The computers used in school classrooms are digital computers.
Pat Deery hos had experience of analog computers and this led
ram to simulate the output of an
analog computer. Here he describes some of the uses fo which
his program has been put with teachers and with students.

ANALOG

him to write a computer pr

he purpose of ANALOG, like that of any

enrichment material, is to unify
mathematical concepts and make
tnathamatics more meaningiitoa
pazticulay individual, The best measura
of the smiccess of enrichment material
wrould be to observe Isamers and answer
these question:,

& Are leamners involved and interested?

% Are they discussing methematical ideas in
concrete ferms [or communicating ideas)?

& e they meeting known concepls Trom a
different point of view?

& s “mathematics happening™?

*  Would the teacher be happy io wes the maderial
ApAin?

This article describes the use of ANALDG with: & group of
Asbevel mathematics teachers: a class studying for London
GCE A-level Mathematics; 8 class who bad already done
wall in A-level Maihematios who were studyving for Fufther
Masherratics (A-bevel Mode 2gyEHabus); and & class studying
Additional Mathemarios,

A workshop [or smaibematles tenchers

When a group of methematics teachers used the program
two warked individually at their own machine, while the rese
preferred to work in paizs. Abl quickly became involved with
the toathesmarkes, | was available to give help.

The progmm ANALDE mmuldes the action of an
analog computer by allewing tho waar to solva
Aiffmpetitial egantore and plot the resuldng cutpuat
r @ vertical of horivontal acle 1f a "time base" is
phofed hetisenislly then a graph of the solution of
e diffetential equation (or its derivative) may be
dlsplayed, If the equation of the Y-aois models sama | |
phyaicel sintakion the horizontal velues may be Kept }
“fied" and the user may chesrve D modet i
actlen. The solution of one differantial squation tnay j
b plotbed wertically and that of & different egualion 1
mioted konzontally giving atcsss 10 mere adeanced
madalling situations.

Extract from the ANALOS mandal,

One teacher was quite happy o investigate SHM by
vatyihg parameters and seemed pleased with 1he graphs pro-
duced, But when changing ¥° (0 produced a change in
ampliteds he expressed surprise and thought he had dis- ]
coveped ¢ bug in the prograra. [towas only after discsssing
the physics of the situation, and after Torther eaperi- |
teentation, thet he realised that the change in amplitade was .
16 b expected. Fe then experimented 1o see the effects
preduced by changing the valug of < in the equation ¥"' + |
of = D{y{) = p, ¥" () = g)and seemed quite pleased with |
ihe resulis. His commetit a2 the end of the session was
iHluminating.

“That was interesting, | suppose § should have known all

that about SHM bat |Fnever really {thought aboul 15 ke that
before™,
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Another teacher suggested that a weight on an elastic spring
would have provided the same insights bat the first teaches
disagreed and believed that he had seen SHM equations
from a new point of view and would like to introduce the
program to his pupils.

Another teacher mentioned that he was introducing
hyperbolic functions at present 10 an A-level group. After
arach discussion i was decided to investigate the solution of
¥+ ay = 0, {0 = 1, ¥'(0) = 0, for positive, negative and
zero values of 2. This produced an interesting series of
graphs (See figure 1), The teacher enjoved doing this simple
investigation and came fo view hyperbolic functions in a
new light. He decided he would like 12 compare the effects
of drawing y = cos t, x = sin t with drawing ¥ = cosh t,
x = sinh i, and so started on his own sell-motivited
investigation,

A different pair found it imferesting to comsider the
probiem of seiting op & differentinl squation 1o medel the
behavieur of 2 parachutist jumping from an peroplans, and
solving it on the computer. They had some difficuly about
the sign of the &ir résistance term in the equation ¥*" = 3,3
+ ky'; vl = 10000 = O and spent sonse time discussing
it. Some difficuliy also arose about 2 suitable length of ime
tor caboulate aver bul eventually they were satisfied, They
graphed v as well 10 observe terminal velocity.

Before feaving, each group demonstrated their work to
the others. Mast were prepared to wse AMALDS in their
own classroom. The fact that they had besn osing
ANAELOG 1o solve problems and had been getually ‘doing
mathematics” rather than watching 2 demonstration seemed
w convings them of the worth of the package, Befoee
teachers can realize the value of computers in their class-
rooms they must first become abeorbed in wsing a computer
1o solve problems for themselves.,

An A-tevel methemmiics clus

‘The teacher in a local school was willing to allow me two
forty-mingte periods to use ANALOK with ker A-devel
maths greup. This group, consisting of six good math-
ematicians, had no experience of computers, aithough one
had a miccocomputer at home, They seemed to regard ihe
single BBC Master s ap 8t the back of the room for the
occasion with the same suspicion with which they regarded
their new mathemnatics teacher, It seemed that the letson was
going to be mostly a demonstration — but nevertheless
students were encouraged to type in numbers and use the
arnow keys.

Dirce students were familiar with the working of the mena
systam they looked for a physical example to solve. The
question about the water flow into and out of a tank from a
London University A-Lewel Paper seemed appropriate
because they had solved the problem recenily.

"I water tarle has the shape of an open rectangular box of
Jength I m, width 0.5 m and height 0.5 m. Water may be
Souined from the tank rough & tap a the bottom of the

iz closad. Show that, t minutes afta: the ap has bean
opaned, the variable b satisfes the differential equation

10K = 1-Eh

O a particular accasion the tap was opened when h =
.28 and clopad whan h = 0L.373. Show that the tap was
openad for & In 2 minses."

The equation was easily entered onto the machine and, after
some experimentation, the students decided to compute for
100 minutes so thar they could see the steady state solution
mare chearly, The foct that the height of the tank was 0.5 m
and the steady state solution was at b = 0.5 drew some com-
ment, Withowt any prompting one of the students asked
what would happen i the tank was initiafly empty — and the
new graph showed their predictions to be correct. The
students tried some maore initial heights (including b = 0.5)
but no one suggested any height greater than 0.5 — perhaps
because of the tmitstion built info the question. When this
limitation was removed they seemed generally surprised and
pleaced that b = 0.5 was still the steady state sobution, wrtil
pae of them pointed ot how to anticipate this by taking h*
= 0, The ensuing discussion about whether h* = 0 gave a
marning point, what type of tuming point, and where it
occurred on the graph, was concrete mathematical dis-
cussion that would probably not have developed had the
students not been handling the situation in what felt like a
real way.

It appeared to me that mathemetics was beginning to
happen when the girls were genuinely intevested in the
solution obtained from different initial depths of water and
when the discussion of 't tends to infinity™ was in concrete
terms. But to derive real benefit from using any piece of
apparatus or aid, it must become famitiar through regular
s,

A Further Mathemation clans

One of the tezchers at the workshop expressed more interest
than the others in using ANALOG. He had a class of
cighteen studyving Further Maths at A-fevel,

The tezcher had been using an investigative approach in
the classroom and was involved in the development of the
Morthern Ireland Meode 2 examination in Further Math-
ematics, He was inferested in enrichment material and sug-
gestions. for studeént projects. The students were familiar
with the use of 8 BBC microcomputer. They had access o s
microcomputer laboratory with sight BRC Masters and it
was relatively casy to bring & Master to the classroom for
demonstrations or other wses.

The students had used Fumction Grapd Plofter (FGP),
had done some modelling using a spreadshest gnd had used
a statkstics pachuge. The teacher was interested in making
ANALOG one of the picoes of software that students had
access to for ordinary everyday use.

The teacher introduced ANALOG slowly, using it in
various modes. He demonstrated it to the whobe class, using
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solution was demonstrated on the computer and discussed.

Grudents were encouraged o sobve differential equations
that eccusred En class by going to the microcomputer
lzboratory later. The teacher thought it worthwhile to take
the whote class to the microcomputer laboratory to work in
grouwps to investigate graphs of ¥ + ay m 0 for positive gnd
negative valoes of a and different initial values, After the
tesson he felt that most groups had derived some extra
insight inte hyperbolic and circular functions and also into
the concept of funclion,

Three students decided to use ANALDG as the basis for
the investigation to be submitted 3 part of their Mode 2
examination.

The teacher said **The maore | use the program the mose
different ways [ see of using it. 1 feel we are  long way from
exhausting its capabitities. "

An Additdons! Mathemetics el

Ome teacher wied ANALGG with an additional mathematics
class in demonsiration mode. He felt that students didn't
teally appreciate what was going on when he was discussing
; questions ke

4 narticle moves so that its position after t seconds is given
by x = 5% Bt%+ 1. Describe the subsequent motion™.

n'umumwmmm:m-myhnm»m

o

Abowa and bomom hedt: Invesigations using ANALOG

motion and position could be observed, After discussion &

The teacher felt that the students gained insight into the
meaning of negative position and velecity from this demon.
siration and intends to use ANALOG next year when the
same group stari A-level Matha,

Conrhitlon

In general, feedback from uers has been positive and
encouraging. When students are given a chance fo uss
AMALOG they guite quickly became involved in a real |
mathematical environment and begin to see idens from o
Ew PErSpECtive. [ ]

Pat Deery
Put Desry worls st Nonth West College of Technalogy.
Nesthern [rafand. ANALOG i3 one of the

Londonderry,
programs incloded on the filth Micromath disl, now
available from the KTM Offics,
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