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PREFACE

These notes were written to accompartwvo-semester introductory course in Electrical Engineering.
The primary goal of the course is to introduce you to the art of technical problem sdbangentional
Electrical Engineering curricula, imfaable cases at least, produce engineers who are reasonably adept at
operating maw of the tools important to the field, such as mathematics and circuit analysis. Often, ho
evea, these engineers lack skill in choosing which tools to use and in designing a plan of attack to solv
problems which are meto them, &en though thg haveall the information and skills needed to fabricate a
satishctory solution.Problem solving is more of an art than a science, and it can only be learned through
experience. hope these notes and the harok exercises will help you to deglop this important ability
early in your academic career.

Problem solving is not something that can be learned by just listening to some lectures or reading
some material, no matterwovell prepared.l don’t know of any ecific set of reasoning or rules | can
give you to male you proficient at it.You just hae © jump in and flounder around for a whilecan give
you some suggestions, hoveg which may keep you from drowning.

1. Make wre you understand the problem. I5iti Fomework or a test problem, makare you under
stand what all the words mean andvitbey fit together Before you start looking for "the answer
malke are you understand what the problem is.

2. Spena little time deciding on a plan of attack. As you go along check frequently te saakthat
you are follaving your plan. If it appears that the original plannit work, change it; but do so
intentionally not accidentally.

3. Planon spending some "quality" time on the hevoek. As a guideline, you should expect to
spend on thevarage tvo to three hours outside of class faery lecture hour.

4. Your goal in doing honweork is to arrve & an answer through a process you create, not just to get
an answereven if it's right.

5. If, after spending some time, you dagét anything to work out on a problem, seek help from the
instructor teaching assistant, or another student. Use such help wisgéin, the main goal is not
to get an answebut rather to see where you went wrong or what idea you missed.

6. Try to view each homeork problem as an opportunity to hone your problem solving skills.
Remember that there is a good chance that problems silitamot identical, to the homerk
problems will be on the tests. If you were unable toesalyoblem in the relaxed atmosphere of
home, it is unlikely you will be able to s@hts cousin in the stressed atmosphere of an exam.

7. Thereare often seeral reasonable ays to sole a poblem. Isuggest trying to soévhomework and
example problems in more than onayw This is a good way to study for tests. If you work a prob-
lem in two different ways that both seem correct to you, and get different answers, try to figure out
why. If after a little time both approaches still seem correct, talk to the instructor.

In writing the notes, Ve tied to find non-twial problems for which you already kmwpor | can eas-
ily tell you, everything needed to obtain a solution. The difficult part is sorting the useful information from
the rest of the stliffou knav, and putting it all together in a way thabvks. Theimportant aspect of these
discussions is therocess not the result. If the primary goal were to obtain the answfézn the best
method of doing so auld be something other than that in the notes. (In cases in which the method dis-
cussed is obviously a poor choicejel'tried to point that out, along with at least some directions pointing
toward the better choice.)

The notes ha&e wo scondary goals. The first is to shhoyou some of the ideas that you will
encounter a little later in your academic caread to solidify your grasp of some ideas yowéaeen
already Seeing the ne ideas nw and giving them time to "rattle around" in your head for a while will
make them easier to master when you encounter them later in more specialized céorsesample



Chapter 8 is desoted entirely to the analysis of simple circuits in order to determine currenthages.

The purpose here is not to neayou proficient at circuit analysis, but rather to introduce you to the basic
ideas, such as just what is a current ooltage. Thenwhen you encounter the subject again in consider
ably more detail, you will hae sme understanding and familiarity to fall back on.

The other secondary goal is to provide you with skill in using a complndhne first semester of the
course, your interaction with a computer will be almost entirely through a spreadsheet progisum. a
pretty specialized program which turns out to be surprisingly useful in engineering. It allows you to graph
data and functions, and to do rather compethmetic calculations on lge quantities of data easily
hope that you will come to wiethe spreadsheet as a tool you can use later to help you understand things
and to &oid some of the arithmetic drudgeryhis is the easiest goal of the course to aehié think you
should find the spreadsheet easy to learn and entertaining to uas (lesigned thatay). Inthe second
semesteryou will be introduced to a more general-purpose program, called the C congpikela com-
puter language somewhat similar to FORTRAN, Pascal, or BASIC which allows you to write your own pro-
grams, and thereby to tell the computer exactly what yamt W to do. You will probably not emerge from
the course as a skilled C programptest | hope you will be able to use C to salwary of the problems
which you are likly to encounter later in your caredferhaps most importantly hope you will hae a
good idea about just what can be done with C, and what can'’t, so that you will be able to fudloer de
your skill at using C as the need arises.

I hope you will find these notes interesting, and at least in some parts fun. The core of the material in
the notes should be accessible to all students in the clads/eébdso tried to include material whiclven
the best students will find challenging. This material usually comes at the end of the discussion on the
topic.

On a personal note, | consider myself to be very fortunate that part of the job for which | get paid is
something | really enjpdoing. Ireally like figuring out hav to make omething, designing it, putting it
together and finally seeing it wrk. The"something" can be a physical thing such as an electronic circuit
or a piece ofmechanical equipment, or something more ephememahlitever solution to a mathematical
problem or a computer program. The part of the processibtlike is he part inolving doing nearly the
same thing Ve done mawy times before, such as soldering the circuit together or laying out and drilling the
holes, or doing the algebra or actually typing the program into the comimerpart Ido like is getting
the idea, and then seeing it actuallgriv | even liked putting these notes togethénteally disliked writ-
ing them and gettingverything just right, put thinking up o to present the material and seeing it go
together was enjoyable.

It seems to me that mpustudents go through their cofe careers choosing to see only the boring,
unpleasant stuff, lik the mechanics of circuit analysi¥ou are going to hee © do your share of algebra
and the like, but | hope that whervgi the chance, you will also look around and see the fun stuff, as well.
It's dl over the place. In writing these notesyd’tied to shav you a fev of the things Ne found enjg-
able.
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1. ANINTRODUCTION T O COMPUTERS

In EE121 you will be using computers to help you sgwblems. lexpect that some students in the
class hge had a great deal of experience with computers, and otheesnaa used one before. The pur
pose of the first three chapters of these notes is tadgrthe general information you will need to raak
use of the computers in the EE121 computer Fdy some of you, this may be aview. As you will prob-
ably realize, e left out a lot of interesting and useful materiblext semesterin EE122, you will learn
much more about ocomputers operate, and later in this course we wileicthe design of logic circuits,
which are the bilding blocks of electronic computers. Because so much is left out, you may find parts of
the discussion unsatisfying=or example, | will talk about the computer writing numbers to its memory or
issuing a command to a disk\d but | won't say anything about just kothis is done. If you are really
curious, much of the material isvawed in considerable detail in the text for this class, and you can read
about it there.l don't think the information will be needed, hovee to use the computers in this class.

1.1 TheCentral Processing Unit (CPU)

Figure 1-1 shows a schematic block drawing of a generic computer system.

RAM
Floppy
Disk ROM
Hard
Disk CPU
Keyboard Display
Printer

Figure 1-1. Schematic drawing of a typical computer system architecture. Thesaimdicate possible
directions of information fi.

The Central Processor Unit (CPU) is at the heart of the system. It is a complicated electronic circuit that

operates on dataFor example, the CPU can adddwumbers, or it can test to see if one number gelar

than another Typically, a GPU has a repertoire ofveal hundred operations which it knowswhto do.

These operations are very basic, andyraperations are just minor variations on others. The unigfig v

good at carrying out these operations; it can do them rapidly and (almastjnages an error Typically,

a CPU can carry out an operation in less than one one-hundred-thousandth (10-5) of a second, and really

fast CPUS can do an operation in about one one-hundred-millionth (10-8) of a se€brdCPU must be
told exactly what operations to perforrti.you wish to use the computer to selsome problem, your task
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is to figure out hev the problem could be solved by using only the operations the CPU can do, and then to
put them in a properly ordered lisuch a list is called program. Even for a simple application, writing

such a program can be a long and tedious procedfane haveto get &ery little detail right! Fortunately

there are a number of tool programs such as spreadsheet,aaditcompiler programs to help.

1.2 ElectronicMemory Units (RAM and ROM)

Most CPUS include small areas in which aMfeumbers and instructions can be stor&ihce these
areas are seldom tgr enough to store enough information to do anything useful, computersutdiary
units for storing much larger volumes of informatiorhe information stored typically includes both num-
bers or other data to be operated on by the CPU, as well as a list of instructions to thee@ril types
of devices arewailable for storing this information, each with both advantages and distahes. Elec-
tronic memory circuits form one class of suckides. Therare a number of different types of electronic
memory circuits, but we'll discuss here onlyotWRAM and ROM. Thefirst, Random Access Memory or
RAM, offers fast access (both reading and writing of information) and high information storage. density
Presentlya character can typically be read or written in less than one ten-millionth (10-7) of a second, and
one can store a manuscript of one million (106) characters in an areavofsgue centimeters (cm2).
The primary disadantage of memory of this type is that the information stored in it disappears when the
electrical paver is shut df The other type of circuit, Read Only Memory or ROM, does not suffer this
problem. Italso allows &st reading of stored information, and provides high information storage density
Once the information is stored in such a circuit, it is permanési.can turn of the power and then come
back a year later and it will still be ther&his advantage is also the primary disadvantage of the circuit.
Once information is written into the circuit it cannot be erased or modifiedthis reason, these circuits
are commonly used to store information about a computer system which does not change, and waust survi
when the computer is turned off.

1.3 DiskDrives

The other main type of information storageide is called alisk drive In such devices information
is stored as patterns of magnetization in thin films of magnetic material coated on circularTtisks.
devices work similarly to a tape recordére main difference being that the information is stored on a thin
disk which is rotated rapidly about its centather than on a long, thin strip (the tape) ofifike material
which is drawn through the recorder at a constant speed. In some desktuki disk containing the infor
mation can be renved, and another disk inserte@he floppydisk drie is the most common example of
such a deice. Inother drves, the disk is permanently sealed inside theeddnd cannot be renved.
Such dwves ae calledhard disk drives. Theterms, flopy and hard, refer to the flexibility of the disk, not
to whether or not it can remed. Somehard disks can be remad, but these are becoming increasingly
unusual.

Disk drives dfer the advantage of reasonably permanent information storage, coupled with the capa-
bility to erase and rewrite information. The principal disadvantage of digésds that reading or writing
information to them is si@ in comparison to electronic memories. It typically takesa feindredths
(2 x 10-2) of a second to find the requested information on a hard disk, and then it takes more than one
millionth (10-6) of a second to read or write each charadteppy disk drives ae quite a bit shver.

Hard drives typically have gorage capacities of tens to hundreds of millions (107-108) of characters.
Capacities of floppdisks are around one million (106) characters.

1.4 OtherDevices Connected to the CPU

Besides storage devices, a computer system typically iaslsether auxiliary units connected to
the CPU. Most systems Vm a leyboard and a display unit connected to provide for interaction with the
human userand mary havea printer connected to allefor a permanent printout in human-readable form
of the results of running a program. Some computer systevesamaousewhich aids in pointing to a spe-
cific item or place on the display screeBometimes the computer is connected to others through a
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networking unit, or through a data port calledserial or RS-232port, or through the telephone system
using a unit called snodem Although the details of wothese units work can get pretty complicated, at
the level we will be using them, usage is transparent, and | idistuss them further here.

1.5 Howv a Computer Operates

There are tw types of information typically stored in memory: data to be operated on, and a list of
instructions (the program) for the CPU. The computer stores both types of informatidenendiparts of
the same storage wdees. For long term storage, both the program and the data maywee ca a dsk
drive, but because of the slospeed of disks, the computer usually transfers both the program and the data
to the high-speed electronic memory when it is readydoute a program.

The electronic storage spaceeditable in most computer systems is quite large, and a scheme to
organize the memory is required in order to be able to find a desired piece of infornfaidhis purpose,
computer designers break up storage space into small spaces, called bytes, which happen to be just a little
larger than needed to store one character of informastoring a decimal number with the standard num-
ber of digits accuracrequires 4 bytes of storage space. Most computer systemsthaast half a million
(5% 106) bytes (also referred to as halfnagabyteor 500 kilobyteg of RAM information storage space.

The computers in the EE121 computer lalveha Ittle more than four million (&« 106) bytes (4
megabytes). Eacltbyte of storage is gén a wtique numbercalled anaddress and the CPU can access a
specific data or instruction item by simply supplying the address of the desired byte.

In a program, instructions for the CPU txeeute are stored sequentially (in the ordeythre to be
executed) in memory When eecution of a program is started, the CPU igegithe address of the first
instruction in the program (daniorry about how—you will ceer that in EE122).1t stores this address in
an internal space called an instruction count&#hen told to startxecution, the CPU reads the instruction
starting at this address and does whati says to do.When finished, the CPU adds the length in bytes of
the instruction to the address contained in the instruction coantereads the information starting at the
resulting address as the next instruction toxselwged. TheCPU continues reading angeeuting instruc-
tions in this manner until it encounters an instruction that tells it to stop.

1.6 Organizationof Data on Disk Drives

Information is also stored on disk vl memory devices in byte-sized chunksit bhe scheme for
accessing a specific byte of information is somewhat more complicated in this(\8&dk.actually it's
quite a bit more complicated, but | dom/ant to go into the details hereBasically the storage scheme is
based on the premise that information to be stored on disks usually consists of a fairly large collection of
bytes, all related, and all to be accessed at oRoeexample, programs for the CPU are often stored on a
disk. Whenthe program is to be run okeeuted, the stored information is read from the disk and written
into electronic memory (RAM).The whole list of instructions is to be read in one operation, rather than
one instruction n@ and another instruction a little lateAs another @ample, | stored the manuscript for
these notes on a disk.used a specialized program calledetitor to store the sequence of characters |
wanted in RAM, and then when lag satisfied (or more often tired and wanted to rest and come back to it
later) | told the editor to write the whole shebang to diskter, when | was ready to g it another shot, |
told the editor to read the information from the disk, and store it back in RAM just as it had been so that |
could add to or modify it.

Anyway, based on this premise, information is usually stored on disksdais ollections of bytes.
Each collection is called fde (in analogy to storage of information in a file cabinet), and each filgas gi
a name, usually by the useFor example, | stored this manuscript in a file | chose toR@5.intro , and
the file containing the program for the editor | used is stored on my hard disk in a file calledwimply
Each disk has a special file on it called a directory which is created and updated automatically—you need
not knav anything about it. The directory contains a list by name of all the files stored on the disk, the cor
responding location on the disk where the information in the file is stored, and some other useful
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information such as the date and time the file was created. In the directory file there would be an entry con-
taining the name of the fil®OS.intro , and where on the disk it is found. When | issue an instruction to

my computer to read the file namB@®S.intro  the computer first reads the directory file and searches for

the nameDOS.intro . On finding it, the computer reads the directory to get the associated disk location
information and then it tells the disk @it read the information in these locations and store it in RAM.

1.7 How a Computer Stores Integer Numbers

Consider first har people store numbers. When you write angetesuch as 436, one way of think-
ing about what you mean &1 + 310+ 4100 This could also be writteB10° + 3[10" + 4[10%. As
I’'m sure you knwv, this scheme can be continued teegimeaning to a string of digits of giength. The
scheme is based onwers of ten, and is called tliecimalsystem. Systemisased on other numbers are
possible. lunderstand that the Babylonians used a system based on 60, anthéhedason hours and
minutes are divided up into 60 parts instead of some other morengemt division lile 100.

No one knows for sure wrhumans came up so weisally with a number system based on ten and
not some other numhéut it must be related to the fact that wedngen fingers.We @an represent ten dif-
ferent digits by associating one digit with each of our fing€ltsis probably not a coincidence that the
word "digit" refers both to a number between 0 and 9, and to a .Jingkecircuits used in computers can
corveniently represent only twdigits—it's kind of like they haveonly two fingers. Br this reason, com-
puters uniersally use a humber system based on powers @fdvetore and operate on numberSuch a
system is called hinary system.

A number written in binary consists of a string of &d 0s. Thescheme is best explained with an
example. Considethe number (in binary(L001),. (To avoid confusion, I'll use a subscript to indicate the
base of the number system | meaws decode this number just as wewld a number written in decimal,
starting at the right end and working to the left.

(10019, =12° +12' + 02 +O[2® +12*
=1+2+16

=190

Any positive integer may be written in thisay. | won't discuss it here, but it is also possible to extend the
scheme a little to all® storage of ngdive integers, and to extend it a lot to alletorage of fractional
numbers. Thescheme commonly used to store fractional numbers is calletb#iteg pointrepresenta-
tion.

Each digit (bigit??) in a number represented in binary can be represented in a computer by an elec-
tronic switch which is either on orfdfcorresponding to 1 or 0). The term for a binary dighits A byte
consists of 8 bits, and to represent a byte in a computer 8 electronic switches are required, one for each bit.
The more bytes a computer uses to store agentthe larger an integer it can deal with, but the more
memory space is required to store weginumber of intgers. Therds not unversal agreement on to
mary bytes should be used to store an getgbut most commonly these days four bytes are ud®ih
this much space, one can represent pesititegers up to a little more than 4,000,000,0@Ctually, a
scheme which allows storage of signed integers is usually used. In this case, one bit is used to represent the
sign (positve a negdive), and the lagest number that can then be stored is a little more than
2,000,000,000.

1.8 How Textual Information is Stored in Computers

Textual information is represented in a computer by assigning to each letter or other character a
unigue numberand storing text as a sequence of numbers (in binary of course). The most common (at
least in countries which use an alphabet similar to that used by English) representation for characters is
called ASCII. ASCII stands for American Standard Code for Information Interchange. The only other rep-
resentation that I'mware of is called EBCDIC (Extended Binary Coded Decimal Interchange Code |

-4-



think) and was a monstrosity promulgated by IBMrtunately it has almost disappeared.

In ASCII, each character is stored in a separate Bigh eight bits, one can represent 256edént
characters, manmore than are needed for storingtten most occidental language$able 1-1 shows the
ASCII representation for the printing characters.

Char. Code | Char Code | Char Code
Space 32 @ 64 96
! 33 A 65 a o
" 34 B 66 b B
# 35 C 67 c o]
$ 36 D d 100
% 37 E 5¢] e 101
& 38 F 70 f 102
' 39 G 71 g 103
( 40 H 72 h 104
) 41 I 73 i 105
* 42 J A j 106
+ 43 K 75 k 107
, 44 L 76 I 108
- 45 M 77 m 109
. 46 N 78 n 110
/ 47 (@) 7 o 111
0 48 P D p 112
1 49 Q 8l q 113
2 50 R & r 114
3 51 S 8 S 115
4 52 T 84 t 116
5 53 U 85 u 117
6 54 \% 86 v 118
7 55 w 87 w 119
8 56 X 88 X 120
9 57 Y 89 y 121
: 58 Z 0 z 122
: 59 [ 91 { 123
< 60 \ R | 124
= 61 ] 93 } 125
> 62 - A - 126
? a3 _ %b

TABLE 1-1. Table of ASCII codes (in decimal) for representing textual information.

Numbers between 1 and 31 are resdrior characters associated with control of the printincde For
example 10 (decimal) means m@dwn one line (line feed), and 13 meansvadl the way to the left
(carriage return).For example, the text "EE 121" (without the quotes) would be represented in ASCII in
decimal by 69 69 32 49 50 49, or in binary by 01000101 01000101 00100000 00110001 00110010
00110001. Not¢hat a space is just another character.



1.9 BExercises

1.

a) Write in decimal the value of the following number written in binary: 10110110.
b) Writein binary the value of the following number written in decimal: 95.

Systemdased on anpositive integer greater than 1 are possibleBvo common systems axtal,

based on 8, ankdexadecimalbased on 16. Numbers represented in octal consists of strings of dig-
its between 0 and 7or hexadecimal, we run out of digits and the letters A, B, C, D, E, and F are
used to supplement the ten standard digits. Thus to count to 10 in octal we would write 1, 2, 3, 4, 5,
6, 7, 10, and in hexadecimal 1, 2, 3, 4,5,6,7,8,9,A,B,C,D,18, F

a) Writein decimal the value of the following number expressed in octal: 156.
b) Writein decimal the value of the following number expressed xadiecimal: 3.

Theprincipal reason for using octal andxadecimal number systems (as in the previous problem)
is the ease of cemrsion to and from binary.

a) Writethe two numbers in the previous problem in binary.
b) Write (110101101)2 expressed in binary in both octal and hexadecimal.

Fractionaihumbers can bexpressed in other bases the same way as in baseol@ample, the
number 23 451), means

2x10" +3x10° + 4x10 +5x102 +1x10°

Using this idea, xpress as a decimal (base 10) integer the following numbers expressed in binary
and octal. You can use a calculator to do the arithmetidat, ib your calculator has the capability to
corvert automatically between bases, damse it. Do that part by hand and shgour work. An
answer that simply appears will get no credit.

a) 10101, =( ? )o
b) (426l)s=( ? )o

Encodeyour last and first name in ASClSeparate the twwith a comma and a space, and use
lower case letters for all but the first letters of each naRepresent each character by a decimal
number.

A standard 3%2" diameter flopplisk can store about one million byte&bouthow much area does
one bit occup on the surface of the disk?



2. ANINTRODUCTION T O MS-DOS AND THE DOS SHELL

2.1 OperatingSystems and MS-DOS

All this brings me to the main point of this chapté&s you may knav or haveguessed, the CPU and
the disk dnwve b not have te huilt-in capability to perform the complicated tasks associated with maintain-
ing the file systemThe CPU can only do much more basic operations such as reading or writing data to
electronic memoryor adding two numbers. Similarlythe disk dwve @an only respond to basic instructions
such as "find the 126,824th byte", or "read 4096 bytes of information starting at this location and write it
into RAM starting at address 10624", or theelidnorder to implement a file storage scheme, one needs a
program for the CPU which takes care of the beelling, and issues the detailedylevel instructions to
the disk diwve  read or update the directory file, and then read or write information from or into the file.
This is a principal task of a program calledageiating system MS-DOS (MS stands for Microsoft, the
name of the comparthat wrote and sells the program, and DOS stands for Disk Operating System) is the
program which is most commonly used for this purpose on IBMgédtsonal computers. Other operating
systems you may run into include UNIX (the name came from a rather poor pun cHG8Jwhich vas
an early operating system), VMS (Virtual Memory System, it runs only on DEECaémputers), and the
operating system used on the Maclntosh family of computers.

2.2 TheCommand Interpreter or Shell

The task of an operating system program is to maintain the file system and other system resources.
Another program called thghell or command intermteris usually the program the user interacts with to
run application programs such as spreadsheets or editdgsscommon practice to refer carelessly to both
the operating system and the shell just as D@QSthere really is a distinction! |l try to maintain the dis-
tinction in this chaptembut later I'll probably succumb to ceention. Whenl turn on one of the P€in the
computer lab, | get a bunch of dtdfsplayed on the screen which is associated with loading the operating
system (DOS) into memory andeeuting it. Finally, if all goes well, DOS will be up and running, and the
system is programmed to automatically load axatw@te the shell program stored in the file calzdM-
MAND.COMIt is this program which writes the promg@;\> , to the screen. This prompt is the shell pro-
gram telling me that it is ready to accept commands fromeiteokard.

Most commands to the shell are simply the name of a file containing a program which can be
executed, but some of the commonly used commands aitt-itf' to the DOS shell.Many of the com-
mands can be follwed by some information to be passed to the program. Each chunk of additioral infor
mation to be passed is called amument Arguments are separated from the command and from each
other by spacesA special type of ggument used to turn on specific features is sometimes cadledch
and consists of a normal slagh,followed by a single letterSeveaal examples appear in the list of com-
mands in the next section.

For example, if in response to the prompt | typHR and then press tHenter key, the shell program
recognizes the sequence of lettBIR as referring to a built-in set of instructions or subprogram which
reads the disk directory and prints a list of all the files in it along with some other information. The shell
program &ecutes this subprogram, causing the desired directory listing to appear on the screen. As another
example, if there is a file nameITUFF. TXT on my disk which contains some text information such as
this handout, typind®RINT STUFF.TXT followed by pressing th&nter key in response to the shell
prompt will cause the shell program first to search its list of built-in commands for one RIIKG .

There is not one, so the program will then search for a file named BRINIT.COM or PRINT.EXE,

and, if it finds one, load the instructions contained in it into memory>aedite them. The character string
STUFF.TXT is an argument, and it will be passed to PRINT program. Therds a file named
PRINT.COMon the disk, and it contains a program which reads a file specified as an argument and prints it
on the the system printeffhus in response to my command, the computarladvprint the contents of the
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file namedSTUFF.TXT.

The DOS shell pays no attention to what youehgped until you press thEnter key. Doing so
sends the whole line to the shell program to be interpreted, and acted on if pdkgiilemale a nistake,
you can erase it using thgackspacekey (before pressindenter!). If the whole line is so hopelessly
messed up that it would be better to stadr ou can eraseverything by holding down the Controki¢
(labeledCtrl on the leyboard) and pressingG. This combination is referred to as "Control C," and is
sometimes writteAC. DOS is not sensite 0 case in processing file names. That means it dbesiter
whether you use capital or lower case letters. The n@Med-F.TXT, stuff.txt , and StUfF.TxT
all refer to the same file.

2.3 TheDOS File System

DOS allavs for there to be seral disk drives on he system. These #lies ae specified to the shell
by giving each a name consisting of a single let@r the computers in the EE121 computer lab, there are
two floppy drives, and one hard ane. The flopgy drives use 3%" and 5%" floppdisks, and the dvies ae
labeledA andB, respectiely. The hard dnie is labeledC. A file namedSTUFF.TXT on the 3¥2" ) drive
would be specified bA:STUFF.TXT . If you dont specify a drve when naming a file, the shell assumes
a default drive, called thecurrentdrive. The current drie aan be changed by simply typing theverietter
followed by a colon at the DOS prompt. On startup thaudefirive is C, but this could be changed to, say
the A drive by simply typing A: at the prompt. Note that the DOS prompt changes to reflect thaldef
drive letter.

Another feature of DOS is the hierarchical directory structlirever simplified when | said each
disk has a directory listing all the files—often it hagessl. Themain directory is called th@ot directory.
It may contain the names of both regular files and directory fHesexample, the root directory on ny
drive mght include a file containing the manuscript of a paper I'm in the middle of writing, another file
with accounting information for a research contract, and a directory naEf2IL containing stufpertain-
ing to this class. In thEE121 directory | might have a fle containing the names of all the students in the
class, another withveryones grades, and maybe another with a calendavefte for the class such as test
dates and the l&k | might also hae a drectory namedHANDOUT$8ontaining files with the text for this
and other handouts, and another directory naf@MEWORINtaining files with homeork assignments,
and maybe solutions. Fig. 2-1 shows a schematic representation of the sitifatiorere in theC root
directory and issued RIR command, | would see a list of files which would includeEBA.21 directory
file, but would not list ay of the files in theEE121 directory or in the directories contained in tid#=121
directory.

Now, if | had a file name®OSINT.TXT stored in thdHANDOUTS8irectory of theEE121 directory
of the root or\ directory of the C drive, | could refer to this file asC:\EE121\HAND-
OUTS\DOSINT.TXT. If the current or default dre wereC, | could leave df the initial C:. Typing all
this garbagewery time | want to access theOSINT.TXT file could get pretty tiring.Fortunately just as
you can specify a current de you can also specify a current directorffhe command for doing so is
eitherCDor CHDIR followed by the name of the directory you wish to be thawef If the argument to
CDstarts with & , CDassumes the first directory in the argument is located in the root diresthemwise
it assumes the first directory is located in the current directary example, if the current directory were
C:\EE121 , | could change it to the directory containing B@SINT.TXT file by typingCD HANDOUTS
at the DOS prompt. On the other hand, if | were inEEL21\HOMEWORKlirectory typing CD HAND-
OUTSwould result in an error message from a puzz&l To get to theHANDOUTSirectory | would
have © type either the full directory nam&EE121\HANDOUTS, or | could use a shorthand the shell
knows about,, \HANDOUTS. The shell understands &wconsecutie periods,.. , to mean the directory
just abae the current oneThe root directory is accessed by typing just a single backslashyping CD
\ changes me to the root directonp matter where | am. Note that the shell prompt reflects the current
directory as well as the current\di This feature can be changed, but I'll not go into that here.



F. Williams Notesfor EEngr 121-122 Chapt. 2

Cc\
PAPER.TXT EE121 ACCT.$$$
HANDOUTS GRADES.DOC NAMES.DOC| HOMEWORK
DOSINT.TXT SCHED.TXT HW1.HWK HW2.HWK HW3.HWK

Figure 2-1. Schematic drawing of a possible file system directory structure starting with the root directory
at the top, and containing\aeal sub-directories.

On other subjects, you mayvearoticed that most DOS files ¥\ rames of the form of some letters
followed by a period followed by some more letters. This is theention, although it is not required.
The first set of letters is called tifiename and the last set (following the period) te&ension DOS
allows the filename to be up to eight characters long, andxteaston can be up to three. The shell has
two wildcard characters which are often usefld.? character stands for yasingle character For example
if the current directory had the fil&TUFF1.TXT, STUFF2.TXT, and STUFF26.TXT, the command
DIR STUFF?2.TXT would list directory information abouBTUFF1.TXT and STUFF2.TXT, but not
STUFF26.TXT. The* wildcard character means thatyaset of characters can ocguphe remaining
places in the filename oktension. Br example,DIR STUF*.TXT would list all theSTUFFfiles abae.
Both DIR STUF** andDIR STUF* would also list all the stéifiles. DIR *.*  would list all files in
the current directoryUnfortunately the wildcard feature only works for afeeommands.

The shell has another useful feature, caléelirection Suppose | want to store the list of files in the
current directory in a file callediST.TXT . | could do so by enterinBIR > LIST.TXT . Note the>
character It is a redirection characteend it tells the shell to put whatould have rormally been printed
on the screen into the file folling it. Another redirection character<4s This character directs the shell
to take input for the command not from theyboard, but rather from a fild=or example, theSORTcom-
mand takes lines of text, sorts them into alphabetical cadérprints the result on the screen. If the lines
of text to be alphabetized are contained in a file, the input redirection charadsemsed to pass the file
name toSORT If | wanted the files | just put intdlST.TXT to be alphabetized, | could issue the com-
mandSORT < LIST.TXT . This would result in a list on my screen in alphabetical ortfdrwanted to
saze it in a file called, say ALPHA L.TXT, | would just append an output redirection,
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SORT < LIST.TXT > ALPHA_L.TXT

Theres ane more redirection charactgr, to talk about. This character is calledmpe This charac-
ter should be placed betweenoteommands, the first of which normally produces output on the screen,
and the second which uses input redirection to obtain irffpatexample, we could get a sorted directory
listing on the screen directly by enteribdgR | SORT . The name of the feature is descuptiit estab-
lishes a connection (pipe) between the output of one command program, and the input of a second.

| cant resist an editorial comment her&his redirection feature, l&kthe wildcard feature, is not
implemented very well in the DOS sheWith some commands thevork, with others the don’t. The
inspiration for both features was &kfrom the shell used with the UNIX operating system, which initially
(around 1974) ran on computers much smaller and less capabler¢hamdBM PC. These features v
worked fully on the UNIX shell since the gi@ning, but the still are broken under the DOS shell, 16 years
later and about 10 years after the introduction of DOS.attazing!

2.4 UsingFloppy Disks

To use a 3%" flopp disk male aure the top dvie is enpty and then insert it into the dej pushing it
in until it clicks into place. When you are done, just reenthe disk by pushing the little button, which
should cause the disk to pop olb use a 5v4" flopp make sure the dne is eanpty and the heer is rotated
so that it is horizontal and then insert it into thevelidnd rotate the heer until it points davn. To remove
the flopyy, rotate the leer to the horizontal position and remm the floppy. A detail is that a floppdisk
must be formatted before you can use(¥ou only need to format agn floppy disk once.) To format a
disk, insert it in the appropriate dej and enter eitheFORMAT A: or FORMAT B:. The formatting pro-
cess takes seral minutes, so be patientWhen the process is finished the program asks you what label you
want to put on the diskYou can specify apname you like up to 11 baracters long. This information is
put in a special place in the root directory of the disk, and it will appesy 8Bme you useDIR to get a
directory listing of the diskLabels can be useful when yowbka mumber of floppies, to remind you what
each contains.

WARNING: Formatting a disk remas dl information on it. You can format a flopp disk which
has already been formatted once, but doing so will verdbinformation from it. DON'T EVEN THINK
ABOUT FORMATTING THE HARD DISK!
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2.5 BExercises

1. Whenthe computer is turned off, all information in RAM, including the programs for the operating
system and shell, are lodt.is not a good idea to put either of these into ROM, because information
put there cannotver be changed. Ifa rew, improved version of the operating system (OS) program
came out, as frequently happens, a computer with the OS in ROM would become olfsotbtr,
different customers just might want to use different operating systems. Vibeibolution to this
problem is to place the operating system (OS) and shell programs into disk files which are read in
when the power is turned on. The problem with this approach is thatx@¥pp, the CPU has no
program at all, and doesrknow how to read a file from the disk, or to load the contents of such a
file into memory or to transfer control to the program ara e it. Clearly some rudimentary pro-
gram must be placed inOM, and the computer must be wired to start up>sewing this pro-
gram. Thisprogram should be designed to allthe maximum flexibility rgarding the operating
system program to be loaded from the di€lonsider hw this problem might be solved, and dis-
cuss in as much detail as you can your ideas for a good solMtibat functions should the pro-
gram in the ROM perform™ow should the operating system program be put on the disk so that the
ROM program can find it?Remember that the length of the OS program cannot be known in
adwance. Thisproblem is called thdootstrapproblem, | guess because the computer must pull
itself up from complete oblivion by its bootstraps.

2. Usingone of the computers in the computer lab, list on the display screen the contents of the root
directory Print such a list out on one of the printerurn in both the printout and a detailed list of
what you did to get it.

3. Puta listing of the contents of the root directory of thérive into a file located on the hard disk.
Copy the file to a flopp disk, naming it on the floppwith your first name, followed by a period,
followed byLIS . (For example if | were doing it, the file would BERAZER.LIS.) Remae the
file you just created on the hard diskurn in the flopy along with a detailed description of the
command you issued to do the .JoWARNING: Be careful about using wildcard characters with
theDELcommand. Onslip and you can delete more than you intended.

4. Apopular editor program is called ENIS. Theras a version of this program on the computers in
the EE121 lab Use EMACS to create a file containing your name, and a short paragraph describing
your career goals, put the file on a flgpgd turn it in. If you are not familiar with EMACS, there
is a pretty good tutorial contained with iTo run EMACS just enter at the DOS pronptIACS
You should get a screenuing you seeral options, one being the tutorial. After thatemything
should be selfsglanatory | have e request, lwever. In the tutorial you are asked tovsathe
tutorial file after you hae nodified it. Please don’'do that because saving it modifies thdy copy
of the file containing the xé of the tutorial, and the next student trying to run the tutorial will get
your changes.

PS. EMACS is an excellent anery powerful editarand best of all, i free! Theversion on the
EE121 computers is one adapted to run under MS-DOS, am@lled FREEMACS. Ifyou hae
your own IBM PC or clone computer and woulctlike editorjust cojy everything in the directory
\PUB\EMACS onto a flopy disk. If you dont have a mpy of the UNZIP utility, copy
UNZIP.EXE from the\PUB directory as well. On yourven computer create a directory named
EMACSIn the root directoryinsert your flopp into the dwve and change default to that dei
EnteringUNZIP without ary arguments will get you instructions onwudo transfer the files from
the floppy to your hard disk. The only files you need ar&EMACS16A.ZIP. You might also wnt
the spelling checker IEMACSPEL.ZIP.
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3. SOMEDOS COMMANDS

This section lists a f of the commandsvailable with DOS. The format | will use to describe the
commands is the folleing. Thefirst line of the section describing each command consists of the command
name followed by possible guments. Aguments enclosed in square brackets are optior@lments
without square braghs are not optional, and must be supplied. Something printed in constant-width, block
letters, for @ampleCDbelaw, should be entered verbatim as printed, whereas something printed in italics
(for exampledirectorynamebelow) should be substituted for.

CD [directorynamég
When issued with an gmment this command changes the current directory to that specified as the
argument.

When issued with no argument, the command prints the name of the current directory.

The commandHDIRIs exactly equialent.

COPY [drive] filenamel[drive] [filename2

COPY filenamel+ filename2[+ ... ] filenameN
The first form of the command copifienamelto filename2if supplied. Iffilenameds not sup-
plied, the first file is copied to a file with the same name, but in the current directory on the current
drive.

The second form puts all the files separated bysin togetherand writes the result into the file
specified by the last argument (which is not preceded#)y a

DEL [ drive]] filename [/P ]
This command deletes the named file from the directdhe optional/P argument (called a
switch) causes the computer to first print the filename on the screen, and then ask whether or not
you want it deleted Answer Y’ for yes, N for no. Wildcards work with this command, but the
should be used with care, because it is easy to delete files you want to keep, and it iBowdtry dif
to restore them.

The comman@&RASESs completely eqwalent toDEL

DIR [drive] [filenamé [/P] [/W]
When issued without arguments, this command lists the files in the current dirdtpves the
size in bytes along with the date and time of last modification of eachTtile./P and /W
switches are useful when there are tooyrfdas in a directory to fit on one screen of the display
The /P switch causes thBIR command to print one screen-full at a time, pausing each time for
the user to press ek The /W switch causes only the filenames to be printed in up ® fiv
columns so that more file names can be put in one screen.

FORMATdrive:
This command formats a flopplisk in the diwe gecified bydrive. You must use this command
to format brand ne floppy disks before you can use them.

WARNING: Formatting a previously formatted flopplisk destroys anpreviously existing data
on the flopp.

MD [drive]] directoryname
This command creates a directory with the namengin the argument.
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The command is completely egdient to theMKDIRcommand.

MORE < filename

command| MORE
This command is used to print the contents of a file (first form) or the output of a command (sec-
ond form), one screenfull at a time. After the command has printed a screenfull, pregdiag an
will produce a ne screenfull.

PRINT filename
This command prints the contents of the file named in the argument on the system printer.

RD [drive]] directoryname
This command rems the named directoryit will fail if the directory is not empty.
This command is completely egalient toRMDIR
REN [drive]] filenamel filename2
This command changes the namdilehamelto filename2
This command is completely egaient toRENAME
TYPE [drive]] filename

This command prints the contents of the named file on the display screen. It does not stop when
the screen is fulll use theMOREommand more often tharyPE
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3.1 BExercise
1. Assumeyou are in the root directory, of drive C

a. Writea sngle DOS command line to list the files in the directdONGQof drive B, the
floppy drive, sort them alphabeticallyand place the result in a file on ki C @lled
\MONGO.LIS. (Assume a suitable flogps dready in the drie.)

b. The\MONGUQlirectory on the flopphad a lot of files, and you mowant to look at whas
there. Writea dngle DOS command line which will print the contentdMONGO.LIS on
the computer screen, one screenfull at a time.
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4. GETTING STARTED WITH Q UATTRO PRO

4.1 Introduction

The purpose of the following four chapters is teegyou the information you will need to use the
Borland Quattro Pro spreadsheet program on the computers in the EE121 computer lab,\engbto gi
several examples of he a readsheet program can be used in engineefiihg.information is specifically
for Quattro Pro, version 2. Borland distites an earlier spreadsheet program called just Quattro which is
still available. Thetwo programs are similabut the ne program has substantially more capabhildyd
the user interface is different.

Spreadsheet programs were@eped primarily for use in business, butytipeove © be quite useful
in engineering and science applications as wHfley can be viewed as a programming language (albeit a
non-cowentional one!) which is easy to learifhe spreadsheet format is analogous to that afsnéss
ledger Entries are arranged in columns and rows, with each one being labeled by a column lettewand a ro
number It's a lttle like dreet intersections in parts of Lincoliast-Vst running streets are named with a
letter, and North-South streets with a numbdihe street intersections would be analogous to spreadsheet
cells which are the spaces in which you put numbers, formulas, or sgmelteeEast-Wst streets auld
correspond to the columns of the spreadsheet, and the North-South tevgshéAé® aould label the inter
sections by using the intersecting street letter and nuntmerexample the intersection of C and 10th
would be called C10With this scheme, &' easy to specify ancell in the spreadsheet.

Theres one more small detail. There are more than 26 columns in most spreadshest®7th
through the 52nd columns are labekefl throughAZ. The next 26 columns a®A throughBZ, and so
forth.

4.2 Executing the Quattro Pro Program

At this point, it would be a good idea to sit down at a computer with Quattro Pro installed so you can
see for yourself what | am discussinid.you are using one of the computers in the EE121 computer lab,
first insert a flopp disk in the flopy drive and change the default de  the flopyy by enteringA:. To
start up Quattro Pro simply ent€r After a fav seconds you should get a display with the Quattro Pro
name in it, and a fe seconds later that should disappear and theksheet should appear on the screién.
instead you get an error messdgmd command or file name , something is messed up on the
machine. Pleaseport the problem, and then try another machine.

4.3 How to Get Out

We'll talk about this more latebut in case you are claustrophobic, or need to stop before we get to
it, heres how you get out of Quattro Prd.think it's fool proof. First press the escapgyHabeledEscand
located at the extreme upper left-hand corner of dybdard seeral times until nothing changes when you
press it. This should get the program in its initial state. Then simultaneously press the egntabieked
Ctrl and located at the bottom of theykoard under eitheBhift key, and x. (That combination is called
control-x .) If you have rot entered andata the program will exit rightwaay and you will get the DOS
prompt. Otherwisea little windonv will appear with the questionLbse your changes and
Exit? " at the top. TypeY, and you should soon be back in Kansasy exiting nowv, and when you are
back in DOS, typ&again to restart Quattro Pro so we can get on with it.

4.4 Whatlt All Means

If all is well, you should hae a ather colorful display on the screen. At the very top should be a line
of text startingrile Edit which lists groups of commands you caneghe spreadsheet programhis
is called thePull-Down Menu Bar and we'll talk about it in the né section. If the top line starts
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Worksheet Range , or if it contains onlyAl: , then someone has messed up thaultf. Ifso, it's easy
to fix, but let me first tell you what'going on.

Quattro Pro has three user ingaxés which you can select. The first is the interface from the earlier
Quattro program and Quattro Pro label®1t The second is the intexde designed for Quattro Pro, labeled
simply Quattro . The third is very similar to that of a much older and more common spreadsheet pro-
gram called Lotus 123, and is labelE2B. For this class | hae decided to standardize on the Quattro Pro
interface because that is the inteé assumed in the optional reference book for this class and because the
descriptions in the Quattro Pro manual are more complete for thisageerffQuattro Pro starts up with
Worksheet Range in the top line, the default interface choice has somdbeen changed to the 123
interface. D change it back, just follw the following recipe.First press the escapeykEsc seveal times
until nothing changes (as in the &baiscussion about getting out of Quattro Pro), then press thevioto
keys in orde/'WGDFM. Doing so should produce a small windavith the labels of the threevailable
interfacesQ1, Quattro , and123. We want the Quattro interface, so use thevd@nd/or up arnw keys,

{ andld, to move the highlight to theQuattro item, pres£nter, and you should be all set. (The amro
keys are located at the bottom of thetkoard just to the right of the normal typewriter portion.) If the top
line contains onhAl: or something similado the same thing, except préBxSM instead of WGDFM to

get the little windav.

Just bela the pull-davn menu bar is another line, called theut Ling which containsAl: at the
far left. Therest of the line is blankThe Al tells which cell is selected; $'the cell in columm, and rav
1. Just belav this is a line containing the lettefs B, ..., H. These letters label the first eight columns of
the worksheet. Notehat theA column is highlighted. Starting just beldhis line, and at the far left hand
side of the display is a column of humbers starting Wjtand running througt20. These numbers label
the first twenty rows of the avksheet. Notehat thel row is highlighted. Onlya snall fraction of the
worksheet is shown at once. The total worksheet contains 8192 rows and 256 céldins (

At the very bottom of the display is tistatus Line This line tells you stidifyou might need to ke
about what the program is doing. The arcane symbols aathigght of the display are for using a mouse
to control the spreadsheet prografrhey alow you to do with the mouse much of what you can do with
the keyboard. lwon't be dscussing mouse use, but if you really want to use the mouse, with axjitlg-e
mentation, you should be able to figure ouwvho do i.

4.5 Keys for Klutzes

Three leys | find very useful are thescapeUndo, and Help keys. Theescape &y is labeledEscon
the keyboard, and is located at the upper left-hand cortigrou start doing something and then decide it
wasn't such a good idea, pressiigcusually puts you back to where you were jusviosly. The Undo
key is not labeled, but is ast@ted by holding dan theAlt key (located on either side of the space bar) and
pressing=5. Use this one after you ta just made a change to thenksheet that was a miseak Usually
it will restore the worksheet to what itaw just before the last operation. The Hedy krovides informa-
tion about using Quattro Prdt is not labeled, and is aetted by simply pressing thel key. | suggest
pressing=1 now and browsing around a little to see what kind of informationvaable. Usethe escape
key to get out of Help once you are don¥éou may need to press it\weeal times.

4.6 ThePull Down Menus

You control much of the operation of Quattro Pro by using Pull Down Menus. The names of the
menus appear at the top of the screBm.access a particular menu, first aate the Menu Bar by pressing
the slash &y, / . (Note there is also a backslasiyk\ , which is diferent.) Whenyou press the first
name in the menu baFile ) is highlighted and the blinking underline cursor appears unddoitelect a
specific menu you la wo choices.
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1. Usethe left and right arne keys (ocated at the bottom of theyboard, between the normal type-
writer part and the numerieigpad part) to mee the highlight to the desired item. When yowda
done so, just pregnter.

2. Justype the highlighted letter of the name of the desired menu.tp@ssEnter afterward.

TheFile menu contains items that let yowsand retri&ze worksheets to and from files, and per
form other operations related to the file systefn. e what you can do, andwoaccess the menu by
either of the methods a® Covering part of the wrksheet is anenuwhich lists the things you can do.
Note that the top item on the menu is highlight&d.tell the program to carry out wof the operations on
the menu, you hee wo choices, similar to those you had in choosing a menu from the Menu Bar.

1. Usethe up and down amokeys to nove he highlight to the desired item, and prEsser.

2. Justtype the highlighted letter of the namehis letter is ofterbut not alwaysthe first letter Do
not then presgnter.

The list belov describes some of the items in the menu.

Retrieve
This function allows you to retnwe a worksheet you created mpieusly and seed in a fie. Doing
so destroys anything youveadready done in the current worksheet (unless yoe lsaved it in a
file, of course).For your comwenience, the names of all the likely candidates (those witne
sions starting withW in the current directory are listedlou can either type the name of the file
you want, or you can use the awrkeys to nove he highlight @er the right name. In either case,
pressEnter when you are done.

Save

Save As
These functions are used tossaa worksheet in a file. If you want to regaa worksheet which
you previously retrieed from a file use th&ave command. Ifyou want to see a rew worksheet,
or if you want to see wnder a different name a worksheet you previously retliese theSave
As command. Ifyou use thesave As command a windwe will appear asking the name of the
file in which you want the worksheetvsd. If there is a current worksheet name (usually the last
worksheet you retrieed) Quattro Pro will guess this name and put it in the windis that's not
what you vanted, just start typing the name you want, and the guessed name will disafopear
can at ap time just modify rather than completely retype, the name usingettie key to be ds-
cussed a little later in Section 9 of this chapfnessEnter when you are doneSaving a work-
sheet into an existing file causes whaténformation which is contained therein to be dest
For this reason, if you are telling it tov&at an «isting file, Quattro Pro pops up a little windo
asking if you are sure you kwowhat you are doing.The top line sayd-ile already
exists: , and the remaining three offer you options. The ficztncel , tells Quattro Pro to just
forget the whole thingReplace tells it to go ahead andrerwrite the existing file; and the third,
Backup , tells it to first rename the existing file to one with the same filename, but witktéme e
sion.BAK, and then to sz the worksheet into the specified file.

Directory
This option sets the directory in which Quattro Pro looks for files to vetr@ad in which seed
files are put.The current default directory is displayed in the menu to the right dDitlee-
tory listing in blue (if someone hasrchanged the display colors!). The default directory starts
out as whateer directory you were in when you started Quattro Frsuggest you alays keep
the deéult directory to be one on your flgpplisk so that you are guaranteed thay fites you
create are on the floppwhere you can s& them, rather than on the hard disk, where thl
probably disappear.
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Exit
This is the same function you carvake by pressingCtrl andx at the same time as discussed
above. If you have rothing to sae, choosing this item causeseeution of the Quattro Pro pro-
gram to cease, and control is returned to the DOS steome possibly useful information
would be lost, a small windo pops up to tell you. The windohasLose your changes
and exit?  on the top line, and offers three choicl®, Yes, and Save and Exit . The
meaning of these three choices should be self-explanatory.

4.7 Moving Around the Spreadsheet

As indicated both by the input line, and by the the column awdhighlighting, the selected cell
when you first startup Quattro ProAd. You can change the selected cell imesa& ways, but the most
common is to use the awdkeys located at the bottom of theyoard, and between the normalk (as on
a typewriter) and the numericeypad leys (as on a simple calculator or adding machin@jessing an
arrov moves the selected cell in the corresponding direction on thiksteet. Br example, pressing the
down arraw, |, three times changes the selected celdo and then pressing the right awo-, twice
changes it t@C4. Try changing the selected cell using thesgskand note the changes in the display (both
in the Input Line and in the highlighting) which indicate which cell is selectegmoving to a cell which
is off the screen.

There are other ways of moving around tharksheet. Théeys labeledPage Davn andPage Up
(they're in the group just alke the arrev keys) move down and up by 20 rows at once. If cdll is in the
upper left corner of the worksheet, for example, presBagge Dovn will move o put the 21st rev at the
top. You can get the same effect in the horizontal direction inviays. Oneis to hold down the control
key (labeledCtrl) and press either the left or right anwéeys. I'll use the caref, to indicate that the con-
trol key should be held den. Controlright arrav, for example, would be indicated as. The Tab key
can be used to provide the samieaf Pressingust Tab is the same a%-, and holding down thé&hift
key and pressingab, Shift-Tab in my jargon, is the same as .

For really big distances, pressing tHeme key (just to the left of th€age Upkey) moves you to the
first cell, Al. The End key used with the arm keys moves you to the other ends of theovksheet. Br
example, pressingnd and then— moves to he right end of the arksheet. Becausgmu seldom use the
bottom rows or the rightmost columns of the worksheet, the term "end" is defined not ashibet fyou
can go, but rather as folls. If the current cell is not blank, then the end is the next non-blank cell which
is followed by a blank cell. This euld often correspond to the end of the part of the worksheet you are
using. Ifthe current cell is blank, on the other hand, the end is the position ofxtheoneblank cell. The
combinationEnd followed byHome maoves you to the bottom right end of the non-blank area of tbkw
sheet.

Finally, you can specify a specific cell to go to using@wIokey. This is the ky labeledF5 located
in the long rav of keys at he top of the &yboard. AfterpressingF5, [Enter][Esc] Enter
address to go to: appears in the Input Line near the top of the scréettowing this is the address
of the currently selected cell. The programpexting you to enter the address of the cell you wish to go
to (J57, for exkample). Aiything you type will appear after the colon. If you type a valid cell address and
then pres&nter, that cell will become the selected cell, and the region around that cell will be displayed.
The words in the square bratk indicate heo the program expects you to terminate this commadaréss-
ing theEnter key tells the program to do it, and pressing ¢seapekey, as wsual, tells the program to for
get it. All of these motion commands are summarized in Table 4-1.

4.8 EnteringInformation in Cells

A cell can contain three kinds of information: numberst, tand formulas. The names of the three

types are descripie. Examples of the three ar&2.567 , "This is fascinating , and
12.567+B6 . Formulas and numbers are simjland in this discussion we will not differentiate between
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KEYS FOR MOVING

Key Action

- Move left one cell

- Move right one cell

O Move up one cell

! Move cbwn one cell

"5 orTab Move right one screenfull

"« or Shift Tab  Move left one screenfull

Page Up Move p one screenfull
Page Down Move cbwn one screenfull
Home Move D first cell, Al

End Home Move  lower right end.

See text for definition of "end"

End O Move  upper end

End | Move o lower end

End - Move o right end

End -~ Move D left end

F5 Move © cell you specify by address

TABLE 4-1. Keys for moving around in the worksheet
them. Atext entry is often called Ebel. Information is entered into a cell by simply moving to that cell,
typing it in, and pressingnter when finished. When you put some information into a cell, Quattro Pro has
to knawv which of the three types it is. If what you enter starts withlatter or punctuation markkeept
/| + =% ( @ # or. then the program assumes that the informationxis tA& numbey on the other
hand, is an entry that contains mostly digits, although a number can startwithea- or a$, and it can
end with a% A number can contain a single decimal point, and you can use a form of scientific notation.
For example, the number 5.23410-12 could be entered 8234E-12

These default rules for determining information typerkwvell for maly cases, but sometimes you
really want to start a bit of text with a number or one of the other forbidden syntimlsxample, you
might want to label a column by putting some text at the top of it thatdshyEry , or sosmething lile
that. To force the program to consider an item to b, ttart it with one of the following three characters

,", or”. When placed at the beginning of a text enttngse characters are not printéchey force the
item to be considered as text, and control the placement of the item in the cell, causing left justification,
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right justification, and centering respeely. If there is not one of these characters at the start of an entry
which the program recognizes as a text itern,is automatically tacked on for you, so left justification is
the default.

At the other end of the problem, you may also want to enter a formula into a cell that starts with the
address of some other cell, suchC¥%B6+3.2 . If you typed this as written, the program would think it
was a ext item, not a formula, because it starts with a lefferforce the program to interpret is as a num-
ber or formula, start it with a character which is in the number group, but which daesmthe \alue.
The most common character to use for this purpose is the plugsignyhich case in the example aleo
we would enterC7-B6+3.2 .

The columns of the erksheet each ka a &t width, nine characters by deft. Thiswidth can be
changed using th8tyle Pull Down Menu, but I'll delay discussing that. If you enter a character string
(label in Quattro Pro jargon) into a cell, and the cell width is smaller than the length of the string,-no infor
mation will be lost, and the entire string will appear on the input line of the display vehgone more the
highlight over this cell. The character string will spillver into empty cells to the right if needed until it
encounters a cell which is not empty will not spill over into cells which contain some data. This feature
can be very useful for entering titles and the fdr spreadsheetsAs we will discuss in a later section, it is
also comenient for displaying macrosThe feature can lead to some confusion since it appears on the
worksheet as though the long character string occupiesaseells, not just the one cell at the head.

4.9 CorrectingMistakes

If you male a mistake in entering some information to be put into a cell and notibefibrepressing
the Enter key, you can correct it by using thgackspacekey to erase characters until you get to the prob-
lem point, and then retype the remaining fstuf the entry is hopelessly messed up, you canEsedo
start wer. Quattro Pro also has an editingcility that allows you to delete and insert specific characters
arywhere in the entryYou can use it to edit information as you are entering it, or you can edit information
already placed in a cellTo it the contents of a specific cell, waoto that cell and presB2. If you want
to edit what you are in the process of entering, just fr2s§his will put you in edit mode, and the cursor
(a red rectangle with a blinking underline character in it) will appear at the end of the InpuYtinean
move this cursor around using the right and left erkeys.

If you are in Insert mode (you will be unless you purposely change it), characters you type will be
inserted just before the cursarhe other mode is @ywrite mode, and in this case the character under the
cursor will be replaced with the character you tyjeu change between the tamodes using thénsert
key, located just to the left of thHdome key. When you are in Overwrite mod@VRappears in the Status
Line at the bottom of the screem either mode, if you pre€3ackspacethe character just before the cur
sor will be erased, and if you prd3selete the character under the cursor will be erased. When you are sat-
isfied with your changes, preBster and the modified contents of the Input Line will be put in the selected
cell. Pressindgesconce erasesverything on the Input Line, but lges you in edit mode; pressing it a sec-
ond time exits edit mode without modifying the contents of the selectedTded.information is summa-
rized in Table 4-2, and the function of some other edit-megeik dscussed.

If the contents of a cell are hopelessly messed up, you can erase them completely by using the
Erase Block item in theEdit menu. D use it, first m@e the highlight to the cell to be erased, then
activate theEdit menu by typindE . Choose theécrase Block  item, and the menu will disappeand
Block to be modified: will appear in the Input Line at the top of the screen. Just jphetss to
erase the contents of the highlighted c¥thu can also erase a block of cells with this commaha do o,
after choosing th&rase item, you must tell the computer what range of cells yantwo eraseYou can
do so by typing the address of the upper left-hand corner of the block to be erased, followed by one or tw
periods, followed by the address of the cell in theeloright-hand corner of the block. Another way to do
it is by pointing. If one corner of the block to be erased is highlighted, use thes &ays to nove the
highlight to the opposite corneNotice hav the specified range is painted. In either case, [Eessr
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KEYS FOR EDITING

Key Action

Esc Press once to erase the Input Line. Press twiceto for
get the whole thing and lea the cell contents
unchanged.

Enter Puts Input Line into selected cell, and exits edit mode.

- Move airsor one space left.

- Move airsor one space right.

Backspace Delete character to left of cursor.

Ins Toggles betweeimsertandOverwritemodes. Insennode puts

characters you type just to the left of the cur€werwrite mode
replaces the character under the cursor with the one you type.

Delete Delete character under cursor.

A\ Delete all characters from cursor to end of line.
"Backspace Delete entire line.

Tabor™ - Move aursor 5 spaces right.

Shift-Tab or”~ Move aursor 5 spaces left.

Home Move aursor to start of line.

End Move aursor to end of line.

TABLE 4-2. Keys for use in edit mode.
when you are finished.

Finally, if the whole worksheet is shot, or perhaps if you are done with it and want to start,another
you can erase the whole thing using Erase item in theFile menu.

4.10 AnExample, Part 1

In this section d like to onsider an example in which Quattro Pro could be used useflillgon-
tinue the example through the nexbtahapters, using it as ahicle to point out selected capabilities of
Quattro Pro along theay. More importantlythe example illustrates a typical problem solving process.
engineering practice it is unusual that a problem appears along with a statememtitasho be ®lved.
Rather the engineer is presented with a problem and an array of tools and information, some of which may
be useful in solving it and some which are nbhe art of engineering consists of taking these tools and
applying them to sokrthe problem successfullyit is important that during your study of engineering you
learn about and gain skill in the use of these toalsjths more important that you daop the ability to
take the tools and fashion solutions using them. Besides, just applying the same old tools the saye old w
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time after time gets pretty dull prettgst. Itsmuch more satisfying to dream up some/ ey to use the
tools to sole sme problem, especially when it works.

Anyway, here is the problem. Herbie Husker is taking EE231 lab, and his assignment is to character
ize electrically a box gen (well, actually lent—he has to return it at the end of the lab period) to Tima.
box has tw terminals, and Herbie has managed to translate the lab assignment sheet into terms he thinks he
understands. Theheet claims that theoltage across the terminals and the current into them should be lin-
early related. Herbie has translated this to mean thatisf the voltage and the current, then tlyeare
related by a formula like

V = A+ Bl (4-1)

where A and B are constants to be determined. It is Hegbassignment to find the values of theotaon-
stants for his box(In EE lingo, the constar is called the resistance, and the syn®dd usually used for
it. Herbieisn’t an EE, though, so he us&sinstead.)

Herbie has ilable to him a power supply which can deti any woltage between 0 and 40lts,
and two meters, one of which measuresitage, and the other current. He decides to connect the terminals
up to the pwer supply aong with the tvo meters, and to measure the voltage and current Veradeliffer-
ent voltages from the power suppMerbie does so, and writeswdo his results in a table, which is repro-
duced belw in Table 4-3. The equipment has not had an easy lifgglen, and the needles on the meters
bounced around a bifurther Herbie has neer had good eyesight, and he caught a football with his head
a few years ago andver since he sometimes sees doubknyway, there is some noise on the data, and
there may be a¥ereadings which are just wrong.

Voltage Current
2.36 —-0.00029
36.8 0.0394
9.41 0.00749
15.1 0.0150
221 0.0106
32.4 0.0353
4.83 0.00359
21.5 0.0251
29.5 0.0323
17.7 0.0205
25.9 0.0270

TABLE 4-3. Herbies aurrent-voltage data.

We will analyze Herbies results for him using aavksheet. Firsérase anything you mayveput in
the worksheet. I8 usually a good idea to put titles on worksheets so that yeeiane chance of figuring
what its about when you come back to it aftetessd months. | frequently dort' do that, and | often wish |
had. I'msupposed to be encouraging good habits here|l 4rylto put a title on eerything. Move b Al
(I suggest usingdome), and put in some informat ext. | put in "Chapter 4:Herbies wltage and cur
rent measurementsWe will use theA column to store Herbiswltage data, and tHgcolumn for the cur
rent data. Label these columns by puttWgitage in cell A5 and Current in cell B5. Include the
appropriate character at the start of each to cause it to be ceiesedinter Herbies data. Jusso well
be synchronized, start inwo6 so that the first voltage, 2.36, is in cAb. You can use a shortcut here.
Once you hee entered a number into the Input Line you could put it in the current cell by prdssieg
and then you would va © press one of the amokeys to nove b the next cell. Instead, after typing the
number you can just press the appropriate arkey. Doing so will enter the information into the current
cell and then mee o the next one.
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The next thing we want to do is to nealt gaph of Herbies data to see if it does, imét, follov the
claimed linear dependence in Eq. (4-TRememberif we plot V vs. | from Eqg. (4-1) we will get a
straight line with slopeB, and V-axis-interceptA.) Thats easy to do with Quattro Pro, but wevea't
talked about it yet, so gawhat youve dne in a file so that you can play around without destroying it.
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4.11 Eercises

For al problems sae your finished worksheet into a file on a flgpgisk, and turn the floppin as
part of the homgork assignment.You should also include a clear written description of what you did.
That description can either be on a separate piece of, gapércan be as a comment in therksheet
itself. You can put more than one worksheet onto one yldpgt male sure it's dovious what file belongs
to what problem.

1. EnterHerbies data into a worksheet as in the notésuggest you sa& the worksheet twice, onto
different floppies, so that you will & ane to turn in and one tcekp for use with the folleing
chapters of these notes.

2. A common anngance in engineering is the need tov@hfrom one system of units to another
Make a worksheet that will corert from:

1. °Fto °C,

2. inchedo centimeters

3. poundso kilograms

4. fluid ounces to milliliters
Put each type of cesrsion in a separatewo In columnA put a short text description of the con-
version performedin that rav (F - C for example). Usehe cells in columrB for entering the
value to be coverted, and put formulae in colun@which tale the value in the adjacent colurBn
cell and perform the specified a@nsion. Inyour finished wrksheet, | should be able to put a

number representing a temperature infoF example, in the appropriate cell in coluBrand read
off the comwerted result in columiC.
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5. MAKING GRAPHS WITH QUATTRO PRO

5.1 Introduction

Quattro Pro allows you to maldl sorts of graphs. Use th@raph Pull Down Menu to access this
capability This menu contains options which allgyou to create and annotate graphs. There are far too
mary possibilities to list them all herepbonce you get the idea, most things are pretty saleat. You
may hae roticed already that when a menu item is highlighted a short description of the item appears in
the Status Line at the bottom of the screen. This feature can be helpful when browsing around to see what
can be done, or when trying to figure out what #$%!! menu contains some function yoexists, ut
cant remember where.

5.2 SpecifyingGraph Type

Back to theGraph menu, get this menu displayed on the screen if it @réady (I suggest press-
ing Escenough times to back you out ofyamenus you may be in, so the cursor is back in tbekksheet,
and then typindG.) Thefirst item on the menuGraph Type , dlows you to specify the type of graph
you wish to mak. Selectinghis item results in a sub-menu listing the types of graphs which are possible.
(Remember you can select a menu item either by using the upandadaw keys, Jand !, to move he
highlight to the desired item and then presdimger, or by typing the highlighted letter in the item name.)
Most of the graph types are of little interest to engineers, but you should¥Yiadd, to a lessemxent,
Line graphs quite usefulYou may also findBar andPie graphs useful if you k& to communicate with
the "front ofice.” Inour example, we ant to plot Herbies measured values of current vs. his voltage v
ues. fer this purpose, choose Y plot. After doing so, note thaXY appears in th&raph menu to the
right of theGraph Type item.

5.3 SpecifyingNVhat to Graph: Ranges

Our net task is to tell the computer what to graph. From the form of Eq. (4-1), we want t@plot v
age on the y-axis vs. current on the x-axis, so we need to tell the computer to wBeeahénvthe oltage
column, A, for the y-coordinates, and the values in the current col@nfor the x. The menu item for
specifying the block of worksheet cells containing the data to plot on each axis has the unlikely name
Series . Select it. You should nav havea sub-menu withlst Series  the top item2nd Series  the
next, and so forth throughth Series . Below these areX-Axis Series , Group , and Quit . Quat-
tro Pro allows you to plot up to six féfent sets of data on the same graph, and the first six items on this
sub-menu are for specifying what data to plot for eabb.mly have ;e set of data to plot, so choose the
top item,1st Series . Choose it and the menu disappears, and it looksytki are back in the avk-
sheet, except the the Input Line s&ger 1st Series Block: , and the vord POINT appears at
the far right end of the Status Line. This is the same situation you get in wiabe Block  item of
theEdit menu. Thecomputer is asking you to specify a range afies. Vith theErase Block  item,
it was the range of cells to be erased, here it is the range of cells to be associated with the y-axis coordinate
of the first plot. You do so in he same way, either by typing the range or by pointing it out to the computer
To type in the range, type first the address of the cell at the top of the cdlérmour case, followed by
either one or tw periods, followed by the address of the cell at the botfabhg, in our xample. D point
out the range, me the highlight to the first cell in the range, press the per@ydik "anchor” the opera-
tion, then mee it to the last cell, noting o the specified range gets painted. In either case, prass
when you are finished. Doing so puts you back irfSthees sub-menu.

Next we need to tell the computer what to use for the x-coordindtes. item labeledX-Axis
Series is the one to use for this. Choose it and the same thing will happen as when yodsathose
Series except that the Input Line will sagnter X-axis labels block: . This prompt is a bit
misleading in our case, but the computer is asking for the range of data to be used for the x-coordinates.
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Select Herbies aurrent values (in cellB6 throughB16).
5.4 SomeDther Graph Options

We ae nav done specifying the data to be plottafe can also specify a lot of things abouththe
graph looks.For example, we can tell the computer to connect the pointgen@st given it with a continu-
ous line, or we can tell it to just put some symba kkflled-in square at each point, or we can tell it to do
both. Herbiecan only guess at what values of current he wowe Igatten for wltages he didn’'use, so
let's just hare the computer put ax at each of his measured points. Get back t@ttagh menu by either
choosing theQuit item from the Series sub-menu, or pressingsc Choose theCustomize
Series item from theGraph menu. Doingso will produce a sub-menu withveeal items on it. The one
we want isMarkers & Lines ; choose it. That will produce a sub-menu with, in ordgne
Styles , Markers , Formats , and Quit . The third item allavs you to specify for each possible plot on
the graph whether you want only lineswnabetween points, only a symbol plotted at each, or bbltie
first item is used for plots with lines, and it lets you choose what kind of line (solid, dotted, dashed, etc.) to
use. Thesecond is used for plots with symbols, and it lets you choose what symbol to use.

We first have  tell the program to just plot a symbol at each data point, so clkoosets . That
should get you a sub-menu listing the 6 series plus an item laBbedpt . This latter item lets you specify
lines only symbols only or both for all plots at onceWe haveonly one plot so choose thist Series
item. Doingso produces a small sub-menu with the thegeeted choices plus one which specifies that
nothing be dran. ChooseSymbols . That gets you back to the previous sub-mewe haveonly one
series to specifyso hooseQuit to return to the sub-menu pieus to this one Next we want to tell the
computer what symbol to put at each poifihe Marker item is the one that lets you do that, so choose it.
That produces a sub-menu with items labédlstdSeries through6th Series . These items let you
choose different symbols for each of your plotge want to specify the symbol for the first plot, so choose
1st . Yet another menu should appear listing all the symbols you can chooseGhmose theX symbol
(with labelE). Thatbacks you out one sub-menWe ae finished specifying symbols, so choGagit to
back out one sub-menu furthalle ae also done here, so cho@3eit again.

5.5 Displayingthe Graph

This should hee backed you out to the sub-menu wilolors  at the top. This menu lets you do alll
sorts of things to jazz up the appearance of the grapghpdiore getting artistic, lets see what weeha
wrought so &r. You can see the graph by pressingRthé key. Do 0. You should see a fairly attraes
looking graph with yeller x’s on a gaph with light blue dotted grid lines, and darker blue axis laléls.
not, someone has messed up thaulefettings.To erase the graph from the screen and return to waere
you were preiously, just press ankey m the keyboard. Ifyou dont agree with the artistic merit of the
graph you produced, you can change the colors of théroth theColors item in theCustomize
Series sub-menu that was on the screen just before you préd4€edlo change the grid style and color
go back to the mairGraph , menu, choose th®verall item, and from the resulting sub-menu choose
theGrid option. Isuggest you play around with some of the colors and other options to see what you can
do. You might want to s the worksheet to a file first, though, just in case.

5.6 Puttinglabels on the axes and a title on the graph.

Let's put labels on the @s. Choos¢he Text item from theGraph menu. Fronthe resulting sub-
menu choos&X-Title , and type in the x-axis labeCurrent , followed by Enter. Next chooseY-
Title , and ente’Voltage . Let's dso put a title on the graph, so after entering the y-axis label, choose
thelst Line item. (You can hee two-line titles—thats what the2nd Line item is for) EnterHer-
bie's Data  as aftitle.

Finally, press theF10 key again to see the final product. It should look something Hg. 5-1.
WE'll be wsing this graph lateso if it looks satisdctory savethe worksheet in a file so you can retéeit
later I'm not going to try to impree m the looks of the graph furthemut | suggest you spend a little time
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Herbie’'s Data

0 i i i i i i i
-0.005 0 0.005 001 0015 002 0025 0.03 0.035 0.04
Current

Figure 5-1. Graph of Herbies cata

exploring what you can do.
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5.7 BExercises

For all problems requiring the use of Quattro Pro, when you are satisfied with your worksigeiet sa
to a file on a flopp and turn the flopp in as m@rt of the homeork assignment.You should also include a
clear written description of what you did andywiThat can be handed in on a separate piece of pager
can be included in the worksheet as a comm¥ati can put more than one worksheet file on a fipjbpt
malke are you gve each a name that makes it obvious which file goes with which problem.

1. PlotHerbie’s data as described in the notésuggest you sa the worksheet twice, to tavseparate
floppies. Thatvay you will have e flopgy to turn in, and one to continue with the discussion in
the notes.

2. InTable 5-1 the high andetemperatures in Hooterville are listed for the first ten days of October
Use Quattro Pro to plot these temperatures, usifigrelift symbols in different colors for the high
and lav temperatures. Labéhe axes appropriatelgnd put an appropriate title on the graph.

HIGH AND LO W TEMPERATURES

Day High Low
72
75
65
70
71
74
71
68
74
70

CLVWOW~NOUAWNR
LBRELSIBBE S

=

TABLE 5-1. Table of high and lev temperatures in Hooterville during the first ten days of October.
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6. DOING THE ANALYSIS WITH Q UATTRO PRO
6.1 Recap

Let's get back to our example: HerbdeEE231 lab assignment. Recall he was handed a box with tw
terminals, and an assignment sheet which (after some deciphering) said that the voltage acrossrthe tw
minals and the current through them are supposed to be related Jitresirly according to an equation of
the form

V = A+ B (4-1)

When we left our hero, he had successfully (more or less) measlved vf voltage and current fowvse
eral different voltages, and written the results in a table, Table 4-3, which you sheeildihimto a vork-
sheet, with the voltage values in coludand the current in colun, both starting in the third wa In the
last chapter you had added a kinda-nifty-looking graph of Herkédlies which is shown in Fi§-1. If
needed, please load that worksheeat,re that we can continue the discussion.

If Herbie's measurements do in fact gbEq. (4-1), then the points should all lie on a straight line
with slope ofB, and V-axis interceptA. PressF10to get the graph on the screefhe x's do in fact seem
to lie close to a straight linexeept for one, the one at about 22 volts and .011 amperes. Herbieowas w
ried that he might hee misread the meter avietimes, so this one could be a migtaknfact, if the wltage
had really been about 12 volts instead of 22, the point would fall pretty nicely intovieH. leave the
point in the worksheet for mg but regard it with suspicion.

Note hav much easier it is to spot the non-conformist from the graph than from the Gizphs
can be very useful for detecting patterns in data.

6.2 DeterminingValues for the Constants A and B

We want to find values of the constamisand B in Eq. (4-1) which mak the equation agree most
closely with Herbies data (xcept maybe for the suspicious datum). There are better ways of doing it
(we'll discuss a fev later), but as a first trjet's guess values of the constants, and get Quattro Pro to graph
the resulting values of and| from Eq. (4-1). If our guess is good, the plot shouwlerlay Herbies data
points closelyif it's bad, it won't. We’'ll get the best values &% and B by trying different values until the
agreement between Eq. (4-1) and Hesb@ints appears to be the best we can get. Remember there is
some random (we hope) error in Herbigkeasurements, so no points areljkto agree exactly with the
prediction of Eq. (4-1). Besides, maybe Eq. (4-1) does not exactly describe theutbisxphly a good
approximation.

Press apkey  return to the wrksheet. Wwill put the guessed values férandB in two cells of the
worksheet somewhere, and add armelumn containing the prediction of Eq. (4-1) for tr@tage. Each
cell in the n& column will contain a formula which will takHerbie’s measured value for the current and
evduate Eq. (4-1) for the predictedbitage. Whereshould we put the mestuff? We dready hae Her-
bie’'s experimental data in colummsandB, so ®lumnC seems like a good place to put the ne"theoreti-
cal" column. Where should we put the guessed values arid B? We oould either put them 6to the
side, say somewhere in colurbror E, or we wuld put them up at the top of therksheet. Puttinghem
off the the side is a little easidut later I'm going to vant to put a graph there, and putting them at the top
gives me an pportunity to sher you some other useful features of Quattro Pro. Therefore, | choose to put
A and B up at the top. Adding some appropriate labels, theksheet will then look something ékHg.

6-1.

The problem is that | want to put some labels and the valu@saofd B in A4..B6 , but | already
have Herbies data there. (If | could only learn to think aheadifieed to mwe Herbies data and the asso-
ciated column labels down awegows, so there is rooml could do the mee by hand, but that wuld be
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A B C
1 Some kinda title
2 Maybe some more title
3
4 PARAMETERS
5 A B
6 [ A ] [ & |
7
8 Eq.(4-1)
9 Voltage Current Voltage
10
11
12
13
14
15 Meas. Meas. "Theor."
0 Votage Current Votage
17
18
19
20

Figure 6-1. Schematic drawing of the worksheet layout
tedious and d probably mak ssme mistaks. fortunately Quattro Pro has Blove command in th&dit
menu that will do eerything for me automaticallyand I'll use that.

Exactlywhere should | mee te stuf? | need space for cells containing the guessed parameters and
for labels, so | decided to me the block davn so that is starts inwo9. To do hat choosd&dit from the
Menu Bar and Move from that menu.Enter source block of cells: will appear in the Input
Line. QuattroPro is asking you what block of cells is to bevetb We want to mee the blockA5..B16 ,
so answer with that block, either by typing it in or by using thenakeys to highlight the desired block.
PressEnter when finished.Destination for cells: will then appear We want to mee the block
to A9..B20 . You can tell that to Quattro Pro either by typing it in, or by pointing the blockAmitially,
you only need to tell Quattro Pro where the upper left hand corner of the block is to be put because it
already knows he big the block is. You can specify eithe’A9.B20 or just A9. | suggest the latter
because its easier and less prone to mastaknary case presg&nter, and the block should me.

| want to point out to you one of thery useful features of spreadsheet programs. Recall that we
had already set up the worksheet to graph the data inA¢elk16 andB6..B16 . We havemoved that
data down, so to get a proper graph, the block of cells to be plotted has to be modified acc@almgily
the Series item from theGraph menu, and you will disa@r that Santa Claus has been hefde
ranges hee teen modified automagicallylhat’s the feature | wanted to point out to you. When ave
data around, obelete orInsert rows or columns, or do seral other operations that w® the data
around in your worksheet, the spreadsheet program tries d¢oded of all the associated houseking
chores lile ajusting ranges. One amning, though, the program is just that—a dumb program—and it
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doesnt aways do what seems obvious, so its usually a good idea to check to see if it did thingy the w
you want.

With that bit of houseteping out of the ay, we ae ready to add the westuff. In row 5 I'll put
labels for the guessed parameteksand B. In A5 put "A, and in BS put "B . (The initial caret; , tells
Quattro Pro to center the label in the cell.) Imvré | want to put the labePARAMETERSsanning
columnsA andB and centeredl put’ P ARAMETER® A4, letting the contents &4 spill over into
B4. (The single quoté€,, at the start tells Quattro Pro to start the label at the left side of the ¢étigt
should we put in cell&6 andB6 as values ofA and B? I'll want to discuss this latdmut doing so wuld
interrupt the discussion here, so completely out-of-the-blus,jlist put in 1 and 1Those are almost cer
tainly lousy guesses, but thavill get us started.Now let’'s put in the ne column. First,I'll put in the
label for the column.PutEqg.(4-1) in C8 andVoltage in C9. Next, we need to put a formula into
C10 which will take the values ofA and B contained in cell#\6 andB6 along with the current contained
in cell B10, and calculate a voltage according to Eq. (4-That's easy just enter+A6+B6*B10. We
have o qart the thing with a plus sign so that the computer will recognize what we are entering-as a for
mula, rather than x. Theasterisk}, is the symbol Quattro Pro uses to indicate multiplicati®his for
mula tells the computer to takhe number irA6 and add to it the product of the numbers in d@sand
B10. Identifying A6 with A, B6 with B, and B10 with | in Eqg. (4-1), thas just what the equation says.
Notice that the numbek.0003 appears in the ce€10, whereas the formula we just entered appears on
the Input Line (if the highlight is on celt10). Asa check, you can plug our guessed valuesA@nd B
along with the current froB10 in Eq. (4—-1) yourself, and you should get the same number.

Now, another of the really useful features of spreadsheets: | can change my guAssr fBrand
immediately see the result on the calculat@de. Mwe © A6 and change the number stored there filom
to something else, s&). You should immediately see the content€ab change accordinglyYou can
also try changing the guessed valudaitored inB6. If you had put the guessedives directly in the fer
mula in cellC10, you would hare o edit this line to change them. By putting them in a separate cell, you
only have o change the contents of the cell. This feature is much more useful than it may appear here, as
you will see shortly When finished, put both constants backltso we will be talking about the same
thing.

6.3 CopyingStuff Between Cells

We mow want to enter formulae similar to that @iLO in the remaining cells in the columror
example, inC11 we want +A6+B6*B11. We muld just type this in, and type similar formulae in the
remaining cells, but this could get to be quite a dfagrtunately spreadsheet programsyveaa @pability
to copy the contents of one cell into a range of cellide can use this capability to cpphe formula inC10
into the rest of the cellsTo do 0, choose th€opy item from theEdit Pull Down Menu. The line
Source block of cells: should appear in the Input Line at the top of the scréenusual with
such questions, you can answer it either by typing the cell add@&8sr( our case), or you can use the
arrav keys to move he highlight to the desired cell. In either case pEggsr when done. The linBes-
tination for cells: should then appear in the Input Lind/e want to answe€11 throughC20,
and can do so either by typi@1.C20, or by pinting as discussed before. Using either method, specify
theC11..C20 range and predsnter.

Doing so yields what may be a surprising result—zeros appear irCddllthroughC13 and strange
numbers are in the remaining cells in the coluriin!se what happened, m®te highlight to cellC11.
The formula contained i@11 will then be displayed on the Input Lin#f. you are unfamiliar with spread-
sheet operation, what you see will probably be a surpAéer copying C10 to C11, C11 contains the
formula+A7+B7*B11, not +A6+B6*B10 which was the formula i€10. In doing the cop, the program
has automatically incremented thevroumbers of each cell in the formula by one for Tise same thing
has happened in the other rows of theycop

Quattro Pro was trying to takcare of the hous&eping chores for us, similarly to what it did with
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the Move instruction. Inthis case Quattro Pro got part of it right, and part wrong. In eaclwveodo want

the current value used in the formula to be the one in thatana Quattro Pro has done that for uyisg

quite a bit of tedium with the ediek That's the part it got right. On the other hand, we wanted to use the
values contained in cell&6 andB6 in the formulae in all the cells in colun@) but Quattro Pro erred and
changed the m numbers of these cell references as well when it did the copying A kludgy way of solving
the problem wuld be to use the editing feature of Quattro Pro to correct the formuBeLirC20 |, cell-
by-cell. Thats a bt of trouble, and it is very errqrone. Brtunatelythere is a better way.

6.4 Absoluteand Relative Addresses

What we really vant is that during the cggprocess the cell address&8 andB6 remain fixed while
the address foB10 changes with i number It is possible to tell Quattro Pro to do just thiaddresses
that change during a cpporocess are callecelative addresses, and those that remaiediabsolute
addresses. Celddresses in the form we used in ¢@l0 are recognized by Quattro Pro as rehati
addresses. Udhe dollar sign$, to make an &solute addressActually, you can mak an aldressrow-
absoluteor column-absoluteor both. If we use the forn$A6, the column letterA, will not change during
ary copy but the rav number,6, can. Suchan address is column-absolute. On the other hand, if we use
A$6, the column letter can change, but th& rmmber cart. Thatis a row-absolute addres$o make an
address absolutely absolute (thaibt an official term), use twvdollar signs $A$6.

In our application, we ant an absolutely absolute address, although a row-absolute addrdds w
work for nov because we will only be copying from a cell to others in the same colienreed to
change the formula i610 to use absolute addrességove te highlight toC10, and use the Editdy (F2)
to change the formula to rea®A$6+$B$6*B10 . The number in the cell shouldrthange. Nw use the
Copy facility to copy this formula into cell€C11 throughC20. The numbers in colum@ should nev be
more satisfactory.

Try changing the guessed values foandB in cellsA6 andB6, and watch the values in colun@
change accordinglyPerhaps this is a better place to try making the point | mentioned at the end of Section
6-2. Insteaddf putting the values ofA and B in two cells of the worksheet, and then using these cell
addresses in the formulae in colu@nwe muld have entered the values ok andB directly in the formu-
lae in columnC. If we had done so, lwever, to change eitheA or B we would hae had to change all the
formulae. Doinghat wouldn't be ©o hard if we used th€opy feature intelligentlybut it's dill a lot eas-
ier to just change a single valueAs or B6.

6.5 Bad to Psyching Out A and B

Okey-Dokey! (How do you spell that ayway?) Nav we haveboth Herbie$ raw data, and the pre-
diction of Eq. (4-1) in our wksheet. Thaext thing to do is add a plot to our graph showing the predic-
tion. Whatwe want is to plot the contents of coluf@ron the same graph as the plot of colufanTo dif-
ferentiate the two, lex’pot the "theoretical" prediction using lines to connect the points, and fea mea-
sured plot as just symbols. Our goal will be to adjust the guessed constantB, to get the "theoreti-
cal" and measured values to agree as closely as podsibkeng the addition to our graph is eaayd you
should knav everything you need to do so, but I'll walk you through it just this one last tirseggest you
try it yourself first, without reading kol would do it. Just in case, before you do thakeshe worksheet
in a file so you can reger from mess-ups.

Here is my suggested procedure. Get@maph menu on the screen by choosi@gaph from the
Menu Bar ChooseSeries , and then choos@nd Series  from the sub-menu and specify the range
C7..C20 . To make are the ne plot will use lines instead of symbols, choose thestomize
Series item from theGraph menu. ThenchooseMarkers & Lines , then Formats , then 2nd
Series , and finally Lines . PressF10 to see the graph. If the line color looks OK, great, otherwise
change it by choosinGolors from theCustomize Series sub-menu. Whegou are satisfied, back
out of all the menus to get back to the worksheet.
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Let's mow get down to the business of choosing bettdues forA andB. To see hev bad our initial
blind guess was, pre§40to put the graph up on the scredtis ot too hot, huh?To come up with better
initial guesses we’ll hae  think a little. First, when the current, is zero, Eq. (4-1) says theNage,V,
is supposed to bA. If we look at Herbies data, he has one point with current very nearly zero, and the
corresponding voltage is 2.36 so a tetter guess foA would have keen something lik 236. Goback to
the worksheet and makhis change.

Put the graph back on the scredrhat change didb'help much, the line is too horizontal; it needs
more slope.We @uld randomly guess values fBr but let’s think about this one tooEq. (4-1) describes
a draight line with slope oB. The slope is defined as the riserathe run. If we look at the extreme ends
of Herbies data, we get a rise of about 37, and a run of aboutDividing these gies 5. Goback to
the worksheet and use this value Bor Put the graph back on the screen, and ysee we are pretty close,
except for the one questionable point at aboutd@sy For the moment, I'll just ignore this point.

It's now just a matter of trying seral values ofA andB around these and trying to choose the com-
bination which seems tog the best fit. The continual changing between worksheet and graph gets tiring.
Quattro Pro has a mode which allows you access to both the worksheet and the graph at the same time.
use it, you first hae o do smething Quattro Pro calls "change display mod&' do 0, choose the
Options item from the Menu Baiend from that menu choo$zisplay Mode . From the resulting sub-
menu choosé&raphics Mode . The screen should blank for aMeseconds, and then theovksheet
should reappealooking a bit diferent. Thisis Graphics Mode . You'll find that the display changes a
little more slowly in this mode than it did in the delt text mode. If you want to get back, choose the item
labeled80x25 from theDisplay Mode  sub-menu.

Now to get the graph on the screen at the same time as the worksheet,@hbitode get back to the
worksheet. Choosthe Graph menu, and then choose timsert  item. Respondo theEnter graph
name query with justEnter. You are then back at the worksheet, but with the Hineer block to
insert graph: in the Input Line. The program is asking you where on thksheet to put the graph.
It will cover up, but not destry whatever is there. Usdhe standard techniques to specify a ranggig-
gest something I&D4..G16 . Back out of the menus, and you should see your graph lying on top of part
of the worksheet. Wu can nw change the values foA and B and see the effect on the graph (almost)
instantly If you want to remee the graph from on top of theorksheet, chooskide from the Graph
Pull Down Menu. In order to see the agreement better betweenpgbamental data and the model you
might want to increase the size of the inserted graph, but that wet ap part of the worksheet.

Figure 6—2 shows the resulting worksheet io farms. Fig.6—2a shows the formulae in each cell,
through the eighth w, and Fig. 6—-2b shas (more or less) what the worksheet looke lidn he screen.
For clarity of presentation | prettied it up a little by putting in some some lines ared bd@hevalue of the
lines and boxes is questionable, but | thinkyttie make the printed output easier to read.

| haven't discussed drawing lines on the worksheet yet, so$ére’'general ideaDrawing lines can
help the appearance of the worksheet, but Hawe some undesirable side effects when the worksheet is
displayed on the screeVhen the worksheet is printed (as | did to mé&igs. 6—2),the lines work quite a
bit better so | decided to include them on all the worksheet example figutesup to you whether or not
to use such lines in yourorksheets. Ifyou decide to do so, choose thee Drawing item from the
Style menu. Yu are then agld to enter a block of cellsYou can drav a box around this block, or put a
line abare, below, to the left, or to the rightOnce you hee Pecified the block, you are then asked which
of these (or a f& other) options you ant. Afteranswering that question, you are then asked what kind of
line you want to dna. The only unclear choice on this menu is M@ne option. Usethat to erase a line
you hare previously dravn. Playwith the line drawing feature if you kk 1don't really recommend using
it regularly, but I thought | should tell you kol got the snazzy lines in the worksheets shown in the figures
in these notes.

This example shes two of the important features of spreadsheet programs for engineering
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b)

A B C D E F G
1 |Chapter 6: Comparison between Herbie’s data and the
2 predictions of the model in Eqg. (4-1)
3
4 PARAMETERS
5 A B
6 2.36 925
7
8 Eq. (4-1)
9 Voltage Qurrent | Voltage
10 2.36 -0. 00029 | +$AS6+$B$6* B0
11 36.8 0. 0394 | +$A$6+$B86* B11
A B C D E F G
1 |Chapter 6: Comparison between Herbie's data and the
2 predictions of the model in Eqg. (4-1)
3
4 PARAMETERS
5 A B Herbie’'s Data
6 2.36 925 © —
7
8 Eq. (4-1)
9 Voltage CQurrent Vol t age
10 2.36 -0.00029 | 2.09175
11 36.8 0.0394 | 38.805
12 9.41 0.00749 | 9.28825
13 15.1 0. 015 16. 235
14 22.1 0.0106 | 12.165
15 32.4 0.0353 | 35.0125
16 4,83 0.00359 | 5.68075
17 21.5  0.0251| 25.5775
18 29.5 0.0323 | 32.2375
19 17.7  0.0205| 21.3225
20 25.9 0. 027 27.335

Figure 6-2. The worksheet described in thettéo determine the best values of the constarasdB in

Eq. (4-1)applied to Herbies data. Rrt a) shows the formulas in the individual cells, and part
b) shows the worksheet more or less as it appears on the computer screen.

applications.

1.

Spreadsheetsffer an easy method of plotting functions, both functions defined by formulae, and
functions defined as tables of values.

By simply changing the values in either of the cells correspondidgand B, we cause the com-
puter to recompute 11 numbers (the predictions of Eq. (4—-1)), and to then teergraph accord-
ingly. Think hav long it would tale you to do that by handyven with a calculator! With the
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computey you can spend more time trying to selyour problem, and less doing mundane arith-
metic.

6.6 ABetter Way to Determine A and B

The graphical method of determinigand B works pretty well, but it gets a bit trigko fine tune
these alues. Let devdop a more quantitate method. Whatwe want is to find values ok and B such
that the "aerage distance" between the predicted and measured values isHeeess. an dea that almost
works. Supposeve add another column, in which for eaclwnee put the difference between the mea-
sured value and the corresponding "theoreticallie. Lets call each of these ddrenceserrors. We wuld
then add up these errors and display the result as a total error in another cdittosteafide somehere.
We oould then change the values Afand B and watch the change in this total erseeking to mak it as
small as possible.

Heres the flav with this idea. Consider twwmeasured points, one lying on one side of the corre-
sponding "theoretical value, the other on the other side of its "theoretadat. vThesign of the error at
one point is the opposite of the sign at the otlen though these twerrors may be large in magnitude,
when added thetend to cancel, implying a smaller error than actuatigts. Afix for this problem is to
add the square of the errors, instead of the errors thezssdboingso gives a measure of total error which
is guaranteed to increase whesreany one of the individual errors increasg§Ve muld also add the abso-
lute values, but adding the squares is easier and more common in practice.) The modified idea, then is to
put in each cell of the mecolumn the square of the difference between the measured and "theoretical" v
ues. V¢ will then sum up all these squared errors to obtain a measure/golea our fit is.

As you may hee guessed, I'm not the first one toveagptten this bright idea. If we were tovitie
this sum of the squared errors by the number of data points, we weelthbanean (or@rage) squared
error, and if we then were to t&kthe square root of that we wouldveahe average error without consider
ing the sign. Such arverage is called thRoot Mean Squar or R.M.S. avaage, and it appears in all sorts
of places. For example, the voltage that the power companpplies to vall plugs alternates in polarity
120 times a secondA simple time aerage of this vltage would gie zro. Thevoltage is not aliays zero
(I can attest to that from painful personal experienag)rdther the voltage is posii & dten as it is ng-
ative. For this reason, theoltage is usually measured as an R.Mv@rage. TheR.M.S. voltage at a typi-
cal wall plug is about 110, and the maximum voltage is about 184 As another example, much closer to
our problem, the idea of taking an R.M.8erage of a set of errors is also not ayrame, and such arver-
age is called thetandad deviation.

Before implementing this idea, we need to makdbcision about whether or not to keep Herbie’
guestionable point at about ¥2and 0.011A in the table.If | keep it in, my error estimate will be influ-
enced strongly by it. All the points except this one lie pretty close to a straight line and will contribute only
a gnall amount to the error for well chosen valuesAaind B, but this point lies quite a distance from the
straight line and will mad a major contribution to the error decide that Herbie most likely made a mis-
take in reading the meters, and | will rer@tis one point from the tableGoing back to the arksheet,
that's the point in rav 14. I'll move t down to row 23 instead of completely throwing itvay. Frst, | use
Move to move A14..C14 to A23..C23 . Doing that leses me with a blank line at v 14, in the middle
of my table. To get rid of it, use théelete item of theEdit menu. Afterchoosing this item, Quattro
Pro asks you whether you want to delete some rows or some collmtigs case you should choose
Rows. Quattro Pro then asks you what block ofvsoyou want to deletef-or each rav selected, the entire
row will be deleted, so you do not need to worry about including all cells inva dgst male sure you
specify all the rows in the block that you want to delete, and no nEmecifyA14 or ary range containing
only cells in rowl4. Pressingenter should zap the unwantedwo

Now check out theGraph menu to see what has happened to the ranges selected for grafthing.
should find that Quattro Pro has changed the rangetémde only as far as w19. The Move and
Delete operations generally makhis kind of correction automaticalliput sometimes things get messed
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up so its wsually a good idea to check that things got corrected correktlgny rate, the graph should be
the same as before, except that the bum point is absent.

There is also aimsert item in theEdit menu. Thistem works similarly to théelete item,
except it inserts one or more rows or columns into the worksheet.

6.7 Bad to Determining A and B

We row havethings cleaned up and can go back to implementing our pNswant to put the
square of the difference between the measured and "theoretical" values in Pol#irst label the column
by puttingSquared in D8 andError in D9. Now move b D10 and enter the formuka(A10-C10)"2
Here"2 means "caret 2", n@trl 2. (Caretis the symbol on top of th@key.) Quattro Pro interprets the
caret, °, as neaning "raised to the per" so (A1l0-C10)2 is interpreted as meaning
(A10-C10)*(A10-C10) . Copy the contents 0D10 to the rest of the ws in the columnp11..D19 .

We row want to add up the squared erroW§e could do this with a standard formula containing ten
terms,+D10+D11+ ... +D19, but typing that wuld be a drag. Quattro Pro has a numbduif-in func-
tions and one of these is calle@SUMRange . This function adds up the numbers in all the cells in the
specified range.We will use this function, and put it in the ceil0. Move b F10, and enter
@SUM(D10..D19) . Just so we remember what this is, efifestal in F8 and"Error'2  in F9. By
the way, another advantage of using t@SUNunction over just entering a formula is that it mexkit more
likely that Quattro Pro will makthe correct changes if we insert or deleteva fimm within the range we
want to sum wer. Fgs. 6—3 shar the worksheet at this point.

Everything is nav ready so we $art trying different values of andB to find the combination which
produces the minimum total errors. Our best guesseA &rd B were about 2.3 and 92%ut these num-
bers in cellA6 andB6 and note the total squared erroFih0. Try changingA to minimize the total error
Then \ary B, again, to minimize the errorGo back then andary A again, thenB, and continue until you
are close enough to the values giving the minimum .efrora few minutes, | was able to get the total
squared error down to about 10.7.

6.8 FRartially Automating the Process

Manually \arying A and B in an attempt to minimize the total squared error gets a bit tiring after a
while. Itis possible to get Quattro Pro to do a lot of the work for us automatidallgio that we will hae
to write and use aacra Any real discussion of writing and using macros is beyond the scope of these
notes. Mygoals in this sub-section are to shpou some of the power and utility of spreadsheet programs,
and to introduce or reinforce some ideas which should be useful toFgpumost of the spreadsheet pro-
gramming, I'll just tell you what to type inl’ll try to give you enough information so that you can see
what’s happening, but | wn’t expect you to be able to write your own macros after you are finished with
this section. If you want more information, look in the manuals or in a book on Quattro Pro.

We ae probably beating a dead horse here, but we want to figure out the values@B which
give the lowest possible total squared errdre dready hae values which are accurate toseml decimal
places, and that accuygamost certainly exceeds the accuyraf the meters Herbie used to measurand
I. I'll forge ahead anywalgecause there are a couple of things | want tevston.

| want to program Quattro Pro to calculate automatically the total squared errorefait déferent
values of A around the value that\gs the minimum errgrand then to plot the these errors versus Ahe
vaue. Theplot will shav how the error depends on the choiceAfand it will help us to find thealue
giving the minimum errorI'll store the starting value &% in cell C5, and the ending value i66, and I'll
calculate 21 pointsvenly spaced between the dwend walues. Il store the values ofA in cells
F22..F42 (note thats 21 ells, not 20—I mess that one up more often than not), and the corresponding
values of total squared error ER2..E42 .

One way to do all this would be to do it one value at a tivide.uld first put one value fof in A6
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A B C D
Chapter 6: Total squared error between Herbie’s data and
the model described by Eqg. (4-1)

PARAVETERS
A B

2.1 850

Eg. (4-1) Squared
Voltage Qurrent [ Voltage Error

2.36 -0.00029 | +$A$6+$B$6* B1O (A10-C10) "2

36.8 0. 0394 | +$A$6+$B$6*B11 (All-C11) "2
A B C D

Chapter 6: Total squared error between Herbie’s data and
the model described by Eqg. (4-1)
PARAVETERS
A B
2.1 850
Eg. (4-1) Squared
Voltage CQurrent | Voltage Error

2.36 -0.00029 1.8535 0. 256542
36.8  0.0394 35. 59 1. 4641
9.41 0.00749 8. 4665 0.890192
15.1 0. 015 14. 85 0. 0625
32.4 0.0353| 32.105 0.087025
4.83 0.00359 5.1515 0.103362
21.5  0.0251 23.435 3.744225
29.5  0.0323| 29.555 0.003025
17.7 0. 0205 19. 525 3.330625
25.9 0.027 25. 05 0. 7225

Chapt. 6

. My worksheet that calculates the total squared error between Hesbigirical data and the
predictions of the model described by Begl. Rart a) shws the formulae in the inddual
cells, and part b) shows the worksheet as it appears on the screen.

and cop the resulting error value frof10 to E22. We would then increment the value &fin A6 and
repeat the process, gapg the error this time int&23. Continuing until the value oA in A6 reaches the
upper limit would generate the table of error&22..E42 . We would also want to kne the values ofA
that produced each err@o e/ery time we cop an aror value to a cell in columk we should also cgp
the value ofA stored inA6 into the adjacent cell in colunth
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This procedure would be tediouBortunately Quattro Pro has the capability to automate such a pro-
cess. © do wse it, you hee b write whats called amacra A macro is just a sequence of commands
which Quattro Pro is toxecute sequentiallyThe command sequence is written in an arcane language and
stored in cells in an otherwise unused column of the worksheet iTgetiieate a macro, you first V@&
learn the arcane language, and then you just enter the sequence of commands into unused cel&-in the w
sheet just as youauld ary text. Oncewritten, a macro is»@cuted by choosindools from the Menu
Bar, choosingMacro (alternately you can just presdi-F2 to get to this place), and then chooskbge-
cute . The program then asks on the Input Line for the ranggeamute, and you should respond with the
address of the first cell of the macrnéou can give your macros names (u3®ols |Macro | Namg, and
if you give a nacro a tvwo character name consisting of a backslashpllowed by a letteryou can gecute
the macro by simply pressing tAd# key and the letter at the same time.

Anyway, here’s the magic recipe; I'll try to provide a briexglanation of each line. First, we should
put in some text to describe what the macro dédgegrammers refer to this as adding commetitge
found that it is impossible to put too nyatcomments into programs; no mattemhmary | put in, there is
always some non-obvious part that | forget to describe, amd habugh time figuring out when | come
back to the program geral months after writing it. Mee © cell A21 and enter the following text

Macro to determine total squared
and mee o A22 and complete the comment by entering
error for a range of A values

WEe'll put the name of the macro AR4. This is not needed, but it seems to be customi#sya com-
ment, the program doesmieed it but the human might.want to be able toxecute it easilyso 11 call it
\A. (You haveto start\A with a character indicating this is text, or else you will get a cell-ful\'ef)
Enter this label irlA24.

Now we enter the macro. Mee © B24 and enter (you ha& 1o get this exactly right)
{GOTO}E21"

The purpose of this line is to position the highlight to the cell justaihe first cell in the column in which
we are going to store the results of our calculation (making it the currentTeifGOTO} is the same as
pressing=5 (the GO'O key), and the remainder of the line is the response to the praggaery about just
where it should go. (There y®been times when my answer would notééeenE21!) Thelast charac-
ter is a tilde, and is located on theyljust to the left of thé key at the top of the &board. Thisymbol is
"macro-ese" for pressirignter.

Move © the next line downB25, and enter
{FOR A6,C5,C6,F15,B27}

This is the main control line which causes Quattro Pro to calculate the total squared error foralhe21 v
of A between the value stored @b and that inC6. The statement causes the computer first ty top
value in cellC5 into A6, and then to recute the block of macro code startingB&7. When that block is
finished, the program adds the value containdellb to that inA6, and if the result is less than or equal to
the value inC®6, it executes the block starting B27 again. Thisprocess continues until the valueAS is
larger than the value i€6. This kind of a structure appears frequently in all sorts of programming, and it
is called ado loop or sometimes dor loop.

We reed to put a block of statementBia7 that does the following:
Move down one cell;
Coyy the value of total squared error from dell0 to the current cell;

Move me cell to the right;

A

Coyy the value ofA in A6 into this cell;
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5. Move ack one cell to the left to get ready for the next iteration of the for loop.

Here’s the program block to do that. Me b B27 and enter
{DOWN}
This line maves the highlight down one cell to place ita the cell into which the next error result is to be
placed. 1nB28 put
{/ Block;Values}F10™
Note the space between the sldshend Block . This line copies thealue (not the formula!) in cef10
into the current cell, thereby\sag the total squared error for the value/furing this iteration of the
loop. The{/ Block;Values} part of this line is the same as choodidjt from the Menu Barand
then choosing/alues . This item is used to cgpthe contents of a range of cells to another range when
the source cells contain formulas, and yantto cop the values of the formulas (numbers), not the for
mulas themsebks. Ifyou did that yourself at thesldooard of your computeQuattro Pro would respond by
asking in the Input Line for the range to gdpom. Thepart of the liné=10~ answers this question, just
as you would at theeyboard, withF10, followed by pressingnter. If you were doing this manuallihe
Quattro Pro would then ask for the cell to gdpe stuf to. Thesecond tilde answers this query with just
Enter, indicating the current cell.

We havenow copied the total squared error into the appropriate cell of colinand we nev need
to copy the value ofA which produced it into the cell just to the rightirst, we mak this cell the current
cell by moving one cell to the right. Me b B29 and enter

{RIGHT}
Then mee B30 and enter
{/ Block;Values}A6™
This line is similar to the one B28, and copies the current value Afin A6 into the current cell.

Finally, we reed to position the highlight to get ready for th&trigeration, that means we need to
move e cell to the left. Therefore me o B31 and enter
{LEFT}

That finishes the macro; wewameed to name it so thatsteasy to gecute, and to fill in the cells
containing the endpoints and the increment AorTo name the macro choodéacro from the Tools
menu; choose thlameoption, choos€reate ; and then name the mactA . Quattro Pro will then ask
for the block containing the macro, enB#4..B25 (B24..B31 also works). Nav we anly need to enter
the desired starting and ending valuesAoiihto cellsC5 and C6, and the put the proper increment into
F15. Move b C4, and enter the labeA RANGE Then enter appropriate values@ andC6 like 1.3
and2.5 . Let's dso mak the number of points to be calculated a parameter we can adjustthe labels
NUMBERNAPOINTS in E4 andE5, and 21 into E6. While we’re into labeling erything, moe o Al
and put in a title for the worksheet

Finally, we want to carry out the calculation fdf equally-spaced values & so we reed to figure
out what spacing to do thatVe want to put this value in cei15, where the macro we just wrotgpects
to find it. The desired spacing is

Amax = Amin
AA= ———
N-1
Therefore enter
(C6-C5)/(E6-1)
into cellF15.

We're now ready to light the thing &f Justto male sure we get the same results, Bdb in cell B6
for B, and1.3 and2.5 in C5andC6. Then simultaneously pregdt andA. It may look like nothing is
happening, but look in the lower right-hand corner of the display you should see that Quattro Pro is
going bananasAfter a short while, the process should be finished and you sharddaHmnch of numbers
in both column<, and F, starting at ron22.
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| want to graph our results. First etame our gisting graph (containing Herberaw data and a
plot of the prediction of Eqg. (4-1)) so that we will not lose all the settings when we createvayrapb.
From the Menu Bar chooseraph and chooséNamefrom that menu.ChooseCreate from that sub-
menu, and name the graph something,3ayA If you ever want to retrige this graph, use thBisplay
Item on the sub-menuwith the old graph named, mal gaph plotting the values iR22..F42 on the
x-axis andE22..E42 on the y-axis.(You can erase th#nd Series  plot by using théReset option of
the Customize Series sub-menu of th&raph menu.) Yu'll probably want to change the labels on
the x and y axes, as well as the title for the graph.

When eerything looks good, preds10to display the graphYou should see a figure that looksdik
a parabola, with a minimum at about 1.9. If you wanted to get this value more accurately you could go
back to the worksheet and change the range of values, feay to 1.8 through 2.0. Our value of 1.9 is
good enough for our purposes.

This value ofA is the one which produces the minimum error for thkies of B in cell B6 (875).
But this value ofB may not be the besWe therefore vant to store our best guessA{1.9 ) in A6, and
then modify our macro so that we can get a plot of eemsusB instead ofA. Instead of actually modify-
ing the macro, let’ mpy it to another part of the worksheet, and then modify the/cdpat way we’ll hae
two macros, one to calculate error as a functiododnd the other as a function Bf

Copy the macro, along with associated comments, to the block startk&Batl et’s dore the limits
for the FOR loop in cell®5 andD6, and useF18 for the incrementMake the needed changes in the com-
ment lines, and change the contents of 86 from\A to\B . Modify the FOR loop line iB37 to read

{FOR B6,D5,D6,F18,B39}
Change the cell reference 842 from A6 to B6. Name the n& macro\B , and specify the proper block
containing it. Put the labé& RANGEN D4, and put the alues850 and870 in B5 andB6, and enter the
formula for calculating the proper increment Bin F18, (D6-D5)/(E6-1)

That should do it!Fig 6—-4 shavs my worksheet as it appeared on my computer sctde@.the best
guess forA by putting1.9 in A6 and hit the juice by pressinfgt-B. When it's done pres$10to get a
graph. Yu should hee a @rabola with minimum at about 858. This is tteue of B giving the least
error whenA =1.9. Now you need to use our wevalue of B and go back andavy A again. You can see-
sawv back and forth between varyifgandB fairly easily with our setup.

Before | le@e tis subject, there’one mud puddle lying around | should tell you about in case you
happen to fall in.Occasionallyyou may find that a macro does not calculate the sy but instead
stops one step short. That can cause some strange looking graphs of érarBs How can this hap-
pen? Theproblem has to do with the arithmetic accyraf the computer It's very accurate, éeping
about fourteen digits, but not perfed¢tourteen digits is more than enough for most applications, but look
what can happen in tHeORloop. Suppos¢hat the value irtC6is 2.0 and that the increment to be used
for A is 0.02 . After the 20th iteration the value @k in A6 may not be exactly 1.98, but rather
1.9800000000001 because of the accumulation of small arithmetic rbendo$. Thernwhen the0.02
increment is added to the valueAB, the result is 2.0000000000001, not 2That’s larger than the upper
limit so the computer doesactly what it was told to do, it stops because the valdiis larger than the
upper limit for theFORIloop stored irC6. That means it would stop without doing the last step.

This is a trivial, but remarkably annoying problem, theeps popping up unexpectedly iveslse
programming applicationsln our application, one solution is to neatie upper limit of thd=ORslightly
larger than the limit we really ant (maybe by multiplying the value @8 by 1.000000001). Another solu-
tion is to just ignore the last point by reducing the range of points to be plotted bywne ro

6.9 TheUltimate Solution

Although the spreadsheet eliminates a lot of the arithmetic drudgsily gets tiring going back and
forth between minimizing the error with respecttand therB. It happens there is a better way whiath I’
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1 |Chapter 6: Total squared error vs either A or B calculated wj

2 macros. Use \A for A, \B for B dependence.

3

4 PARAMETERS J[A RANGE] B NUVBER

5 A B 1.2 850 | PA NTS

6 2 875 2 870 21

7

8 Eg. (4-1 Squared TOTAL

9 ||Voltage Qurrent|Voltage Error ERROR
10 2.36 -0.0003|1.74625 0. 37669 13. 278
11 36.8 0.0394 | 36.475 0.10562

12 9.41 0.00749(8.55375 0.73316

13 15.1 0.015 | 15. 125 0.00063

14 32.4 0.0353 |32.8875 0.23766 DELTA A
15 4.83 0.00359(5. 14125 0. 09688 0.0381
16 21.5 0.0251 |23.9625 6.06391

17 29.5 0.0323|30.2625 0.58141 DELTA B
18 17.7 0.0205 |19.9375 5. 00641 0. 95238
19 25.9 0.027 ] 25.625 0.07562
20
21 |[Macro to determine total squaref| Error | Aor B
22 |lerror for a range of A val ues 12.932 1.2
23 12.6582| 1.2381
24 \A {QOTO E21~ 12.4135| 1. 27619
25 {FCR A6, C5, G, F15, B27} (|12.1977(1. 31429
26 12.011 | 1. 35238
27 { DOAN} 11.8534| 1. 39048
28 {! Bl ock; Val ues} F10~~ (11.7247|1. 42857
29 {R G1} 11.6251| 1. 46667
30 {/ Bl ock; Val ues} A6~~ 11.5545| 1. 50476
31 { LEFT} 11.5129| 1. 54286
32 11.5004| 1. 58095
33 |Macro to determne total squarelll.5168|1. 61905
34 |lerror for a range of B values [11.5623(1.65714
35 11. 6369| 1. 69524
36 \B {QOTOQ E21~ 11.7404|1. 73333
37 {FCR B6, D5, D6, F18, B39} | 11.873 |1. 77143
38 12.0346| 1. 80952
39 { DOAN} 12.2252| 1. 84762
40 {/ Bl ock; Val ues} F10~~ (12. 4449(1. 88571
41 {R GHT} 12. 6936| 1. 92381
42 {/ Bl ock; Val ues} B6~~ 12.9713] 1. 9619
43 {LEFT}
44

Chapt. 6

Figure 6-4. The worksheet as it appears on the computer screen, showingoth@twnos for calculating

the dependence of the total square error on the vali@ioB.

like to s1om you. Figure6-5 shows a typical plot of the total squared errofAvior a fixed value of

B =860 A plot of total squared error \B for a fixed value ofA looks similar These graphs look surpris-
ingly like parabolas, and in fact thare parabolas. Ifou dont panic it's ezen not too hard to see that the
are. Considerfor example the graph in Fi§=5. Recallthat if this graph is to be a parabola the total
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TOTAL SQUARED ERROR vs A
for B =860

14.5
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Figure 6-5. Plot showing the dependence of the total squared errérfonB =860
squared error must bevgh by a ormula which is the sum of a term quadraticAinone linear inA, and a
constant, i.e.

total squareeérror = aA? + bA+c (6-1)

wherea, b, and c are numbers that do not depend An Now, the total squared error is the sum of the
squares of the differences between the measured voltages and the values predicted by Hang4itE)s-
tion is whether or not this total squared error can be written in a foentdjk(6-1). If we can do so, we
will get a bonus; knowing the cdigientsa, b, and ¢, we @an tell what value oA produces the minimum
error! You may not remembgout you should hae found in high school math that for a parabola described
by Eg. (6—-1), the value ok corresponding to the bottom (or top if the parabola opens downward) is

b
Amin error =~ 5

This result can be obtained either byveteuse of the quadratic formula, or by using calculus to find the
extremum.

(6-2)

Before continuing, le$ generalize a bit. Suppose wevkaa tible ofN pairs of measured values sim-
ilar to Table 6-1 which we suspect has some random noise or other errorSuppbse also that wevea
reason to beliee that these pairs are related by a formula of the same form as Eq. (4-1)

y(x) = A+ Bx (6-3)

where A and B are constants, the values of which we do nowkrmit want to find through comparison
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X y
X1 Y1
X2 Y2
3dot  3dot
XN YN

TABLE 6-1. Table of measured values.
with our measured datdBecause of the noise in the data, there will be some uncertainty in the values we
come up with, but, just as with Herlsethta, we decide that the best values to use are those which mini-
mize the discrepagdetween the formula prediction and the measured values.

According to Eq. (6-3), wheris x; we expecly to be
y(x;) = A+ BX (6-4)

Because of noise or other errors in the measurement, and maybe because Eq. (6—4) only approximately
describes the relation betwegrand X, the values predicted by Eq. (6-4) for eaghwill probably not

agree exactly with the corresponding measuades. Let use the symbob; to stand for the diérence

between the predicted and measured values &f'theint. (Peopleften uses or A to stand for a quantity

which they either want or expect to be small.) Théhis

5 = %’(Xi) - )’i%2
(6-5b)
_ N
={A+Bx) - yio
The total squared error is just the sum of th&se I'll call it A.
A:51_2+522+...+5ﬁ
N (6-6b)

Eq. (6-6b) may be uamiliar if you haen’t encountered this notation, but it is just shorthand for Eq.
(6—6a), nothing more.

This, when considered as a functionAfis supposed to describe a parabola e that it does, we just
expand the square,

Cace (B — )0 = 42+ 24(Bx - ) + (B - y)° (6-8)

The total squared erra, is just the sum\er i of the three terms on the right hand side of Eqg. (6-8), and
in this form we can see that it will indeed be a parabola of the form of Eq. (&h&)sum wer the first
term will supply thea”? term of Eq. (6-1), the sunver the second thbAterm, and the sumver the third

the constant term. Itonly remains to work out what the three constants and c are.

The first one is easy,
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N (6-9)
ZA2:A2+A2+___+A2
i=1
=N A
implying
a=N (6-10)
The next one is a little moreviolved.
N
EZA(BXi = ¥i) =2A(Bx — Y1) + 2A(Bx, — ¥o) + -+ + 2A(BXy — YN)
1=
= ZAEBxl — Y1)+ (B = yo) +--+ (Bxy - yN)E
ZZAEBXN'BX2+"'+BXN)‘(Y1+Y2+"'+YN)E (6-11)
:2AB3(X1+ Xpto b XN) = (Yt Y2+t YN)E
ON N O
=2AMB2 X — 2 il
0 i=t =1
Thus the constairtis
O N N O
b=2MB2 x -2 yi0 (6-12)
0 i= i
To figure out what value oA gives the minimum error we dohheed to knav the constant, but I'll
put down what it is anyway.
N
c=2(Bx - yi)? (6-13)
=

We @an nav write down an expression giving the value Afwhich produces the minimum error
First, to sa&e sme writing, | will male the following two definitions.

S = % Xi
i=1
(6-14b)
N
S = gl Yi

Then in terms of the constardsand b, the value ofA corresponding to the bottom of the parabola (and,
hence to the value producing the minimum error) is

b

Amln error — 2a

(6-15)
_S,-BS,
N
From Eg. (6—15) you can see withe value ofA corresponding to the bottom of the parabola changed
when you changeB.
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In a similar way we can find the value Bfwhich, for a fixed value of\, produces the minimum
error. To do ©, we write the square just as in Eq. (6—8), except using a different ordering of the terms.
o, + (A= y)J = B2 + 2B (A~ y) + (A~ y) (6-16)

Again, A is just the sum\er i of the three terms on the right hand side, and we see that it also is of the
form of Eq. (6—1), except with replaced withB. A should then also produce a parabola when plotted vs.
B with a fixedA. We dbtain the coefficienta, b, and c in the same way as before.

The first term on the right side of Eq. (6-16) produces the square term,

N
> B2x? = B2x? + B*Xx3 +--- + B?x,
=l

=BG + x5+t Q) (6-17)
N
=823 %
=)
Thus for theB parabola, the coefficiemtis
N
a=> x? (6-18)
i=1

The second term on the right side of Eq. (6—16) produces the linear term of Eq. (6—-1).

N
EZBM(A = ¥i) =2BX(A - y1) + 2BX(A - yy) + -+ + 2BXny(A - yN)
1=

=2B (A= YD) + %A= ¥o) + -+ Xn(A= YN

0 (6-19)
:ZBSA(Xl‘F Xp +ooet Xy) = (Xqy1 + XoYp +oo- XNYN)D
O N N O
:ZBDAZXi - leyiD
O i=1 i=1 O
The constanb in this case is then
O N N a
b=2MAY xi - 2 xiyiO (6-20)
0 = i=1 0

This information is sufficient to write an equation giving the valuB which produces the minimum
error (for a gien value of A, of course). Asbefore, I'll male a ew cefinitions to reduce the writing!ll
number them (6-14c) and (6—-14d) to go with the similar definitions in Eq. (6—14a) and (6—14b).

< 2

S><x = Zl Xi
1=

(6-14d)

N

Sy = 2 XiVi
i=1

Then our sought-after value Bfis
Sy — A
Bmin error = ! (6_21)
Sk
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We row havetwo expressions, Eq. (6—15) and Eq. (6—21). One tells you fovem galue of B what
value of A produces the minimum error; the other works vieesa. Ifyou are skptical, these claims can
be checkd fairly easily with the spreadshe¢Even if you are not, this is axercise at the end of this sec-
tion, and it may be assigned as hamkk.) For example, you can s&to some value, run thé macro,
and then graph the result to produce a parali®éasure to choose a range&i§ which includes the bot-
tom of the parabolaYou can also ealuate Eq. (6—-15) for this same value®fo see where it predicts the
bottom of the parabola will bg(Note S, andS, are just the sum of the data in colunihandA, respec-
tively.) It's dl on the line here—either it works or it doesnYou should find that it does.

What we seek, lwever, is the combined set dfioth Aand B which give the minimum minimum
error. Finding that set is pretty easfquations (6—15) and (6—21) providedwquations in tw unknowns,
A andB. If we aan find the values which satisfy theseteguations simultaneouslye will have found
the walues which produce our holy grail, the minimum minimum eridultiplying both sides of Eg.
(6—-15) byN, and of Eq. (6—-21) by5,, and rearranging some termses

NA+S,B=S,
6-22
SA+S,B=S, (6=22)
To snlve for A, multiply the top equation b$,,, the bottom byS,, and subtract, giving
(NS~ SHA=S4S, — $:Sy (6-23)
or, finally
SxxSy B SxSxy
in mi = 6-24
Amln minerror NS(X _ Sg( ( )
To lve for B, just multiply the first equation in Egs. (6—22) 8y, and the second bid, giving
(Si— NSg)B =SS, - NS, (6-25)
or
NSy — Sy
B.. . = X7y 6-26
min minerror NS(X _ S)Z( ( )

That's it, the ultimate solution (to this problem at leadtpt’s recap what happened in case you got
snaved by all the symbols. Eg. (6—24) and (6—26) are supposetéddhgi values ofA and B which cause
the relationship in Eq. (6—3) to agree the most closely with a set of measured datarpun ddable such
as Table 6-1. The right-hand side of these equatiamtvgs only the number of points in the table, and
four sums which can be calculated from the table.atn, fit is easy to program a spreadsheet to calculate
the sums and to use them to calculate the optirAuamd B. Programming a worksheet to do that is pretty
easy | have a Bw suggestions that may malkt even easier First, you will have  evaluate two kinds of
sums, 5, andS;} and {S,,, Sy, and S,;}. You can use th@SUMgell Rangg¢ function that we hze
already discussed to duatuate S, andS, easily There is also a@function that will allev you to &alu-
ate the other three sum@SUMPRODUIEII Range Cell Rangg. This function takes ta ranges as
arguments, multiplies the individual elements, term-by-term, and sums the prodbats.to galuate S,
with the worksheet shown in Fig.6-3 you could use the formu@SUMPROD-
UCT(B10..B19,B10..B19) . Second, you will need the number of data points in the ta¥ite. could
count them by hand, but better is to use@@OUNTell Rangg function.

| won't make the worksheet for you, but | will tell you what | got for the best valuef\@nd B:
Anin min= 2. B77 ad B, min =852 63. Thosevalues gve a btal squared error of 10.65. This is supposed
to be the best we can do—you should not be able to find valuksiod B that give a snaller error The
error is usually reported not as a total squarddey but rather as a root mean squalee: TheR.M.S.

. .. T JI065
error in our example is Jus{/-ni—o =1 @.
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6.10 Eercises

For all problems requiring the use of Quattro Pro, when you are satisfied with poksheet see it

to a file on a flopp and turn the flopp in as m@rt of the homeork assignment.You should also include a
clear written description of what you did andywiThat can be handed in on a separate piece of pager
can be included in the worksheet as a comm¥ati can put more than one worksheet file on a fipjbpt
malke are you gie each a name that makes it obvious which file goes with which problem.

1.
2.

Carryout the suggested procedures in this chapter up through Section 6—8 to analyze Hxuebie’

In Section 6—9 we discussed finding values of the consfaatsl B which resulted in the best fit of
a "law" to a table of experimental dat&pecifically we mnsidered the case where thxperimental
data consisted of a table of valuesxofaind the correspondingalues ofy, and the "law" vas

y = A+ Bx, where A and B were constants to be varied togithe best agreement between the
"law" and the table of datafor the table belw, what are the values ok and B giving the best
agreement? Eluate the formulae by hand, andwhmur work.

Xy

1 11
2 19
3 30

Male a worksheet lile that shown in Fig6—4 that calculates the dependence of the total squared
error onA andB. Add to the worksheet theauation of Eqs. (6—15) and (6—-21) fé¢,, error @and

Biin error- Show that as you chang#, B error Changes, and for geral specific values oA, run
macro\B to verify that the bottom of the parabola occurs at the predicket v Similarly check

that Eq. (6—15) forAnin error aCcurately predicts the bottom of the parabola feersé specific al-

ues ofB. Finally, add formulae for ealuating Egs. (6—24) and (6—26) to youorksheet and try to
find values ofA andB that give a snaller total squared error than that produced by the values gi

by these formulae.

Male a worksheet lile that shav in Fig. 6—4 that calculates the dependence of the total squared
error onA. Evauate the constants, b, and c in Eq. (6—1) and add a plot of the corresponding
parabola to the graph of the errors the macro calculates. Bhadis should agree. Do they?

You borrav $50,000 at an interest rate of 12% per anndfryou repay the loan in monthly pay-
ments, what amount per month would yoweénd pay to just pay the loan foin twenty years?
What would the payments be if the interest rate were 10% instead? In both casesichanter
est, total do you payver the 20 year period®se Quattro Pro to figure out the ansvead design
the worksheet so that it is easy to change the interest rate and do the calcuéati@uattro Pro
has tw financial functions@PAYM&nd @PMTwhich sohe problems just such as this, but don’
use them.Solve the problem "from scratch.Make a gaph showing the amount remaining to be
paid on the vertical axis and the month number on the horizontal.

In case your financial skills are rusfgpr each monthly payment you pay an amount of interest
equal to one twelfth of the per annum interest rate times the amount of sithrmaved. Whateer
amount is left ger in the monthly payment after paying the interest is then applied to reduce the
mone you still ove. For example, at 12% per annum if the monthly payment were $700 your first
payment would reduce the amount you owe by $200. The interegiedhan your next payment
would then be 1% of $49,800.
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10.

You want to use Quattro Pro tedp track of the fuel Bfiency (miles per gallon) of your caYour

plan is to fill your tankeery time you buy gas, and to write down on a scrap of paper the odometer
reading and the number oélipns of gas you bought. When you get home, you will add these tw
data to a worksheet that yowkaet up. The idea is to put the odometer reading and the amount of
gas bought into columng\ andB respectiely of the worksheet, and then tovieathe worksheet cal-
culate the fuel ditiengy in miles per gallon achied during the time since the previous fill-up,
putting the result in colum@. Each rav of the worksheet will correspond to a different fill-upn
columnD you will put the cumulatie fuel eficiengy, that is the total number of miles v snce
starting the procedure divided by the number of gallons of gas used.

Set up a Quattro Pro worksheet to accomplish this gamal.should design it so that it will be
as easy as possible to usk add a nev data point you should only i@ © gart up Quattro Pro,
load the worksheet file, add theawew rumbers at the bottom of columAsandB, look at the
result, sae the worksheet back to the file, and exit Quattro Pro.

Considethe following function

1
f(x) = eXxr +1
wherexy is a constantUse Quattro Pro to graph the function for a specific valug o6 be placed
in cell D3 of the worksheet. Plob1 values ok ranging between -1 and +1 for the followirgues

of ;.

a. 0.01
b. 01
c. 1.0

Note: €* in Quattro Pro i@ EXPCell addres}.

UseQuattro Pro to graph the function,
sin20x)
X
for about 50 values af between-1 and +1. Thefunction does not h& a \alue forx = 0 because
division by zero is strictly forbidden. (If your spreadsheet containsahe x = 0, you should be

careful because of the division by zero problefrdm your graph, what value doésapproach as
X - 07?

f(x) =

Note: QuattroPro can calculate trigonometric functionor sin(x) use @SIN(Cell addes3 ,
whereCell addresss the address of the cell containing the valug fafr which you want the sine.

Considethe function,f (x), given by
F()=@+x):

The \alue of the function is not defined far=0 because the exponentvolves division byx.
Does the function approach a finite limit as- 0? Considewvaues of x both larger than and
smaller than 0.What value does Quattro Proveifor f(x) for x = 10, #1075, +107°, and
+1017? What's going on??

Considethe equation
e =x+2

Make a Quattro Pro worksheet which plots both sides of this equation on the same graph, and then
use this worksheet to find the valuexofvhich satisfies the equation accurate to four decimal places.
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| suggest you set up the worksheet so that the list\v@ues is generated automatically by putting
the lowv and high values ok in two cells, similar to the exampleatked out in Chapter 6 to plot the
prediction of Eq. (4-1). Thatay, you can change the rangeofalues plotted easilyThis equa-
tion is an example of manscendental equatioriThe solution can not bexpressed in terms of stan-
dard functions lik powers ofx, trigonometric functions, exponentials, or &ghms. Theonly way

to solwe auch equations is to use a technique similar to the one you are to use here.

Note: €* in Quattro Pro i@ EXPCell addres}.

11. Theresponse of electronic circuits such as amplifiers depends on the fregfidine signal being
processed. ¢t example, audio amplifiers such as used in stereo systems are designed so that the
amplification factor (the gain) is as constant as possible across the audio speatrimavjthbly
the gain falls dfrapidly for signals with frequegnchigher than some value called therner fie-
quency Often, the power gaini.ner depends on the frequend , according to

f§

Apower(f) = T2+ 12
0

where fj is the corner frequegc Use Quattro Pro to plod,q.e( f) vs. f for the casefy =1000 H,
and for a range of frequencies between 10 and 108{200Jse101 points, eenly spaced in fre-
gueng. Name this graphinear so that you can generate awgraph without losing this one.

You should find that the interesting information is all scrunched up on the left side of the
graph. r this reason, such data is often plotted @emi-logarithmicgraph. Eactpoint plotted
on a graph represents dwumbers, thex value, and they value. For the graph you just made
(namedLinear ), thex value of a gven point was the frequegccorresponding to that point, and
the y was the power gain at that frequgncOn a mi-logarithmic graph ofApq.ef f) vs. f, they
value is still Ao ), but thex value is lodf), rather than just. Quattro Pro has the capability
of generating such plots. Choose Mede item from theX-Axis sub-menu of th&raph menu.
If you male a £mi-log plot of the gain withvenly spaced frequencies, such as you just generated,
you will find a dearth of points on the left hand sidieis better to use an umen gacing in this
case. Isuggest starting with the lowest frequgni Hz in this case, and then making the next fre-
gueny some fctor say B, times that, and then thexie3 times the previous, and so fortEhoose
B so that after 101 points (or Wwever mary points you decided to use) youveajust gotten to the
highest frequeng 100,000 Hz in this case. Using this set of frequencies, plot the response on a
semi-logrithmic graph. Compare this graph with the one you generatetbysly using a linear
(Normal on Quattro Prox-axis scale. Notice the difference in information content.

As a side note, the tersemi-lgarithmic gaphrefers to a plot in which the logarithm of one
quantity is plotted vs the othelf we had plotted logA,qwe) Vs f, instead ofice vesa that would
also hae keen called a semi-lagithmic graph. Sometimes it is useful to raakiully logarithmic
or log-log graph by plotting the logarithm of both quantitiade could hare made a log-log graph
of Apowed f) by plotting log(Apowe) ON the y axis, and logf) on the x. In fact, gains are usually
plotted as log-log plots, and the quantiB/og(A,owe) is called adecibe] or smply adb. Specifi-
cation sheets for amplifiers oftervgithe gain variation>gressed in dbver some frequeng band.

Note: Figuringout what value of3 to use is a significant part of this problem. There are se
eral ways to approach it.
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Quattro Pro has a Ig& number of capabilities, and we will only discussvaliere. Asyou use the
program throughout the semesteancourage you to explore a little when yow&ame free time.

7.1 Printing

Quattro Pro allows you to print out parts of yowrisheet. Therare two principal modes of print-
ing, non-graphics and graphics. Non-graphics mode lets you printxiutdm your worksheet. Irthis
mode, the ASCII equélents for @ery text character in the portion of the worksheet to be printed are sent
to the printer Graphs and special effects such as linesebpand shading cannot be printed in théy.w
To print out such things graphics mode is needed. In graphics mode the page to be printed is painted onto
the paper by the printeThe page is divided into a large number of small rectangles (the number depends
on the resolution of the printeaut it is typically more than 10,000 per square inch), and Quattro Pro sends
signals to the printer telling it forvery one of these rectangles whether or not to put a small dot in it.
That's a bt of information to send, and you will find that printing in graphics mode is slower than non-
graphics mode.

To print a portion of a worksheet, not a graph, in either mode chease from the Pull Davn
Menu Bar If the defaults hzen’'t been messed up, the menu shouldastiat theDestination is set to
Printer , and theFormat is set toAs Displayed . Printer is the correct destination if you want to
print part of the wrksheet in non-graphics mode (the recommended mode for most cases). Change it to
Graphics Printer for graphics mode (recommended only if yowdrame of the &ngy line draving
and shading effects, or if if you Ve ovelaid a graph eer part of the worksheet and you want the printed
page to match the display on the computer screen).

Specify what part of the evksheet to print using tHglock item in thePrint menu. Thd.ayout
choice of thePrint  menu allows you to adjust thingsdiknargins which you should not need to change.
Two items that might be of interest on this sub-menu aréléagler andFooter items. Thesallow you
to specify things to be printed at the top and bottonvedfyepage. If you are turning in some printout as
part of an assignment, you mighamt to put your name, maybe the date or assignment nuanidethe
page number (use the pound sign, #, for this) in one of thEm.Format item of thePrint menu
allows you to specify whether for cells with formulas in them thkies of the formulasA§ Dis-
played ) or the formulas themselve€éll-Formulas ) will be printed.

To do a really nifty job of printing Quattro Pro needs to knavhere the printer is on the page of
paper Use theAdjust Printer item of thePrint menu to keep it informedWhen you first start
adjust the printer to the top of the page manualig when its ready choose thAlign option to tell
Quattro Pro that it at he top of the page. After that, domatjust the printer itself at all; instead use the
Skip Line  andForm Feed items to moe the paper through the printefhe first item does just what it
says, it causes the printer to skip a line. The second causes the printaricedthe paper until it gets to
the top of the next sheet.

When you hee finally gotten ®erything ready choose theSpreadsheet Print item of the
Print menu and after a short deldlye printer should start to do its thing.

If you want to print out a graph, not part of a worksheet, the proceduréeredif Instead;ight off
the bat choos@&raph Print  from thePrint menu. Thesub-menu that appears should indicate that the
Destination is theGraphics Printer . If not, change it.TheLayout menu contains placement
information which you should seldom need torgy about. If the graph you want to print is the current
graph (the one that appears when you pFd€¥, just selecGofrom this sub-menu. If instead you want to
print out a previous graph that you named, usé\lmeitem to choose it before selecti@p. If you for
got to name the graph before you changed the settings, tough bananas! Notice that in this mode, the
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Header andFooter information is not printed.

Let’s look at some of the other possible destinations for both non-graphics and graphics mode print-
ing. In non-graphics mode there areotgroups of destinations, label&taft Mode Printing , and
Final Quality Printing . The difference between theseotgroups lies in the ay the spreadsheet
block is printed.In Draft Mode , to print a character Quattro Pro simply sends the ASCllvatgrit of
the character to the printeFinal Quality Mode works the same way as graphics motle Final
Quality Mode , Quattro Pro “paints” each character by telling the printer what dots to print in order to
form the characterBecause of the quantity of data that must be sent to the pfimal Quality
Mode s considerably slower thdbraft Mode , but with it you can use dérent fonts, and print lines and
other objects.

In theDraft Mode Printing group the destinations aRginter andFile . We havealready
discussed the firstlt prints the specified block directly on the print&€hoosing theFile destination
saves what would hae keen sent to the printer in a file. This could be printed later from DOS by using
either thePRINT command, or usin@OPY/B filename PRN but | recommend th€OPYform because
PRINT may space to the top of the next page at inopportune times, wheré&xSRYeommand will not
cause the printer to do anything tlatt in the file. The/B after theCOPYtells DOS that the file is to be
copied as is, with no substitutions ofyddnd. You can often get by without thB , but occasionallythe
file will have sme special character in it that DOS will interpret as an end of file or some suchimark.
the Final Quality Mode group the destinations aRinary File , Graphics Printer , and
Screen Preview . The first works just lik the File destination in th®raft Mode group. ltsends
the information to a file rather than the printer in a form that can be printed later by simply sending the file
to the printer The second prints the block directly on the prinfBne third tries to print the spreadsheet
block on the computer screen rather than the priritdrelps to see paper by letting you check to see if
what will print is what you had in mindThe resolution of the screen is such that you wilehdfficulty
reading the writing, &t you should be able to recognize whathat. Atthe top of the screen is a menu bar
similar to the one you see when you are back in trxstheet. ¥u can use the menu bar to zoom in or out
on a part of the screen, and you can use thevadeegs to nove aound. Nomatter what destination you
choose, you must still seleBpreadsheet Print from the mairPrint  menu to print the block.

As discussed alve, choosing theGraph Print  option from the mairPrint  menu allows you to
print graphs.There are three destinatiodle , Graph Printer , and Screen Preview . The first
saves the information in a file, rather than printing it immediatéihe second prints it immediately (we’
already talled about this one), and the third does the same thing &tben Preview  destination in
theFinal Quality Mode group as discussed aleo

7.2 @Functions

Quattro Pro has a large number afibin functions. The names of these functionsagis begin with
an "at" sign@ | list in Table 7-1 those | expect to be mosehkto be useful. Consult the Help facility or
the manuals to learn about the others.

SOME USEFUL @ FUNCTIONS
Function Returns
@COX) Cosine of angl&X expressed in radians
@SIN(X) Sine of angleX expressed in radians
@TANK) Tangent of anglX expressed in radians
@ACOX) Arc cosine in radians of
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Function Returns

@ASIN(X) Arc sine in radians of
@ATANK) Arc tangent in radians of
@ATAN2K, Y) Arc tangent in radians &f/ X
@DEGREES] Corverts X radians to degrees
@RADIANSK) Corverts X degrees to radians
@PI Value of r

@EXPK) e*

@LNK) Logarithm base of X

@LOGX) Logarithm base 10 of
@SQRTX) Square root oK (always positve)
@ABSK) Absolute value oK

@INT(X) Integer portion oK

@MOLDK, Y) Modulus; the remainder of/Y
@ROUND{ N) Xrounded taN digits (up to 15)
@RAND Returns a random number between 0 ar
@AVGRange Average of values iRange
@COUNTRangé Number of non-blank cells iRange
@SUMRange Sum of values irRange
@MAXRange Largest value ifRange
@MINRangeé Smallest value irRange

d 1

@IF(Cond Tru_Exp FIs_EXxp
@NOW
@TODAY

@HLOOKURK(Block Row)

@VLOOKURBlockColumn

Value of Tru_Expif Condis true;
Value of FIs_Expif Condis false

Current date and time
Current date

Find X in the first rov of Block

If Xis not found andX is a number ther
find the lagest value which is still les
thanX.

If Row is zero, returns contents of t
found cell.

If Rowis greater than zero returns the ¢
tents of the celRowrows belav the found
cell.

Same as@HLOOKURBxcept search firg
column ofBlockinstead of first rav.

N

)

ne

DN-

t
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SOME USEFUL @ FUNCTIONS

Function Returns

=

@SUMPRODU@I¢ck1Block?  Multiplies the corresponding cells ©
Blockl and Block2 and then adds these
products. Thelocks must hee the same
size.

TABLE 7-1. Some Useful @ functions

A few d the entries in the table require further comment. As you may recall, the arc tangent function
returns values with a maximum range mf The Quattro Pra@ATANunction returns a value that is
between—g and+g. The @ATANZ2K, Y) function returns a value that ranges betweerand+m. The

value returned is the angle that a line from the origin to the pxjnif)(makes with the posite x-axis.

The @IF function provides conditionaleluation. Thefirst, Cond argument is some condition such
as the alue of some cell is less than 3, or the value of some cell is not equal to the value of some other cell.
The second and third arguments are formulas@Hereturns the value of the first if the condition is true,
and the value of the other if it is not.

Quattro Pro uselmgical opeatorsto specify conditions ir@IF functions. Theoperators it recog-
nizes are shown in Table 7-2.

LOGICAL OPERA TORS

Operator  Meaning

< Less than

> Greater than

<= Less than or equal to
>= Greater than or equal to
= Equal to

<> Not equal to

#NOT#  Logical ngdion
#AND#  Logical AND
#OR# Logical OR

TABLE 7-2. Quattro Prcs logical operators
Here are some example of the usédf, and of the logical operators.

@IF(E3>F6,E17-A12, @SUM(A3..A12))
@IF(E3>F6#AND#F4=B2,26 E3)
@IF(#NOT#(E3=F6),1,2)

Note the use offNOT#in the last gample. TheconditionE3#NOT#=F6is not legd. Also note that the
condition in the last example is egalent toE3<>F6.

Quattro Pro stores date and time information in what Borland sefial numberform. Thedate is
stored as an integer equal to the number of days since December 30, 1899. I'm nowdhe thoe is
stored, but | guess stthe number of seconds since midnight. Both@dOWhd @ TODATuNctions return
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avalue in this form. Since thatrot very useful to humans, you will probably want to change the way it’
displayed. Thigan be done by changing the display format, and that is discussed in the next section.

7.3 Changingthe Format of Your Worksheet

Use items from th&tyle Pull Down Menu to change hwonumbers and other data are displayed in
your spreadsheet. Use thimeric Format  item to change the way numbers are displayed in cells.
Choosing this item results in a sub-menu with a number of items on it, most of which should be self-
explanatory Of the number formats, the most useful to engineers will b&itted , Scientific , and
General formats. TheGeneral item displays numbers that aretoo large or small in decimal nota-
tion, and the rest in scientificvou can specify hav mary digits are to be displayed. Quattro Preeks
about 15 digits of accurgcno matter what you specify for displayf a cell contains a number that repre-
sents a date or a time, and you want it displayed in a sane notation, cho@setheption in the
Numeric Format  sub-menu.

Sometimes the column is not wide enough to display a nunhibditat case the cell on the display is
filled with asterisks.You can increase the width of columns using either @mdumn Width  or the
Block Widths items on theStyle menu. Yu can hide an entire column with thigde Column
item. Ithink this was originally intended for financial spreadsheets containing confidential information, b
| find it useful when | require one or more columns that contain intermediate values which are of no other
use.

As | mentioned in Chapter 6, Quattro Pro wabloyou to drev lines on your worksheet and to put
boxes around blocks of cells, andd’made use of this feature in maaf the figures in these note$his
capability is wholly cosmetic,ut it can be useful to focus attention to the main results of thksiveet,
and avay from uninteresting intermediate results or input data. There is also a shading facility that can be
used similarly.

7.4 EnteringData from a File, Importing

Sometimes data you generate either is or can be put automatically intolfyida.want to analyze
this data using a spreadsheet program, then it is necessary to enter these datarikgbeztivsomeho
One option is to print the file out, and then enter the data manually usingytizaid, just as you entered
Herbies data. Rarticularly for longer data tables, this procedure is unpleasant, and prone to ktosts.
spreadsheet programsveanhat is termed atmport facility which allow you to tale data from files and
enter them automatically into eovksheet. Hers'what Quattro Pro can do, andvhgou get it to do it.

Besides being able to readrksheet files produced byveeal other spreadsheet programs such as
Lotus 123, Quattro Pro can also read files containing tables of numbers written in KSGU've forgot-
ten what ASCII is, see the discussion in Section 1.8, and Table 1-1. Suppose, for examples yoa-ha
ble of data similar to Table 4-3, containing Herbigw wltage-current data. The computer has tovkno
where the entry containing the voltage value ends and where the entry with the current giakie de
common technique for doing so which Quattro Boes notsupport involves leaving space or tab charac-
ters between columns. Instead, Quattro Pro offers three methods, of which I'll discuss two.

The first method assumes that the datavedsa the file in aligned columns, with each entry in a
column just belar the previous entryFor example, a file might be arranged so that all entries correspond-
ing to the first column can be found in the first 9 characters of a line, all entries corresponding to the second
column in the next 9 characters, and so foAh.example of such a file is shown in Fig. 7-1. The first line
is not supposed to be a part of the file; | put it there to help locate the position of each character in the line.
In this case entries belonging to the first column can all be found in the first nine characters of a line, and
those belonging to the second in the next nine characters.

To import such data contained in a file, first place the highlight at the head of an unused block of cells
in which you wish to put the contents of the filEhen choosdools from the Pull Down Menu Baend
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12345678901234567890
-0.020 0.0003
9.97 .0099
19.9 0.0203
29.9 0.0299
39.9 .0398

Figure 7-1. Table of data formatted for importation as an ASCII text file.
then choosémport to produce a sub-menu listing the three options for importing drarathe assumed
form of the data in our file, choose the first it&x®CII Text File . This choice will cause each line in
the file to be read and placed in conseeutells in the column pointed out by the highlight. No matter
what the line contains, it is treated as a string of characters (a label in Quattrg&mp j&small windav
will appear in which the computer asks youEmter name of file to import: . In response you
would enter the name of the file containing the ddthe contents of the file should appear just as in the
file, starting at the place you pointed out with the highlight just before choosinpthe menu. Br
example, for the file shown in Fig. 7-1, if you had initially ved the highlight to cellA3, cells A3..A7
would each contain one line from the table.

At this point, the information is in theasksheet, but not in a very useful forle reed to separate
out the data in the first column from that in the second, and put theetsvof data into separate columns of
the worksheet. @ do ®, position the highlight at the top of the column containing the information just
imported, and then choose tRarse item from theTools menu. Asub-menu will appear which is used
to tell the computer where thewalata is located, woto separate the data, and where the data is to be put
after it has been separated ouielling the computer where thewedata is, and where to put the processed
result is easy Chooselnput from theParse sub-menu to specify where thewaata is located in the
worksheet, and choog@utput to specify where the separated results are to be placed.

Telling Quattro Pro her to separate the va data is a little more complicated. Such an operation is
calledparsing You give Quattro Pro the information it needs by creatinfipranat linejust abae the cell
containing the first item or vadata to be parsedA format line consists of a string of symbols with special
meaning to Quattro Pro. These symbols are in Table 7-3.

PARSING SYMBOLS

Symbol  Meaning
| The remaining characters in this

cell are a format line.

The| character must starvery

format line.

This is the start of a value entny

This is the start of a label entry,

This is the start of a time entry

This is the start of a date entry

This continues the entry

This may be a blank space, or

it may be part of an entry.

S Ignore characters in this position

*vo-aAr<

TABLE 7-3. Table of special symbols for format lines.
You can either create your own format line from scratch, or you cea Qaattro Pro guess for you, and
then patch it up using standard editing proceduseiggest you hae Quattro Pro guess first for yoo do
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so, be sure the highlight wars the first item in the vadata column, and then chooSeeate from the
Parse sub-menu.

Fig. 7-2 shows the result of telling Quattro Pro to guess a format line for the data in FigAg-1.
before, the first line is something | added to help you count characters in lines.)

12345678901234567890
V>>>>>*F\/>>>>>
-0.020 0.0003
9.97 .0099
19.9 0.0203
29.9 0.0299
39.9 .0398

Figure 7-2. Format line guessed by Quattro Pro for the data in Fig. 7-1.
The format line specifies that the first nine characters of a line are to be treated as parts of the data to be
placed with the first set, and the remaining characters with the secoritheet. must be some distinction
between the and the* characters, but | doninderstand what it is. In our case, Quattro #gness was a
good one and no further changes are needed. If changes were required, you woul&dise ifeen from
theParse sub-menu. Irsome cases it will not be possible to create one format line which will handle all
lines in your file correctly For this reason multiple format lines are alkm. Jusposition the highlight on
the first item for which the existing format lineomit work and choos€reate again. QuattroPro will
malke a giess based on this line and insert it as an additiongjust before the lineYou can do that as
mary times as required.

Once you hee slitable format lines, you should then tell Quattro Pro where thedata (including
the format lines) is located in the worksheet, and where yi @ put the parsed result. Do so with the
Input andOutput options of theParse sub-menu. Whegou finally hae everything set and are ready
to hit the juice choos&o from theParse sub-menu. Ungected things can sometimes happen when
parsing data, so | suggest you place the parsed result in some unused portionosksheet; and then
Move it back to where you want it whemesything looks good.

A less general,ut often easigeway to import data is to separate the column entries with commas.
For example, the data in Fig. 7-1 could be represented in this format as in Fig. 7-3 (again with an ersatz
first line).

1234567890123456789
-0.020, 0.0003
9.97,.0099
19.9, 0.0203

29.9, 0.0299
39.9,.0398

Figure 7-3. Data format using commas for column separators
In this case, we do not @t make aure that an entry is in the right block of character positions in the line.
Instead, the computer uses the presence of commas to denote where one entry stops and the next one starts.

To use this option, position the highlight at the start of the block in your worksheet in which you wish
to place the imported datd&hen choose th€ommas Only from thelmport sub-menu. Quattr&ro
will put the entries in the first position (before the first comma) in the column under the highlight, the
entries in the second position (after the first comma and before the second if there is one) in the next col-
umn to the right, and so forth.
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7.5 Recalculation

Wheneer you change the value of a cell, Quattro Pro automatically recalculates the values of all
cells in the worksheet which might change as a resut.very long, complicated arksheets, it may tak
quite a while to recalculatesery such cell, havever. That can be annoying when you are trying to change
values in seeral cells and wn't care what the calculatedilues are until after you Y@ finished entering
all your changes. Quattro Provgs you some controlver how and when recalculation occurs, as well as
some other aspects of recalculation.

ChooseRecalculation from theOptions Pull Dovn Menu. Four items plugQuit  will be on
the resulting sub-menu. The firMpde, lets you specify whether or not Quattro Pro will do a recalculation
evay time a worksheet cell value is changelh turn of recalculation, choosklanual from theMode
sub-menu. Inhe manual mode when you nea#t diange to the contents of a cell, Quattro Pro onijue
ates the contents of that celjea though the contents of cells which refer to the changed cell will then
probably be incorrectYou can tell Quattro Pro to recalculate all possibly wrong cells by preg€indf
the worksheet needs recalculation, therddCALCwill appear at the bottom right of the screen in the status
line.

There are tw modes in which recalculation is turned on. In odetomatic , Quattro Pro locks up
until the recalculation is finished, whereas in the ofBackground , you are able to enter numbers or do
other worksheet operations while the recalculation is in progfgss.Background mode is the deiult,
and | recommend it. In this mode if youeaa bng worksheet dotpanic if you mak a dange and noth-
ing happens rightveay. You should panic if enough time passes to update the entire worksherat se
times and still nothing happens!

7.6 SortingData

It is frequently desired that a set of data be sorted in somye For example, you might want to
alphabetize a list of name#\ more familiar &ample would be Herbis’wltage-current dataHerbie
wrote the data into his lab notebook in the order the data weze, takd we put them in the worksheet in
the same orderYou might want to sort the data into increasing order of currentxémgle. Infact, if
when plotting the data we had chosen to connect Herbiperimental points with lines instead of just
plotting symbols, we wuld hare encountered such a need. The plotting program draws a line from one
point to the next in the order the points appsarnstead of getting a single, more-or-less straight line we
would have gotten lines going allwer the place. This was a mud puddle | blithely skirted by choosing to
plot just symbols, bt which some of the more adventurous of you mag lfalen into if you tried generat-
ing a line-connected plot of the dat@Vhy didn’t | fall into the mud puddle when | graphed the "theoreti-
cal" prediction using lines to connect the calculated points? Or did 1?)

Probably the best solutionowld be to sort Herbis’ points into an order in which the current
increases monotonicallyTo do o use theSort option from theDatabase sub-menu. Theesulting
sub-menu contains an item allimg you to specify what data to saBiock , and items specifying v to
sort it, 1st Key , 2nd Key , etc. Whenspecifying the block to be sorted, be sure to include all the
columns containing connected data. When Quattro Pro is moving around sledsient entries, for
example, it should me the corresponding voltage entries around with them so thyatsthg connected
properly If the voltage entries are in the rar®..A13 , and the current entries B3..B13 , we would
specify the bloclA3..B13 using theBlock item.

The 1st Key item allows you to specify what column of data to sort bnour case, we wuld
choose the column containing the current, and would point out the B&n@13 . The2nd Key item
on theSort sub-menu alles you to specify another sorting criterion in tiverg two items in thelst
Key column are the samelhis option seems to be intended mostly for sorting thingsliBks of names.
In such a case, thest Key might be the column containing last names,2hd Key might be the col-
umn containing first names, and el Key might be the column with middle name or initidfou are
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given the option of sorting either forwardagcending order) or backward€escending order).

When eerything is all set, choos&o from theSort sub-menu and the sort should occusuggest
saving the worksheet into a file before doing a sort. Things can go wrong.

7.7 Miscellaneou®Other Capabilities

Quattro Pro offers a number of other capabilities whichvehat discussedl will mention only a
few of them briefly here.

In the Macro sub-menu of théTools menu there are a number of features related to macros.
Record provides an easy &y to create some macrogvhenRecord is on whateer you do with the
keyboard is recorded in macro language anggin a Hock of the vorksheet. Ifyou turnRecord mode
on and then issue requests to Quattro Pro which cause it to carry out some desired task, and then turn
Record off, you will have roduced a macro which can beeuted to accomplish the same task automati-
cally. This feature seems to be most useful for applications in which it is desirable to automate some com-
mon tasks.| havenot found it very useful because | usually use Quattro Pro for different purposes each
time | use it. It seems that the things | usualpnivto do with macros cannot be done witholieitly
writing the macro.l occasionally use the feature as a kind of Help facility when | want tev kwoav | tell
Quattro Pro in macro language to do something Wkinow to do from the leyboard.

The Tools menu also contains items which allgyou to combine tw or nore worksheets, or to
take part of one worksheet and insert it into anoth@uattro Pro also has the capability of referring to the
contents of cells which are contained in otherkgheets which are not in memobyt were saed in files
previously These features seem to be useful primarily to "professional” users, perhaps maintaining a com-
plicated accounting system.

Of more interest to engineering and science applications areotwhe features listed in the

Advanced Math item of theTools menu. Thdnvert andMultiply items are used towert and

multiply matrices. To use them place the matrix or matrices to be operated on in blocks irotkeheet,

and supply the addresses of these blocks and a block in which to place the result when requested by Quattro
Pro. I have ot explored the capabilities of tHRegression and Optimization items. Thg are

intended primarily for bsiness applications, but thenay be useful to engineers as wéllbelieve that

business types and statisticians call the process of fitting a straight line to a set of dafgepfintsng a

linear regression analysisso | suspect we could lva done the same thing we did earlier with Herbiddta

using stufin theRegression menu. Ihaven't tried it, though.

TheWhat-If  option allows you to do something similar to what we did with Hesligta when we
generated the total squared error foresa values of the parameterd,and B. In fact, you can generate
the same results using this feature as we did by writing a macro.

| havenot mentioned the winadng capabilities of Quattro Pro at alfou can hae two o more
worksheets open at one time anduwadick and forth between them using thndow item in the Pull
Down Menu Bar You can also put tavdifferent parts of the same worksheet on the screen at the same time
in different windevs. To do ©, chooseOptions from theWindow menu. Usd=6 to skip back and forth
between windows.

You can use thénnotate item in theGraph menu to put all sorts of special notations on graphs.
You can even use it to mak drawings.
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7.8 Exercises

For all problems requiring the use of Quattro Pro, when you are satisfied with poksheet see it
to a file on a flopp and turn the flopp in as m@rt of the homeork assignment.You should also include a
clear written description of what you did andywiThat can be handed in on a separate piece of pager
can be included in the worksheet as a comm¥ati can put more than one worksheet file on a fipjbpt
malke are you gie each a name that makes it obvious which file goes with which problem.

1. Usingthe worksheet you sed, print out a graph showing Herlsexperimental data plotted with
X’s, and the prediction of Eq. (4-1), plotted as a continuous line.

2. Createa worksheet that estimates logarithms, base 10, for numbers between 1 addrd®.the
idea for hav to do it. Backin the old’'n days before calculators and computers, this is pretty much
how we had to do it (only by hand, not with Quattro Pro, and aft@king 3 miles through 27 foot
snaw drifts to get to school)Table 7-4 gves the base 10 logarithms of selected numbers between 1

and 10.

LOGARITHMS
X log(x)
1.0 0.0000
2.0 0.3010
3.0 0.4771
4.0 0.6021
5.0 0.6990
6.0 0.7782
7.0 0.8451
8.0 0.9031
9.0 0.9542

TABLE 7-4. Table of base 10 logarithms
To calculate the logarithm of a numbeay x, find the lagest number in the first column of the table
which is smaller tham, and interpolate between this point and the next in the tdlleexample, if
X were 4.27, then we ould estimate lox) as he value 0.27 of the way between(gand lod5).
In your worksheet, | should be able to specify the number | want eoti@klogarithm of by enter
ing it in one cell and the interpolated result should appear in another cell. Label these cells so the
worksheet is covenient to use. In order to seevihavell the method works, use the Quattro Pro @
function, @LOGKX) , to produce the exact (more or less) value, and display tferalite, both as a
number and as a percentage, between the interpolatecactdesults in other cells of theovk-
sheet. Ha could you mak your method work for values of outside the range of 1 to 10?

HINT: Check out the functioWLOOKUP

3. You will be gven a file containing in ASCII a table of values of a functidifx), vs.x. Use Quat-
tro Pro to plot it. Connect the points by lines, and do not plot a symbol at each point.

-50-



8. VOLTAGE AND CURRENT

8.1 Introduction

Much of what electrical engineers dadtves either trying to figure out imathe current is flowing in
some circuit, or trying to design a circuit in which the current flows in some desiyedmthis chapter |
will discuss what an electrical current is, and what forces influence thefflihese currents. As I'm sure
most of you knw, matter is composed of atoms, which consist of a bunch of protons and neutrons bound
together in the nucleus by mysterious forces, and a number of electrons equal to the number of protons
whizzing around the nucleus and bound by a not-so-mysterious force. The type of atom is determined by
the number of protons in the nucleuEach type of atom is called atement Elements can combine either
with themselves or with other elements to form all the materials we find in the world.

The force binding the electrons to the nuclei is pretty well understéletirons and protons ¥ a
property calleccharge There are tw types of charge, called posii and neyaive, and electrons hae me
type, protons the othefradition has it that the chge on a proton is of the posii\variety, and the chage
on an electron ryetive. That definition of what is posite and what is ngaive was made before people
knew anything about atoms, and it was completely arbitrdtydoesnt matter in principle which sign of
chage we associate with protons and electrons as longyarthepposite and as long as we are consistent
about it. In hind sight, some confusion would/ddeen seaed if the opposite carention had been chosen,
but it wasnt and we are stuck with it.

Most objects in thewvery-day world hae vey nearly equal numbers of electrons and protons, but it
is possible to add or reme a ggnificant number of electrons from most things, making theve lzaret
negdive a positive chaige. Itis found eperimentally that objects with net pogéichaige repel other posi-
tively charged objects, and attractgaively charged objects; coersely, negdive djects repel each other
and attract those with posiéi chamge. Thisforce of attraction or repulsion is called #ectricforce and it
is very strong. The attraction of urdilhaiges &plains the binding of the electrons to the nucleus, but the
even gronger binding of the lik-chaged protons together to form the nucleus is mysteridymparently
there is some short-range force which acts between protons and which is strong enaggtotoecthe
strong repulsion of the protons.

The best discussion of the electric and other foreesfdund is by Feynmah.

Consider a force lik gavitation which varies predominantlyviersely as the square of the
distance, but which is aboubdlion-billion-billion-billion times stronger And with another dfér-
ence. Therare tvwo kinds of "matter,” which we can call pos#i and neyaive. Like kinds repel
and unlile kinds attract—unlik gravity where there is only attraction. What would happen?

A bunch of posities would repel with an enormous force and spread out in all directidns.
bunch of ngaives would do the same. But arvemly mixed bunch of posites and neyatives
would do something completely ifent. Theopposite pieces would be pulled together by the
enormous attractions. The net result would be that the terrific fomalsl Walance themselves out,
almost perfectlyby forming tight, fine mixtures of the posii and the ngative, and between taw
separate bunches of such mixtures there would be practically no attraction or repulsion at all.

There is such a force; the electrical foréded all matter is a mixture of posié protons and
negaive dectrons which are attracting and repelling with this great force. So perfect is the balance,
however, that when you stand near someone else you fieel’ aly force at all. If there wereven
a little bit of unbalance you would knoit. If you were standing at armlength from someone and
each of you hadne pecentmore electrons than protons the repelling force would be incredible.
How great? Enougho lift the Empire State Building™No! To lift Mount Ewverest? No! The

1. The Feynman Lectures on Physjd2.P. Feynman, R.B. Leighton, and M. Sands, (Addison-WedReading, 1964).
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repulsion would be enough to lift a "weight" equal to that of the entire earth!

With such enormous forces so perfectly balanced in this intimate mixture, it is not hard to
understand that matterying to keep its posite and n@dive chages in the finest balance, can
have a geat stiffness and strengtfihe Empire State Building, for example, swings only eight feet
in the wind because the electrical forces haleheelectron and proton more or less in its proper
place. Onthe other hand, if we look at matter on a scale small enough that we see only a fe
atoms, ap small piece will not, usuallyhavean equal number of posié and neyaive cdhages, and
so there will be strong residual electrical forc&wen when there are equal numbers of both
chages in tw neighboring small pieces, there may still begéanet electrical forces because the
forces between individual charges varyersely as the square of the distanéenet force can arise
if a negdive dhaige of one piece is closer to the pasitihan to the ngative chaiges of the other
piece. Theattractve forces can then be larger than the repalsnes and there can be a net attrac-
tion between tw small pieces with no excess chgas. Thdorces that hold the atoms togetterd
the chemical forces that hold molecules togetirerreally electrical forces acting in regions where
the balance of charge is not perfect, or where the distances are very small.

You know, of course, that atoms are made with pgsifirotons in the nucleus and with elec-
trons outside.You may ask: "If this electrical force is so terrific, wdon't the protons and elec-
trons just get on top of each other? Ifytheant to be in an intimate mixture, wisnt it still more
intimate?" Theanswer has to do with the quanturfeefs. Ifwe try to confine our electrons in a
region that is very close to the protons, then according to the uncertainty principlausehae
some mean square momentum which iggdathe more we try to confine them. It is this motion,
required by the las of quantum mechanics, that keeps the electrical attraction from bringing the
charges ayncloser together.

There is another question: "What holds the nucleus together"? In a nucleus theverate se
protons, all of which are posie. Why don’t they push themselves apart? It turns out that in nuclei
there are, in addition to electrical forces, nonelectrical forces, called nuclear forces, which are
greater than the electrical forces and which are able to hold the protons together in spite of the elec-
trical repulsion. The nuclear forces,wever, havea short range—their force falls bfinuch more
rapidly thanl/r?. And this has an important consequenkfie nucleus has too mguprotons in it,
it gets too big, and it will not stay togethekn example is uranium, with 92 protons. The nuclear
forces act mainly between each proton (or neutron) and its nearest neighit®rthe electrical
forces act ver lager distances, ging a repulsion between each proton and all of the others in the
nucleus. Thenore protons in a nucleus, the stronger is the electrical repulsion, until, as in the case
of uranium, the balance is so delicate that the nucleus is almost ready to fly apart from therepulsi
electrical force. If such a nucleus is just "tapped" lightly (as can be done by sendingwmatsio
tron), it breaks into tev pieces, each with posig chage, and these pieces fly apart by electrical
repulsion. Thesnegy which is liberated is the energy of the atomic borhbis enegy is usually
called "nuclear" engy, but it is really "electrical" engly released when electrical forcevbave-
come the attracte rnuclear forces.

We may ask, finally what holds a rgetively charged electron together (since it has no
nuclear forces)If an electron is all made of one kind of substance, each part should repel the other
parts. W, then, doest'it fly apart? Butdoes the electron ke "parts"? Perhapse should say
that the electron is just a point and that electrical forces only act bediffszantpoint charges, so
that the electron does not act upon itséterhaps. Allwe can say is that the question of what
holds the electron together has producedyndfficulties in the attempts to form a complete theory
of electromagnetism. The question hagenbéeen answered.

You may be interested in knowing that hiwvestigation of this question of what holds an electron
together vas at the base of the work for which Feynman vedehe Nobel prize in physics in 1965, three
years after he wrote the material | just quoted.

It is the complicated interaction of electrical forces and quantum-mechanical effects which is respon-
sible for the amazing variety of characteristics and behaviors of feeedif substances in theorld. Here
| want only to discuss aviecharacteristics rel@nt to the flov of electrical currents. In some materials,

-61-



Chapt. 8 Notes for EEngr 121-122 F. Williams

called conductors the electrons are bound only very loosely to the individual atoms, apdrtheasy to
move aound—easy that is if you ddrdisturb the delicate charge balance that keeps the electrical forces in
check. fer example, you can takome electrons 6fof a conductor pretty easilybut only if at the same
time you put an equal number of other electrons back on it in order to maintaje dearrality In other
materials the electrons are much more tightly bound, and iffisultifand often catastrophic to nethem
around. Suclmaterials are callethsulators Air, for example, is a pretty good insulatorhings like light-

ning happen if you try too hard to wete charges around. In a typical thunderstorm the bottom of the
cloud is charged myetively, and the surface of the Earth just under it pediyi. As a esult there is an elec-
trical force pushing the electrons in the molecules of the atmosphveard tthe ground. Little happens
until this force gets large enough to be irresistible, and KldABOOM!

8.2 Electrical Currents: Bsitive or Negative Carriers?

The electrical breakdown of insulators is a subject of considerable interest to mk niotitcbnsider
it further here. Instead, | want to discussvhehaige flows in conductors. Considerdwnalogous situa-
tions, as shown in Fig. 8-1n one case we ka wo pools of water connected by a pipe, and in the other
we hare wo conducting spheres connected by a conductor.

a) b)

8 0 0

—

#1

Figure 8-1. Drawing showing tvo analogous situationsa) two pools of water connected by a pipe, and b)
two conducting spheres connected by a conductor.

If the two pools hae the same amount of water in them and are at the same heightwasistibe drav-

ing, not much happens. If on the other hand, matemis somehe put into pool #1 so that the top of the
water in 1 is higher than in 2, water will flofrom 1 to 2 until the top of the water is at the same height in
the two pools. Similarly if the amount of charge on thedwpheres is the same and there are no other
chages around, not much happens, but if | put more charge on sphere #1 than oget2vithiow in the
conductor from #1 to #2 until the amount of charge on each one is the same.

I’ll draw heavily on this analogy toxplain hav current flows in electrical circuitsYou may get the
impression, based on this discussion, that the whole subject is on a preytyahalation, but that’ not
true. Eerything can be dared with full mathematical rigor from basic physical lawsrgming the elec-
tric and magnetic fields, and the interaction of these fields with charged olbjeetghosen not to present
the subject this ay because doing so would lead me too far ast#dso, it would require someamiliarity
with the integral and differential calculus, and mafiyou may be seeing these ideas for the first time just
this semesterBesides, the presentation vgitere should gie you more intuition about whatould hap-
pen in the circuit than would a mathematically rigorous presentation, and both points afevieseful.

The analogy between thewlamf water and chae is a pretty good one, except for one thing—tkere’
only one kind of water but there areawinds of charge, positt and neyaive. For example, if we put
more water in pool #1 than #2 only one thing could happen—water wowldréim 1 to 2. If on the other
hand, sphere #1 had more pastiharge than #2 tavthings could happen:
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1. Positve charge could flev from sphere #1 to #2, or
2. Naaive dharge could flw from sphere #2 to #1.

In the first case, the amount of pogitihaige on sphere #1 would decrease, and the charge obéi#l w
increase. Irthe second case, gative dhaige would flav onto sphere #1, canceling some of the pasiti
chage there and &fctively reducing the charge of sphere #1. Alsgatiwe chage would flav off of #2,
removing some of the rggtive chaige that had been canceling the vajiositive dharge on the sphere and
effectively increasing the net charge of sphere #2.

Both possibilities would reduce the charge on #1 and increase it on #2, and a currergeofwhlar
flow in both cases until the net charge on both spheasstine same. It would be very difficult to determine
which was occurring. In fact, the floof chalge was observed experimentally and understood surprisingly
well long before the atomic nature of mattemsaknown, and people at the time did notvknehether
chage flowed in conductors through the vament of positiely charged particles in one direction, ogne
atively charged particles in the otheThey guessed (Benjamin Franklinas irvolved in all this, by the
way), but unfortunately theguessed wrong, and that wrong guess still haunts us.tddeey guessed that
it was positve chage that maed in conductors, and current wasval/s thought of as the floof positively
chaged particles. Throughout your career in electrical engineering you will almestsatonform to this
wrong guess and think of electrical current as th& 8bpositive dharge. Fortunately it is a pretty benign
error because almost all observable effects cannot distinguish betweero thessibilities, and calcula-
tions based on this incorrect assumption will accurately predict what actually happens (at least iftyou don’
male any ather mistakes!).

As an aside, it is possible to distinguistperimentally between the twpossibilities for current fia.
The most common technique for doing so uses a magnetic field, and is catdl gftectafter its disce-
erer Just after the turn of the centuthe atomic nature of matter was being weced, and wrkers real-
ized that it made much more sense in terms of this model if current were carried by the motion of the elec-
trons than by the protons bound tightly into the atomic nuclei. It mws been comforting when Hall
effect measurements shied the sign of the charge on the current carriers to gdive Well, it was
almost alvays nedive. There was the strange case of boron, for which the sign was clearlygao§iie
resolution of that puzzle was an important piece in theniion of the transistor That's another story
though.

Back to the flav of electrical current, from n@ on we will always think of it as the flo of positively
chaged carriers.We will think of conductors as being made up of a lot oédixn@aive chamges and an
equal number of mobile posié dhaiges which can be made to weo That's exactly backwards, but wig’
not get a wrong answer because of it. The reason is that from a charge transfer pomtaofegdive
chage moving in one direction is egalent to a positie chaige mwing in the other We make the incor
rect assumption because

1. Thats what everybody else does, and it is necessary to be able to talk to other people;

2. ltsimplifies the arithmetic a little in that there is not an extra minus sign floating around because of
the n@aive charge of the current carriers; and

3. Mostimportantly except in rare and easy-to-recognize circumstances the error will not lead us to an
incorrect analysis of current floin circuits.
This is the last time I'll mention this point. Fromwmaon I'll toe the party line and act as if the dercar
riers were positie.

We reed a measure of current. In the analogy with water we would measureatto ater in a
pipe as an amount of water flowing through the pipe per unit time, measured pertajmhsaer second.
To do the same thing with current, we need an analogous measure @é.cfifrestandard unit of charge is
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the coulomb The charge on an electron is approximately x116-19 coulomb, and it would require
about 6.2 1018 electrons to makup ninus one coulomb of chge. Themeasure of electrical current is
chage per second, and the standard unit isathpere which is one coulomb per secontio gve you an
estimate of size, currents commonly encountered range between roughly millionths of an ampere (or
microamperes) and tens of amperes. The unit "ampere" is often abbreviated to just "amp".

8.3 \bltage

We dso need a measure of the strength of the agent causing the currewt t@rlo such measure
would just be the net electrical force acting on the mobilegesar Ifwe were interested in knowing just
how the current flaw was distributed in a conductor (is it mostly near the outside or the cetiotgmwe
would use such a measure. In analysis of current iifocircuits, havever, we don’t usually care about
such details as whether the current is mosthyifig in the top half or the bottom half of the wire; instead
we just need to ko the rate at which charge is flowing from one component to tkie hethis case, we
use a quantity called theoltage as a measure of the strength of the agent causing the curventrfie
voltage is very closely related to an electrical potentialgghend in fact it is sometimes called the electri-
cal potential.

This idea is best described in terms of an anal@pnsider again the wtanks of vater in Fig. 8-1,
and allav the two tanks to possibly ha dfferent heights and different amounts of water in them as in Fig.
8-2.

a) b)

#1 #1
#2 #2
N No
Flow Flow

Figure 8-2. Drawing illustrating the effect of difference in watewdeon the flov of water In a) and b)
the tanks are at different heightsit fin a) the leel of the top of the water in #1 is higher than
in #2, whereas in b) theVds are the sameWater flows in a) but not b).

The decisie question in determining the floof water from one tank to the other is thefefiénce in
heights of the top of each pool ofiter If a little water flows from one pool to the othére top of one

pool will lower a little and the top of the other will rise. The net result is the same as taking a thin layer of
water from the top of the first pool and putting it on top of tlaewin the second. If the potential eger

of the water at the top of pool #1 is greater than the potential energy oatée at the top of pool #2,
doing so will reduce the gravitational potential energy of the syswater will flow from #1 to #2 at a

rate which depends on this difference in potentialggne®n the other hand, if the gravitational potential
enegy of the vater at the top of pool #1 is less than that of the water at the top of #2 watenwiii flee
opposite direction, from #2 to #1, again at a rate determined by the potential energy difference.

In an electrical circuit theoltage is analogous to the height of the top of the water in the water cir
cuit. If the electrical potential energy of a ofparcarrier at the "top of the charge pool" is higher in sphere
#1 than in sphere #2 current williidrom 1 to 2, and viceersa. (Asan aside, the top of the charge pool
is called the~ermi level.) Theunit of voltage is theolt. One coulomb of charge changing voltage by one
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volt gives up r gains if the voltage change is pas}ione joule of engyy. Typical magnitudes ofaltage
differences that are commonly encountered range from millionths of a volt (ovatigydo tens of thou-
sands of volts (tens of kiolts). Thesignal that a radio reaar picks up is in the micneolt range, and the
voltage used on a color television tube is around 30dliie.

The current that actually flows will be determined by the difference in potential energi@tages
of the two "pools”. Ifthe diference is posiie (.e. if V; > V,) the current will flov from #1 to #2.A neg
ative wltage difference would mean the current flows in the opposite direction, from #2 to #1. Note that
the voltageper seof each sphere is not relmt; what matters is the voltage difference.

8.4 Current-\6ltage Relations

If we want to be able to predict justwanuch current flows between the spheres, we need another
bit of information—thefunctional dependenaaf the current in the conductor on the voltage difference of
the "pools" of charge carriers at theotends of the wire (the diérence in the Fermilels). Thefunc-
tional dependence of current on voltage is what Herbie Husker was required to find for the kasx he w
given in EE231 lab in the example we considered way back in section 4.10. He could eithéragi a
graph of measured current vs. voltage, or he cowd igias a brmula, something li&kV =2. 04 + 853 1.
Actually, this is a relation ging V as a function of. To get a relation giing | as a function oV we
would just sohe for I, getting, | = é(v —-2.04). This functional dependence is often called ltherela-
tion, or thel-V curveif it is provided graphically You will see such curves alver the place in the catalogs
manufacturers of transistors distribute to describe their devices.

These |-V cures for components used in electronic circuits can be very simple or quite compli-
cated—it depends on the component. The simplesedsifae |-V cune of a god insulator This cune is
essentially just a horizontal line passing throughO. A formula giving the functional dependence of-cur
rent on voltage for an insulator is eaby 0. Thenext simplest cure is hat of aresistor. Resistors are
probably the most common components in electronic circuits (at least if youodont insulators and
wires). For a resistor the |-V cuevis a $raight line passing through the origin (that mehis zero when
V is zero). This functional dependence can also be specified with a formula,

V=IR (8-1a)
or, equivalently

1
l=-V=GV 8-1b
= G ( )

whereR is a constant which characterizes the resisitis dependence is call€hm’s law. Most resis-
tors obg the lav quite accuratelybut mary other components do noA diode, for &ample, is a common
component which (more or less) allows current tw filo only one direction. The I-V cuevfor a diode is
far from a straight line.

In Egs. (8-1)R is a constant which depends on the resistor@ndl/R. R is called the resistance
andG is called the conductance. The unit of resistance is volts per amp, and is calted arhe unit of
conductance is amps per volt, and is calledhe (get it?). The symbol for an ohm is the Greek capital
omagya Q, and the symbol for a mho is an upside down capitalgam&alues of resistance ranggep
probably the largest range ofyacommon physical quantityA copper wire will hae a esistance much
less than 0.000Q, whereas the resistance okr a $ort piece of glass is so high it is difficult to measure,
but it certainly exceeds 101G.

A few materials gen can becomauperconductors These materials beta nore or less normally at
room temperature,ub as the temperature is lowered the resistance abruptly falls tolzdwa!t mean &lls
to some ery small value, | mean ZER Thetemperature at which this transition to zero resistanastak
place is called the transition temperature. Until\a years ago all known superconductors had veny lo
transition temperatures, the highest being only about 23eabsolute zero (21 K, —252° C, or —45).
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Recently seveaal materials hee been found with much higher transition temperatufBise present record

is about 12%. Nitrogenliquifies at 77 K, so liquid nitrogen can be used as a refrigerant for these ne
"high-temperature" superconductors. That is an importardgragvbecause nitrogen is plentiful, harmless,
and easy to liquify For superconductors with transition temperaturesvbalmut 20 K, liquid helium must

be used to cool them to supercondutti Helium is much rargernd therefore morexpensve than nitro-
gen, a lousy refrigerant, and difficult to liquify.

Two other common circuit components a@acitorsandinductors The current through a capaci-
tor, |, is proportional to the time desdtive d the voltagey, across it.

| =C — 8-2
i (8-2)

The constant of proportionaljtg, is called thecapacitanceand the unit of capacitance is tfegad. Com-

mon values of capacitance range fromwa ficofarads 1072 F) to a fev millif arads 102 F). Thevoltage,

V, across an inductor is proportional to the time ei¢ive d the current], through it.

dl
V=L— 8-3
Tt (8-3)
The constant of proportionaljty, is called theinductance and the unit of inductance is thenry Com-
mon values of inductance range from nanohenr€8’ H) to a fev henries. Becausef the time
derivatives in the current-voltage relationships for thesgides, we will not consider them in this course.
In the following course, EEngr 122, we will consider circuits with inductors and capacitors in them.

8.5 \bltage Sources

Back to our analogy with twpools of water suppose for some reason | want to keep a certain cur
rent of water flowing through the pipe connecting them. If | juseHae two pools, with the water iel in
one starting out higher than in the otlteen as the current fis in the pipe water will be transferred from
one pool to the otherThe levels will equalize, causing the potentials of thet@ools to become the same,
and current to ceasd.o keep current flowing | would need some kind of a pump as in Fig. 8-3, to pump
the water continuously back from pool #2 to pool #1.

a) b)
10V
#1 @
#2
Flow Current

Figure 8-3. Drawing illustrating the operation of a voltage sourde.a) a pump maintains thevig of
water in tank #1 higher than in #2 and watewiccontinuously in the connecting pipe. In b) a
voltage source maintains the voltage of sphere #1 higher than that of #2, and cusnt flo
continuously in the connecting resistor.

The pump would transfer water from pool #2 to #1, causing tlekdéthe water in #1 to rise abe that of

#2. Thehigher level in 1 than 2 would cause water toulpas desired, in the pipe connecting theotpools.
As you hae pobably guessed, there are electrical analogs to pufiitpey. are calledsources and ideally
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they come in two models:voltage surceswhich maintain a setoltage difference between éawconductors
(analogous to a pump which maintains a certatewheight difference, or head), acgrrent souces
which maintain a set current Woin a onductor (analogous to a pump which pumps a certain amount of
water per unit time).

A battery is aneeryday example of a voltage source. It maintains the voltage across its terminals at
nearly the advertised value as long as youtdoyn'to drav too much current from itEveryday gamples
of current sources are much more scarce, bytdbeur commonly in transistor circuitdvhen you tak a
circuit analysis course you will encounter both types of sources frequiuitlifere we’ll only consider
voltage sources. Unless we specify otherwise, we withpd assume that the currentsereget so lage
that sources are strained, allog us to assume that the voltages maintained by our voltage sources are
always the advertisedalues. Amythical source which maintains its current or voltage at the specified
value no matter what you do to it is calledideal source. Asnazzier way of saying what | just saidwid
have been "We'll assume all our voltage sources are ideal".

In describing a pump it is necessary to specify both the "strength" of the pump, and the direction in
which it moves water The "strength” would be specified byigig either the difference in watewkis or
the water flav it can maintain. The direction would be specified moglyilby an arre, or by marking on
the inlet and outlet pipes. Similarly for a voltage source, one must specifglthgevdifference it main-
tains between its terminals, and which terminal has the higher voltage (the polalitylrig. 8-3, the
source maintains a voltage difference oV1@nd the left hand terminal has the higher voltage, as implied
by the + and — markings.

There is one difference between common practice in specifying pumps and sowregs:,. hd/fith a
pump, the head or water Was aways specified as a pos# rumber and the water atays flows in the
direction of the arnw on the pump or as indicated by inlet and outlet markingsth an electrical source,
the specified voltage or current can be gatige rumber In this case, the current direction or thatage
polarity is just the opposite of the markings. Thiswamtion may seem unnecessarily complicated, but it
turns out to be very useful, as | will point out later.

8.6 Sdiematic Diagrams and Polarity Cafntions

I now want to discuss heto figure out what the currents andltages in circuits will be. First we
need to find a way to specify what the circuit e common method is to uses@dematic digram We
use agreed-upon symbols for sources, resistors, and other electronic compdhentsmmon symbols
for voltage and current sources as well as resistors, capacitors, and inductors are shown in Fig. 8—4.

@ @ d L

Voltage Current
Source Source

Resistor Capacitor Inductor

Figure 8-4. Symbols used in schematic diagrams for voltage and current sources and for resistors, capaci-
tors, and inductors.

The resistance of a resistor is shown next to the corresponding syfRtb@l. wltage source, theoltage
difference it maintains is shown next to it, and the "+" and "-" symbols are used to indicate which terminal
has the higher voltage as folle. If the voltage gien is a psitive number the terminal labeled "+" has the
higher voltage; if the voltage\gn is a regdive rumbey the "-" terminal is the higherPerhaps a clearer
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way of looking at this is that theoltage difference gén is the voltage of the terminal labeled "+" minus
the \ltage of the terminal labeled "-'For a aurrent source, an amois provided inside the circle as
shavn, and the current the source dels is shown next to it. If the specified current is pesitcurrent
flows in the direction of the anw if it is negdive, it flows in the opposite direction.

In a real circuit components are connected together with wires; in a schematic diagrara ton-
nected with lines. In a real circuit we can usuallgleet the resistance of these wires; in a schematic dia-
gram we alays tale the lines to hee zro resistanceWith this assumption, then, all points on a wire must
have the same eltage. Thepoint where tw or more components connect together is calletbde A
node is sometimes shown explicitly on a schematic diagram by putting eedtt@connection.

8.7 TheCurrent Flowing in a Simple Circuit

Enough preliminaries, odo you figure out he current flows in a circuit?To do o, it is necessary
that we knav the current-voltage relations of all the components of the circuit, amdhgocomponents are
connected. Considéhe circuit shown in Fig. 8-5 consisting of simply & $oltage source and a 10D
resistor.

3V C) 100Q Vg

Figure 8-5. Schematic diagram of a simple circuit

How much current flows in the resist@and in what direction?Let’'s all the currentl. Then by Ohmrs
law, the voltage drop across the resistor mustRe=1001. The voltage across the voltage source 6 3
and the terminals of the voltage source are connected with ideal wires to the terminals of thesoetbistor
voltage drops across the source and the resistor must be the same.

1001 =3
or
- 3 _
I—ﬁ)—.OSA
=30 M

Here "A" is an abbreviation for "ampere”, and "mA" is an abht®n for "milliampere", or thousandth of
an ampere.

In what direction is the current flowing through the resistor? Inp@ssimponents (those without
chage pumps inside them) current flows from higher voltageuw@icso if the wltage at the top of the
resistor is higher than at the bottom, current willvffoom the top down; whereas if the voltage on the top
is lower the current will fiw from the bottom up. In our case the top of the voltage source has the "+" sign,
and the voltage is gén as a psitive value, so the top has the higher voltage, and the current flows from the
top of the resistor to the bottom. Note that this current must come from somewhere, and it can only come
from the voltage source, so the source must be supplyingA30Notealso that the current must\idnto
the lower voltage terminal of the voltage source and out of the higher voltage terminal, opposite to the
direction in a pasge wmponent. Thixan happen because some agent besides direct electrical force
causes the current to Woinside the batterylnside the source the electric force pushes pestharges
from the positie terminal to the ngative and some other agent, such as a chemical reaction, must\ee acti
to pull the chages "uphill" against the electric force so that the source can supplyw@ab#ige from the
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positive terminal, and accept it at thegative. (I like to hink of the agent as being some poor little horse,
sweating lile aazy inside the battery pulling the pos#i dhaiges against the electrical forces, from the
negdive terminal up to the posite.)

8.8 Corventions for Specifying Current Direction and Voltage Polarity

Notice the way in which | indicated the current through the resistor andltiages across it, and
Vg in Fig. 8-5. To gecify either quantity ter pieces of information were needed: a number giving the size
of the quantity (number of amperes oitg), and some directional symbol which allows us to say in which
direction the current is flaing, or in which direction the voltage decreases. Theation is the same as
used in labeling voltage and current sourdéa. currents, if the number gn (I in this case) is posite,
current flows in the direction pointed by the aryd negative, in the opposite directionSimilarly, for volt-
ages, if the numbergn (Vg in this case) is posite, the node with the highemltage is that labeled with
the plus sign; if ngative, the higher voltage node is that with the minus sign.

You may be wondering whwe mnnect the tw symbols. Fr currents, for example, whot give a
number which is alays positie, and use the label to specify directly the direction of curremt¥lorhe
reason is that in more complicated circuits, it is often not obvious which direction the current in a compo-
nent flows at the start of a calculation. One of the reasons for doing the calculation is to figure out just that!
Pat of the paver of algebraic analysis of circuits is that if we are consistent with ouetions, the alge-
bra will figure out directions of current floand voltage polarities for us through the sign of the answer.

For every component you are free to choose whataign corvention you like. If | had chosen to
draw the arrev associated with the current through the resistor in Fig. 8-5 pointing in the other direction,
evaything would hae keen OK, ot | would hae finally gottenl = -30 mA, instead of+t30 mA. Thecur-
rent in both cases flows in the same direction (the actual circuit massibly knev how I'm going to
decide to dra an arow on a pece of paper!), it in one case | specify this direction using a pessitlim-
ber forl, and in the other | must use agatve rumber.

Some choices of sign ceentions mak life easier than others, Wever. | strongly recommend that
when you specify both aoltage across some component and the current through it, as we did for the resis-
tor in Fig. 8-5, you choose the direction of the arto point from the side labeled with a plus sign for the
voltage drop to the side with a minus sign. If you do this, then ®kaw] V = IR, will be correctinclud-
ing the sign With this cowention, if V is positve, both Ohms law and physical sense say thats also
positive; and if V is negative, both agree that the currentwils in the opposite direction. If you stick to the
convention, the algebra will figure out the current direction as well as magnitude forlfypau were to
choose the opposite agamtion, then it would still work, it you would hae © write Ohms law &
V==IR.

For example, in Fig. 8-5Yg must be the same as thatage drop from the top of the voltage source
to the bottom#+3 V. Therefore, by Ohns'law, | =V/A00=+3A00 A | is positive, so airrent flows in the
direction of the arn@, from the top of the resistor to the bottoffihat's just what it should do. On the
other hand, if the voltage source had beerv-8stead of +3/, the voltage drop across the source, and
henceVg, would have been -3V, and | would have keenl =Vg/100=-3/00 A | would have keen ng-
ative, implying that current flowed opposite to the arrrom the bottom of the resistor to the tofgain,
that's exactly right. The current in a pagsicmponent aliays flows from higher voltage to lower.

8.9 Circuitswith Two Resistors

Let's consider a slightly more complicated circuit, shown in Fig. 8-6. In this casegsistors, one
100Q and the other 150, are connected to a\3 source. Calll; the current through the 1@D resistor,
andl, that through the 150. Perhaps | should label th@Nage drop across each resistor separatally
ing them maybé&/r andVg,, but the tvo voltage drops are the same because the ends of dhedistors
are connected by wires, so I'll just stick with one labgl, This wltage drop is just equal to that across
the voltage source, or A8 because the tarnodes are connected to the terminals of tltage source with
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3V C) ol 100Q 1500 Vi

Figure 8-6. A circuit containing tve resistors. Theesistors are said to be connectegarallel.

wires, so its easy to figure out the wvcurrents.

Vg _ +3
=_=__ =+ rnQ
Iy 100 ~ 100 A=+30
Vi _ +3
=_=___ =+ n’A
l2 150 150A 20

Note that both currents are pos#iimplying that thg flow in the direction of the arrows in Fig. 8—&his

current must come from somewhere, and the only possibility isolteege source, so it must be supplying
I =1;+1,=50 mA.

Just to demonstrate agairvhgou can use the algebra to determine the direction of currentlilb
work the problem, but this time using the opposite sigrvaations forl, andl,. Fig. 8-7 shows the cir
cuit with these changed oamtions. Iwant to emphasize thahe physical circuit is the samthe only
thing that has changed is the mind of the crazy guy trying to figure out what the circuit does.

3v<+>m| 1000 1590 A

Figure 8-7. The same circuit as in Fig. 8-6, but withveesed sign coventions forl,, |,, and V.

As before, we write

1, = E
17 100
|, = b
27150

This time, havever, Vy is the voltage drop across either resistarting at the bottom and going up
(because of the location of the + and - signs associated/w)ithThisvoltage drop is the same as thadty
age drop across the source, going in the same directlom.upper terminal of the source is higher aft-v
age than the lmer, so here is a wltage rise, not drop, of @ The voltage drop is therefore %3 and
Vg =—3 V. Rutting this value into the equations figrand|, gives

[, =-30 mA

|2 =-20mA
This time bothl’'s are n@dive, implying that current flws in the opposite direction to the arrows, owdp
just as before, and just as it ought to be.

We onsider one more circuit with twresistors, shown in Fig. 8—-8n this case, it is clear that the
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Figure 8-8. A different circuit ivolving two resistors. Theesistors in this case are said to be connected
in series

currents through the voltage source, and through terdégistors must all be the same because there’
nowhere else for it to goThe voltage drops across each of the tesistors and across the voltage source
are not the same, Wwaver. Instead, the total voltage drop across both the resistors must equaltdige v
drop across the source. The total drop is the drop across both theat@d150Q resistors, and is just the
sum of the individual voltage dropg,= Vg + Vg,. But by Ohms law, each of the individual drops is just

| times the corresponding resistance,

V =1001 +150I =(100+150 | =250l (8-4)
Finally, equating this total drop to the drop across the souk@s gi

— B A
I—ﬁ)A—12mA

The sign ofl is positve, so he current flows in the direction of the arrows.

8.10 ANon-Trivial Circuit

So far, we havelooked only at circuits for which it as easy to telh priori the direction of current
flow in all components. Those of you with a littl@perience in the area probably found the analysis of the
circuits pretty simple.We row will analyze a more complicated circuit, for which the direction of current
flow in at least one resistor is not at all obvious at the start. Consider the circuit shown in Fig. 8-9 a).

a) b)

Figure 8-9. a) More compl circuit for analysis. The k in the resistaalues is a standard shorthand for
kQ, or 1000’s of chms. \bltage drops across all resistorsdéeen defined and nodes labeled
with lettersa-d andg. b) Sub-circuit taken from a) for easier analysis. The same node labels
are used, and the three resistors are the left-most resistors in a), with valuds arid 2.5.
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Resistor values lva been left of for clarity, and currents through each defined. Note the rela-
tive drections of the arrows relag o the + and — signs on the voltage definitions.

In Fig. 8-9, | hae labeled the nodes with letteasd and g, and defined voltage drops across all
resistors a¥;, V,, ..., V5. The polarities hee been arbitrarily assigned as shown on the diagrahese
polarity definitions do not mean that the voltage on the side labeled with a + sign is higher thanver positi
with respect to the voltage on the side labeled with a — $signsome of the resistors, particularly the k.5
resistor,| don’'t knowat this point which side has the higheitage. Rathethe + and - signs simply mean
that if the correspondingoltage ¥/, for example) turns out to be posédj the voltage of the + side is
higher; otherwise, the voltage of the - side is higher.

At first glance, this seems #ka rmidable problem algebraically in that there are fimknowns.
Fortunately seveal of the unknowns are simply related to othéfs. make this relationship easier to see,
let's agree to measure all voltages with respect to the bottom-most node, lghal¢de figure. (If you
find that statement confusing, think of usingadtmeter to measure the voltages at all the top nodes in the
circuit. You would connect one terminal of theltmeter to the bottom node, and then sequentially connect
the other to each of the top nodes, noting the reading each time.) Theaitdéige vf node is just 10V,
and the voltage of nodeis justV;. ButV; is the voltage of the node marked with a + minus the voltage of
the node with a —. These twoltages ar&/; and 10, respectely, S0 V3 is just

Va=Vy - V,=V; -10 (8-5a)

In a similar mannemwe @an relateV, and Vs to V;, V,, and the wltage of the right hand source, Y5
Notice hav the + and - signs associated with each voltage definition in the figure determine eltsige v
is subtracted from which.

V4:Vb _Vc:Vj__Vz
(8-5¢)
Vs =V, - Vy=V,-15

To analyze this circuit we will mak use of the fact that no net current can either enter oelaa
node. Ifit did, charge (of one sign or the othepwid continuously build up on the node until something
broke down. Thesituation is analogous to a tee in a plumbing systéfater can flav into and out of the
pipes connected to the teeit bvhateer flows in must flov out, andvice vesa If, say more water flaved
in than flowed out, the amount of water in the teeild increase Water, like dhaige, is not very compress-
ible, so the pressure in the tee would rise rapidly until W lbig.

To analyze the situation more carefylpnsider the node labelddin Fig. 8-9 a). For clarity, I've
separated out just this node and the components connected directly to it in Fig. Bv8 left off the \al-
ues of the resistors, andvd’ cefined currentsl,, 15, and I, through each component. Notice that in defin-
ing the polarity of these currents Mesadhered to the caention that the arm in the definition of the cur
rent flav through a component points from the + to the — signs in the definition of the voltage across the
component. Applyingur no-net-current rule to this node requires that

|3+|1+|4:0 (8_6)

Note that this equation implies that at least one ofl thenust be ngdive, meaning that the current in at
least one of the resistors flows in the direction opposite to the arrdhe definition of the corresponding
current.

Now these currents are related to the corresponding voltages by @am’
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Vs (8-7c)

4 =
Putting these relations in Eq. (8-6), and using Egs. (8-5jpessV; andV, in terms ofVy, V,, and the
values of the voltage sources, we obtain

V1—10+ A +V1_V2:0 (8-8a)
1000 2000 1500

We aply the same analysis to nodeencountering only one small difficulty; with the polarities in the fig-
ure the current through the 1.5 k resistor has itsvapainting into the node, notay from it. The difi-
culty is minor because the current leaving the node through this component is jugttive athis \value.
Thus we obtain

V]_ - V2 V2 V2 - 15 _

- 2y =0 (8-8b)
1500 1000 2000

| don't like the denominators in Egs. (8—8), so | will multiply both sides of both equations by 6000,
and collect terms, getting

13V, - 4V, = 60
(8-9b)
-4V, +13V, =45

These equations can be easily solvedvioandV,, and the results used in Egs. (8-5) and (8-7) to deter
mine all the voltages and currents,

_ 320 _ 160
V; = aV I1 = 5 mA
_ B 2B
V, = aV P amA
190 190
— == 8-10
\E 51 I3 5 MA ( )
_ 15 _ 10
V, = 1—7V I, = 1—7mA
VS:—@V |5:—%mA
51 51

Notice thatV; is negaive. That is not bad, it just means that the voltage of reodehigher than that of
nodeb. Also |5 is negdive. That only means that current\le opposite to the amoin Fig. 8-9 b), into
nodeb, and avay from nodea. Similar observations apply td; andls.

The final summary is as follows.
1. ThelOV source suppliel%glO mA of current. This current flows out the top terminal and through

the 1kQ resistor The current then splits, wit%}o mA, or about 84% of it flowing through thenéi-
cal 2 IQ resistor and the remainin%) mA, or 16%, flowing through the 1.%Xkresistor.

2. Thelb5 V source supplie§54—l5 mA of current. This current flows out the top terminal and through
the 2kQ resistor. % mA flows through the ertical 1kQ resistor Of this, ﬂl‘r’ mA, or about 89%,
comes from the 1¥ source via the XQ resistor and the remainin%) mA, or 11%, from the 1¥
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supply via the 1.5 resistor.
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8.11 Eercises

1.

Investigate the charge imbalance expected on nodes in cirduitsircuit analysis it is commonly
assumed that grcurrent flowing into a node iactly balanced by an equal current flowing out of
it. In fact, this assumption is soveed that it5 called a lav: Kirchoff's Qurrent Lav, to be eact.

If the voltage of the node is changing, this/ l& not strictly true, because the way the circuit
changes the voltage of a node is by piling up or kéngocharge from it. If the voltage is changing,
the chage on the node must change also, and there must be unequal currents flowing into and out of
the node. The claim is that it takes so little geaio change the voltage that this current imbalance
is small, and can be glected. Inthis exercise, you are to check the validity of such a clabup-
pose that the voltage on the node changes from t65-5 V and estimate the change in the dwar

on the node associated with this voltage chamjeiding the change in the charge by the timero
which it changed, call that, will give an estimate of the current imbalance.

You will need an equation ging the charge on the node as a function of the nottage.
Unfortunately that relation depends on the shape and size of the wires making up the node, and on
the location of other components in the circuitis very complicated. As a crude approximation,
use the relation giving the voltage on a conducting sphere of radilative o infinity,

__ 9 _.~0d

V(q) = pr =107 < (8-11)
valid for g in coulombsy in meters, an/ in volts. Mostnodes do not h& a gherical shape, and
the voltage we talk about in circuits is not relatio infinity, but rather relatie b some nearby
ground plane, so Eq. (8—11) will probably be in error by more than a factor of two, but it should be
in the right ball park. (If you he rot encountered electrostatics before, and consequently don’
know what the heck I'm talking about, danvorry about it, just ta& Eg. (8—11) to describe the
relationship between the voltage of a node and the charge dryjigal circuits hae dmensions
of the order of a & centimeters, so taketo be 3 cm.

a. Whatis the change in charge on the node when the voltage changes from +5 to -5 V?

b. Rather arbitrarilylet's consider Kirchof s law crrect if it leads to an error of no more than
0.1%. Typical currents in circuits are of the order ahA (=.001 A). How fast would the
voltage hae o change from +5 to =5 V in order to produce a current imbalance at the node
larger than our limit of 0.1% of this current?

c. Ifthe wltage is changing periodically between + andV; &aking T seconds to makeach
transition, then thealtage has frequend/(2T). With the assumptions in part b), starting at
about what frequerycwould you expect the iact balancing of currents into and out of a
node to become significant? (In otheords, at what frequencies does KirdhefCurrent
Law become suspect?)

Before | get accused of heresyen for frequencies so high that the current imbalance is not
neggligible, Kirchoff is kept sacrosanct by describing the error as being due to an effectpzated
sitic capacitance A capacitor is a component we discussed only briefly which can storgechar
The charge building up due to the imbalance in current is thought ofsdisgflonto a fictitious par
asitic capacitor The procedure is not as hekas it sounds.

Considethe circuit shown in Fig. 8—-8We found, in Eq. 8—4 that the voltage across both resistors,
V, was related to the current through thenty

V =(100+1501 =250

This is the same voltage-current relationshipeeted from just a single resistor with resistance
equal to the sum of the resistances af tmdividual resistors. If our task had been to calculate the
current drawn from the voltage source, we coulkehiastead calculated the current supplied by the
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voltage source in a single resistor circuitlikat of Fig. 8-5, xcept with a 25@ resistor instead
of 100Q. They are two different problems, but the answers to both are the same, and the second

problem is easier.

Shaw that this obsemtion can be generalized toyatwo resistors connected in series as in
Fig. 8-8. Let the two resistors hee resistance®}; and R,, and shav that the current-voltage rela-
tionship seen by the voltage source is the same as for a single resistor with reBistdice R,.

3. Considetthe circuit of Fig8-6. We found that for a ¥ source, a total of 50 mA of currentas
dravn. Thiscurrent is the same as wouldveaeen drawn by a single @D resistor In this case,
the connection between the 80equialent resistance and the resistance of the individual resistors
is not as obvious as in the previous proble®mov that for aty two resistors of resistand®, and
R, connected in parallel as in Fig. 8—6 the ggleint resistanceR, is gven by

1
R= 41—
= 4+ =
R R
Note that this equation can be written
_ RR
"TR+R

4. Whatare the voltaged/; andV,, in Fig. 8-107?

Figure 8-10. Circuit for exercise 8—4.

HINT: The current through the 15 V source is the same as the current throughXmesiskor.

5. Considethe circuit shown in Fig. 8—11.

Figure 8-11. Circuit for exercise 8-5.

-76-



F. Williams Notesfor EEngr 121-122 Chapt. 8

a. WhatsV,?
Suppose that the left-hand voltage source (the one labeleith 8he figure) were ariable,
so that the output voltage could be adjustéd what voltage would it hae © be ajusted in

order to make&/; zero?
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6. Findthe voltages, andv; in the circuit in Fig. 8-12.
2A

50Q —~
—

A9,

100 V 500>V,  100Q> V.

Figure 8-12. Circuit for exercise 8—6.
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9. MATRICES AND SETS OF LINEAR ALGEBRAIC EQ UATIONS

9.1 Introduction

A common problem in electrical engineering is the solution of a skt lofear algebraic equations
in N unknavns. For example, in the last problem of Chapter 8 we encountered such a setwith If N
is not very large, say less than about five, the solution of such a set by analytic means (using algebra) is fea-
sible, although the probability of making an arithmetic or algebraic error increases rapidiy.withr
larger values ofN, manual methods become increasingly impractical, and one is forced to use some auto-
mated method, usuallyvalving a computer The purpose of this chapter is to introduce you to some of the
computer methodsvailable for solving such problems, and to present some elementary material on matri-
ces. Thidatter part may be mostly revigfor you.

Consider a set ol linear algebraic equations K unknavns. |want to be general and aliofor
ary number of unknowns, so instead of labeling the umksx, y, and z, or ome such scheme, I'll label
them with subscriptsy, o, ..., Xy. Smilarly, instead of using, b, ... zg26, for the coefficients of thg’s
in each equation, II'use two subscripts, both running from 1 td. The first subscript will label which
equation the coefficient is associated with, and the second will label which variable.

X+t Xe tertaNXN = by
Q1 X+ AgpXp + o+ AN XN = by
3dot
angX T anXe toot annXn = by

(9-1)

The standard problem is:vgh such a set of equations with all tais and b’'s known numbers, find the set
of X's, {xq, X, - -+, XN} such that allN of the equations are satisfied at once.

9.2 Matrices

Writing all the junk in Eqg. (9-1)wery time we vant to talk about the set of equations can get tiring
rapidly. A very useful shorthand notation has beewettgped to deal with (among other things) such sets
of equations. Actually its more than just a shorthand notati@na ittinor branch of mathematics, but for
now just consider it as shorthan@/e write all the codfcients of the unknowns in Eq. (9-1) in an ordered,
rectangular array calledraatrix, and call the matrix something descrigi such as A. In these notedII’
try to conform to the camention of using bold Helvetica font, for variables referring to matrices.
would then write

O a.l;l a.1’2 e al,N O

_ Uayy @, - agy B ©-2)
ETBdot 3dot 3dot 3dot 0
Oanyi an2 -+ annU

The first subscript labels thewaumber the second the columrlThe dimensionof a matrix is gien as
Nyows X Neoumns 1N this example, A has dimensiorN x N. The constantslf;, b,, ---, by} can also be
gahered into a matrix, in this case of dimenshrx 1. Sucha matrix (with one dimension equal to 1) is
called avector, and in these notes | will use bold Roman fdntfo denote ectors. Thainknownx’s can
also be grouped together into a vecxor,
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Ob, O 0% O (9-3)
Op, O Ox, O
b= 0 X= 0
%dotD E#SdotD
Oby O Oxy O

9.3 Matrix Addition and Multiplication

The addition of matrices is defined if the dimensions of the matrices are the samdf A is

defined as in Eq. (9-2), a@lis defined similarlythen

Oag1+C1 a&pt+Cpp

anton O

Uay +Cyy  @pptCrp o+ @gntCon U
A+C= ’ ' ' ' 9-4a
E 3dot 3dot 3dot 3dot E ( )
Anyi1tCny 8n2tCn2 o+ anntCnnD
The multiplication of an ordinary number and a matrix is defined as you might expect.
O fa]_l falvz fal’N O
Ufap;  faps fa,y O
fA = ' ' 9-5a
ESdot 3dot 3dot 3dot B ( )
Dfanl faN,z faN‘N ]

Writing all this out gets quite cumbersome, and it geés &orse when tw matrices are multiplied.
We @an male wse of a shorthand notation in which weega brmula irvolving symbols, such asand j, to
denote the n@ and column numbers and which is valid for all allowed valueisanfd j. For example, the

definition of the addition of tavmatrices can be written
(A+C);=A+C=a;+¢
and the multiplication of a matrix by an ordinary constant is
(fA)ly] = fAi,j = faw

(9-4b)

(9-5b)

With this notation we can define the multiplication ob twatrices. Thelefinition may seem unduly
complicated, but the mettion for the definition is to makit as weful as possiblel’ll show the utility of
it just as soon as | define it. Consideptmatrices,A andC, with the first having dimensiomM x P, and
the second® x N. Notice that the number or columns of the first must equal the numbevobfdhe sec-

ond for multiplication to be defined. The the product of the issdefined as a matrix of dimensidh x N

as follows
(AC)ij = aj1C1j +@2Cp) +---+ @ pCp |

P
=2 a; kCy,j
k=1

For example,
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ol 2 Onlp @) + @Rm® + OF)g gbg (9-7)
03 -3 -1gn2g=0@0) + (B@) + ((IFLHO= 020
Op 1 10040 Q-2 + @am@m + @@p0 040

The left matrix has dimensionx33 and the right matrix X% 1, so multiplication of the tavis defined, and
the result is a 3 1 matrix. Noticethat matrix multiplication is natommutative That means that the order
of the matrices to be multiplied makes deafiénce. Inour example, the multiplication of the dwnatrices
in the opposite order is not only not the sams nit even defined!

Division of two matrices is not defined, but thevanse of a matrix is for most square matrices.
(Square means that the number or rows equals the number of columAsg anN x N square matrix,
then the imerse ofA is written asA-1, and is defined as that matrix which when multiplied on either side
by A gives the identity matrix. Thédentitymatrix is a matrix with E on he diagonal and §'dsewhere.

ATA=AAT =] (9-8)
where
01 0 0 0O
oo 1 0 0O
'=E 0o 0 1 0 g (9-9)
[Bdot 3dot 3dot 3dot 3dotp
oo 0 0 1 0O

Note thatA-1 must also be aN x N square matrix.Given A, it is usually not trivial to findA-1. Infact,
A-1 may not gen exist!

All this is very similar to arithmetic operations on ordinary numbers. Thase of a numbel, is
written asx?, and is defined as that number which when multipliecklgives 1 Given the definition of
inverses, and a way to calculate them, one need not defis®di If one wants to calculate the quotient of
two numbers, sayx/y, one could simply multiplyx by the irverse ofy. The ordinary number O does not
have an aithmetic irverse. Similarly there are matrices which do notveaan invase. A difference
between arithmetic and matrixviexrses is that there is only one number without amré®e whereas there
are a lot of matrices that do novkeanveses.

9.4 Matricesand Sets of Linear Equations

Back to the set oN linear algebraic equations W unknavns, and the definitions &, x, and b,
perhaps you can see the method to the madness of the definition of matrix multiplivégiaan write
Egs. (9-1) very simply as

Ax=b (9-10)
If that’s not evident to you, write out the ithwoof Eq. (9-10),
QiaX @ oXp + ot XN =Dy
This is just the ith equation in Egs. (9-1).

If matrix division were defined, we could sel#q. (9-10) formally by just dividing byA. Division
is not defined, but we can accomplish the same end by multiplying both sides on theAleft Byoting
that the identity matrix times grother matrix (at least gmmatrix for which such multiplication is defined)
gives just that matrix back, Eq. (9—10) becomes

x = Ab (9-11)
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This may seem lé& a eal break through, but stnot because it is more difficult to calculael than it is to
solve the set of equations directly.

9.5 UsingQuattro Pro to Sole Sets of Linear Algebraic Equations-+

We will look at two methods for solving sets of linear algebraic equations using a spreadEheet.
first method is pretty transparent and kind of fun to mess around with, but it tdwesk’for all sets of
equations. (Actuallyit can be made to work for all sets of equations whioke e unique solution, bt
doing so can get kind of mesgyDevelopment of the method will gé you some practice using matrix
notation and algebra, and explaining to Quattro P twocarry it out will illustrate some other spread-
sheet programming techniques. The name of the meth®aliss-Seidel itation, and it was deeloped by
in the early 1800’s.

Suppose we ha a &t of equations such as Eq. (9-10) to ediwr the \ectorx. Written out, the
equations look like Eq. (9-1). We dart by guessing a solution, ketall it xX©. This guess will almost cer
tainly be incorrect, so when we multiptf’ on the left byA we will get notb, as equired by Eq. (9-10),
but some other ector sayb©@. The idea nw is to dream up some method for generating & geess, call
it X, which is closer to the true solution in théf, which is generated by multiplying® on the left byA,
is closer tcb than wasb©. Once we hee sich a method, we can then treét as a guess to be imweal
and use our method on it to generdfe We can continue this process, generating in &t x®, ... until
we obtain a guesg™, for which the difference betwe®f’ andb is sufficiently small.

Heres what Gauss and Seidel came up withdoesnt aways work; sometimes the “impred"
guess is worse than the original. In each of the separate equations in Egs. (9-1) (or represented by Eq.
(9-10)) sole for a different unknan. Let’s lve the first forx;, the second fok,, and so forth. The ith
equation would then gé
1
=0 (bi —ai1X —@2Xp =+ = &4 Xi- ~ jg, X =+~ @ NXN)
i,
1 N (9-12)
=—(bi = 2 &)
Q k=1
k#i

Gauss-Seidel iteration uses these equations to generate thevédipgoesses by using the old guesses to
evduate the right hand sides of the equations, and calling the left hand side thev&itgnaess.

1 N
(n+1) _ ()
X =— (b - a4 X
i ai,i ( i kZ:l i,k Nk ) (9_13)

k#i

Note the difference in the superscripts of #gon the two sdes of the equal sign.

That's it, we only need to clean things up a little before implementing the method on the spreadsheet.
The requirement in the summation of Eq. (9-13) #ati is clumsy to program, so we add and subtract
& xi(“) to the right hand side, getting

1 N
X" =X+ (b = 3 a0 (9-14)
8, =1

To use Quattro Pro to sadvthis set of equations, we consider a specifengple. LetA andb be
given by
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2 1g M40 (9-15)
A= 5 - and b =0g
i 1 8O [hoU

Enter the matriA in the blockA6..C8 , and the ectorb in the blockD6..D8 , and label these blocks by
putting A in B5, and b in D5. We'll use columnE of the spreadsheet to hold the old guesseg.fdret's
start with alll’s, so put al in E6..E8 , and label the column witk in E4.

In Eq. (9-14) on the right hand sidér,‘) is the old guess, and the rest of thefstuthe correction to
the old guess to makhe nev "improved" guess.The size of this correction is a measure of liar of we
are. Thismight be useful information, so I'll put the correction by itself in one column, and generate the
new guess by adding the old guess to the correction in anothigout the correction in columR, and the
new, "improved" guess irg, both belav the rows containing\ andb. In cell F10 enterDelta x and in
E10 enterNew x . In cell F11 enter the formula

(+D6-@SUMPRODUCT(A6..C6,$E6..$E8))/A6

and cop this intoF12..F12 . Note that | used absolute addresses for the cells containingsthecause

| don’t want these to change when doing theyc@nd relatve aldresses for the cells containing the ele-
ments ofA because | do want these to change. But all is not bliss because the forfl®adivides by
A7, which corresponds tay,, rather tharB7, which corresponds te,,. Similarly, the formula inF13
should divide byD8 rather tharmA8. | don't know any dever way of fixing this, except using thedit key
(F2), so use it to correct the formulaeRh2..F13 . Finally, the cells containing the weguesses are easy
In E11 just ente+E6+F11, and copy that intoE12..E13 .

If all is well, you should hee a &t of three numbers iB11..E13 which are closer to the real solu-
tion than your original guess in coluni6..E8 , but still not very accurateTo get the next guess you
could copy the nev values forx in E11..E13 into E6..E8 by hand and then let the spreadsheet recalcu-
late. Bettewould be to use the cgmg capability of the spreadsheet, but be careful. If youGagly you
will copy the formulae, not the numbers yhavaluate to. To copy just the numbers, use thalues item
in theEdit menu. Dathis procedure seral times and you should see thevnalues coming closer to the
true solution, as indicated by smaller corrections irFthelumn.

This copying procedure gets to be a drag, aisdpiine to catastrophic error if you gomto the
wrong column accidentallyls there some @y to perform the iteration automaticallyzs, there is.Sup-
pose in the blockE6..E8 we put not numbers, but formulae similar to those in collhh.E13 . Then
we would keep the stiin column F the same, but change the content&E®ffor example, totE6+F11.
Doing that makes the formula &6 is circular. That means that the value of the cell depends onate v
of the cell. Consider the job of the spreadsheet in trying to keep the values of all cells accurately equal to
the values of the formulae in therio evaluate cellES6, it would tale whatever value was there, add the
vaue of F11, and then put that nevalue back irE6. But now the value ofE6 would be changed, so the
contents would be inaccurate. The spreadsheet would thernicheecalculate the value, thereby changing
it and again imalidating its just-completed calculatiotUnlessF11 contains zero, if a topeless situation
and the conscientious spreadsheet is likely to undergo a nervous ealdittually, the situation isen
worse; the formula ifE6 is doubly circular Besides the direct circular dependencé&6fon itself, it also
depends ofr11, which in turn depends onwaal cells, includingze6.

Fortunately Quattro Pro is designed to deal with such situations. FrormDgt®ns menu choose
the Recalculation item, and from the resulting sub-menu chobkmle. Doing so provides you with
three choicesAutomatic , Manual , and Background . With both Automatic andBackground
Quattro recalculates the worksheegrg time a value is changed. If we are going to put in a circular for
mula, perhaps these might not be the best choi@esually, they are OK, but we’'ll get to that.)XChoose
Manual , and then check on thRecalculation sub-menu that the number of iterations is set equal to
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1. Theset value is that to the right of theration item in the sub-menu. If 8'not 1, choose this item
and set it to 1. When thatfinished, back out of the menus to get back to thksheet. Inthis mode,
Quattro Pro will only automatically recalculate the value of a cell you change froneytheakd. Ifyou
want it to recalculate the entire worksheet, pfe8s Doing so causes Quattro Pro to recalculate #hees
of every cell in the worksheet once. Setting the number of iterations (vi&k#oalculation sub-
menu) to some value greater than 1, sagauses Quattro Pro to mak sweeps across theovksheet,
recalculating cell values as it goes.

Now we're ready to put in the dreaded circular formuia.E6 enter+E6+F11, and copy that into
E7..E8 . PressF9 a few imes, and watch the values»oin E6..E8 corverge, and the corrections in col-
umnF go to zero.Note that Quattro Pro detects the presence of a circular formula and putsdi@RC
at the bottom of the screen near the cernlercase you had not intended to create a circular formula, Quat-
tro Pro will tell you which cell contains the culprit. Look at the item juswalgquit in theRecalcula-
tion sub-menu.) Alsoin Manual mode Quattro Pro tells you when something has changed so that the
worksheet needs to be recalculated by displaying thiel @ALCin the status line at the bottom of the
screen.

After playing with this worksheet a little, w&al improrzements come to mindFirst, it would be nice
to be able to specify the initial guesses to be ugedthings nav stand, Quattro Pro starts with wheate
values happen to be in cel6..E8 . I've got a bright idea for changing the worksheet tovalipecifica-
tion of an initial guess. Before | describe my idea, you should spend some time thinking abgouho
would sohe the problem. There are probablyweel solutions, and the one | thought up may not be the
best. Isuggest that you pause here to see what solution you can come up with before your mind is polluted
with my idea. See your worksheet first so we can talk about my solution when you're done.

Here’s the way | thought of to do itSince I’'m writing this I'm afraid you're stuck with my idea, no
matter hav good your ideas may la been. Ifyou think you hge an idea which is as good or bettbring
it up in class for discussion.

WEe'll put the initial \alues in an unused block, and we’ll use another unused cell to indicate to Quat-
tro Pro whether we want to load the initial values, or to imptioe previous \alues. Vith these changes, |
decided to mee things around a littlel’ Il put the initial guesses forin the blockE6..E8 , and I'll put
the "on switch" inF6. I'll put the current best estimate foin B11..B13 , and the change ir, Delta
x in B17..B19). In E6..E8 enter whateer you like for initial guesses, and label the column by
putting Initial in E4. We'll use a0 in the switch cellF6, to tell Quattro Pro that we want to load ini-
tial values, and al to tell it to hit the juice. To implement this idea, inB11 put
@IF($F$6=0,+E6,+B11+B17) , and copy thatintoB12..B13 .

While I'm at it, | decide to put in some impm@nents that help skohow the solution is goingFor
my own edification, I'll put the product & and this value ot in D11.D13 so that | can see howell the
currentx comes to solving the equatiorgain for my own edification, | decide to put thefeliénce
betweenAx andb in C17..C19 , and I'll keep track of the number of iterationsDi7. In cell D11 put
the formula@SUMPRODUCT(A6..C6,$B$11..$B$13) , and copy it downward intoD12.D13 . That
should put the produ@x using the current approximation xointo this block. In C17..C19 | want to
put the difference betweehx andb, which is a measure of tnoclose | am to the correct solutioThe
cells D11.D13 have the value ofAx in them, so enter the formuteD6-D11 in C17 and cop it into
C18.C19. Label this block by puttingrror in C16.

| still have to fill in the block containing the formulae for Delta knotice that the term inside the
parentheses on the right hand side of Eq. 9-14 is just this sororB17 | can just userC17/A6 . The
formulae inB18 andB19 are thentC18/B7 and+C19/C8. Label this column witlbelta x  in B16.
For the iteration counter put the formu@IF($F$6=0,0,+D17+1) in D17. Fig. 9-1 shavs the vork-
sheet after these modificationBat a) shows the formulae in the individual cells, and | hackpaed the
width of some columns and squeeze others in order to get enough space for some of the longer formula.
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Pat b) shows the worksheet as it actually appears on the computer screen.

Notesfor EEngr 121-122

a)
A B C D E F
1 |Chapter 9: Gauss Seidel solution of a set
2 of three equations in three unknowns.
3
4 Initial || Reset/
5 A b X (€]
6 4 2 1 14 1 0
7 1 5 -1 10 1
8 1 1 8 20 1
9
10 X
11 @F($F$6=0, +E6, +B11+B17) @UVPRODUCT( A6. . CB, $B$11. . $B$13)
12 A || @r(srse=0, +£7, +B12+B18) = @UVPRODUCT( A7. . C7, $B$11. . $B$13)
13 @F($F$6=0, +E8, +B13+B19) @UVPRODUCT( A8. . C8, $BS11. . $B$13)
14
15 Status Info.
16 Delta x Error N _Its.
17 +C17/A6|  +D6- D11 @F($F$6=0, 0, +D17+1)
18 +Cl8/B7| +D7-DL2
19 +Clo/c8|  +D8- D13
20
b)
A B C D E F G
1 |Chapter 9: Gauss Seidel solution of a set
2 of three equations in three unknowns.
3
4 Initial Reset /
5 A b X (€3}
6 4 2 1 14 1
7 1 5 -1 10 1
8 1 1 8 20 1
9
10 X
11 1 7
12 A 1 = 5
13 1 10
14
15 Status |nfo.
16 Delta x Error N Its.
17 1.75 7 0
18 1 5
19 1.25 10
20

Chapt. 9

Figure 9-1. My Gauss-Seidel erksheet. Brt a) shws the formulae in the individual cells, and part b)

shavs the worksheet as it appears on my computer screen. The column widths in a) are
squeezed and expanded a little in order teelgpace for the longer formulae.

Put the alueO in F6 and pres$9. Doing so should load your initial guesses fr&é.E8

into x

in B11..B13 . Now change the value iR6 to 1 and pres§9 several more times.With each recalcula-
tion, the values ok in B11..B13 should comerge towad the correct solution, and the corrections in
B17..B19 and errors inC17..C19 should approach zero. Once you are satisfied with tiee
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worksheet works, you might want to increase the number of iterations Quattro Pro performs when told to
recalculate. buggest a value between 5 and 10. Usdténation item of theRecalculation sub-
menu.

Unfortunately Gauss-Seidel iteration does nowvays work—for some matrices thewguesses are
farther of than the previous onedo illustrate the point change the valuedadndb to

ol 1 2p 0
A=03 -1 1g and b = 60O (9-16)
b1 3 40 Ly O
Load your initial conditions, and then prds$ several times. It would probably be a good idea to set the
number of iterations in th&ecalculation menu back to 1.You should find that the corrections

increase with each iteration. If you are concerned that you magy rede an error in programming the
worksheet, you can load as an initial guess the true solution of this set of equatiefis2J1 With this

initial guess, the corrections should all be zero, and subsequent recalculations should cause no change.
Change the initial guess a little from the correct solutiomeier, and on each iteration the corrections

take the nev values farther and farther from the true solution.

It is possible to understand wiGauss-Seidel iteration is unstable for this matrix and stable for the
previous matrix, but it airteasy! Crudelythe problem is related to the rela&timagnitudes of the elements
on the diagonal oA and those dfthe diagonal.For stability, one wants large diagonal elements and small
off-diagonal elements. It in fact is possible tavrige the equations represented by Eq. (9-16) in a form
which is stable to Gauss-Seidélo do 0, we need to reorder both the rows and the columAs @hang-
ing the order of the rows & is the same as changing the order in which we write the equations such as
Egs. (9-1) for which Eq. (9-10) stands (providing wevenaound the elements d&f in the same way).
Such a change shouldvgaro efect on the solution (except maybe for making the method stable or unsta-
ble). Interchangingolumns is equilent to changing the order in which the unknown elements ingbe v
tor x are written. For example, to mak the present problem tractable with Gauss-Seidel, we need to inter
change the first and second columng# ofDoing so will mean that the top elemeniiwill now be x,, and
the second will bey. Then interchange the top and the bottom row&,adnd b. We now haveA' andb’

given by

03 1 4p mun
A=l 3 1[0 and b = b0 (9-17)
U1 — 20 (b

Putting these matrices into our worksheet, and reloading some reasonable guess, we find that after
20-30 iterations the method a@nges to values fox = (-1, 1,2). That is correct because interchanging the
first two columns ofA causes the first wvdements ofk to be interchanged.

Once you think you he the solution of the problenaifly well in hand, you might want to set the
recalculation mode tBackground . In this case the whole worksheet is updated automatiozdty Eme
a value in a cell is changed. Quattro Pro will recalculate toeksheet, check to see if the resulting
changes ha made some cell valuesvidid (because of a circular reference), and if so recalculam.ag
This procedure will continuever and over until either nothing changes or the number of iteratioceeds
the limit specified by théeration item of theRecalculation sub-menu. Changée recalculation
mode toBackground , and set the maximum number of iterationslfd. Return to the worksheet and
enter0 into cellF6. The initial values should be immediately loaded Bid..B13 . Now enterl in F6,
and watch the values changgo initiate 10 more iterations you can either edtén F6 again, or pres$9.

Before continuing, | hae © correct one small detail—the method we started programming was, in
fact the Gauss-Seidel method, but when we made the worksheet modificatiom@nthe circular refer
ence, the method became the Jacobi method. This realyaigery important point, but I'm trying to be
accurate here. Considevalating Eq. (9-12) foi =1, theni =2, then 3, and so forthFor i =1, in
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evduating the right-hand side, weowid use the values ofobtained from the last iteration (or the guessed
values if this is the first time through}or i =2, havever, we havetwo reasonable alternaés for x; on
the right side.

1. We oould use the old value from the previous iteration, or

2. We mould use the value we just calculated.

Similarly, when calculating the me X3 we could use old values fog and x,, or the ones just calculated,
and so forth. If we a&lays use the values from the pi@us iteration in ealuating the right hand side of Eq.
(9-12), the method is called Gauss-Seidel. If, on the other hand, we use the most updhieate hee,

it is called the Jacobi method.

If you think about ha the first program warked, the method was Gauss-Seidel, asedibed,
because we used values of ttig in one column to generate wevalues, which we put in another column.
Only when we were all done, did we weohe nev values into the column used for the ollues. Orthe
other hand, when we modified the worksheet to update the old values automatically (and thereby created
circular references), the worksheet wasagks using the most recent values it had for ¥& and the
method became Jacobi. The characteristics of tbemethods are similabut the Jacobi method usually
converges a little fasterand is often easier to program.

9.6 UsingQuattro Pro to Sole Sets of Linear Algebraic Equations-H-

There are better ways such @aussian eliminatiorand LU decompositiorto sohe sts of linear
algebraic equations than Gauss-Seidel iteratidrese methods are generaliygter and work in almost all
cases. Theare difficult to program, heever, with a spreadsheet program such as Quattro Pro. More con-
ventional programming languages are much more suitable for these Gasato Pro does kia the huilt-
in capability though, to inert square matricesThere is also a built-in matrix multiplication capabilitjo
use either capabilifychoose theAdvanced Math item from theTools menu. Fromthis point on, it
should be pretty clear taoto proceed. ¥u can use thikvert item to calculate an uwerse ofA, and then
use theMultiply  item to multiply the imerse times the ectorb. In general, this is the recommended
way to solve a ®t of linear algebraic equations such as Eq. (9—-1) using Quattro Pro.
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9.7 BExercises

1. Let
A=r1 2 1 B=r1 1 2 X=1r10
U2 3 20 U2 4 -0 U200
Calculate by hand
a. A+B
b. 2A

c. A X (Shavyour arithmetic)
d. A B (Shaw your arithmetic for at least three elements.)

2. Make a worksheet which adds tW3 x 3 matrices. Yu should be able to put thedwnatrices to be
added in tw 3 x 3 blocks of cells in the worksheet, andvhahe result appear in a third<33 block.

3. Considethe following set of three simultaneous algebraic equations in three unknowns.

5r +3s-3t=-1
3r+2s-2t=-1
2r—- s+2t= 8

a. Thisset of equations can be written in matrix form as

Ax=b
where
00
X=0s0
Ui O

What areA andb?

b. The irverse ofA above is
02 -3 0p
Al=10 16 1
-7 11 10

Making use of this werse, find the solution to the set of equationsrfos, andt. Do the
arithmetic by hand, and skvoyour work.

4. A permutation matrixs a square matrix which can be used toventhe components of aegtor
matrix around.A row of a permutation matrix consists of elements which are all zeraespefor
a sngle element which is a one. The position of the single one is different in each ro

a. Considethe permutation matrix?, below and shaev that for aly vector matrix consisting of
4 dements, the effect of multiplying the vector Bys just to permute the components of the
vector. How doesP permute the components of thector? (l.einto what positions are the
first, second, third, and fourth components put?)

M 1 0 0O
P_ED 1%
Eil 0n
) 00

o O O
= O O
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b. Write a permutation matrix for 4-component vectors which accomplishes theifag)lper
mutation

1-4
2.3
3-1
4.2
In other words, the first element of a vector isvaaato the fourth position, etc.

5. Permutationsan be used to encrypite Theidea is the follwing. Boththe sender and rewer of
the message mustyeareed preiously on a permutation matrix. Say the matrix has dimension
N x N. Then the message text is broken down into consecatb-strings, each of lengt char-
acters, and the permutation is applied to each of these sub-strings sepahaelysult is then sent
as the encrypted message. At the receiving end, the same procedure is applied, excepsehe re
permutation is used.

A spreadsheet can be used to carry out most of the drudgery of the encryption and de-encryp-
tion. Putthe permutation matrix®, in a Hock of a worksheet, and put the message to be encoded
into a separate column, with one character in each ¥ell.can't just multiply P by vectors made
up of characters because you taw aithmetic on t&t. Insteadyou can use th@CODE()built-
in function to obtain the ASCII code for each charaated put the result in a separate column.

You can then use the matrix multiplication capability of Quattro Pro to multiply the permutation
matrix by parts of this columnPut the results in still another column, and use@@HAR()built-
in function to comert the ASCII codes back to characters.

To decode the message falldhe same procedurexeept use a permutation matrix that just
undoes whaP does. Thismatrix is just the imerse of P, P2, You can use the matrix\iersion
capability of Quattro Pro to generate that matekctually, it is easy to determine theverse ofP
without using Quattro ProP™ must undo whaP does, so gien P, what matrix causes thevese
permutation?

Use this procedure to encode the following message (without the quotes) "My ngoue is
name" where you are to replag@ur namewith your name.(For example, if | were doing it, the
message would be "My name is Frazeligmns.”) Whenthat's done, decode the message tovgho
that the technique avks. Usethe following permutation matrix.

FRES3
r O 0o oo
oo r o
oo opr
[

[}

0 0 oU
Carry out the decoding process on the encrypted messagemthsitdhe whole thing works.

6. ThreeHooterville grocery stores faa dfferent prices for fig produce items as shown in Table 9-1.
You want to luy 1.5 pounds of apples, 2.5 of oranges, 3 of tomatoes, 1.25 of cucumbers, and 4.5 of
cabbage, and you want taybit all at one store. Use the matrix multiplication capability of Quattro
Pro to determine the total cost at each store so that you can decide whictosidrberthe cheap-
est. Entetthese price data as ax® matrix into a worksheet, and the quantities of produce into a
5x 1 vector Use matrix multiplication to obtain the answer as»>al3vector with elements being
the total cost at each store.
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PRODUCE PRICES (Per Pound)

Store Apples Oranges Tomatoes Cucumbers Chlage
Acme 0.23 0.25 0.49 0.38 0.29
Billy Bob’s 025 0.21 0.41 0.41 0.26
Joes Market 0.21 0.28 0.47 0.45 0.33

TABLE 9-1. Prices per pound for selected produce items at three Hooterville grocery stores.
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10. SIMULATIONS AND MODELING

10.1 Introduction

Computer programs are often used to simulate real or imaginary situations. Simulations are used
when it is incomenient to test a e idea or designxperimentally For example an engineer might resort
to a simulation to test the design of avnaridge. Buildingthe bridge and then seeing whether or not it
falls down is just not practical. Electrical engineers often simulate circuits before building them. Once the
circuit is simulated, it is easy to vary the values of components and note the change in perfoRrmance.
ther, if the actual circuit doesnfunction properly it is dffcult to determine if the reason is awlin the
basic design, an error in wiring, or some oth&afsuch as parasitic capacitance not considered in making
the design. In the simulation there are no wiring errors, although mathematical and programming errors
can be troublesome, and there are novadfects other than those put into the simulati@@mparison of
the behavior of the actual and the simulated circuits can often help determine where the problem lies.

To make a $mulation, one must ke the basic laws gerning the situation in question. The fidelity
of the simulation to reality can be no better than the acgwfabese laws in describing the behavior of the
components wolved. Ifthe situation is not very complicated and the mathematics simple enough algebraic
manipulation, ingenuityand common sense are adequate to determine whatwhetadict. In this case
ananalytic solutionis said to beailable. Acomputer may be helpful irvaluating the resulting algebraic
formulae, but it is not really a part of the solution proc&3s.the other hand, if the situation under study is
complex or the mathematics required to selthe gaverning equations difficult it may not be possible to
derive an analytic solution. In this case, the consequences of the e often determined by program-
ming a computer to simulate the operation of theslaSucha lution is called aaumerical solution

The calculations of current andltage in Chapter 8 were all simulations of what the corresponding
real circuit would do.(Actually, they are more commonly calledraodelof the actual circuit. The distinc-
tion between a simulation and a model is a fine one, #nwbt’discuss it further here primarily because |
don't understand it very well myself.They were based on a "law" called Oleféaw and on some common
sense about the net current into a naflesuming we mak no dgebra or arithmetic mistakes, our predic-
tions will describe the behavior of a real circuit just as well as the dad common sense we used describe
the behavior of the individual componentsor example, if the voltage source in Fig. 8-5 corresponds in
the real circuit to a partly discharged battehg voltage it deliers could be quite a bit less than th¥ 3
shavn in the diagram andyen worse, it might decrease in time as the battery digelsar Noneof this
behaior was put into the laws supposedly describing the source, and our simulatilthtierefore fail to
describe what happened in the actual circuit.

Besides errors arising from the use of an inadequate set of laws, errors can apigénig eut what
the consequences of these laws are. As problems become morexcontipéermathematical manipulations
required more difcult, it is often necessary to makpproximations. Thesapproximations will introduce
some lgel of error into the simulation, and it is quite an art to find a set of approximations whiehtmeak
problem tractable, yet introduce a suitably small erBuch approximations mayvnolve leaszing out part
of the problem which is thought to contribute only slightly to the outcome, or using a form of one or more
laws which is easier to handle, but less accurate than the correct one.

When using a computer to help with the simulation other types of errors @fieg. laws are knen
in the form of differential equations—think of Weon's law for example. Acomputer is ery good at
doing arithmetic, but very bad at solving differential equations diresziyhat when faced with trying to
solve auch equations on a computer one usually tries to approximate them by a set of algebraic equations
which the computer can s@vrore readily Such approximations can be quite tyiclend are frequently
the source of real difficulties.
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In this chapter we will look at a different type of simulatide will consider seeral situations in
which the outcome is determined by the laws of chafe.will look specifically at three problemsll
can be figured out without simulating them on a computexr we dscuss the three problems, notice the
differences in utility between the simulation results and the analytic solukive first problem is pretty
simple, and for it | discuss simulation only to introduce the ideas we will use. Thedaattnot so easy
and it might mak £nse to run a computer simulation just to check our reasoningalopi@g the analytic
solution.

At the base of all simulations is the generation of random numbers, a task at which a computer is
notoriously ill-suited. Given the same instructions it does the same thing each time unless some component
fails, in which case it freaks out completel@uattro Pro has a built-in function which uses a complicated
set of arithmetic operations to produce numbers claimed to be rarterrks pretty well, but the num-
bers are not truly random, and the lack of perfect randomness may be a major source of error in such simu-
lations.

Another expected, source of error results from the random nature of the simul&tery time we
run the simulation, we can expect to get a different re$dtiich result should we use? Because of this
question, it is usually necessary to run such simulations a large number of timeeragd the results.

10.2 SimulatingFlipping a Coin

We mnsider first simulating flipping a coin. Thizaemple is sufficiently easy that it would nealk-
tle sense to use a computer to simulate it if our only concern were the .afifweexample illustrates,
however, sevaal ideas | will want to use later in morevatved problems. This is the problem:

If you flip an un-biased coin three times, what is the probability that you will get all
heads?

You probably already kne the answer to the questioR(3) = (¥4 = (2)° = 0.125, but let's smulate the
situation using Quattro Pro anyway.

10.2.1 ThePlan of Attack.

We reed a plan of action, a sequence of operations which Quattro Rus kiaw to execute which
will provide an answer to our questiokleres my gan. We'll put the result of each simulated coin flip in
separate cells of aokksheet. Theoin flip will be simulated by dreaming up a formula whighleates to
0 half the time and 1 the other half, and associating 1 with heads and 0 withailsill put the formula
in three adjacent cells in onearato Smulate three consecué @in flips. In a fourth cell adjacent to these
three we canwluate hev mary heads we got by using tf@ SUMLIlt-in function to add up the values in
the three coin flip cellsWe will copy these four cells martimes, going down the spreadsheet, and we will
determine hev mary times three heads appeared by counting the numbersdh 3he fourth column.
Dividing by the number of such "experiments" willgius the probability we seek.

First we need a formula to simulate a coin flip, a formula whiebsgither 0 or 1 with equal proba-
bility. We will base our simulation on th@RANDuilt-in function. This function returns a number
between 0 and 1, with all values being (it is claimed) equakgyikVe want either O or 1, and nothing in
between, so we use the form@iF(@RAND<.5,0,1) . If RANDreturns a value less than 0.5, the for
mula has value 0, otherwise Assuming the aluesRANDreturns are uniformly distributedrer the range
[0, 1], and that the value returned is truly random, this should provide a good simulation of a c@isflip.
an aside, we could f1@ dso used the formul@INT(2*@RAND) The built-in function@INT() returns
the integer part of i agument, an@*@RANDeturns a number between 0 and 2.)
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10.2.2 Thdmplementation.

To implement the simulatpput the formula simulating a coin flip in c@lL5, and coyy this cell into
B15..C15 . Label what yowe dne by enterindgrlip in A13, and#1 in A16, and put similar labels at
the tops of column® andC. In column D we will count the number of heads 1’ Enterthe formula
@SUM(A15.C15) in D15, and label the column withlo. Heads at the top.In columnE we’ll put a 1 if
we got three heads, and 0 otherwise E15 put the formula@IF(D15=3,1,0) . This rov of formulas
simulates three coin flips, and Quattro Pro places aB1fif all three were heads, and a 0 otherwise.
This is a simulation of just one set of three fliy8e reed to simulate a lge humber of such flips to get
decent statistics. Homary? |choose 500, so cgphe blockA15..E15 into A16..E514

We reed to put a report of the results sarhere. Ipurposely left room abe the coin flip ravs, so
I’ll put the report thereln A11 I'll put the total number of experiments (each consisting of three flips), in
B11) I'll put the total number of experiments which yielded three heads, @lifill put the percentage
of the experiments that yielded three hedgisst put in the labelsin A9 andA10 putNo. andExpts.
in B9 andB10 put No. All  andHeads, and in C9 and C10 put% Al andHeads. We'll use the
@COUNTunction to count the number okgeriments so irA11 put @COUNT(A15..A900) . Put the
number of all-heads experimentsBAd 1 by putting the formula@ SUM(E15..E900) there, and the per
centage all heads @11 with +B11/A11 . If you really want to beaihgy, you could change the format of
this cell (via theNumeric Format  item of theStyle menu) to display as a percent.

Pressing theCalc key (F9) will make Quattro Pro redo the wholexgeriment. Doingso seeral
times, | get answers ranging between about 10% and 14% for the percentage of experiments for which all
three flips gveheads. Apparentlywe need to run more experiments to get better statidtiagould be
nice if we could just press9 to male Quattro Pro recalculate the worksheet, and keep a running total of
the number of eriments and the number of flips. My previous experience with the Gauss-Seiklel w
sheet gres me andea about he to do hat. Il add three more cells in the report areav(dd ) containing
the cumulatie results. Il use a Reset/Go switch &kin the Gauss-Seidelarksheet to tell Quattro Pro to
either reset the cumuladé ptals to zero, or to accumulat&he addition is pretty straight-forward, and the
complete worksheet is siva in Fig.10-1. Rrt b) of the figure shows the cumuwatiresult of running the
simulation 140 times, corresponding to 70,000 individugleements. Theumulatve percentage of all
heads is 12.66%, pretty close to the expected 12\&20should not &pect to get exactly 12.5% because of
statistical wariations. ltis difficult to tell whether this value is within the likely range of these variations or
not, but this result would be close enough for most applications.

10.2.3 Discussionf Errors.
Before continuing,  like to dscuss again the kinds of errors in this simulation.

1. We haveassumed that in each flip of the coin heads and tails are equally likhis may not be
true, in which caseven if the computer carries out its part perfectiyr simulation will not cor
rectly predict what really happens. In this case the eromidvbe due to the inaccusaof the lavs
we assumed gern the coin flip.

2. By it's very nature, the process is a statistical one, and there will be considerable variation from
experiment to gperiment. Eaclexperiment yields either a 0 or a 1 in coluBmeve 0.125. Only
after a large number of experiments should the percentage of three-heads results approach 12.5%.
Error due to this source would be called statistical efitaran be reduced by increasing the number
of experiments.

3. Therandom number generator Quattro Pro uses may not be completely raflkdermomputer can-
not do what we ant—generate a number randomiystead, each time the worksheet calls the
@RANIHRunction, Quattro Pro runs an internal subroutine that predictably (i.e. not randomly) gener
ates a number which is supposed to appear ranttampossible that the technique used@®RAND
generates numbers which in our application are not sufficiently ranbiothis case our results will
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a)
A B C D E F G
1 |Chapter 10: Simulation of three coin flips.
2
3
4 Reset /
) €]
6 1
7
8 TH S TI ME CUMLATI VE
9 No. No. Al % Al | No. No. Al % A |
10 Flips Heads Heads Flips Heads Heads
11 || @ounT(Als. . A900) @UM E15. . E900) +B11/ Al1 || @ F($C$6=0, 0, D11+A11) | @F($C$6=0, 0, E11+B11) | +E11/ D11
12
13 Flip Flip Flip No. Al
14 #1 #2 #3 Heads Heads?
15 | @F(@aND<0.5,0,1) @F(@AND<0.5,0,1) @ F(@AND<O. 5,0, 1) @UM A15. . C15) @F(D15=3, 1, 0)
16 | @F(@aND<0.5,0,1) @F(@AND<0.5,0,1) @ F(@AND<0.5, 0, 1) @ A16. . C16) @F(D16=3, 1, 0)
b)
A B C D E F G
1 |Chapter 10: Simulation of three coin flips.
2
3
4 Reset /
5 &
6 1
7
8 TH S TI ME CUMULATI VE
9 No. No. All %Al No. No. All % Al
10 Flips Heads Heads Flips Heads Heads
11 500 66 13.20% 70000 8860 12. 669
12
13 Flip Flip Flip No. Al
14 #1 #2 #3 Heads Heads?
15 0 1 0 1 0
16 0 0 1 1 0
17 1 0 1 2 0
18 1 0 1 2 0

Figure 10-1. Worksheet for simulating a set of three coin flig%at a) shows the formulae in the imil-
ual cells, and b) shows the worksheet as it appears on the screen.
be in error due to an inadeqyaaf the random number generator sub-program of Quattro Hris.
is a type of numerical error.

10.2.4 ThéAnalytic Solution

For this problem an analytic solution is pretty easy towerl’ll generalize a little, and determine

the probability of finding all heads if | flip the caintimes. Fr each flip of the coin there aredwossible

outcomes, both equally khky. If | flip the coin twice there ar2(2 = 2° possible outcomes, each equally
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likely. Each time I flip the coin, | multiply the number of possible outcomes for the set of flipobyrw

n flips there would b&" possible outcomesOf all these outcomes, only one corresponds to all heads, so
the probability of all heads in flips is P(n) =1/2") =2™". To determine the probability of 5 heads with a
worksheet simulation, we would Y&t modify the worksheet to simulate experiments with 5 fligéith

the analytic solution we need only plag= 5 into P(n). Clearlythe analytic solution is better in this case.
The difference between the dwnethods becomesven greater if we want to ke how the probability
varies withn. With only the numerical simulation we wouldveato modify the worksheet seral times to

work for different values oh, run the simulation for each value nfenough times to get good statistics,
and then try to interpolate and extrapolate to otladwes. Vith the analytic solution, the answer to the
guestion is clear; it varies @". When an analytic solution iwalable it is almost alays preferable to a
numerical solution. When the problem isfatiéntly difficult that you cannot des an analytic solution to

it, it is necessary either to maknough approximations that you can, or to resort to a numerical soluition.
the problem is solved by making some questionable approximations and then proceeding analytically
numerical solution may still be useful to check on the acgwhithe approximations.

10.3 BirthdayCoincidences

We rext consider the following question.

Given a dass of 30 people, what is the probability thab tov nore people in the class
will have the same birthday?

This problem also has an analytic solution, bstritit so easy to figure out. Il derive it at the end of this
section. Insteadf using the analytic solution, we’'ll use Quattro Pro to simulate a class, and caunt ho
mary students hae the same birthdayDoing that seeral times should g us a petty good idea what the
answer is. As usual, the analytic solution is preferable to the computer simulationthis case it mas

a little more sense to delop the simulation just to check our reasoning in deriving the analytic solution—
its a little tricky.

10.3.1 TheSimulation.

Getting Quattro Pro to do what we want is not so.ebigyres what | came up with. There are prob-
ably other ways to do it, and some may be significantly beltgrou think you hge a ketter way you'e
probably right, so bring it up in class for discussitm.columnA I'll put the birthdays, gen as anmteger
between 1 and 365. (I neglect the possibility of someone having a birthday on February 29 of a.)eap year
To generate the birthdays, I'll us@ RANRgin. Incell A16 put the formula@INT(365*@RAND)+1,
and cop that into the rang@&17..A45 . We dso need a way of identifying the studenbsstead of using
names, I'll just gie each a number by puttingin cell B16, the formula+B16+1 in B17, and copying that
into cellsB18..B45 . These numbers will then seras hames" for the students.

We row havethe birthdays in columA, and the student "names" in colurBn The problem is to see
if any of the birthdays are the same. Doing that by eye fdif. Instead)’ll use the@VLOOKUBilt-in
function. lincluded this function in Table 7-1, and use of the functias the center-piece okercise
7-2. Briefly the function is used to find an item in a table. The function requires thgaenemts,
@VLOOKURBlock,Columh. HereX is the item to be found in a table aBtbckis the range of cells
containing the tableThe Columnargument specifies whaLOOKUReturns once it has found If Col-
umnis zero,VLOOKUReturns the contents of the cell which it has foudfdColumnis greater than zero,
VLOOKUReturns the contents of the cell in the same as he found cell, bt Columncolumns to the
right of it.

Heres the idea. The table I'll search is that in the raAdé..B45 , and contains birthdays and stu-
dent "names".For each rav, I'll search the whole table for the birthday of the student in thatinol hare
VLOOKUReturn the "name" it findslf the birthday its sarching for has not occurred previously in the
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table, VLOOKURshould find this student first, but if the birthday has already occwigdOKURshould
find the earlier occurrenc@e @an determine which happened from the "naMeOOKUReturns. Ifthe
"name" returned is the same as the "name" of the student whose bWib@®KURearched forthen the
birthday has not yet occurred in the table and isasaiiique; whereas if the "name" returned ised#int
then the birthday has already occurred at least once andveva Inatch.

In putting this into the worksheet, | encountered a sirag.VLOOKURo work the entries in the ta-
ble hare b be ®rted into ascending ordeOK, that's ot big deal, | can just use tl&ort item in the
Database menu. SelectingheSort item produces a memenu. Fronthis one, you hae  tell Quattro
Pro the block you want sorteBlock ), and the column to sort oagt Key ). Inour case the range for
Block is A16..B45 , and for 1st Key the range isA16..A45 . When you are readyelect theGo
item, and the sort should occur.

Heres where | hit the snagAfter moving the cells around to sort them, Quattro Pro then automati-
cally recalculates the contents of each cell. Those in colirmontain a call to th&ANDfunction, and
when these are regluated thg return a different numbgcausing the birthdays to become unsortegirag
ARGHH!

What to do? The solution | came up witlvalves copying by value (use théalue item of the
Edit menu) the table into wvunused columns, sy andD. Then we can sort this table without fear of
the values in the cells changing (because the contents are values, not formulae) and thaA seKhH#
function on this table.

To implement this idea, cgpby value the rangé16..B45 to C16..D45 . Then sort the range
C16..D45 by the first column into ascending ordén cell E16 enter the formula
@IF(@VLOOKUP(C16,$C$16..$D$45,1)=D16,0,1)

and cop that into E17..E45 . To check if there were anbirthday coincidences, enter the formula
@SUM(E16..E45) into some unused cell. It would also be a good idea to put labels on the columns, and
on this cell.

The worksheet made up in this way works, but we will want to carry out the calculatéoal sienes
to get good statistics and the process ofyc@pby value the birthday table and then sorting they éep
tiresome and prone to errors. This process can be automated by writing a Fadros | suggest using
theRecord feature of theMacro sub-menu of th@ools menu. Choosinghis item turns the feature on,
and then whater keys you press will be stored in "macro-ese”, and can be replayed as a rawe.
Record is turned on, copby value the table i16..B45 to C16..D45 and sort the cop Then turn
Record off by agan choosing theRecord item of theMacro sub-menu. @ savethe macro you just
recorded use thRaste item of theMacro sub-menu to put the macro into somewanient, unused part
of the worksheet. Isuggest naming the macro with aoteharacter name consisting of a back slash, fol-
lowed by a single letteso hat you canecute the macro by simultaneously pressiig and the letter
Fig. 10-2 shws the worksheet that | programmddthanged the macro created by Becord operation
a little so that it would print out better.

If you run this macro a number of times, you should find that there is usually one pair of students
with the same birthdayspboften you should also find none omtwl won't carry the example arfarther,
but to get an estimate of the probability of one or more students with the same birthdays you weutd ha
run the simulation mantimes, counting the number of times when there are one or more coincidences.
You can do this either by hand, or by using a circular reference as we did in SectioDi9ieling by the
number of times the simulation was run wouldeghe probability of tv or more students having the same
birthday.
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a)
A B C D E
1 |Chapter 10: Simulation of the birthdays
2 of a class of 35 students.
3
4 No.
5 Mat ches
6 @UM E16. . E45)
7
8 [Macro to simul ate one class
9 \A {QOTG al16~
10 {/ Bl ock; Val ues}{ END} { DOM} { Rl GHT} ~C16~
11 {RIGHT 2}
12 {/_Sort: CGo}
13
14 FORMULA VALUE
15 B' day Nane B' day Nane Mat ch?
16 | 1+@nNT(365* @anD) 1 5 23 ||@F@raxur(cis, $C16. . $D$45, 1) =D16, 0, 1)
17 | 1+@NT(365* @AND) +B16+1 59 7 [|@r(aroxur(ci7, scs16. . $D845, 1) =017, 0, 1)
b)
A B C D E F
1 [Chapter 10: Simulation of the birthdays
2 of a class of 35 students.
3
4 No.
5 Mat ches
6 1
7
8 |Macro to simul ate one class
9 \A {QOTCal6~
10 {/ Bl ock; Val ues} { END} { DOW} { R GHT} ~C16~
11 {RIGHT 2}
12 {/ Sort:CGo}
13
14 FORMULA VALUE
15 B day Nane B day Nane Mat ch?
16 171 1 5 23 0
17 343 2 59 7 0
18 111 3 78 9 0
19 101 4 89 26 0
20 290 5 90 19 0

Chapt. 10

Figure 10-2. Worksheet to determine the number of birthday coincidences in a class of 30 stirignts.

a) shows the formulae in the imdlual cells, and b) shows the worksheet as it appeared on

the computer screen.

10.3.2 Thé\nalytic Solution.

At the start of this section | mentioned that it is possible toesthig problem analyticallyand |
would like to do hat here. The trick is to calculate not the probability that dwmore students will hze
the same birthdayut the opposite, the probability that no students wilehhe same birthdayThe proba-
bility we want then is one minus this probabilityet n be the number of students in the clag& assume
that all possible sets of birthdays for the students are equally probdblunt the number of ways in
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which these birthdays could be chosen under the constraint that no studentsehsame birthdayand
divide that by the total number of ways in which the birthdays could be chosen.

Figuring out the total number ofays the birthdays could be chosen is the easiest, so I'll do that first.
For one student we could chooseyanf 365 birthdays (ignoring the possibility of leap day birthday=)
two sudents, there are a total265x 365= 365 ways in which the birthdays could be choséFor every
choice for the first student there are 365 choices for the secBadthree students there will 1365, and
so forth. For n students these aB65' possible sets of birthdays.

How mary sets of birthdays are there such that no sudents hae the same birthdayTonsider
choosing the birthdays of each of the students in psdiject to the constraint. The first student caveha
ary of 365 hirthdays.The second cannot v the birthday chosen for the first, so there are only 364 possi-
bilities. For the third there ar863 =365-3+1, and so forth up to the™ student, for whom there are
365- n +1 possibilities. Thetotal number of ways in which these birthdays can be chdsgn, is
therefore

Na|| diff (n) = 365[8640-- l]3% -n+ 2) |]3% -n+ 1) (10_1)
The probability of all different birthdays is this value divided36§’,

36508640 - ({365 — n + 2) ({365 — n +1)
365(8651 - - (B65B65

Finally, the probability that te or more students & the same birthday is just 1 minus the probability that
no students he the same birthday,

Pai git (N) = (10-2)

P(n) =1 - Py gitr (N) (10-3)

How doesP(n) depend om? How large a class is required toveaa ®-50 chance of tasor more
students having the same birthday? The necessary information is contained i0-Bgand 10-2, ut
they are not exactly transparent.suggest that we should use Quattro Provisuate Eq. 10-3 for a range
of values ofn. Eg. 10-2is not in the most canient form for @aluation on a spreadsheet. There are
terms in both the numerator and denominator of Eq. 10-2, so we can write it as

365 364 365-n+2 365-n+1
Py g (N) = o (o - O
ai it (1) 365 365 365 365

That's a lttle better In each rav of the worksheet, we carveluate a different term on the right hand side
of Eq. 10-4, and d&ep a running productTo do so nove b an wused part of the worksheet, sag0.
We'll put values ofn in columnA. Enterl in A60, and +A60+1 in A61. We’'ll put the terms on the right
hand side of Eq. 10—4 in colunB) arting in rav 60. In B60 enter(366-A60)/365 , and copy it into
B61. In column C we will keep the cumulate groduct of terms in columB as required in Eq. (10-4).
Enter+B60 into C60, and +C60*B61 into C61. Finally, in columnD we will put P(n) as ger Eqg. (10-3).
Enter1-C60 into D60, and copy itinto D61.

We will calculate P(n) for values ofn up to 50, so copA61..D61 into A62..D109 . ColumnC
will now contain Py 4 (n), and columrD the values oP(n) for the values oh given in columnA. | sug-
gest plotting bothP,; 4 (N) and P(n) using the graphing capability of Quattro Preig. 10—-3 shws such
a pot. At between 22 and 23 students the probability ofiftaat least one coincidence of birthdays
exceeds that of not kiang a coincidenceFor a dass of 30 students we should find one or more coinci-
dences about 70% of the time.

(10-4)

10.4 Strategyor Let's Make a Deal

There was (maybe still is) a long-running televisiemg shw titled Let's Make a Deal, hosted (I
think) by Monte Hall. The rules of the game were as falky A contestant was shown three curtains.
Behind one curtain there was a good prize, and behind the othevetie bad prizes (a yearapply of
stale pretzels or somethingl.he contestant was asked to choose a curtain. After doing so, hefshe w
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BIRTHDAY COINCIDENCE PROBABILITY

vs Number of Students in the Class
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Figure 10-3. Graph showing the dependence of the probability thatdmwmore students in a class will
have the same birthday on the size of the class.

shavn what vas behind another curtain (one other than the one chosen). This cuvtis @dvered a bad

prize. Thecontestant as then gien the chance to change his/her choi¢gnally, after a lot of hand

wringing and audience participation, the contestant won wirateas behind the curtain he/she ended up

choosing. Theuestion is:

Is it better strategy to keep the first choice, or to change choices wiarthg chance?
(Or, does it matter?)

10.4.1 APlan for Answering the Question

It is possible to deve an analytic solution to this problem. Most people (including me) get the
wrong answer the first timd. propose to answer the question by using Quattro Pro to simulatarire g

Using the computer we will mimic playing tharge mag times using each strapg and then we will see
which one wins more often.

We will use the @RANDBRunction to choose randomly which curtain will hide the good prize, and
which curtain the contestant chooses initialQuattro Pro will decide which curtain the contestant will be
shawvn (possibly using@RANRgain), and will score both strafies by checking whether the curtain finally
chosen under each strategy hid the good prize or the badBatause there will be a strong statistical
component to the answave'll run a lot of such simulated games and tabulate the results by adding/up ho
mary times each strategy wins.
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10.4.2 Layingut the Worksheet

To implement the idea, wieéset up the spreadsheet so that eashamrresponds to a differename.
The first column will contain the game numktee second the number of the curtain hiding the good prize,
and the third the curtain number the contestant chooses first. In another coldinputtbé number of the
curtain shown to the contestant, and thea tmore will contain the contestaatfinal choice for each strat-
egy. For one stratgy this will be the same curtain number initially chosen; for the other it will be the cur
tain not initially chosen and not yet stio. Finally, in two more columns we will compare the final choices
to the curtain number hiding the good prize and enter a one if it matches, a zero if not.

10.4.3 Thd-irst Three Cells

Filling in the first three columns is easipo fill in the first column, in each cell except the topmost we
put the contents of the cell just aleodus one. In the topmost n@ we’ll just put a one in this column.
Having the computer choose which curtain hides the good prize, and which curtain the contestant chooses
is also pretty easyThe problem is the same one we encountered in thviopsesection where we had to
choose a birthday for each student in the cla$e formula to use I®@INT(3*@RAND)+1, so we'll put it
in the second and third columns.

10.4.4 TheCurtain Number to be Shown

Generating the number of the curtain to be shown the contestant is quite a bit more complicated.
This curtain must not be the one the contestant chose, and it must not be the curtain hiding the good prize.
If the chosen curtain is not the one with the good prize, the curtain towe ghoniquely determined-or
example, if curtain #1 hides the good prize, and the contestant chooses curtain #2, then the curtain to be
shavn is #3. On the other hand, if the contestant happened to choose the curtain hiding the good prize,
then either of the remaining déacurtains could be shen. Inthis case we would kra © invoke the random
number generator again to decide which oRatting this on a spreadsheet is not so.ed@bg first thing |
thought of was a series @IF statements, but | rapidlyageup on this idea. It could be done, but it gets
messy ést. Ty it!

Heres another idea that works pretty wellet'’s first consider the problem of specifying which-cur
tain to shav the contestant for the case that the curtain chosen is not the one with the goo8ypjzese
we were to try to cook up some formula which wheremgitwo dfferent integers between one and three
would evaluate to the third. If we had such a formula, then we could use it to tell the compuwtéo ho
specify the curtain to be shown the contestant in this c8@pecifically we want a function of tw argu-
ments, say, and y, such that the function produces the numbers shown in the Table 10-1.

f(x.y)
3

WWN NP BR|X
NEFE P WwWwN
P NWEREN

TABLE 10-1. Definition of the functionf (x, y) which, given two differentintegers in the range 1 to 3,
returns the intger in the same range which is different from bethndy. We don't care
what f returns for other values ofandy.

Let’s try a function of the form
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f(x,y)=a+bx+cy (10-5)
wherea, b, and c are constants we ¥a o determine so that will have the properties in Table 10-We
have three unknownsg, b, and c), so we need three equations to determine thestis use the first three
lines of the table. Doing sowgs

a+ b+2c=3
a+ b+3c=2
a+2b+3c=1

These equations are easy to solBubtractinghe first from the secondwgs ¢ = -1, and subtracting
the second from the third = -1. Finally putting these te values in ap of the equations ges a = 6.
Thus our formula is

f(x,y)=6-(x+Yy) (10-6)

Checking this formula against the first three lines of Table 10-@ssHwat we did the algebra correctly
and checking it ejnst the last three lines shows that we were also very.luEkijoy it; it doesnt happen
very often!) The formula also works for these last lines as wedh $hough that was not part of the speci-
fication in determining the constaratsb, and c.

Before continuing, let me say awfevords about h@ | dreamed up Eqg. (10-5). Looking ahfle
10-1, it is clear that must depend on bothandy. Polynomials are often good choices in situations such
as this one because vhare easy to wuate and to manipulate. What order polynomial should we use?
Each term in the polynomial introduces another umknoonstant which can be adjusted to mtie poly-
nomial agree with dble 10-1. There are six lines in Table 10-1, so requiring our polynomial to agree with
the table for all six lines will result in six equations. Six equations uniquely specify six unknowns, so it
looks like we reed a polynomial with six terms, such as

Q(x, y) =a+ bx+cy+ @+ ey + fxy

| found six equations in six unknowns distasteful, and | had a hunch(that) would turn out to be
symmetric inx, and y. (Note in Table 10-1 that the last three lines are the same as the first ttuegt, e
that the values o% andy are interchanged.Jor this reason | decided to try a polynomial with only three
terms, like Eg. (10-5). In case my hunchas wrong, and the function turned out not to be symmetric, my
plan was to deglop a second function l&kEx. (10-5) to be used for the second half of Table 10~ctu-
nately, f turned out to be symmetric, and Eq. (10-5) can be used for all valuesndfy in Table 10-1.

Back to programming Quattro Pro, if the contestant did not initially choose the curtain hiding the
good prize, we can use Eq. (10-6) to determine the curtain number tovioe dRon the other hand, the
contestant happened to choose the curtain hiding the good prizeyeva taice of two curtains to shw,
and we will hae o use the random number generator again to choose which/dglid.generate an intger
which is either 0 or 1, with equal probabilitffor ease of discussion, call this numberGenerating is
easy we just put the formul@INT(2*@RAND)in a cell. To generate the curtain number to be shown we
need a formula which has as arguments this random numlaad a numbenotto be generated (the eur
tain number initially chosen, which in this case is the same as the curtain number hiding the good prize).
There probably are easier ways to dream up such a formula, but I'll try to find one of the form

g(x, y) = d(x) + e(x)y
whereg is defined in Table 10-2. Thukx) and e(x) must be defined by Table 10-3.

We reed to dream up a function fd(x) that will agree with Table 10-3!1l try a polynomial inx.
There are three lines in the table. That will translate into three equation,ne@d three unknens. T
get three unknown constants a second order polynomial will be required, so I'll try a formdlafftre
form
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a(x, y)

WWNN P BP|X
R ORrROoORr O
NP WPEF W

TABLE 10-2. Definition of the functiorg(x, y), which given an nteger,x, in the rangd - --3 returns the
smaller of the remaining integers in the same rangeyifs 0, and the larger i is 1.

X | d(xX) | e(x)
1 2 1
2 1 2
3 1 1

TABLE 10-3. Definitions of the functiond(x) and e(x) used in calculating the functiag(x, y).

d(x) = a+ bx + ¢ (10-7)

where the constants b, and c are different from those in Eq. (10-5), and are to be chosen sd(that
obeys the table. Lettingbe 1, 2, and 3 succegdyy gives
a+ b+ c=2
a+t2b+4c=1
a+3b+9c=1
Subtracting the first equation from the second and thieb gi
b+3c=-1
2b+8c=-1
Subtracting twice the first equation from the secondsgi = % and substituting this result in eithevgs

b=- g Finally, substituting these tavvalues in ap of the original three equations yields= 4. Thusour
function ford(x) is

d(x) :4—§x+ ; X2 (10-8)
Going through a similar procedure f&(ix) results in the formula

e(x) = —2+4x - x? (10-9)

We @an put the formulae far and ford ande in separate cells, with the argumentsdande being
the value of the cell ging the curtain number initially chosen. Then to determine the curtain to tva sho
to the contestant, we use @iF function. Ifthe curtain number hiding the good prize equals the curtain
number chosen, the contents of this cell willcbe er, wherer, d, and e are gotten from the contents of
the previous cells as just discussé&dtherwise, the contents of this cell will be the value of the function
given in Eq. (10-6), with the curtain number hiding the good prize, and the curtain number initially chosen
as arguments.
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10.4.5 TheRemaining Cells

We will use two cells for the curtain number finally chosen: one cell for gjsateimber 1 in which
the contestant does not change his/her initial choice, and another f@ystnateber 2 in which the contes-
tant does change. The contents of the strategy number 1 cell are easye flast the contents of the cell
containing the initial choiceFor the strategy number 2 cell, we need the curtain humber which was not
originally chosen, and was not stioto the contestant-or this purpose, we can use the same formula we
have dready deeloped as Eq. (10-6), using as arguments the curtain number originally chosen, and the
curtain number shown to the contestafinally, we will use two more cells to tabulate the results of each
strategy If strategy number 1 wins the good prize (i.e. if the number finally chosen matches the curtain
number hiding the good prize), we will put a 1 in the corresponding cell, and a 0 othéWesd the
same in the second cell for strategy number 2. After | was satistedheng was working properly | hid
the columns containing the valuesrofd, and e so that all the interesting columns could be displayed on
the screen at once.

Once we hee the entire rav working properlywe @an just use th€opy function on the spreadsheet
to male lots of copies of the ma | chose to mak 499 copies, giing me 500 rows, each corresponding to a
different @me. D score each straty, | used the@ SUNunction to sum the number of wins for each, and
then belav the cells containing this result | put a formul&igg the percentage of wins for each siggte
Fig. 10-4 shws the worksheet | madePat a) shows the formulae in the individual cells, and part b)
shavs the vorksheet as it appears on the computer screen. In part a) all columns of the worksheet are
shavn, and in b) column®..F have teen hidden. Because of the number of cells and the length of the
formulae, in part @) | split theavksheet into two, with colummns..F  just abee olumnsG..K . For clar
ity of presentation | prettied it up a little by putting in some labels and some lines asl daitherare
essential, and the value of the lines and boxes is questionable, but | do recommend putting in labels.

10.4.6 ArAnalytic Solution

Deriving an analytic solution to this problem is a little tsickt sesemed to me when | firstwat that
both strategies should be equallyeefive. How oould changing your mind after being shroa curtain
change the probability of winning the good prize? After running the simulati@nas¢éimes you should
see that | was wrongStratggy number 2 (in which the contestant changes his/her mind) wins about twice
as often as strategy number 1.

Why is that? Thecrucial point is to realize that with strategy humber one the contestant wins only if
he/she initially chooses the curtain with the good prize. Since there are three curtains, the probability of
doing that is 1/3.With strategy number 2, on the other hand, the contestant veirystiene he/she chooses
a aurtain with a bad prize the first time. Since there aewwong curtains, the probability of choosing one
is 2/3. Thus the probability of winning with strategy number 1 is 33%, and with strategy number 2 it is
67%.
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Chapter 10: Let’'s Make a Deal Simulation

W NN NG

Strat 1

@UMJ11. . J900)/ Hb

F. Williams

Gane Initial Qurtains
No. Chosen Prize
1|| @NT(3*@RAND)+1| @NT(3*@RAND) +1 @ NT(2* @RAND)  4- 2. 5*B11+0. 5*B11*B11 -2+4*Bl1-B11*Bl1l
+AL1+1 || @NT(3* @RAND) +1| @NT(3*@RAND) +1 @ NT(2* @RAND)  4- 2. 5*B12+0. 5*B12*B12 - 2+4* B12- B12*B12
G H | J K
PERCENT Nunber
Strat 2 of Ganes
@UM K11. . K900) / H6 || @OQUNT( A11. . A900)
Fi nal Choice Fi nal Score
Shown Strat 1 Strat 2| Strat 1 Strat 2
@F(BL1=Cl1, E11+D11*F11, 6- (BL1+Cl11)) +Bl1| 6-(Bl1+Gl1) || @F(Cl1=H11, 1, 0) [ @F(C11=111, 1, 0)
@F(B12=C12, E12+D12*F12, 6- ( BL2+C12) ) +B12| 6-(B12+G12) [|@F(Cl2=H12, 1, 0) | @F(Cl12=112, 1, 0)
A B C G H | J K
Chapter 10: Let's Make a Deal Simulation
W NN NG PERCENT Nunber
Strat 1| Strat 2 || of Ganes
32% 68% 500
Gane Initial Qurtains Fi nal Choi ce Final Score
No. Chosen Prize Shown Strat 1| Strat 2 || Strat 1 [ Strat 2
1 1 3 2 1 3 0 1
2 2 3 1 2 3 0 1
3 1 3 2 1 3 0 1
4 3 1 2 3 1 0 1

Figure 10-4. Worksheet for simulating Let’Make a Deal. Inpart a) all columns are slva and the wrk-
sheet was splitin taz Inpart b) column®..F are hidden.

10.5 Eercises
1.

ProgramQuattro Pro to carry out the birthday simulation as described in Section 10.3 and run the
simulation at least 20 times, recording the number of birthday coincidences each time, for class
sizes of 10, 30, and 50 students. After doing so, program Quattro Prxaluate the analytic
answer gren by Eq. (10-4) for class sizes ranging from 1 to 50 students, and plot the probability of
a wincidence vs. class size for this range. Compare the results of the analytic solution with your
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numerical simulation.

2. ProgramQuattro Pro to carry out thHeet's Make a Deal simulation described in Section 10.4 and
run the simulation seral times, noting the percentage of the time both gfiedewin. Compare
your simulation results with the predictions of the analytical result.

3. Derve a @mple polynomial function,f(x), which agrees with the three values listed in the table

below.
x | f(x)
-1 1
0 3
1 2

4. Supposgou want to find the simplest polynomiglx), that satisfies the table belo

a. Without actually doing the messy algebra, outline in as much detail as you can a mathemati-
cal procedure to fing(x).

b. Use Quattro Pro to actually find the polynomial withoutihg to do a lot of messy algebra.

x| P(X)
2| 1
-1| 3
0| 6
1| -3
2| 2

5. Usethe random number generator function of Quattro Pro to calcaldtiere’s the idea. Consider
a drcle of radius one inscribed inside a square with sides of length 2. If you were to randomly
choose a point inside the square, the probability that it would also lie inside the onddebe just
the ratio of the area of the circle to that of the square. Determine the ratio of the area of the circle to
that of the square by using a simulation to determine the probability that a point randomly chosen
inside the square is also inside the circle, and from that and then karea of the circle determine
7z Use @RANID calculate thex andy coordinates of the random point with both lying in the range
-1 to 1. In case yout forgotten, thex andy coordinates of the points on a circle of radiuasre
related according to

X2+y2:|'2

If X2+ y? > r?, then the point lies outside the circle, wherea€ if y2 < r?, it lies inside.Compare
your value forrwith the correct &lue. (Thebuilt-in function @Plreturnsr).

6. Thisproblem is a variation on the previous problem. Suppose yee ddosed plane figure the
area of which you would l&kto @lculate. Yu could inscribe the figure inside a square or other
plane figure for which you kmothe area and then, as in the previous problem, generate points ran-
domly inside the known plane figure. After generating a large number of points, the fraction that
were also inside the original plane figure for which the area is netrkmould just be equal to the
ratio of the areas of the tafigures. Thigrocedure is calleMonte Carlo integration

Use this idea to determine the area of an ellipse with semi-major and semi-n@s@paxi-
fied in two cells of the varksheet. Explaimvhat you do.You will have  choose a geometrical fig-
ure in which to inscribe the ellipse. Discussywiou chose the figure you did.

In case you domremember from high school algebra, the border of an ellipse is described by
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2
LS
a2 bp?
wherea andb are the semi-major and semi-minor axis lengths of the ellipse.

=1

It can be shown using the igral calculus that the area of an ellipse witless&x and b is
mab. Compare the accurg®f your simulation with the analytic result forveeal values ofa and
b.

7. Afamous problem in statistics is trendom walkor drunken sailorproblem. Herét is. Imagine a
very drunk sailor in the middle of a nawdoridge with high guard rails so that he d#fall off. The
bridge is narrey, 30 he @n only go in tw directions, forward or backavd. Heis so drunk that at
each step, the probability of either is the satfi@ach step has the same length, kgy, after N
steps, har far from the center on the@age has he gotten? Since both directions are equally prob-
able at ap step, you might think that on theyaage he would stay at the center of the bridge, b
that's ectually not true.l won't derive it for you, but it can be shm that afteN steps, on thevar-
age he will hee noved a dstancel g, VN, with both forward and backward being equally proba-
ble.

Program Quattro Pro to simulate 200 dremisailors, each on his own bridgedlow each
sailor for 100 steps and notevinfar he has gotten at each stéys with the discussion of thever-
age error between Herbsareasured data and the predictions of the "law" in Section 6-6, there is a
problem in determining theverage distance from the center of the bridge because the distance for
some sailors will be positt they went forward more often than back), and for othergatinge
(they went backward more often)The solution to the dilemma is the same as it was with Herbie’
data—tale the root-mean-square (R.M.Syeeage. Theanalytic result gien above is for an R.M.S.
avaage. Comparthe simulation results with the analytic resultegi dbove.

Perhaps you are wondering wthis is a famous probleniThe reason is that essentially the
same problem appears in a wide range of subjddts.application I'm most familiar with is that of
diffusion Imagine a bottle of cheap perfume in one corner of a closed room with no air currents in
it. If you were on the opposite side of the room from the bottle of perfume and someone were to
open the bottle, at first youowld not notice anything, but after a while you would begin smelling it.
We would say that the molecules of perfumdudied to your nose. If you think about what is going
on at a molecular &, you'll see that the problem is closely related to the random walk problem.
Evaporating perfume molecules are knockeehewhich way by collisions with air molecules, and
effectively make a mndom walk way from the bottle. The only ddrences between this problem
and the one we just solved are that this one is three-dimensional whereas our prxblestricted
to only one dimension, and the "step" lengths of the perfume molecules are also ré&athm.
effects are easily included in the analytic solution to the problem, and the result is the same as we
got for the inebriated sailoexcept thatl ¢, becomes thevarage step length. Including the ran-
dom step length in the spreadsheet simulation is pretty aadycowerting the simulation to a
three-dimensional one is not too much harder.

8. Itis tempting to try to simulate a cardrge, such as pek using the computerUnfortunately,
there are seeral difficulties in doing so.Heres ane of the difficulties, along with a suggested solu-
tion.

One of the problems with simulating a camhwe is simulating the deal. Each player must
get a preset number of cards with all cards being equally probabéptehat tw players cannot
get the same cardl'he problem is similar to the one we encountered ih.ét'e Make a Deal simu-
lation, except that 52 cards argalved rather than 3Deriving a formula similar to Eq. (10-5) that
would work for this case is truly a formidable problem!

A method that is feasible is the folling. Inone column put 52 random numbers, onewelo
the other In the second column, put the numbers 1-52 jnarder. Each number will correspond
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10.

to a particular card. Then sort the table consisting of thesedlumns by the first columnSince

the numbers in the column are supposed to be random, sorting them should produce a random
ordering of the cards in the second coluniineach player is to get cards, then the first rows

would give the cards dealt to the first playtre seconah rows to the second playend so forth.

Program a wrksheet to deal a deck of cards in this way for a poker game with four players.
(Assume that each player getsefigards.) Usehe line draving capability of Quattro Pro (in the
Style menu) to drav a box around each handf you are ambitious, instead of numbers in the sec-
ond column, you could put text describing each card such as S3, or "5 of diamonds".

Mary games of chance are based on dice ("dice" is the plural, "die" the sindnlagse you may

not be familiar with these things, a die is a small cube withesigs. Therare spots on eachde;

one face has 1 spot, one has 2, another 3, and so forth up to 6. In a game one or more dice are
throvn onto a table, and after théave come to a rest, the number of spots on the top faces is
counted. Thendividual die are supposed to be made so that each face is equally likely to wind up
on top. Thus with one die integers between 1 and 6 can be randomly geng&véitedwo dice,

integers between 2 and 12 are generated. The integer thus generated is said to be "rolled.”

In this exercise you are to determine the probabilities of rolling each of the possible numbers.
The question can be answered either by making a numerical simulation, or by deriving an analytic
solution.

a. ProgramQuattro Pro to simulate rolling the dice mpaimes, and to count the number of
times each of the possible results.(P2) occurs.

b. Derive a analytic solution and compare with the result obtained/@abo

TheresistanceR, of the circuit in Fig. 10-5 , as seen from the terminals is
RoRs
R, + Ry

When you buy a resistor of some nominalue, 1000 for example, the actual resistance will
probably be a little dierent. Themanufcturer generally guarantees only that the actual value will
be within some percentage, called tbkerance of the advertisedalue. Thughe actual resistance
of a 5% tolerance, 100N resistor would be withiee5% of 1000Q (i.e. between 950 and 10%D).

For this reason, if you were to construct the circuit elgou would probably find that the resis-
tance was not exactly what youpected because the values of the resistors would notaotlye
what you assumed.

R=R1+

The question here is, if all three resistors in the circuitvbélavethe same tolerance, Wwo
could you determine the likely range of error between the expected and actual resistance? In other
words, if you were to buy a lot of resistors of each value and to construct a lot of circuits according
to the diagram bela you would find that no circuit would e exactly the expected resistance,
with each circuit having a dérent error between the expected and actual resistance. The question
of interest is: "For such a set of circuits what would be the RMS (root mean square) error?".

Questions such as this one are difficult to answer analytibaliyare easy to answer using a
numerical simulation. Assume that the actualles of the three resistors vary randomigrdhe
range of values specified by the tolerance, with all allowed values being equallly Fkogram
Quattro Pro to determine the RMS error between the expected and actual v&tifes afgiven st
of nominal resistor values and ar@i tolerance by numerically simulating the procedure described
in the paragraph ale. Put the nominal &lues of each of the three resistors in calls B2, and
C2, and the tolerance in cdl)2. The answer should appear in another cell.
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O

Figure 10-5. Circuit for exercise 10-10
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