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1st   =  Computational subatomic few-body systems (1966-2003)
2nd   =  Research developments (1988-)   broaden, education
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Preview (CP-2 Resource Letter, AJP)Preview (Preview (CPCP--2 Resource Letter, AJP)2 Resource Letter, AJP)

1. CSE Courses and Programs (data) 
2. Need Comp Science & Engr (data) 

3. Comp Phys as CSE ,  CP Contents 

4. Journals

5. Conferences & Organizations
b. SC Center & Grids

c. CSE Ed Focus Groups 

6. Books 
a. CP

b. Applied Math & CSE

7. Tools, Languages, Environments 

8. Parallel Computing

9. Digital Libraries,  eTexts 

a. Subroutine libes

b. General DLs

(PUP, 2008)

(PUP, 2005)

CS Math

C
P

Physics

D of 
SC
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Changing the Status Quo?Changing the Status Quo?
 If work paradigm changes,  education 

paradigm changes. 
Steve Stevenson, Clemson

 For every complex problem there is an 
answer that is clear, simple, and 
wrong. 

H. L. Mencken

 You never change something by 
fighting the existing reality. To change 
something, build a new model that 
makes the existing model obsolete.

Buckminster Fuller

©© Rubin Landau, OSURubin Landau, OSU
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Computational Degree ProgramsComputational Degree ProgramsComputational Degree Programs
Swanson (follow up), Epic, Swanson (follow up), Epic, MariasingamMariasingam, L, L

Computational PhysicsComputational Physics Computational MathematicsComputational Mathematics

1. Houghton C 1. Arizona State 

2. Illinois State 2. CUNY Brooklyn

3. Oregon State 3. Michigan State

4. SUNY Buffalo 4. Missouri So  State

5. Chris Newport (BS/MS+CS) 5. Rice

Computational ScienceComputational Science 6. Rochester Inst Tech

1. Stanford (+Math) 7. Seattle Pacific

2. SUNY Brockport 8. Saginaw Valley State

3. Stevens Inst Tech 9. San Jose State 

4. UC  Berkeley   10. U  Chicago

Computational Biology 11. U Illinois Chicago

1. Carnegie Mellon

2. U  Pennsylvania

ForeignForeign ProgramsPrograms

1. Australian National University 5. U Calgary (CSE) 

2. Kanazawawa U Japan (CSE) 6. U Erlangen-Nurnberg (CSE) 

3. National U Singapore (CSE) 7. U Waterloo (CSE)

4. Trinity C, Dublin (CP) 8. Utrecht U (CSE)

 4x(2001)
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Other UG Computational ProgramsOther UG Computational ProgramsOther UG Computational Programs
What's in a name? That which we call a rose    By any other name would smell as sweet

Computational PhysicsComputational Physics Computational ScienceComputational Science

1. Abilene Christian 1. Capital

2. North Carolina State 2. Clark

3. Penn State Erie 3. Old Dominion

4. U  Arkansas 4. RPI

Computational MathematicsComputational Mathematics 5. Salve Regina

1. Princeton   (App & CM) 6. Syracuse

2. San Diego State (App & CM) 7. U  Wisconsin  Eau Claire

3. U Central Florida 8. U Wisconsin   LaCrosse

4. U Nebraska-Lincoln 9. U Wisconsin Madison

Computational Biology 10. Wittenberg

1. UC Merced 11. Wofford C

2. Center CB (Colo)

Minor, Concentration, Track, Emphasis, Minor, Concentration, Track, Emphasis, 
Option, Focus (21) Option, Focus (21) (all politics are local)(all politics are local)

(NY Botanical)
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Why  Need   (Phys Ed)?Why  Need  Why  Need   (Phys Ed)?(Phys Ed)?
 Historical rapid  in how/what do sciencein how/what do science

  computer power & pervasiveness computer power & pervasiveness 
 Premise:   undergrad Ph Ed > delivery (C tool)

 Proper for P Ed  content: more C, Understand C

 CSE view; Toolset freedom, Compt Thinking (CMU)

 Physics Choice: like Classic Greek, or living?
 “we are teaching the same things we taught 50 years ago”

(APS/AAPT Taskforce on Grad Ed., R Diehl)

 PH(t) narrows e.g., CSE do FD, MD, NLinear, Combustion…
 Simulation: Solitons, QCD, Stars, Black hole, Particle Expt

 Phys = solve problem: basic prin’s + math tool; now  + C

 CSE Ed  view  research (creative) = Hi Q
 = P Ed+R  PER (inward)
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Evidence for  (Physics Ed) 1Evidence for Evidence for  (Physics Ed) 1(Physics Ed) 1
S, M, ESoftware
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Time Spent

Rating of Ed
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Evidence for  (Physics Ed) 3Evidence for Evidence for  (Physics Ed) 3(Physics Ed) 3

 National Science Board: remain in field

 35% of CS, math  BS  (74% PhD)

 22% of physical, biological (52%)

 ≠ bad thing!

  UG P overemphasize P  =  weaker prep

 Number of STEM BS (“nerds’’)

 35% (1966)  31% (2000)  [46% China]

 57% Physics PhD (2006) non-US citizen

 Yet number ≠ issue! Death of Distance

NYT 14Nov07
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Words of the Wise Men/WomenWords of the Wise Men/Women
 President’s Info Tech Advisory Comm

 CS depts can’t meet need, not diverse,  

 “computational science indispensable in 
every sector,… need be recognized by govts
& universities” (recent)

 B Labor (2009): decade IT shortage

 Gathering Storm Report, 2005 

(Steve Chu, Bob Richardson: Nobles, Sec E, VPR CU)

 Serious, intensifying challenge 
competiveness & Stnd of Living

 On losing path

 US entitled to better Q of life

©© Rubin Landau, CPUGRubin Landau, CPUG
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Where Do Physics BS's Go?
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Employment in STEM  
 3 X  wrt others  

(CS 5X)
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Evidence for  (Science Ed) 4Evidence for Evidence for  (Science Ed) 4(Science Ed) 4
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Subject Balance (% Courses)

Other 31 29 32 36

Application 17 28 28 45

Math 12 23 19 17

Comp 40 20 20 2

CS CSE CP PH

 RHL Survey (Y&L)

 CSE, CP ~ balance

 Small sample

 Stereotypes 

 PH Ed:  imbalance? 
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What = CP,  How CP What = CP,  How CP What = CP,  How CP 

O.Y.

• Problem solving (why do P, what P do)

• Learn by doing individual Projects

• Over-shoulder teach (lectures?)

• Practical   “Theory of CP” (grad, math); doer

• CS  +  Math  + physics  in context

• More efficient, effective approach to science Ed

• ok  #  “physics” time

• Compiled language 

• see algorithm (eqtns)

• bare bone codes given

• “I am not a bigot!” (packages)

CS Math

C
P

Physics

Multi ≠ Inter

CS Math

C
P

Physics
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Intellectual Content of CSE Ed
Student Learning Outcomes (SLO)
Intellectual Content of CSE EdIntellectual Content of CSE Ed
Student Learning Outcomes (SLO)Student Learning Outcomes (SLO)

 Elements of Computational Science & Engineering Ed
Yasar & Landau, SIAM Review, 45, 4, 787-805 (2003)

 Prerequisite establish CX courses, program

 Easy (too) expect 1 course teach entire subject

 Historically guided by research needs; grad study

 See SLOs for specifics

  , don’t need CP BS

 Don’t have to buy entire curriculum (AAPT, CiSE, MS, OH, UC, CSU, CCLI)
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Visualizations, 2 Slit DiffractionVisualizations, Visualizations, 2 Slit Diffraction2 Slit Diffraction
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Double PendulumDouble PendulumDouble Pendulum
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Fractal GrowthFractal GrowthFractal Growth

Jackson  Pollock

(Richard Taylor,
UofO, NYT)
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Catenary Wave + FrictionCatenaryCatenary Wave + FrictionWave + Friction
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 Fall Winter Spring 
 

Fresh 
(46) 

Diff Calculus (Mth) 
Writing/fitness 

Gen Chem I 
Perspective 
CP Seminar 

Scientific Comptng I 
(PH/MTH/CS) 

Intgl Calculus (MTH) 
Perspective - 2 
Gen Chem II 

Intro CS I (CS) 
Vector Calc (MTH) 

Gen Phys I 
Writing/fitness 

 
Soph 
(45) 

Intro CS II (CS) 
Vector Calc II (MTH)

Gen Phys II 
Writing II 

Discrete Math (MTH) 
Infinite Series (MTH) 

Gen Phys III 
Perspective 

Scientific Comptg II (PH)
App Diff Eqs (MTH) 

Intro Mod Phys 
Linear Algebra (MTH) 

 
Jr 

(44) 

CP I  (PH) 
Symmetries (PH) 
Oscillations (PH) 

Vector Fields (PH) 
Writing III 

CP Seminar 

CP II (PH) 
Data Structures (CS) 

1D Waves (PH) 
Quantum Measures (PH) 

Central Forces (PH) 
Elective 

Class Mech (PH) 
Quantm Mech (PH) 

Perspective 
Statistics (MTH) 

Biology 

 
Sr 

(45) 

E & M 
Math Methods 

Num Lin Alg (MTH)
Electives - 2 

Adv CP Lab (PH) 
Social-Ethical CS 

Elective - 2 
Synthesis 

 

Adv CP Lab -Thesis 
CP Seminar 
Elective –2 

Multi Media, Web (CS) 
 

 
Real computation across the curriculum

Not 1 course, not just our view
Use what’s available
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1. Challenging for some students (intro*, multidisciplinary)

2. Unhappy with grade if just ran code, no thought, no time

3. Students often thankful when/that over (career)

4. Tears, excitement; human-C interaction = complex

5. “This combo is what I interested in, but had to pick 1”

6. “Why have we studied fluids only in our freshman year?”

7. “Now I know what is dynamic in thermodynamics” 

8. “Now Laplace’s equation makes sense”

9. “I was up all night.”

10. Chaotic scattering: several MS, 1 Ph D thesis

11. “MD: way I thought simulations should be”

12. Great prep � physics, astroP, CS, ocean, bioP, brain

13. Women: didn’t know liked C,  problem solving

0

10

20 0
4

8
12

-4

0

4

x
t

u(x,t)



How Does this Work?How Does this Work?How Does this Work?



Texas Tech Oct 09 ©© Rubin Landau, CPUGRubin Landau, CPUG

Digital Books & Online CoursesDigital Books & Online CoursesDigital Books & Online Courses
 Web N is here to stay & grow;  challenge use it well 
 Not: general ed, weak discipline, motivation
 Natural (best) for computing education 

 Digital book (MathML)

 Now hot topic (slates)

 Live/search  eqns, figs

 Compadre

 Nat Science Digital Libe

 RHL: package lectures

 Sally Haerer
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Computational Physics 
Thinking (RHL War Story)

Computational Physics 
Thinking (RHL War Story)

  approach physics, understand problems + Compute in 

mind

 Other sciences, multiscale & multiphysics

 Approach: predictions otherwise unattainable; too hard

  realism, complexity,  experiment, mean  variance

 Computing too important to leave to CS

 CS: multiple multiple-layers abstraction; scaling

  Ed: PH + CS  +  Math in problem solving context (cut CS, 

math)

   th  th    th i t l

NSF: Cyber-Enabled Discovery & Innovation
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Take Home LessonsTake Home Lessons

 Computing essential most forefront researchComputing essential most forefront research

 Exciting research + significant computationExciting research + significant computation

 MultiscaleMultiscale & & MultiphysicsMultiphysics; broader view of physics; broader view of physics

 CyberInfraCyberInfra world: big science in small distant placesworld: big science in small distant places

 Rejuvenate Physics Ed + Modern Research & Tools Rejuvenate Physics Ed + Modern Research & Tools 

 Ph + CS + Math in problem/research context Ph + CS + Math in problem/research context 

 Learn all 3 better, frees time for C, App MathLearn all 3 better, frees time for C, App Math

 Teach C: do it right; Teach C: do it right;  right PH, right questionsright PH, right questions

CS Math

C
P

Physics

www.physics.oregonstate.edu/~rubin
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Two LowerTwo Lower--Division CoursesDivision Courses
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Contents of UpperContents of Upper--Division CoursesDivision Courses


