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What shall we talk about? 

 Objectives 

Academy – industry – it is all about culture 

Deeper learning 

Systems 

International joint projects 
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Engineering Education - 

what is the objective? 
Technologies changed drastically. 

Life environment is changing 

Giant companies rose and fell 

And these day – IOT -  another turmoil. 

 

A student entering college –  

What are the skills he will need 4 years 

from now when graduating? 

Skills and competencies to learn, 

communicate and brand himself 

with his unique creation. 
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1964 IBM 360 computer 

1977 Personal computers 

1980 Cellular phone 

1984 ISDN 

1992 Internet, cellular 2G 

2000 Google, Wikipedia 

2007 iPhone 

2015 Internet of Things 
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Intuitive exercise 

What is the length of the thread? 
Diameter of the ball 10 cm 

Thickness of the thread 3mm 

What is the length of the thread? 

Compare volumes 

(Use of conservation law) 

(4/3)pR3=pr2L 

 

Thread length is about 75m 

 

(From D. Agmon: Classical and 

relativistic physics – 2012) 
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Ball of wool 

Dr Joseph Shapira               Academy-Industry in higher education 



 

 

Adapt the education to the 21st century 

 Laws of physics did not change during the last century 

 The reality surrounding us has changed: 

 Technology, an ingenious integration of physics laws, is everywhere 

 Science is technology and computational resource based 

 Everyday tools are complex 

 Useful occupation requires understanding, critical thinking and decision 

making. 

 Solution of well modeled questions lends itself to automation. 

 Analysis of a complex scenario or system, or conception of such, 

requires creativity that does not lend itself to automation, and 

needs proper mindset and training. 
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Missing the basics 
Ref: The missing Basics, D. Goldberg 

 
1. Asking questions 

2. Labeling technology and design challenges 

3. Modeling the problem qualitatively 

4. Decomposing design problems 

5. Gathering data 

6. Visualizing solutions and generating ideas. 

7. Communicating solutions in writing and oral form 
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Academy education vs. industry 

It is all about culture 
Laws and procedures  Mission and systems 

Formulating, exercising  Analyzing, estimating, synthesizing 

SILO aggregation (by chapters)   Interdisciplinary, context related 

Known data, known rule, unknown outcome 

   Known data, unknown solution, known mission 

Individual, competitive Teamwork, cooperative 

Reflection – by grades Exposures through reviews 

     Risk analysis, planning, management 

Industry trend – from operating algorithms to managing operations 

Knowledge required – choice and limits of the automation and simulation 
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Newton’s cradle 
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What if the ball is twice as heavy?  
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2m 
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Adapting to a Changing World 

 The Committee on Undergraduate Physics Education Research and 

Implementation, National Academies 

“An overarching theme has emerged from educational 

research: Learning improves when students are 

interactively engaged with their peers, their instructors, 

and the material being learned, and when they are 

integrating the newly learned concepts with their previous 

ideas, whether learned in a formal classroom or in 

everyday life.” 
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http://www.nap.edu/catalog.php?record_id=18312 
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What is understanding 
Understanding is building a story 

that links a new experience and inference to existing cognitive 

picture of the world -  and expands it. 

Understanding is introducing a new animal to 
Alice’s Wonderland 

Understanding is actively solving new problems. 

Passive understanding   

is only the satisfaction of listening to teacher/reading textbook. 

The trust in the book/ teacher waives the need to question/ inquire. 

This is rote learning. 
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And what does it take to understand? 

Motivation   ->  Linkage   ->       Inquiry    ->        Creation 

 Motivation – initiates the process, allocates mental resources 

 Linkage – of the new experience with the individual’s world of  concepts 

and experiences comprising  his personal familiar domain.  

 Inquiry – compare with known experiences and assess by estimating  

 Imaging 

 Comparing, directly and by analogy 

 Estimating 

 Reasoning 

 applying in a different context 
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Richard Feynmann 

 Nobelist physicist and an esteemed teacher 

“I can't understand anything in general unless I'm carrying 

along in my mind a specific example and watching it go” 

Understanding – from the actual case to abstraction 
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Intuition 

Understanding is conceiving a model that predicts the phenomena. In search 

for the rules affecting the scene, and their balance, the brain prefers to 

guess and estimate similarity over running an infinite sporadic search. 

This guess, relying on previous similar experiences, is intuition 

- The unstructured thinking invoking relevant associations. 

 

Every human creation involves intuition,  

thus differing from “machine thinking”. 
Tomer Ulman: On the Nature and origin of Intuitive Theories, 2015 
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Exercise 
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Who jumps higher? 

The one or the two-

footer? 

And how long does he 

stay in air? 

Data: 

Typical height 1.95 m 

Center of gravity 1.1m 

1 m jump lasts 0.9 sec 
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When intuition meets a conflict 
A child is born with the guess instinct, but his intuition is built through 

accumulation of experiences. 

When the intuition conflicts with the observed situation: 

 It is “recalibrated” if the conflict is surmountable. A richer intuition is 

developed. 

 It is destroyed ( looses credibility) if the conflict is essential. 

 

Intuition is essential for understanding. Nurturing intuition: 

 By creating consecutive surmountable conflicts that “tame” the 

intuition to incorporate the new experiences and inferences. 

“Microworld” in Andrea A. DiSessa: Knowledge in Pieces (1988) 

Andrea A. DiSessa, et al: Misconceptions Reconceived, 1993 
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Intuition? 
What is the force needed to press th e brick so that it will 

detach from the spring when released? 

Kx=ma? 

But the spring’s force diminishes with motion up, while the weight stays 

put. Did we call for the wrong intuition? (static). 

Will a dynamic intuition help?    

Or – conservation of energy? 

Intuition is not a bank of ready-made solutions but links to similar 

situations and their insights. It is a convergence accelerator, enabling 

the swift exploration of alternatives, estimate, test, and integration. 

  Andrea A. DiSessa: Knowledge in Pieces (1988) 
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Motivation 
The brain observes situations, predicts threat/ opportunity and commands action. 

Motivation is an emotional excitation of a challenging action in expectation of an 

emotional reward. The emotional cycle is short-term. The longer cognitive 

level cycle is supported by the emotional cycles.  

Motivation – reward span: 

  Relaxation (removal of threat)  <- -> Enlightening ( achievement)  

  Outcome(external: incentive) <- -> Process (internal: game, sports) 

Strength of motivation= 

 

(Steel&Konig: Integrating Theories of Motivation, 2006) 

Natural learning measures the challenge to the expectancy for every goal,  

 and stages short-tem goals toward the expected achievement. 

It maintains linkage with the known/ previously acquired world in every step. 
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Expectancy X Value 

1+ Impulsiveness X Delay 



 

 

Inquiry of systems 
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Structure 

Top-down 

Bottom-up 

Backward Forward 

Logical/ causal axis 
S
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Rules 

Cause and effect 

Component and 
structure 
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        Analysis of systems 

Complex systems are not transparent 

System inquiry is seeking the topology that links cause to 

the observed effect. 

Logic/ causal axis (balance and sequence of rules) 

 Observed effect      Possible source/ rule 

Structural/ geometrical axis 

 Observed structure Possible building blocks 

The course of inquiry is a travel back and forth in both axes: 

From observation to laws, from the whole to components 
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The inquiry tool-box 
• Conservation laws (energy, symmetry, momentum, entropy) 

• Scaling (validity of)    >> ; ~ ; << 

• Limits on validity of the model. 

• Analogy 

• Imagination 

• Sequential , hierarchical modeling, each approximated to the 

accuracy required by mother model 

• Dimensional analysis 
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On hypotheses and estimates 

 

 

“Things should be made as simple as possible ,                

     but not any simpler .ñ              

Albert Einstein 
 

The buildup of a model is an iterative sequence of guess, estimate  a 

model and test, correct and test. 

The guess is intuitive, based on relevant accrued memories. 

22 

 

Dr Joseph Shapira               Academy-Industry in higher education 



 

 

23 

 

   From the archives 

   KFIR Aircraft 

400x500 interaction matrix 

A methodic analysis-testing cycles 

managed to clean the AC in a record 

time. 

Parametrically testing end-to-end. 

Inferring hierarchical coupling models. 

Iteratively culling the measurements. 

A multi-station, synchronized 

measurement and recording system 

feeds the computation. 

  

A combat AC is a dense electronic 

package of many independent 

systems, spanning a huge range in 

amplitude and in frequency. 

Spurious coupling between them is 

a nightmare 
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High appreciation by USAF 

and USN EMC communities. 

Became a standard practice in 

IAF and other services 
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Map reduction by 

relevance transform 
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Internationalization in higher education – 

where is the added value? 

Saving on resources? 

Utilization of unique knowledge/ talents? 

Or 

 Creating an international industry environment clinic? 

 Benefitting from cumulative wisdom in learning 

  Accelerating scientific/ engineering intuition 

  Broadening the supporting knowledge 

  Motivating excellence 

 Generating valuable projects/ assets 
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International joint projects 

Define a theme of international interest  

 (together with industry) 

Example – utilizing the IOT (Internet of Things) 

Each school defines a project. The projects have to have a 

relevance linkage between them and to the theme 

Background knowledge is agreed upon and tutored 

Regular  (internet) workshops held between teams 

Local industries are sought for mentoring and supporting in 

equipment and labs.  
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Achievement goals - summary 
 Assimilation of deep learning 

 Development of critical thinking, analyzing, comparing, estimating – 

and creating. 

 Development of scientific intuition through continuous linking new 

experience and inference to the mental “picture of the world”. 

 Broadening the “tool-box” of concepts and tools 

 Physical, mathematical, engineering 

 Creative development of a system 

 Definition of purpose and its operating environment 

 Acquaintance with the relevant laws, tools and integration processes 

 Project planning for effective risk reduction 

 Experiencing creativity 

 Critical tests 
27 
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Thank you  
for your attention 

 
D r J o s e p h  S h a p ira  

 
0546 607088 

js h a p ira@n e tv is io n .n e t .i l 
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Dr. Shapira had a long career with RAFAEL, where he created and led  the Electromagnetics research lab.; was VP 

operations of the guidance division, and head of the strategic defense directorate, and then the senior fellow of 

RAFAEL. 

Concurrent with his R&D activity he was adjunct professor at the Technion, taught graduate courses and was theses 
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Additional breakthrough 

examples 
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The key to creativity - imagination 

 

Invention is not a breakthrough in physics 
rather in engineering imagination 

 

Think out of the box 
 

 
Dr Joseph Shapira               Academy-Industry in higher education 



 

 

33 

 

Cellular communication – 

 breaking the “brick wall” 

Hub 

The cellular service commenced in 1980. By 1990 it reached its 

capacity limit: the allocated spectrum was parceled to active users, 

and was limited by inter-user interference. 

Revolutionary concept came to rescue: instead of fighting interference 

-  managing the interference and parceling resources by codes- CDMA 

All users operating over the same frequency and their power controlled 

to generate a “white noise”, which is the “quietest” noise. 

The capacity multiplied 20 times!! 
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The mobile communications 

channel – it is not all random 

The distribution of the echoes (delay 

spread) is not continuous but clustered. Is it 

random? 

Apparently not. There is a structure. This 

observation was the key to the “rake 

receiver” in the CDMA. 
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Presenting the CDMA to the GSM community 
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Example of relevance transform: 

Modeling Interference in Microwave Links  

Sidelobe or scattering? 
Multi-hop Microwave Links interleave 

F1/F2 to combat interference. 

The perceived spurious coupling was 

via sidelobes. Huge investment in 

horn-reflector antennas with 

extremely low sidelobes used by the 

Bell system. 

Actual coupling was substantially 

higher. The model had to be 

questioned  

– side-lobes of ground scattering?  

 

 

F1 
F2 

F1 

F2 
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Ground scattering over a large area – 
how is it calculated efficiently? 

F1 

F1 

F1 

F1 
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Modeling of interference via ground scattering 

Incoherent scattering. The average 

over a large area smoothes the 

detailed variations. 

Simplicity of the model has to match 

the accuracy required (the threshold 

of impact). 

The sampling bin-size is tailored to 

the strength of the illumination, to 

render about the same impact. 

.  

 

Elevation angle (rad) 

Area scattering coef. 
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Relevance transform 

The bin-size is defined according to expected impact. 

Bin-size decreases exponentially with distance and with angle off boresight 

Log kilometer 

 Angle (0) 

L
o
g
 a

n
g
le (

0) 
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Achievement 

Accuracy of 3 to 5 dB achieved vs measurements over a 

variety of scenarios. 

Terrain scattering dominates side-lobe coupling by up to 60 

dB in cross-beam scenario. 

About 500 sampling points per over 10 x 10 km2. Very high 

computation efficiency. 

The procedure is incorporated in ITU recommendations. 
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