
INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  1

Lecture  1   Slide  1

INTRODUCTION TO Modern Physics PHYX 2710

Fall 2004

Intermediate  2500

Fall 2011

Introduction to Scientific Computing
PHYS 2500

Lecture 1

Introduction



INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  2

Lecture  1   Slide  2

INTRODUCTION TO Modern Physics PHYX 2710

Fall 2004

Intermediate  2500

Fall 2011

Class Administration 
and 

Syllabus

Introduction to Scientific Computing
PHYS 2500



INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  3

Lecture  1   Slide  3

INTRODUCTION TO Modern Physics PHYX 2710
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Class: M   3:30 - 6:20 SER 005 

Instructor: Robert Call SER 222D       

R.Call@aggiemail.usu.edu

Office Hours:

Faculty Instructor: J.R. Dennison SER 222D 

797-2936       JR.Dennison@usu.edu

Class Web Site: http://www.physics.usu.edu/

Go to Classes/Class Websites

Introduction to Scientific Computing
PHYS 2500

mailto:R.Call@aggiemail.usu.edu�
http://www.physics.usu.edu/�
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Save files to a memory stick. 
• Transfer assignments to the instructor via a memory stick 

or e-mail.   
• Files handed in should be saved in this format:   

last name_section.   
• For example, if I were to hand in the assignment from 

section 3.3, I would name the file Dennison_3-3.   
 
BACKUP YOUR WORK OFTEN!!! 
• Files may not transfer properly or be lost via e-mail.   
• If for some reason your work does not reach me glitch-free, 

you will need to re-submit it.   
• If you don’t have a backup copy, you will have to re-do the 

assignment.   

Introduction to Scientific Computing
PHYS 2500
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Grading:  
 
160 Points  20 Points for each of 8 weekly assignments 
60 Points     for Mathcad capstone project 
60 Points  for total for the 3 Data Acquisition and    

  Analysis sections 
===========================================  
280 Points  Total for Class  
 
The main reason student do not do well in this class is that 
they get behind and cannot easily catch up. 

Intermediate Lab 
PHYS 3870
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Texts:  
 
MathCAD Version 15, (Mathsoft, Cambridge, MA, 2007).   
REQUIRED COMPUTER ANALYSIS PROGRAM  
Available for purchase at bookstore for ~$100 
or in SER 005 or Engineering Computer Labs 
or as USU cite license from Physics Office in SER 250. 
 
Introduction to Scientific Computing Electronic Workbook 
Distributed free 
 
Additional Mathcad Handbooks 
Distributed free 
 
Additional references are listed in the attached Annotated Bibiliography. 

Introduction to Scientific Computing
PHYS 2500
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PHYS 2500

Mathcad CD File Listing 
 
The following files are included in this CD: 
 
Handbooks 
Datapack—Data analysis Extension Pack 
EMag—Schaum’s Outline of Electromagnetism (Sophomore Level) 
EThermo—Schaum’s Outline of Thermodynamics (Sophomore Level) 
Images—Creating Amazing Images with MAthcad 
Improc—Image Processing with Mathcad 
Intro—Introduction to Problem Solving with Mathcad (Algebra Based) for PHYX 2500 
Intro6—Introduction to Problem Solving with Mathcad (Algebra Based) for PHYX 2500 (Mcad Ver. 6) 
Int_Lab—Intermediate Lab with Mathcad for PHYX 3870-80 
Modern—Introduction to Problem Solving with Mathcad (Calculus Based) for PHYX 2500 
Modern6—Introduction to Problem Solving with Mathcad (Calculus Based) for PHYX 2500 (Mcad Ver. 6 V) 
ODEblock—Ordinary Differential Equations Solve Blocks Handbook 
Physics—Schaum’s Outline of College Physics (Freshman Level) 
Phyx2110—Problem Solutions for Physics for Life Sciences PHYX 2110 (Freshman Level) 
Signal—Signal Processing Handbook 
Solve—Solving and Optomizing Extension Pack 
Visualem—Visual E&M (Junior Level) 
Visqm—Visual Quantum Mechanics (Senior Level) 
WaveletsWavelets Extension Pack 
Waves—Introduction to Wave Phenomena with Mathcad for PHYX 2750 
Waves6—Introduction to Wave Phenomena with Mathcad for PHYX 2750 (Mathcad 6 Version) 
 
Other Files 
Ancona Mathcad Numerical Methods Book—A full advanced graduate-level text on numerical methods. 
Included are Mathcad 2001i versions and the text in PDF format. 
Drumhead—Calculations of the standing wave solutions on a drumhead 
Miscellaneous Mathcad Files—Additional useful physics files 
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Presenter
Presentation Notes
One of the additional Mathcad handbook available for free.



INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  11

Lecture  1   Slide  11

INTRODUCTION TO Modern Physics PHYX 2710

Fall 2004

Intermediate  2500

Fall 2011

How is Physics Done?

Introduction to Scientific Computing
PHYS 2500
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What is Physics?
“Study of the basic nature of matter and the 

interactions that govern its behavior.”
BORING!!!

“How Stuff Works.”
True, but vague.

“Common Sense Approach to How Things Work”
(with units!)

Common Sense—A minimal set of simple, straightforward guides.
Units—Predictions on a quantitative level
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Current State of Physics cira 2009

Electricity & Magnetism
Maxwell Equations (c 1880)

Weak Nuclear Force 
Radioactivity

Strong Nuclear Force
Composition of subatomic particles

Mechanics (Gravity)…… 
General Relativity
Space and time

Standard Model 
• QCD
• Unites E&M, Strong NF, Weak NF

Conservation Laws
• Energy
• Linear & Angular Momentum
• Charge, Spin
• Lepton and Baryon Number

Quantum Mechanics
•Schrodinger/Dirac Equation
•Probabilistic approach

Statistical Mechanics
• Physics of many particles
• Fermions and Bosons
• Partitioning of Energy
• Thermodynamics
• Time and Entropy

Weinburg-Salom Model
• QED
• Unites E&M, Weak NF

Presenter
Presentation Notes
Remarkably, it is SM, E&M and the conservation laws that have stood the test of time (so far).

“A theory is more impressive the greater the simplicity of its premises, the more different kinds of things it relates, and the more extended its area of applicability.  Therefore the deep impression that classical thermodynamics made upon me.  It is the only physical theory of universal content which I am convinced will never be overthrown, within the framework of applicability of its basic concepts.”  Albert Einstein
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What is Experimentation?

Baird defines experimentation as the process of:

• Identifying a portion of the world to study (the system)
• Obtaining information from this system
• Interpreting this result



INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  15

Lecture  1   Slide  15

INTRODUCTION TO Modern Physics PHYX 2710

Fall 2004

Intermediate  2500

Fall 2011

Observations of the Physical World

• The system (portion of the world being studied) is well 
defined
• Single input (things we can control) affects system
• Single output (things we cannot control directly) results 

from interaction of system with inputs
• Observations characterize the system to within the 

uncertainty of the measurements

SYSTEM
Input Output

The
Simplest 
(Ideal) 
System

The Universe
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• Complex (or ill defined) system and system boundaries
• Multiple inputs
• Multiple output
• Possible complicating interactions:

- Between inputs
- Between outputs
- Between inputs and outputs
- Between outputs and inputs
- Between outputs and system
- Between observations and system, inputs and outputs

SYSTEM
Inputs Outputs

A 
Complex 
System

The Universe
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What is Science?
The scientific method goes further in:

• Developing a description (model) of the system behavior based on 
observation

• Generalizing this description (model) to other behavior and other 
systems

• That is to say, the scientific method is experimentation and 
modeling intertwined

• It is the scientific method that distinguishes science from other 
forms of endeavor
As Neils Bohr famously said, 

“All science is either physics or stamp collecting.”
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Scientific Method:

Leads to new discoveries → how scientific progress is made!

Careful measurements,
Experiments

Models, Empirical 
Laws, Generalization

Hypothesis,Theory
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1.  A model: 
a)   Describes the system 
b) Proposes how input variables interact with the 
system to modify output variables 
 

2.  Models versus systems 
a)   A system is real.  Information about the system can 
be known incontrovertibly. 
b) Models are not real. 

(1) Models are mankind’s descriptions of reality 
(2) Models can never be fact (period), though they 
can be very good descriptions of how real systems 
behave. 
(3) Neither Newton’s Law’s, nor Special Realitivity, 
nor Einstein’s Equations for General Relativity, nor 
TOE (Theory of Everything) are the final answer; 
Nature is! 

 

What is a Model?
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What Is the Role of Scientific 
Computing?

Introduction to Scientific Computing
PHYS 2500
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Definition: Using computer hardware and software 
to facilitate experimentation, modeling and merger 
of these two:

• Increased speed and complexity is data acquisition
• Enhanced data management and presentation
• Increased speed, accuracy and precision in computations
• Automation of tasks (including symbolic math and data 
acquisition!)
• Enhanced dissemination of results

What Is the Role of Scientific Computing?
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What Is the Role of Scientific Computing?

Experimentation  Modeling 
 
Data Acquisition   Model Definition 
Data Organization  Model Development 
Data Visualization  Model Visualization 
Data Analysis   Model Computation 
 
Overlap of Experimentation and Modeling 
 Qualitative Comparison of Data & Models 
 Quantitative Comparison of Data & Models 
 Dissemination of Results 

Presenter
Presentation Notes
Presented in another way, …
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What are Required Scientific Computing Capabilities?

      Experimentation  Modeling 
 
Data Acquisition & Inst. Control Data Acquisition Model Definition Symbolic Math 
Spreadsheets, Databases  Data Organization Model Development Symbolic Math 
Graphing, Tables   Data Visualization Model Visualization Graphing, Tables 
Computation, Num. Meth, Stats Data Analysis  Model Computation Computation, Num. Meth. 
 
      Overlap of Experimentation and Modeling 
Computation, Graphing   Qualitative Comparison of Data & Models 
Computation, Num. Methods, Stats Quantitative Comparison of Data & Models 
Technical WP, Graphing, Tables  Dissemination of Results 
 
 

Required Computation Capabilities 
Data Acquisition & Instrument Control 

Spreadsheets, Databases 
Graphing, Tables 

Computation 
Numerical Methods 

Statistics 
Symbolic Math 

Technical Word Processing 
Bibliographic Databases 
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Specific Software for Scientific 
Computing?

Introduction to Scientific Computing
PHYS 2500



INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  26

Lecture  1   Slide  26

INTRODUCTION TO Modern Physics PHYX 2710

Fall 2004

Intermediate  2500

Fall 2011

Definition: Using computer hardware and software 
to facilitate experimentation:

• Increased speed and complexity is data acquisition
• Automation of tasks (including symbolic math!)

Data Acquisition and Instrument Control

• Instrument Specific
• Calculator (TI)
• USB-to-Spreadsheet Macros
• DataStudio (Pasco Interface)*
• I-Phone,  Android

• For General Instruments
• Labview#

• Labview clones
• Programming Languages (C++, Visual Basic, etc)

* Class emphasis # Introduction in class
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Definition: Management of large lists of data:

• Enhanced data management and presentation
• Automation of tasks 
• Enhanced dissemination of results

Spreadsheets and Databases

• Primary Software
• Spreadsheets (Excel* and clones)
• Databases (Access and clones)

• Related Software
• Matlab#

• Graphical software (Igor, Origin and others)
• Computational Software (Mathcad*, Mathematica#, etc)

• Programming Languages (C++, Visual Basic, Fortran, etc)

* Class emphasis # Introduction in class
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Definition: Graphical and Tabular presentation of data. 
Animations:

• Enhanced data management and presentation
• Increased speed, accuracy and precision
• Automation of tasks 
• Enhanced dissemination of results

Graphing and Tables

• Primary Software
• Graphical software (Igor, Origin and others)
• Graphical calculators

• Related Software
• Computational Software (Mathcad*, Matlab#, Mathematica#, etc) 
• Spreadsheets (Excel* and clones)

• Programming Languages (C++, Visual Basic, Fortran, etc)
* Class emphasis # Introduction in class
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Definition: Calculating numerical results from 
numerical inputs:
• Increased speed and complexity is data acquisition
• Increased speed, accuracy and precision in computations
• Automation of tasks 
• Enhanced dissemination of results

Computation

• Primary Software
• Graphing calculators
• Spreadsheets (Excel* and clones)
• Computational Software (Mathcad*, Matlab#, Mathematica#, etc)

• Related Software
• Graphical software (Igor, Origin and others)
• Programming Languages (C++, Visual Basic, Fortran, etc)

* Class emphasis # Introduction in class
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Definition: Calculating numerical results with 
symbolic inputs. Advanced calculation methods:
• Increased speed, accuracy and precision in computations
• Automation of tasks 

Numerical Methods

• Primary Software
• Computational Software (Mathcad*, Matlab#, Mathematica#, etc)
• Programming Languages (C++, Visual Basic, Fortran, etc)

• Related Software
• Graphing calculators
• Spreadsheets (Excel* and clones)
• Graphical software (Igor, Origin and others)

* Class emphasis # Introduction in class
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Definition: Calculating numerical results with 
numeric or symbolic inputs. Advanced statistical 
methods:
• Increased speed, accuracy and precision in computations
• Automation of tasks 

Statistical Methods

• Primary Software
• Statistical Software (SISTAT, etc)
• Computational Software (Mathcad*, Matlab#, Mathematica#, etc)

• Related Software
• Graphing calculators
• Spreadsheets (Excel* and clones)
• Graphical software (Igor, Origin and others)
• Programming Languages (C++, Visual Basic, Fortran, etc)

* Class emphasis # Introduction in class



INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  32

Lecture  1   Slide  32

INTRODUCTION TO Modern Physics PHYX 2710

Fall 2004

Intermediate  2500

Fall 2011

Definition: Symbolic manipulation of mathematical 
(non-numeric) symbols, including algebra, 
calculus and geometry:
• Increased speed, accuracy and precision in computations
• Automation of tasks (including symbolic math!)

Symbolic Math

• Primary Software
• Symbolic Math Programs (Mathematica#, Maple)

• Related Software
• Computational Software (Mathcad*, Matlab#, etc)

* Class emphasis # Introduction in class



INTRODUCTION

Introduction    Section 0     Lecture  1     Slide  33

Lecture  1   Slide  33

INTRODUCTION TO Modern Physics PHYX 2710

Fall 2004

Intermediate  2500

Fall 2011

Definition: Using computer hardware and software 
to facilitate experimentation, modeling and merger 
of these two:

• Enhanced data management and presentation
• Automation of tasks 
• Enhanced dissemination of results

Technical Word Processing

• Primary Software
• Word Processor (Word, Wordstar, Open Office and clones)
• Presentation software (Powerpoint, Open Office and clones)
• Bibliographic databases and bibliographies (Google 

Scholar, Web of Science, EndNote Web, Zotero)
• Related Software

• Computational Software (Mathcad*)

* Class emphasis # Introduction in class
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Scientific Software Used in this Class
Data Acquisition & Instrument Control   Computation 
 
 
 
 
Spreadsheets, Databases      Statistics 
 
 
 
 
Graphing, Tables        Symbolic Math 
 
 
 
 
Numerical Methods       Technical Word Processing 
 
 

MMATLABATLABMMATLABATLABMMATHCADATHCADMMATHCADATHCAD

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICA

MMATHCADATHCADMMATHCADATHCAD

MMATHCADATHCADMMATHCADATHCAD

MMATHCADATHCADMMATHCADATHCAD

MMATHCADATHCADMMATHCADATHCAD

MMATHCADATHCADMMATHCADATHCAD

MMATLABATLABMMATLABATLAB

MMATLABATLABMMATLABATLAB

MMATLABATLABMMATLABATLAB

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICA

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICA

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICA

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICA

MMATHCADATHCADMMATHCADATHCAD
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Scientific Software Used in Other Classes
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Scientific Software Used in this Class

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICAMMATLABATLABMMATLABATLABMMATHCADATHCADMMATHCADATHCAD

http://images.google.com/imgres?imgurl=http://dsf.chesco.org/courts/lib/courts/excel_icon.jpg&imgrefurl=http://dsf.chesco.org/courts/cwp/view.asp?A=3&Q=641609&usg=__WMsTVliFZh2e0OmFdCJMHlnkek8=&h=176&w=176&sz=9&hl=en&start=5&um=1&tbnid=vXuLUEjqSuc1JM:&tbnh=100&tbnw=100&prev=/images?q=excel+icon+jpg&hl=en&rlz=1T4DKUS_en___US283&sa=N&um=1�
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Scientific Software Used in Other Classes

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICA

MMATLABATLABMMATLABATLABMMATHCADATHCADMMATHCADATHCAD

Click on symbol to access home web site.

Computer-Aided Mathematics

ENGR 2450.
PHYS 2500, 3750, 
3870, 3800.

ENGR 2450.
PHYS 2500. 

ENGR 2450.
CEE 1880,3030.

http://www.maplesoft.com/products/Maple/index.aspx�
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Scientific Software Used in Other Classes

MMATHEMATICAATHEMATICAMMATHEMATICAATHEMATICAMMATLABATLABMMATLABATLAB MMATHCADATHCADMMATHCADATHCAD

Click on symbol to access home web site.

C++ Fortran Visual Basic

Numerical Programming Languages

CS 1400, 1405, 1410,
2420, 4700. 

ENGR 2450.

PHYS 5350. 
MAE 2200, 2450. 
ENGR 2450.

ENGR 2450.
JAVA 
CS 3100,3400, 4700.

ENGR 2450. ENGR 2450. 

http://images.google.com/imgres?imgurl=http://dsf.chesco.org/courts/lib/courts/excel_icon.jpg&imgrefurl=http://dsf.chesco.org/courts/cwp/view.asp?A=3&Q=641609&usg=__WMsTVliFZh2e0OmFdCJMHlnkek8=&h=176&w=176&sz=9&hl=en&start=5&um=1&tbnid=vXuLUEjqSuc1JM:&tbnh=100&tbnw=100&prev=/images?q=excel+icon+jpg&hl=en&rlz=1T4DKUS_en___US283&sa=N&um=1�
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Scientific Software Used in this Class
Data Acquisition & Instrument Control

PHYS 2110, 2120, 2210, 
2220, 2500, 3870, 3880.

PHYS 2500, 3870, 3880.

http://images.google.com/imgres?imgurl=http://dsf.chesco.org/courts/lib/courts/excel_icon.jpg&imgrefurl=http://dsf.chesco.org/courts/cwp/view.asp?A=3&Q=641609&usg=__WMsTVliFZh2e0OmFdCJMHlnkek8=&h=176&w=176&sz=9&hl=en&start=5&um=1&tbnid=vXuLUEjqSuc1JM:&tbnh=100&tbnw=100&prev=/images?q=excel+icon+jpg&hl=en&rlz=1T4DKUS_en___US283&sa=N&um=1�
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Scientific Software Used in Other Classes

MMATHCADATHCADMMATHCADATHCAD

Technical Word Processing

ENGR 2450. 
PHYS 2500, 3870, 3880.

Computer Literacy
CEE 1880.
MAE 2200, 2450. 
ENGR 2450.
PHYS 3870, 3880.

Computer Literacy

USU Library Tutorials
PHYS 2500, 3870, 3880.

PHYS 2500, 3870, 3880. PHYS 2500, 3870, 3880.

http://images.google.com/imgres?imgurl=http://dsf.chesco.org/courts/lib/courts/excel_icon.jpg&imgrefurl=http://dsf.chesco.org/courts/cwp/view.asp?A=3&Q=641609&usg=__WMsTVliFZh2e0OmFdCJMHlnkek8=&h=176&w=176&sz=9&hl=en&start=5&um=1&tbnid=vXuLUEjqSuc1JM:&tbnh=100&tbnw=100&prev=/images?q=excel+icon+jpg&hl=en&rlz=1T4DKUS_en___US283&sa=N&um=1�
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Scientific Software Used in Other Classes
A Real Gem—Urroz Software Resource Page

http://www.neng.usu.edu/cee/faculty/gurro/Software_Calculators/Calculators.htm

http://www.neng.usu.edu/cee/faculty/gurro/Software_Calculators/Calculators.htm�
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Scientific Software Used in Other Classes
Where to Go From Here?

Computer skills are one of the best things to study to enhance 
your employment opportunities after graduation.

Programming Skills

C++  CS 1400, 1405, 1410, 
2420, 4700. ENGR 2450.
Fortran PHYS 5350. MAE 
2200, 2450. ENGR 2450.
Visual Basic ENGR 2450.
JAVA CS 3100,3400, 4700.

Numerical Methods 

C++  ENGR 2450.
Matlab ENGR 2450.
Fortran PHYS 5350. MAE 
2200, 2450. ENGR 2450.
Mathcad ENGR 2450. 
PHYS 2500.
Visual Basic ENGR 2450.

Instrument Control & 
Data Acquisition

Labview PHYS 2500, 
3870, 3880.
Datastudio PHYS 2500 
3870, 3880.
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