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EXPONENTIATION IN PASCAL 

Bob Baird 
.University of Central Florida 

Orlando, Florida 

The Ar it hme tic 

Most people wil 1 agree that Pas cal is fast and elegant and is 

a good language to use when teaching programming. But while 

they're saying things like that they also want the language to do 

all sorts of things that may or may not be academic in nature. One 

good example of this confusion is the way that Pascal deals with 

some arithmetic functions. If I am strictly a programmer, then I 

want the language environment that I'm using to be a completely 

transparent vehicle for me to communicate my algorithms to the 

machine ••• and I want the thing to work with as little effort 

from me as possible. But if I'm a teacher, then I want a language 

environment that causes my students to actually think through what 

they want the machine to do. In fact, the reason that Pascal has 

so many adherents in the schools is precisely because Wirth 

-19-

I 

. ! 

RENTAL EQUIVALENCES:. AN ALGEBRAIC APPLICATION 

David R. Duncan and Bonnie H. Litwiller 
University of Northern Iowa 

Cedar Falls, Iowa 

Frequently in agricultural states pieces of cropland are owned 

by one person and farmed by another. The renter must then supply a 

return to the landlord. Sometimes this is done by specifying a 

flat dollar amount: another way is t.o "share the crop" in some way. 

In some states, the following two methods are considered as 

equivalent in the long run. 

Method 1: The landlord and renter split the proceeds and all 

ex pens es _equally. 

Method 2: The landlord is paid 1/3 of the proceeds; the renter 

then pays all expenses from the 2/3 share. 

Question: Under what relationship between prpceeds and 

expenses are these two methods equivalent? 

Let P 

landlord's 

= proceeds and E 

return is 1: - Mi 2 2 

expenses. 
p - E or - 2--

By method 1, the 

By method ,2, the 

landlord's return is , • For the two methods to be equiva-
p - E p lent, - 2- = 3 . P-E P 

Solving: -z-- = J 
3(P - E) 

3P - 3E 
2P 
2P 

P = 3E 

E =for½~ P 
In other words, expenses total 1/3 of the proceeds. For 

example, suppose that a crop worth $3000 can be raised for 

$1000 in expenses. By method 1, the landlord receives $1500 

proceeds and pays $500 in expenses. He has a return of $1000. 
. $3000 

By method 2, the landlord receives - 3-- or $1000. The renter 

pays the $1,000 expenses from $2,000 renter share of the 

proceeds. 

For 

What happens if E 

instance, assume 

E = rP(or r = p) for other values of r? 
1 r = 2; expenses are then half the 
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Ke1.ly: That.' s differ'2!nt, too, Our notebooks are checked randomly 

by Ms, Sonner, but just for thoroughness, neatness, and organiza-

tion, She only does one or two a day so it's not so much work for 

her to do. Our homework is usually, not, al"l collected and not given 

that much weight in our grade, Ms, Sonner says that homework is 

for practice; tests are where we are expected "to show our stuff." 

Pam: Hey, I thought you didn't l"ike mathematics last year, 

Kelly: I didn't. I had a lot of mathematics anxiety. But Ms, 

Som1er is always" praising and challenging me as an individual. I'm 

not a brilliant mathematician,, but I do like to play around with 

problems now to see if I can solve them. I now look at mathematics 

like a crossword puzzle, I may not get everything correct, but 

it's interesting trying to solve it, 

satisfaction doing mathematics now. 

I get a nice feeling of 

Pam: I get the feeling it's not the .mathelllatics that turned you 

on, .but the mathematics teacher.~ 

Kelly: Yeah, I guess you're right, 

REFERENCES 

Enk, J. & Hendricks, M. Shortcuts for Teachers, Pitman Learning, 
Inc., Belmont, CA, 1981. 

Johnson, D. R,, Every Minute Counts, Dale Seymour Publications·, 
Palo Alto, CA, 1982. 

-• 
Are you a member of the National Council of Teachers 
of Mathematics? If you are not, why not join and 
receive all the good things others are now getting, 
Membership entitles you to.receive either the Mathe-
matics Teacher or the Arithmetic Teacher, a lower 
registration cost at NCTM sponsored meetings, and a 
20% discount on all NCTM materials purchased, 
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designed it to "make people learn rather than make the life of 

programmers easier, 

Wirth chose to include a number of arithmetic functions into 

common Pascal, but he also chose not to include several. The 

philosophical. decision to disallow certain functions can cause 

programmers to gnash their teeth a little bit while giving teachers 

a glorious opportunity to push their kids into doing some mathemat-

ical footwork. 

The standard arithmetic functions of" common"Pascal include: 

abs (x) 
sqr(x) 
sqrt(x) 
sin(x) 
cos(x) 
arctan(x) 
ln(x) 
exp(x) 
round(x) 
trunc(x) 

which returns the absolute value of the argument x 
which returns the square of x 
which returns the· square root of x 
which returns the sine of x 
which returns the cosine of x 
which returns the arctangent of x 
which returns the natural logarithm of x 
which returns base e raised to the power x 
which rounds x 
which truncates the real x to an integer 

Now you may be wondering why the tangent, arcsine, and 

arccosine functions aren't on that list. The answer is that Wirth 

wanted the language to be as parsimonious as possible, Being an 

academician, Uncle Nick just assumes that everyone will have a 

calculus text around (you mean you don't?) with the necessary 

tables in the back to obtain all of the other trigonometric 

relationships from the sin, cos, and arctan functions, From 

Wirth' s philosophical position predefining extra functions in 

Pascal would be redundant, and make the language less elegant and 

compact, Also, it would make it easier for students to breeze 

through trigonometric computations without actually learning how 

the functions are related. 

Another arithmetic function that's not ori that list is an 

exponentiation function, and this simple fact is what often 

separates the hackers from the real mathematical programmers. 

Unless you're specifically writing a program that calls for some 

trigonometric calculations, you can go a long time without having 

to make a cal 1 to arctan(x) , but it's a fairly common occur~ 

rence to come ac.ross exponentiated ,numbers. In fact, in .school 
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environments it seems as if our programs are dealing with exponents 

constantly: biology students are writing programs to assist them 

in calculating growth curves of bacteria cultures; physics students 

are writing programs to calculate the rate of absorption of radiant 

energy through different mediums; geometry students are. writing 

programs to take the drudgery out of conics; business students are 

writing programs to calculate loan projections. 

using the. word mantissa a lot, but there it is • 

We seem to be 

there isn't an 

exponentiation function in Pascal and I suspect that Dr. Wirth did 

it on purpose. Why? Because Pascal is first and last a teaching 

language. But where there's a will 

Let's go back and look at that list of functions again. We do 

have a ln(x) function which returns the natural logarithm of x, and 

we have the exp(x) function which represents e (the base of the 

natural log system), raised to the real or integer power of x (in 

other words, ex). These functions exist primarily because loga-

r i thms are so common in formulas and Wirth wanted to simplify 

expressions like (eu-eu)/2 and ln(pi/2) so that they could be 

written out as (exp(u)-exp(-u))/2 and ln(3.141592654/2). 

Now I know from high school algebra that I can use a proper.ty 

of exponents to derive a property of logarithms. For example, 

125=53 ; and 1252=(5 3 ) 2=5 6=5 2• 3 so log51252=2•3=-2 log5125. Now in 

most of the textbooks we find that so long as m and bare positive 

real numbers, if b is not equal to 1 and if p is any real number, 

then the property of logarithms is expressed as 

logbmP=p logbm 

Since p is any real number, this property can be used to raise a 

number to a power or to extract a root. Suppose we want to find 

(7.27) 5 • Well, log(7.27) 5 = 5 log 7.27 = 5 (0.8615) = 4.3075. 

Therefore, (7.27) 5 has the approximate antilog of 4.3075 or 

approximately 20,300. It's these properties of logarithms which 

make them so popular in physics or biological calculations where 

large numbers need to be manipulated in small spaces. 

Given all of this, we can come up with a simple formula which 

can be used to carry out exponentiation in Pascal: 
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penalty or threat. 

It's nice, you know! 

When I do the work, I can tell I am learning. 

Pam: I wish! 

in class. 

I never know when I am going to use the stuff we do 

Kelly: Ms.- Sonner has files and files of applications and inter-

est ing problems. She says that she is always looking for new 

ideas. When she finds one, she puts it on an overhead transparency 

and a b lackl ine master, then puts it in her f ilea for the next 

year. Sometimes our assignment is to find and present applications 

to the class. I bet next year she uses some of the ones we did for 

her. 

Pam: You have to present in front of the whole class? 

Kelly: Sometimes in front of the whole class, sometimes just to a 

few students in a group, and sometimes just to one other student. 

I learn a lot when I have to prepare to do that, but that's the 

fun. We have to be responsible for our own learning. 

Pam: Ms. Sonner sounds like she has a few teaching tricks up her 

sleeves. 

Kelly: She sure does. Her newest trick is lamaboards. She has a 

piece of white cardboard laminated for each student in class. We 

each have an overhead_ marker, too. At certain times in class when 

Ms. Sonner asks a question, everyone writes the answer on their 

·board, then we show our boards to her at the same time. This way 

she can ask the whole class one question, but receive an individual 

response from every student. 

Pam: This sounds nice-, but how do you get graded for al 1 o.f this! 
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keep listings of all homework assignments. All our homework is in 
the next section. The next part is for classnotes and sample 
problems, which have to be dated. The last part is for quizzes and 
tests. It makes it really. easy to study for tests. Everything is 
in your notebook and easy to find. Besides, I can see what I have 

accomplished during the term. It makes me feel pretty good. 

Pam: All I ever do with my homework, when we get it back, is throw 
it in the trash. By the time we get done going over and over it in 

class, I don't ever want to see the problems again! 

Kelly: We don't spend much ·tome in Ms. Sonner's class going over 
the old material like homework. Sometimes as we walk into class we 

are to make tally marks under the homework problems we want to see 
done in class. But the neat thing is that only the problems that 
have at least six tally marks are done in class. Ms. Sonner 
doesn't waste the whole class's time if just a few individuals have 

problems. She just gets to those individuals later in the period. 

Pam: I wish my teacher would be able to spend some time helping-me 
individually, but· we are always in a rush. What do the other 
students do in class when Ms. Sonner works with individuals? 

Kelly: We always have our own assignments or problems to do then. 

Pam: What if you finish early? 

Kelly: There are always some interesting problems, games, activi-
ties, or projects to do. 

Pam: You sound like you actually like to do all the work? 

Kelly: Oh, I do! The work we do in class or for- homework always 
has a purpose. . It makes you feel pretty positive about the work 
you do when you see the purpose of it and it's not used as a 
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an=exp (n * ln (a)) 

subject to the following restriction. The mantissa, a, must be~ 
positive real or integer value. So ••• a mathematical expression 
like 7.27 5 would be written out in Pascal as exp(5*ln(7.27)). Get 
it? A mathematical expression like 9.81-3•51 would be written out 
in Pascal as exp(-3.5l*ln(9.87)). The only thing that isn't going 

to fly is something like (-5) 0 "15 because it has a negative 
mantissa. 

So you see it is possible to do exponentiation in Pascal. In 

fact, you don't really need to understand the properties of 
logarithms so long as you are able to juggle the formula given and 

follow the rules. But it is nice to be in a position where you can 
teach logarithmic functions to your students and have a ready-made 

excuse ·to make a practical application of the instruction. Thanks, 
Dr. Wirth. 

Here's a small program which calculates comp.ound interest that 
demonstrates the use of this formula as a function. Notice that 
Function Power must be written before Function Interest because 
Interest calls Power, so when we call Interest from the main 
program it calls Power to itself. 

Program Investment (input,output); 

Var 
start,annualrate,earned 
years,days 

real; 
integer; 

Function Power (x,y: real) 
{computes the value of x 

: real; 
to the power of y J 

Begin 
Power := exp (y * ln(x)); 

End; 

Function Interest (start,annualrate :- real; years,days 
: real; . 

{calculates interest earned using compound interest] 
Begin 

End; 

Interest := start 
* power (l+annualrate/100,years+days/365) 
- start; 
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Procedure Getdata; 
Begin 

End; 

Begin 

Write ( '·Input beg inning amount - ') ; 
Readln (start); 
Writeln; 
Write ('Input annual rate of interest - '); 
Readln (annualrate); 
Writeln; 
Write ('Input years - '); 
Readln (years); 
Writeln; 
Write ('Input days - '); 
Readln (days); 

Main Program 

Getdata; 
Earned : = Interest { start ,annualrate,years ,days); 
Writeln; 
Writeln ('Initial investment 
Writeln ('Annual rate 
Writeln ( 'Duration of note 

$', start:10:2); 
', annualrate:5:3); 

',years, ' years and 
days. '); 

Writeln; 
Writeln (' Interest earned " $' ,earned:10:2); 

End. fof Investment] 

OBJECTIVES IN THE MATHEMATICS CURRICULUM 

Marla Ediger 
Northeast Missouri State University 

Kirksville, Missouri 

I ',days' 

The mathematics curriculum is indeed experiencing rapid 

changes. The hand held calculator is no longer an innovative 

method in teaching-learning situations. Just a few years ago 

numerous educational journal articles contained content pertaining 

to the introduction and utilization of the calculator. As a whole, 

it is accepted that the hand held calculator is a must in the 
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Kelly: 

day! 

Pam: 

I love my mathematics class. It's always different every 

How can that be? We are taking the same subject. All my 

mathematics classes have always been the same. The bell rings. 

The teacher takes attendance. We spend most of the classtime going 

over homework. Then we are quickly shown the new material to do 

for our homework. That's the way mathematics is always taught. 

Kelly: That's not the way Ms. Sonner teaches. Everyday is 

different. As soon as we walk in there is something for us to work 

on. Either an interesting puzzle problem, or problems to do at the 

board, solutions of problems with steps missing, or homework 

solutions to write on overhead transparencies, or a two_ question 

quiz, or a homework quiz, or •• 

Pam: What's a homework quiz? 

Kelly: That's when Ms. Sonner writes two or three problem numbers 

on the board from our homework assignment. All you have to do is 

recopy_ the solutions to those problems from your homework to turn 

in. We only get 5 minutes so it makes you prepare all your 

homework for class each day, as you never know when it may occur. 

Pam: But doesn't Ms. Sonner collect all your homework every day? 

Kelly: Sometimes, but not usually. She says that she can get a 

good feeling of how well we a:r;e doing with spot checks, the 

questions at the beginning of class, and the quizzes. Besides that 

she doesn't have to spend all her time grading papers either. It's 

during the first 5 minutes that we are working on our own that Ms. 

Sonner takes attendance, checks with students about make-up 

homework, and that kind of stuff. Oh, yes, we have to keep all of 

our classnotes, homework, quizzes, and tests in a spiral notebook 

for the grading term. It's pretty neat. In the front we have to 
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