,

  3. Knowledge about how waves, such as water 

waves, behave, and

  4. Accounting for forces which act on the object 

by using changes in potential energy. 




QUANTUM MECHANICS 
Schrodinger’s Equation 

Once the equation is set up for a particular 
situation, someone with an advanced math 
background or a computer can solve the 
equation. The result is a mathematical relation 
called a wave function.


Here is what the equation looks like: 



QUANTUM MECHANICS 

OH DR.V.  MY HEAD IS SPINNING WITH 
THE NUMBERS.  BUT I DID LIKE THE 
VIDEO.  

Alright Newton.  We’ll go on with why quantum mechanics is 
important.  For these discussions, we will be referring to 
Martin Plenio’s slides again.




QUANTUM MECHANICS 
Why is it important? 

First we will examine what happens to the 
intensity graph of a lightbulb as the 
intensity lessens 
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QUANTUM MECHANICS 
Why is it important? 

OK. DR.V.  THAT IS VERY 
INTERESTING. AND I UNDERSTOOD 
IT. 

Great!  Now we are going to use Martin Plenio’s slides to 
illustrate something very interesting.  Pay careful 
atterntion. 
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Why is it important? 

OK. DR.V.  THAT IS VERY 
INTERESTING. AND I UNDERSTOOD 
IT. 

Great!  Now we are going to use Martin Plenio’s slides to 
illustrate something very interesting.  Pay careful 
atterntion. 



QUANTUM MECHANICS 
Why is it important? 

WOW DR.V. THAT IS WEIRD. BUT HOW CAN WE 
USE IT? 

To summarize what we have learned so far: 
•  When a quantum system is in free space, it behaves like a wave. 
•  When a quantum system is being “watched,” it behaves like a particle 
•  We can always observe when a quantum system is being “Watched.” 
Now lets look at some more of Martin Plenio’s slides and see what we can 

do with this knowledge. 
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QUANTUM MECHANICS 
Why is it important? 

WOW DR.V. THAT IS WEIRD. BUT HOW CAN WE 
USE IT? 

To summarize what we have learned so far: 
•  When a quantum system is in free space, it behaves like a wave. 
•  When a quantum system is being “watched,” it behaves like a particle 
•  We can always observe when a quantum system is being “Watched.” 
Now lets look at some more of Martin Plenio’s slides and see what we can 

do with this knowledge. 



QUANTUM MECHANICS 
Why is it important? 

One more example of how “noise” benefits nature.  The process of 
photosynthesis has been studied in certain bacteria that live 
in the bottom of the ocean, near sulfur springs.  These 
bacteria undergo photosynthesis, but because of the very 
minimum light, must be very efficient. 

Let’s look at Martin Plenio’s slides to tell the rest of the story. 



QUANTUM MECHANICS 
Why is it important? 

One more example of how “noise” halps in nature.  The process of 
photosynthesis has been studied in certain bacteria that live in the 
bottom of the ocean, nea sulfur springs.  These bacteria undergo 
photosynthesis, but because of the very minimum luight, must be very 
efficient. 

Let’s look at Martin Plenio’s slides to tell the rest of the story. 



SUMMARY 
Medical implications 

1. Microscope improvements lead to improved research and 
diagnosis. 

3. Improving lasers so that they can reach the attosecond range 
can affect diagnosis and treatment of many diseases.  
Surgery could be improved, also. 

5. Security is an important part of medical record keeping. 
7. Can new technology,, involving noise addition, produce medical 

advancements? 
8. Newton, this is an exciting time to be a student! 



SUMMARY 
The Joy of Being a Scientist 

Paul Corkum had some slides at the 
end of his presentation that I 
would like you, Newton, and the 
rest of the students to see. 
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