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How to Guides:  SURVIVAL SKILLS

Introduction
This is a collection of fact, opinion, advice, exercises and actual assignments.  Segments of it are sometimes assigned to students enrolled in a course, such as 4010 or 4011.  

Survival Skills:  Mechanical Resources

Screws:

Where to get:
machine shop (basement, Coates Hall)

screwclamps



State Lumber (North of campus on Highland Road)

Industrial Screw And Supply Co Inc 

(225) 356-0158 2846 Weller Ave





Highland Hardware (nr. Kenilworth on Highland)






Home Depot, Lowes






AutoZone, O’Reilly Auto, etc.  
Trivia:  there is actually a system to how screws are named.  The types of screws are:  



FH 
Flat Head





RH
Round Head


SHC
Socket-Head Cap

TORX -- like the FH or RH, but with a star-shaped insert that is used for driving.  These require special screwdrivers.  Ask at Sears for a TORX set.  

The screw will be referred by the diameter and pitch of its threaded part.  Examples:  

4-40 x 1”   
means diameter size 4, 40 threads per inch, 1 inch threaded length

1/4 - 28 x 3” 
means diameter size 1/4”, 28 threads per inch, 3 inch threaded length 
(pronounced one-quarter-twenty-eight by 3)

M1 x 3 cm
this is a metric screw

Additionally, thread styles vary according to the application.  There are at least four styles:

· Machine:  designed to fit a standard thread

· NPT:  
National Pipe Thread; this thread tapers a bit to make a fluid-tight fitting.

· Metal:  For use in Sheet Metal

· Wood
For use in Wood

· Self-tapping; these have a cutter at the tip and are hard enough to make their own threads in soft metal.  


Drivers:  The SHC screw is often driven with a hex-head driver.  FH or RH screws may be designed with a hex head, but are more commonly slotted (use an ordinary screw-

driver  --) or Phillips (use a Phillips driver +).  Increasingly, you see Torx screws, requiring a special driver.  Always buy good screwdrivers (e.g. Sears Craftsman) and always select the right size.  Life is too short for cheap tools, and the kind that snap in for each type drive me crazy (I know others who like these).  


Screwdrivers have the highest vapor pressure of any known material.
Label yours carefully and never loan them to anybody.  In Macromolecular, important tools are color coded to show in which room they are kept.  Please try to adhere to this code:  yellow = Lab 242; Green = Lab 236; Red = Lab 230.  

Exercise:  If you are not the mechanical type, visit Home Depot or Perkins Road Hardware and just wander about.  If you have some spare change and are brave enough, walk right up to the guy in the hardware apron and ask, confidently, “I’d like two 1/4-20 x 2” socket hex-head cap screws, please.”  If he doesn’t have any, say disdainfully, “Geez, where does one find a good hardware store these days?  I’ll just have to settle for two 1/4-20 x 2” round head slotted.”  

Survival Skills:  Plumbing Resources
Plumbing isn’t pretty.  The notation is confusing and sources varied and hard to locate.  Failures are often messy and/or dangerous.  Some of us have done all possible to avoid it.  Anyway, here is a short list of supplies:  

Where to get:

O-rings
Motion Industries (north Baton Rouge, Weller Ave.)

Hose




Industrial Hose (South on Airline Hwy)






Capital Rubber (North off I-110)

Teflon (large)



Galtek Co.(on my catalog shelf)


(small)



Hamilton Co.(on my catalog shelf)

Chromatography:



Fittings:  


Supelco, Waters, Altech


Columns:  


Polymer Labs (Amherst), Phenomenex, 
Waters






Optimize Technologies, CTS 

(our lab maintains magazine file with important chromatography vendors in Room 228).  

It is VERY important to be sure that your parts are chemically compatible.  All the catalogs provide this information.  In principle, you could make everything of Teflon and be safe most of the time but:  a)  Teflon is expensive; b) Teflon is brittle and hard to work in tubing form.  

If you are going to be an experimentalist, start now collecting your very own set of favorite websites, catalogs, free subscriptions to various trade magazines, etc.  Even plumbing catalogs.  Meanwhile, read one or two catalogs per day from our collection.  They often contain useful, general information, in addition to pictures and prices.  

Exercise:  Locate Motion Industries (2516 Weller Avenue) by taking a Sunday drive.  I do recommend keeping your doors locked.  On the way back, locate Capitol Rubber.  

Alternative Exercise:  Find Industrial Hose (11730 Airline).

Laboratory Exercise:  see Russo or Cueto to learn how a ferrule/compression fitting works.  It’s weird, but does it ever work!
Survival Skills:  Electrical Resources
Where to get:  

· small parts & advice
Electronics shop (151 Nicholson Hall – Physics Dept.)

· supplies, quick & dirty
Radio Shack
, Home Depot

· supplies, general, quick
Southern Radio, Ralph’s Electronics

· supplies, unusual, slow
Newark catalog

· supplies, unusual, fast
Digikey, Parts Express

Fuses.  The most common thing for broken equipment is a bad fuse.  Always look and test (see below) first before you visit the shop.  Sometimes the fuse will be in a clearly marked holder on the back of the instrument; just screw it open.  Other times, the screw may reside on a pc-board inside the device.  Anyway, look.  Replace the fuse with exactly the same rating as before.  If the fuse blows again, then take the device to the shop (along with the instrument manual; the shop technicians will need it).  Fuses come in two broad categories:  “fast” and “slow.”  Both types interrupt the flow of electricity to a device by melting when the current is too large so that the power exceeds the amp rating on the fuse.  (I usually ignore the voltage rating, but you should not use a fuse in a circuit with a too-high voltage).  

Slo-blo fuses withstand temporary current surges (perhaps of up to one second duration) while normal fuses go very quickly.  Slo-blo are more expensive and, when you look at them, they have more stuff inside.  Some people will replace a fuse with the next highest rating.  This is a dangerous game, since power goes as the square of current:  P = i2r  --- remember?  Thus, a 3-amp fuse will allow more than twice as much power before blowing as a 2-amp.  Melted wiring and/or fire may result.  

Testing fuses:  you can’t always tell if a fuse is blown by looking at it.  If unsure, test on a multimeter to see if impedance of the fuse is high (blown) or near-zero (OK).  
1.  Most multimeters have an Ohms setting (() and a “beep” setting.

2.  Set to Ohms and beep.  

3. Connect the leads across the fuse.  You SHOULD hear a beep.  
Resistors:  

The approximate value of a resistor can be determined from its color code, as shown below:








Resistor Color Table

	Color
	First Band
	Second Band
	Third Band

	
	
	
	

	black
	0
	0
	100

	brown
	1
	1
	101

	red
	2
	2
	102

	orange
	3
	3
	103

	yellow
	4
	4
	104

	green
	5
	5
	105

	blue
	6
	6
	106

	violet
	7
	7
	107

	gray
	8
	8
	108

	white
	9
	9
	109

	gold
	--
	--
	10-1

	silver
	--
	--
	10-2


Fourth band:  
Silver is:  
(10% 



Gold is: 
(5% tolerance



no band is: 
(20% tolerance

This table taken from:  Diefenderfer:  Principles of Electronic Instruments, Saunders:  Philadelphia, 1972.  Call # TK7878.4  D5

In my youth, I was taught a mnemonic device that is at once sexist and racist.  The following squeaky clean and politically correct one is offered for your use instead.  It reflects my Western Bible Belt upbringing:  BBROYGBVGWGS:  Buffalo Bill Roamed Yellow Grass Because Vistas Grand Were God’s Sanctuary.  I know, it’s lousy....see if you can do better!

There is, of course, an internet solution for the occasional user:  http://www.dannyg.com/examples/res2/resistor.htm 

There are self-help books for electronics, just like for computers.  Radio Shack still sells a few kits and you can check out Qkits.com for some amazing projects.  There is a book and self-help program put out by the ACS, too:  Contact ACS Books:  1-800-227-5558; ask for “Making the Right Connections” by Malmstadt, Enke and Crouch.  

Most problems are not chemistry specific, so don’t hesitate to pick up a book from Barnes & Noble or even Sears (a handy book on multimeters).  

Exercise:  

Find Ralph’s Electronics or Southern Radio Supply

See if Radio Shack or Qkits.com has any kits you can wire together for home or lab use.  

Laboratory Exercise:  Basic electronics (see also SaturChem electronics segment at:  http://ch100-5.chem.LSU.edu/saturchem) 

Objective:  acquire the most rudimentary skills required for repair, level matching, etc.  
Introduction:  A common problem is matching the output of some instrument to a strip chart recorder or analog-to-digital converter box.  Construction of an amplifier (active circuit) is often the best way because impedances can be controlled, as well as output levels.  In this exercise, we instead construct a very simple, passive resistive network.  Compared to an amplifier, there is less noise in the passive circuit, and output levels are easily matched.  However, impedance matching can be poor, causing measuring devices with low input impedances to be “loaded” and reducing their accuracy.  (if words like “loading” and “impedance matching” don’t make sense to you, consider the self help info above).

Experiment:  Our problem is to measure a signal in the vicinity of 10V on a multimeter that can only read to 1 V.  This is a common problem, encountered not only with meters but with A/D (analog-to-digital) converters, strip chart recorders (remember them?  they are still used in industry) and data loggers.  We will supply DC source providing a “large” but unspecified voltage, plus a bag of resistors.  You will make a resistive network to reduce the output of a DC power supply so it can be measured on a digital multimeter without changing its input levels (to simulate most A/D cards).  
We offer no guidance—it’s just Kirchoff’s laws.  You remember them.  

When your resistor network is completed, you will solder it together and measure its resistance.  Then you will measure the current drawn through one or more networks when connected parallel or serial to a DC source.  None of this is any big deal, but I routinely find that people don't know how (or when) to do these.  Brush up on Kirchoff's laws from your physics class first.  

Build your own electronics lab at home!  
1) Buy a good quality soldering iron (preferably a soldering station with constant-heat tip, like the nice Weller station you used).  
2) Get some “third hands” and a magnifying glass, plus a solder sucker.  

3) Also, buy a decent multimeter.  Some these days are very fancy--may even have oscilloscope functions.  
4) Keep solder, resistors, connectors, pliers, razor blades, wire and wire stripper on hand.  

Survival Skills:  Computering*

*Computering differs from computing, which only a few computer users actually do.  Computering includes time-wasting 



activities, such as report generation, as well as real science.  

Introduction:  


It is a tribute to the human race that we are surviving the computer revolution so well!  Computers enable chemists to do far more than they used to do, and do it with far less effort, greater reliability...and less thought.  People respond to these changes differently.  At one extreme are those who embrace every new technology.  At the other extreme, are the Luddite scientists who steadfastly insist that each new development is “just a fad.”  The former spend all their time nonproductively twiddling with the computer, and the latter fall hopelessly behind.  It’s better to take the middle ground.  Recognize the real large trends and evaluate their strengths and weaknesses critically.  Here’s a sample table:

	MEGATREND
	STRENGTH
	WEAKNESS

	
	
	

	WorldWideWeb
	Find Anything
	Addictive Time-killer

	Event-driven programming

(Visual Basic, Visual C, LabView, Java)
	Cool, user-friendly code
	Compared to old-fashioned linear code, both user and programmer must be more responsible, more careful.  

	Computer Literature Search
	Completeness

When you still miss an article, you can blame it on the stupid computer.
	No “browse” factor:  you don’t get to “stumble onto” neat books or articles just by accident.  

No phoneless afternoons fast asleep in the library.  

	Tablet PC
	Fast—you can sketch stuff!  Makes things easier to organize.
	None perceived, beyond price.  


Rules for surviving computers:  

· At least several times a year, buy a PCWorld, Byte, PCSources, Computer Shopper or similar collection of advertisements (as computer “journals” always are).  See what’s going on.  However, if you are spending more time on computer rags than journals, that’s a serious error in judgment.  Gamer magazines don’t count, either.  
· Keep focused on the chemistry, not the computer.  But never doubt that you will miss opportunities and do poorer science without good computer skills.  

· Make a note of technologies that seem to be gaining momentum and might be useful.

· Ask industrial visitors what they are using; you may be surprised!  

· Pursue useful technologies that survive at least one year.  

· Patience is a virtue:  that which is difficult today will become “standard equipment” next year.  Example:  people used to spend $3,000 for CD writers.    

· Always remember, although there is a certain feeling of power in manipulating large amounts of information in a tastefully designed program, this is not itself a noble objective.  
· Almost anyone who tries can succeed at computing.  

· Apart from scientific applications, the main advantage of computers is they do allow you to organize....everything!  So reorganize yourself about twice a year, taking advantage of new capabilities (e.g., reference managers, computerized phone lists, etc.)

Self Help Sources:


Manuals:  Reading manuals is a lost art!  Nevertheless, paging through them often 
helps.  Just look at the commands and see if you can figure out what they do.  

Books:  I have been particularly impressed with the “For Dummies” series.  Something like Excel Dummies XXX is essential reading if you use PCs for science.  Some students waste lots of time working inefficiently, just because they could not find 
an hour to peruse Excel for Dummies while watching Napoleon Dynamite or some other high-quality late-night movie.  

LSU offers Leisure Classes in some computer subjects, too.  


Talk to computer people; watch what they do and emulate.  
Typing

It’s stupid, but most Ph.D.'s spend an awful lot of time typing.  The workforce has adjusted to this fact, and few places of employment provide the secretarial staff that they used to.  "Hunt and Peck" typing is too slow for routine needs.  If you need to teach yourself the rudimentary skills, try a Typing Tutor program (check the internet to see if you can download one, or just go Office Depot and ask; they are cheap).  Some are part game/part training.  Most people seem to learn quickly with and several former students have reported it was time very well spent.  IBM-type computers become much easier to deal with once you can type and don't have to rely on the mouse.  Even advanced typists can benefit.  For example, there is a section on typing just numbers.  

Text Editor

The Text Editor War is over and Microsoft won.  Now you have to deal with their constant changes.  These include slowly removing all the powerful keystrokes, but keep looking for them.  Press and hold the “Alt” key and make note of the shortcuts.  

You also need something that produces only REAL, SIMPLE text, such as Notepad.  
Drawing Package


Level 1:  use what comes with your word processor (e.g., the screws in this 
document were drawn with MS-Word, which provides a simple, intuitive draw 
package).  Chem401X students get assignments in this.  
Level 2:  You will need passing familiarity with Corel, PaintShop Pro, Adobe Photoshop (the beast!) or many other choices.  Chem401X students get assignments in this.  

Level 3:  technical drawings (e.g., instrument blueprints).  There are various CAD packages (computer aided drawing).  We use TurboCAD, but the industry standard is AutoCad.  

Avoid using Paint.    It usually looks bad, especially when printed.  Good only for converting formats and the simplest images.  
Drawing on a computer is very slow!  It only makes sense when the drawing might reasonably be expected to go through some modifications later.  

General Purpose, High-Level Programming Language

One of these is essential.  Over the years, I have played with Fortran, Pascal, Basic, C, APL, MatLab and, most recently, Visual Basic.  Except for the last, there is no need to take a special course to become a competent computer programmer in these languages; the "sink or swim" approach will be used in this course.  For laboratory use, only a few basic strategies are required, and you can learn them by looking at example programs.  Here are the basic strategies, with an example (QuickBASIC)

	
	

	Strategy
	Example

	
	

	define data
	a=3

	redefine data
	a=a+5

	dimension arrays  (i.e., make space for vectors and arrays of related numbers)
	dim a(0..20)  ‘array a has 21 elements

	
	

	read data from keyboard
	input, “enter your data now:  “,junk

	pause
	print “Hit key to continue” 

junk$=input$(1)

	write data to screen
	print “D value:  “; D; “  (cm^2/s)”

	open file
	open “c:\junk.dat” for output as #1

	close file
	close #1

	write to file
	print #1, junk

	read from file
	input#1, junk

	loops:  do something many times
	for I=1 to 100

    a(i)=i*i

next i

	while:  
	tstart=timer

while timer < tstart+5

   print “waiting”

wend

‘this program waits for 5 seconds, printing ‘continuously that it is waiting.

	if then
	if a < 6 then 

     print “A low value was found; a = “; a

     print “Hit any key to continue.”

     junk$=input$(1)

end if

	
	

	
	

	
	

	
	

	
	


Many important strategies are not listed.  Just dive in and practice often.  

Other programs have similar strategies, with different (usually senseless) syntax rules.  Everyone has their favorite.  Some of the features are listed below.

	Language
	Strength
	Weakness

	
	
	

	Old fashioned BASIC
	Easy
	unstructured:  same program doesn’t look easy two weeks later!

slow



	Microsoft QuickBASIC
	Old-fashioned but fast  environment;
error checking

really IS quick;
as much structure as you wish...or fully structureless

easy logic--like Fortran

easy graphics

versatile;
popular, but only in PC world, not Mac or Unix
	?

	Pascal
	Computer scientists will love you, but they won’t respect you.  
	dumb syntax

too rigid

why not go straight to C instead?

	C, C+, C# and so on
	the most powerful, versatile modern languages.  

many people will understand your code

good compilers on wide range of systems

probably the best bet for the long term
	dumb syntax; you probably can get used to it, but I rebel!

	Visual Basic (presumably Visual C too)
	Incredibly easy to write cool, menu-driven software
	You better be VERY careful not to lead your user (who will not have read any manual or know what he/she is doing) down the primrose path.  Either you have to be very responsible, the user has to be very responsible, or both.  This type of language is ESSENTIAL for modern wordprocessor, but the results in scientific applications are often disappointing.  

	Labview
	Very easy to do simple experiments; rather harder to do complex ones.  

Analysis tools can be very powerful.  
	


Calculations Language


Programs such as MathCAD, Mathematica, MATLAB continue to grow in popularity.  I personally do not use these much (it’s on a very long list of self-improvement projects).  Students seem to like them; among other things, they take away the burden of analytical math (and with it, some understanding, if you ask me).  

Reference Database


The best money I ever spent on a computer program was to acquire Reference Manager.  Its chief competitor is a program called End Note.  Either are available on TigerWare.  These programs let you put all your references into a database (they make it quite easy to do).  As you write your article, you just add a reference code (something like {893}) when you want to place a reference.  Later, the program will figure out that this should be reference #6 in your paper.  It will also automatically create your bibliography in the correct format for whatever journal you specify.  I cried tears of joy the first time I saw one of these programs in action.  Imagine never having to re-number all your references manually, just because some dipstick reviewer insists that you forgot one important citation.  Imagine having the names put in last-name-first order for this journal or first-name-last order for another journal, automatically.  Another cool thing:  you can search the database and find those old, long-forgotten references easily.  

Computering Exercise 1. 
Computering Laboratory #1.  Learn Origin (or any other really good scientific graphics software, such as Igor or SigmaPlot).  

Part 1.  Origin is a Windows application by a company called Microcal OriginLab.  They sell a student version fairly cheap!  Click Start, find Origin and double click it.  Find the manual and spend an hour or so with it.  

Do not attempt to learn Origin without its manual and/or tutorial.  Some software really is more efficiently learned with the manual!  Believe it.  You can poke around for hours and not get anywhere.  
Part 2.  Graphical Excellence 
Refer to the Graphical Excellence data below.  The purpose of the four data sets is to demonstrate how useless statistics are compared to a plot.  The four data sets are actually described by precisely the same line, correlation coefficient, etc.  Looking at the data, can you see any difference?  
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Now let's look at plots.  Use Origin or Excel to plot each of the four X-Y data sets provided (labeled I-IV).  

Use Origin’s linear fit (or Excel's trendline or linest routines) to estimate the best line (and estimated uncertainties) for each set.  (Hint:  linest is better than trendline, but harder to use--seek help!)

Like Excel, Origin has TWO linear fit routines--one kind of automated and another with a lot of options.  Use the one with options to fit these data with 95% and 99% confidence limits.  

In 25 words or less, what does the r value reported by Origin mean (or the r2 value from Excel).  For example, suppose r = 0.995.  What does that actually mean?  

Is data with a low r value better or worse than data with a higher r value?  

If you are using another program and it doesn’t provide uncertainties and confidence limits, you should stop using it and switch to Origin or something similarly good.  A spreadsheet like Excel can provide a lot of the things you want--if you learn to use it well.  Also, Excel coexists (sometimes peaceably) with Origin.  
Computering Laboratory #2.  Write a program SINE.XXX (XXX = BAS for basic, PAS for Pascal, C for C, .FOR for Fortran, VBP for Visual Basic) to create a data file containing at least 100 x,y pairs where y represents the sine .of x and varies through several cycles.  Clearly, the program would be much the same for any function y(x).  

An example that you can just type in is provided.  See if you can figure out how it works.  It employs "For-Next" loops---"Do" loops to you Fortran fans, and just "loops" to the rest of you.  If you suffered the indignity of learning Pascal, you will find that some modern Basics support "While", "Repeat-Until", etc....  Note the "prompting" for a data file name, and that the program appends ".DAT" to your input.  

Part 1.  Type in your program (or the QuickBASIC example provided)

DECLARE SUB CLEARCENTER (UPORDOWN$)

'PROGRAM SINE.BAS    VERSION 1/23/92

'COMMENT SECTION I

'

'AUTHOR THIS REVISION:  PAUL RUSSO

'STORED:  ON 4695 DISK

'ORIGINAL VERSION:  1/23/92

'ORIGINAL AUTHOR:  PAUL RUSSO

'

'HISTORY:  EVOLVED OUT OF PROGRAM SINGEN.BAS USED FOR FOURIER TRANSFORM DEVELOPMENT PROGRAM. 

'

'

'COMMENT SECTION II

'

'THIS PUNY LITTLE PROGRAM BEEPS GENERATES A FILE CONTAINING SIN(X).  THEN IT PROMPTS YOU FOR A NAME.  IF AN EXTENDER IS NOT PROVIDED, IT IS ADDED.

'

DIM Y(100)

PI = 22 / 7

MAINDRIVE$ = "C:\"  'THE ROOT DRIVE OF THIS COMPUTER

NPOINTS = 100 'NUMBER OF POINTS

CLEARCENTER ("+")

INPUT "ENTER THE NUMBER OF CYCLES TO COMPUTE, MORTAL: ", NCYCLES

DTHETA = NCYCLES * 2 * PI / 100 'DELTA THETA = # RADIANS BETWEEN POINTS

FOR I = 0 TO NPOINTS

Y(I) = SIN((I - 1) * DTHETA)

NEXT I

BEEP

INPUT "PLEASE ENTER THE NAME OF THE FILE:  ", SINENAME$

SINENAME$ = UCASE$(SINENAME$)   'CONVERT TO UPPER CASE, IF NEEDED

EXTENDER = 0   'ASSUME FILE NAME HAS NO EXTENDER; TEST FOR THIS BASED ON PERIOD IN NAME

I = 1

FOR I = 1 TO LEN(SINENAME$)

  IF MID$(SINENAME$, I, 1) = "." THEN EXTENDER = 1: BEEP

        'DIAG  PRINT MID$(SINENAME$, I, 1): JUNK$ = INPUT$(1)

        'I NEEDED THE ABOVE LINE TO DEBUG THE PROGRAM; SOMETIMES

        'I LEAVE THESE DIAGNOSTIC LINES IN AND JUST COMMENT

        'THEM WITH 'DIAG.  THEN IF I NEED THE DIAGNOSTICS ALL

        'TURNED ON AGAIN, I CAN SEARCH WITH TEXT EDITOR FOR

        'SEQUENCE 'DIAG.

NEXT I

IF EXTENDER <> 1 THEN SINENAME$ = MAINDRIVE$ + SINENAME$ + ".DAT"

CLEARCENTER ("-")

PRINT "YOUR FILE WILL BE NAMED:  ";

COLOR (5)

PRINT SINENAME$; ";";

COLOR (7)

PRINT " CONSIDER YOURSELF LUCKY, HUMAN."

PRINT "NOT LONG AGO YOU WOULD HAVE BEEN LOOKING UP THESE SINES"

PRINT "IN A TABLE OR YOUR SLIDE RULE."

OPEN SINENAME$ FOR OUTPUT AS #1

' PRINT #1, NPOINTS  I HAVE PLACED A COMMENT (') IN FRONT OF THIS BECAUSE

'   I DON'T REALLY WANT THIS PARTICULAR DATA FILE TO START WITH # OF POINTS.

'   GRAPHER DOESN'T NEED THIS INFORMATION, BUT SOME PROGRAMS DO.

FOR I = 1 TO NPOINTS: PRINT #1, I, Y(I): NEXT I

CLOSE  'CLOSES ALL OPEN FILES, CAUSING ANY TEMPORARY BUFFERS

       'TO BE WRITTEN TO THE DISK FILE

COLOR (3): LOCATE 24, 1: PRINT "PRESS ANY KEY TO EXIT": JUNK$ = INPUT$(1)

STOP

SUB CLEARCENTER (UPORDOWN$)

CLS

STARTFREQ = 100 'START FREQUENCY IN Hz

ENDFREQ = 5000 'END FREQUENCY IN Hz

DFREQ = 10

IF UPORDOWN$ = "-" THEN

    STARTFREQ = 5000

    ENDFREQ = 100

    DFREQ = -10

END IF

FOR I = STARTFREQ TO ENDFREQ STEP DFREQ: SOUND I, .06: NEXT I

FOR I = 1 TO 15: PRINT : NEXT I

END SUB

Part 2.  Use Origin (or similar) to plot the sine data.  To get the data into Origin, use the IMPORT option (in the FILE menu).  Plot the data and make it look like this:
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For fun, see if you can get your plot exported over to your word processor!  The one above came into this document using Origin’s copy page feature.  

Here are some guidelines to good graphs:

· Do not crowd the axes with too many tickmarks unless the plot is likely to be interpolated by 
the reader.  

· Do not label the axes with too many significant digits.  For example, labeling a 
tickmark 2 is better than labeling it 2.00 --- unless the next tickmark is only 0.05 
units away.  

· Avoid tick labels that llok like 2.00 E-7.  It is better to multiply your data by 107 
and just label the tick with a simple 2.  For example, label the x-axis (suppose it’s 
time) like t/10-7 s.  The meaning of this label is that t/10-7 has the values shown (in 
seconds) along the tickmarks.  Therefore the t at the tick is 2 x 10-7 s.  

· Be careful about transcendental arguments (logs, sine, exponent).  The idea is that the argument of the transcendental function must be unitless.  That unitless quantity can be isolated with ellipses, but otherwise they probably ought not appear in plots (you see it all the time, though).  
· Here are some good and bad axes labels:

Bad:  log c (g/mL)


Good:  log(c/g-mL-1)

Bad:  sin /cm-1


Good:  sin(/ cm-1)

Bad:  D/10-7 (cm2s-1)


Good:  D/10-7cm2s-1
Whatever you are plotting should reduce to a unitless expression (see the third example just above for one that doesn’t even involve a transcendental function).  This is easiest to achieve when a simple slash (/) separates the symbol from the units and any factors needed to adjust them to give simple tick labels.  
· Be aware that everyone has their pet peeves.  One of mine is axes on a graph in a paper that are labeled with words (Centigrade Tempearture) instead of a symbol (T/ºC).  Some people really like words, though!  It’s OK for posters or oral presentations, but it often looks dumb in a paper.  

Computering Laboratory #3.  Screen Graphics
Objective:  Many real-world experiments (and analysis algorithms) require you to collect data, plot it on screen and interactively make decisions.  It is usually not efficient to use a scientific graphing package like Origin for this purpose.  In this lab, you will use QuickBasic's Screen, Window, View, Circle, Line, Color, and Pset, Locate and Print commands (or Pascal, C, Visual BASIC or MatLab equivalents) to make on-screen plots of the file SINE.DAT that you generated already.  See if you can improve on the example program which I designed recently to support our new digital autocorrelator.  

SCREEN PLOTTING EXAMPLE




The following printout is PART of a program called ALVAN that has been written for our laboratory.  ALVAN will read files from our ALV correlator and ANalyze them.  The plot driver, a subroutine XYPLOT, provides some QuickBasic examples.  In particular, XYPLOT gives you the possibility for automatic scaling, cursor movement and extraction of the data point where the cursor is placed.  More importantly, XYPLOT demonstrates the use of VIEW, WINDOW, LINE, COLOR, and LOCATE.  If you would like to see how XYPLOT works, we can let you run ALVAN.  Seeing what it does may help you figure out how it does it.  

Caveat:  the version printed here is probably older than the current version of XYPLOT actually used in ALVAN.  However, the basics would be the same.  

Hint:  in Visual Basic, the same general ideas would work.  However, there is no "View" command (you just open a plot window) and there is no "Window" command (it's replaced with the Scale function).  

The following line must appear at top of program to declare the subroutine.  A subroutine is a section of code that is typically "called" many times by the main program.  

   DECLARE SUB XYPLOT (NPAIRS!, X(), Y(), X1!, Y1!, X2!, Y2!, BKCOLOR!, 

   BNDCOLOR!, LINECOLOR!, XLABEL$, YLABEL$, XKEEP!, YKEEP!, XMIN, 

   ymin, XMAX, ymax)

As you can see, XYPLOT has lots of arguments.  

     NPAIRS is the number of points.  The x points are in array  X, the y points in Y.  The next four arguments decide 
where the plot will appear on screen; (0,0) is upper left corner--see the VIEW command.  Background color, boundary color, color of plotting line, x and y labels, x & y values to be retrieved by cursor, min & max values of x & y if these are not to be determined automatically.  

The following is an example in which XYPLOT is called from the main program.

CALL XYPLOT(NHIS, HISX(), HIS(), 180, 160, 260, 250, 7, 14, 9, 

"RATE", "#", XKEEP, YKEEP, 0, 0, MAXRATE, MAXCOUNT)

Here is XYPLOT itself:

SUB XYPLOT (NPAIRS, X(), Y(), X1, Y1, X2, Y2, BKCOLOR, BNDCOLOR, LINECOLOR, 

    XLABEL$, YLABEL$, XKEEP, YKEEP, XMIN, ymin, XMAX, ymax)

'DIAG FOR I = 1 TO 20

'DIAG PRINT "IN XYPLOT: "; I; X(I); Y(I)

'DIAG JUNK$ = INPUT$(1)

'DIAG NEXT I

'X1,Y1,X2,Y2 ARE VIEW COORDINATES APPROPRIATE FOR SCREEN 9

'BKCOLOR, BNDCOLOR, LINECOLOR ARE BACKGROUND, BOUNDARY AND LINE COLORS

'XLABEL$ AND YLABEL$ ARE AXIS LABELS

'XMIN = -100 CAUSES AUTO SCALE TO OPERATE

' IF XMIN <> -100 THEN GOTO VIEWSET

'FIND MAX/MIN X & Y VALUES BY FIRST ASSUMING MIN AT BEGINNING OF FILE.  THEN

'TEST TO SEE WHETHER ANY ARRAY POINT CONTAINS SMALLER VALUES.

'

XMIN = X(1): XMAX = X(NPAIRS)

ymin = Y(NPAIRS): ymax = Y(1)  'Y GENERALLY WILL BE A DESCENDING ARRAY

FOR I = 1 TO NPAIRS

        IF X(I) < XMIN THEN XMIN = X(I)

        IF Y(I) < ymin THEN ymin = Y(I)

        IF X(I) > XMAX THEN XMAX = X(I)

        IF Y(I) > ymax THEN ymax = Y(I)

NEXT I

IF XMAX > 0 THEN XMAX = 1.1 * XMAX

IF XMAX < 0 THEN XMAX = .9 * XMAX

IF ymax > 0 THEN ymax = 1.1 * ymax

IF ymax < 0 THEN ymax = .9 * ymax

IF XMIN > 0 THEN XMIN = .9 * XMIN

IF XMIN < 0 THEN XMIN = 1.1 * XMIN

IF ymin > 0 THEN ymin = .9 * ymin

IF ymin < 0 THEN ymin = 1.1 * ymin

VIEWSET:

XACROSS = 640

YACROSS = 350

LABELX = 1 + (Y2 / YACROSS) * 25 \ 1'LINE AT WHICH TO LOCATE TO PRINT X LABEL

XA = (X1 / XACROSS) * 80 \ 1'COLUMN FOR FIRSTX

XB = (X2 / XACROSS) * 80 \ 1 - 1'COLUMN FOR LASTX

LOCATE LABELX, XA: PRINT XMIN;

LOCATE LABELX, XB: PRINT XMAX;

XLABELCOL = (XA + XB) / 2 \ 1

IF XLABEL$ = "ACQ.T/s" THEN XLABELCOL = XLABELCOL - 2

LOCATE LABELX, XLABELCOL: PRINT XLABEL$

LABELYA = LABELX - 1'LINE AT WHICH TO PRINT FIRSTY

YA = XA - 1 'COLUMN FOR FIRSTY

IF YA <= 0 THEN YA = 1

IF YLABEL$ = "ln(g2-1)" THEN YA = YA - 1

IF YLABEL$ = "kHz" THEN YA = YA - 2

LINEOFFSET = 3

IF Y2 > 200 THEN LINEOFFSET = 12

LABELYB = LINEOFFSET + ((Y1 / YACROSS) / 25) \ 1 'LINE AT WHICH TO PRINT LASTY

IF LABELYB <= 1 THEN LABELYB = 1

LOCATE LABELYA, YA: PRINT ymin;

LOCATE LABELYB, YA: PRINT ymax;

IF YLABEL$ = "ln(g2-1)" THEN YA = YA - 5

LOCATE ((LABELYA + LABELYB) / 2) \ 1, YA: PRINT YLABEL$

VIEW (X1, Y1)-(X2, Y2), BKCOLOR, BNDCOLOR

WINDOW (XMIN, ymin)-(XMAX, ymax)

'SPECIAL STUFF DEPENDING ON PLOT

'IF YLABEL$ = "G2" THEN LINE (XMIN, 1)-(XMAX, 1), 14'YELLOW LINE AT THEOR. BASE

LINEPLOT: 

FOR I = 1 TO NPAIRS - 1

  LINE (X(I), Y(I))-(X(I + 1), Y(I + 1)), LINECOLOR

NEXT I

'

'SET PARAMETERS OF A CURSOR THAT CAN BE MOVED

'

CURSCOLOR = LINECOLOR + 1 'CURSOR COLOR

IF CURSCOLOR > 15 THEN CURSCOLOR = 15

CURSHEIGHT = ABS(ymin - ymax) / 20  'HALFHEIGHT OF CURSOR IN Y-TYPE UNITS

CURSWIDTH = ABS(XMAX - XMIN) / 20   'HALFWIDTH OF CURSOR IN X-TYPE UNITS

CURSOFF = .3 * CURSHEIGHT

'

'PLACE CURSOR AT MIDDLE OF DATA SET; PROMPT FOR INPUT

'

LOCATE 25, 1: PRINT "F for LEFT; J for RIGHT; 

   (D,K ALL THE WAY); R to REPLOT; SPACEBAR or RET to STOP";

INDEX = CINT(NPAIRS / 2)     'CONVERT TO INTEGER

GOSUB CURSDRAW

WHILE CURSMOVE$ <> " "

  TYPO$ = "BAD"

  CURSMOVE$ = UCASE$(INPUT$(1))

  OLDINDEX = INDEX

  IF CURSMOVE$ = CHR$(13) THEN CURSMOVE$ = " "

  IF CURSMOVE$ = "R" THEN GOTO LINEPLOT

  IF CURSMOVE$ = "F" THEN INDEX = INDEX - 1: TYPO$ = "OK"

  IF CURSMOVE$ = "J" THEN INDEX = INDEX + 1: TYPO$ = "OK"

  IF CURSMOVE$ = "K" THEN INDEX = NPAIRS: TYPO$ = "OK"

  IF CURSMOVE$ = "D" THEN INDEX = 1: TYPO$ = "OK"

  IF TYPO$ = "OK" THEN GOSUB CURSDRAW

  IF TYPO$ = "BAD" THEN BEEP

  IF INDEX <= 0 THEN INDEX = 1

  IF INDEX >= NPAIRS THEN INDEX = NPAIRS

WEND

GOTO ENDPLOT:

CURSDRAW:

        'LINE (X(INDEX) - CURSWIDTH, Y(INDEX))-(X(INDEX) + CURSWIDTH, Y(INDEX)), CURSCOLOR

        LINE (X(INDEX), Y(INDEX) + CURSOFF)-(X(INDEX), Y(INDEX) + CURSHEIGHT), 

          CURSCOLOR

        'LINE (X(OLDINDEX) - CURSWIDTH, Y(OLDINDEX))-(X(OLDINDEX) + CURSWIDTH, Y(INDEX)), BKCOLOR

        LINE (X(OLDINDEX), Y(OLDINDEX) + CURSOFF)-

          (X(OLDINDEX), Y(OLDINDEX) + CURSHEIGHT), BKCOLOR

        LOCATE 24, 1: PRINT "X: "; X(INDEX); "; Y: "; Y(INDEX);

        XKEEP = X(INDEX): YKEEP = Y(INDEX)

RETURN

ENDPLOT:

END SUB

Reporting:  I will watch you run your screen plotting program and make comments.  Put a print-out into your lab notebook, along with a screen dump.  Your program should probably be MUCH less complex than the example above.  

Computering Laboratory #4.  Linear Fit

---Type in a linear fit (program in the language of your choice; BASIC & PASCAL examples are provided).  Unlike most "off-the shelf" fitting programs, this algorithm routine actually provides useful error estimates on the intercept and slope, and a correlation coefficient.  You cannot report a fit to data without these.  See the comment lines for the reference to the nifty little book by Bevington.  Newer references exist:  E.G., the famous Numerical Recipes book by Flannery & others (floating around our lab somewhere).  

 ---Make a little "data" file to test whether your program works.  Let's give it a noise-corrupted line such as represented by the following x,y,uncertainty triplets (the first number is the number of points to fit; when the uncertainty is set to unity, the program performs an unweighted fit, counting all data as equally significant). 
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See if the best fit is what it should be.  Check with your programmable calculator or perform the linear fit algorithm by hand to test.  

Make a little x-y plotting routine, plot the points as circles and show the line in a different color.  

Extra fun:  give the user the opportunity to delete one or more points.  

Extra fun:  Use Basic's RND function to generate many x,y data pairs with truly random noise.  Write these out to a file, with the appropriate header (i.e., number of pairs written out first) and uncertainty information.  See if the noise is really random by fitting the x,y data set with your program and getting the right parameters.  

Still more fun:  redo the program in Visual BASIC, MacOS, or some other event-driven language.  

DECLARE SUB LINFIT (NPAIRS!, X!(), Y!(), SIGMAY!(), WTFIT$, A!, B!, R!)

'COMMENT SECTION I

'

'PROGRAM LINFIT.BAS        VERSION 6/9/88

'

'DATE OF ORIGINAL VERSION:  6/9/88

'AUTHOR THIS VERSION:  P. RUSSO

'AUTHOR PREVIOUS VERSIONS: NONE

'

'STORAGE:  PR 1-3

'OK TO STORE ON HARD DISK (\BAS\ DIRECTORY)

'

'COMPILE INFO:  COMPILES WITH QUICKBASIC  4

'

'COMMENT SECTION II

'

'THIS PROGRAM TRACES ULTIMATELY TO BEVINGTON.  IT IS A BASIC VERSION

'OF THE FORTRAN PROGRAM "LINFIT" IN BEVINGTON.  VERSIONS OF THIS HAVE

'EXISTED FOR THE IBM BASICA INTERPRETER, BUT THIS QUICKBASIC VERSION

'SUPERCEDES THESE. 

'

DIM X(100), Y(100), SIGMAY(100)

PRINT : PRINT : PRINT

INPUT "HOW MANY DATA PAIRS? ", NPAIRS

WEIGHT:

INPUT "WEIGHTED FIT OR NOT?--Y/N ", WTFIT$

IF WTFIT$ = "y" THEN WTFIT$ = "Y"

IF WTFIT$ = "n" THEN WTFIT$ = "N"

IF (WTFIT$ <> "Y") AND (WTFIT$ <> "N") THEN GOTO WEIGHT

FOR I = 1 TO NPAIRS

  PRINT "DATA PAIR # "; I

  IF WTFIT$ = "Y" THEN

     INPUT "ENTER X,Y, UNCERTAINTY ", X(I), Y(I), SIGMAY(I)

  ELSE

     INPUT "ENTER X,Y ", X(I), Y(I)

     SIGMAY(I) = 0

  END IF

NEXT I

CALL LINFIT(NPAIRS, X(), Y(), SIGMAY(), WTFIT$, A, B, R)

STOP

'                 

'LINFIT.BAS  =  BASIC IMPLEMENATATION OF BEVINGTON'S LINFIT.

'

SUB LINFIT (NPAIRS, X(), Y(), SIGMAY(), WTFIT$, A, B, R)

SUM = 0

SUMX = 0

SUMY = 0

SUMX2 = 0

SUMXY = 0

SUMY2 = 0

FOR I = 1 TO NPAIRS

  XI = X(I)

  YI = Y(I)

  IF WTFIT$ = "Y" THEN WEIGHT = 1 / SIGMAY(I) ^ 2

  IF WTFIT$ = "N" THEN WEIGHT = 1

  SUM = SUM + WEIGHT

  SUMX = SUMX + WEIGHT * XI

  SUMY = SUMY + WEIGHT * YI

  SUMX2 = SUMX2 + WEIGHT * XI * XI

  SUMXY = SUMXY + WEIGHT * XI * YI

  SUMY2 = SUMY2 + WEIGHT * YI * YI

NEXT I

'

'CALCULATE COEFFICIENTS AND STANDARD DEVIATIONS

'

DELTA = SUM * SUMX2 - SUMX * SUMX

A = (SUMX2 * SUMY - SUMX * SUMXY) / DELTA

B = (SUMXY * SUM - SUMX * SUMY) / DELTA

IF WTFIT$ = "Y" THEN VARNCE = 1

IF WTFIT$ = "N" THEN VARNCE = (SUMY2 + A * A * SUM + B * B * SUMX2 - 2 * (A * SUMY + B * SUMXY - A * B * SUMX)) / (NPAIRS - 2)

SIGMAA = SQR(VARNCE * SUMX2 / DELTA)

SIGMAB = SQR(VARNCE * SUM / DELTA)

R = (SUM * SUMXY - SUMX * SUMY) / SQR(DELTA * (SUM * SUMY2 - SUMY * SUMY))

PRINT "INTERCEPT = "; A; "+-"; SIGMAA

PRINT "    SLOPE = "; B; "+-"; SIGMAB

PRINT "LINEAR CORRELATION COEFFICIENT = "; R

END SUB
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Example:  a resistor whose bands are red, orange, yellow and gold is:


23 ( 104 ( 5%  (i.e., 230 k()
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These data appear in a book by Edward R. Tufte, but I believe the data sets were developed by F. J. Anscombe, Graphs in Statistical Analysis", American Statistician, 27 (February 1973), 17-21.  





Placeholder here for screws of various kinds.  





Placeholder here for drivers of various kinds.  








� One of the best kept secrets is that Radio Shack has a mail order catalog which contains even more items than are usually stocked in the stores.  Your Radio Shack store should be able to help you place these orders.  





