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“IU Physics should take more credit for inventing 
the professional MS degree idea before it was named 
in Shelia Tobias's book and funded for study/promotion 
by various foundations grants. I am referring to the 
US Particle Accelerator School (USPAS) MS degree 
program in accelerator physics which we (IU) have 
run for two decades in collaboration with Fermilab.
This program is a successful example of a set of 
stakeholders (US national labs in this case, rather 
than QIS industry) getting together to support a 
sustained educational activity that has succeeded 
to efficiently educate not only MS students but 
also PhD students in accelerator physics as well 
who go on to positions in industry and national 
labs. The point is that this USPAS activity has both 
the MS and PhD aspects and it offers a counterexample 
to the "MS only" push that I can see from some quarters.
We can state based on our own pioneering experience 
that doing something that serves both MS and existing/
prospective PhD students is the right way to go to stay 
flexible. It is a crime that this program is not listed 
prominently in the "official" PSM degree program 
list because it was too far ahead of its time."



















































1. Why do we need such a knowledge unit?
2. What does it look like?
3. How do we know it’s what we need?
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“Quantum theory and Einstein’s general theory of relativity are 
the two great fundamental theories of contemporary physics. 
Between them they provide the conceptual framework and the 
mathematical language in which we express all other theories in 
physics, and they provide the basic principles to which all known 
laws of nature conform.”  -- Lectures on Quantum Computation 
David Deutsch, 2006 (sponsored by Quiprocone, HP Labs Bristol)
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“Sixteen years ago, Scott Aaronson remarked (in the presence 
of Ray Laflamme) that quantum mechanics (QM) resembles an 
operating system on which the rest of Physics is running its 
application software (except for general relativity “which has 
not yet been successfully ported to this particular OS”).
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“I like to say that, after all the forbidding–sounding verbiage 
you read in popular books, quantum mechanics is astonishingly 
simple—once you take the physics out of it! In fact, QM isn’t 
even ‘physics’ in the usual sense: it’s more like an operating 
system that the rest of physics runs on as application software.”
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He then goes on to explain what he thinks is at the heart of it all: 

“[QM i]s a certain generalization of the laws of probability. It says 
nothing directly about electrons, photons, or anything like that. It 
just talks about lists of complex numbers called amplitudes: how 
these amplitudes change as a physical system evolves, and how to 
convert them into the probability of seeing this or that result when 
you measure the system.”
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Such a pragmatic point of view has always been intrinsic to CSCI: 

“And everything you’ve ever heard about the ‘weirdness of the 
quantum world,’ is simply different logical consequences of this 
one change to the rules of probability. 

This makes QM, as a subject, possibly more computer-science 
friendly than any other part of physics.” 
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For a theoretical computer scientist, he says, QM is a logical 
necessity: “In fact, even if our universe hadn’t been described 
by QM, I suspect theoretical computer scientists would have 
eventually needed to invent quantum computing anyway, just 
for internal mathematical reasons. Of course, the fact that our 
universe is [in fact, quantum mechanical] does heighten the 
interest!” 
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A different, more powerful way of computing 
Quantum mechanics provides the basis for a new paradigm 
of computing. Since the 1940s, the rules of computing have
not changed. Computers have continued to get smaller and 
faster year after year, but their fundamental operations remain 
the same. They still obey the laws of information processing, 
and process information by performing operations on bits.
Quantum computers manipulate qubits instead of bits. With 
superposition and entanglement, the states of multiple qubits 
become very complex. By harnessing these complex states, 
quantum computers will be able to solve many problems much faster than today’s computers.
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Today, quantum computers exist, 
access to them via the cloud is affordable, 

university and industry developed education 
is increasing, and government funding was 
approved to further research and focus on 

needed workforce development. Worldwide, 
there is growing excitement, investment, and 
competition in the area of QIST. A technological ecosystem is being shaped by public and private investment in North America, Asia and Europe. 
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The conceptual basis for the new quantum technology consists of 

(a) superposition, 
(b) entanglement, and 
(c) quantum measurement (i.e., the collapse of the wave function). 

In connection with matter, these concepts simply do not exist in the classical 
description of our world and are not used in any of the “classical” machines and 
appliances around us. Thus, quantum technology is not just better, it is different.
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