APPENDIX 2

INTRODUCTION TO MATHEMATICAL MODELLING
i

A2.1Introduction

Right from your earlier classes, you have been solving problems related to the
real-world around you. For example, you have solved problemsin simpleinterest using
theformulafor findingit. Theformula (or equation) isarelation between theinterest
and the other three quantitiesthat arerelated to it, the principal, the rate of interest and
the period. This formulais an example of a mathematical model. A mathematical
model is amathematical relation that describes some real-life situation.

Mathematical models are used to solve many real-life situationslike:

launching asatellite.
predicting the arrival of the monsoon.

controlling pollution dueto vehicles.
reducing traffic jamsin big cities.

In this chapter, we will introduce you to the process of constructing mathematical
models, which is called mathematical modelling. In mathematical modelling, we
take a real-world problem and write it as an equivalent mathematical problem. We
then solve the mathematical problem, and interpret its solution in terms of the
real-world problem. After thiswe seeto what extent the solutionisvalid in the context
of the real-world problem. So, the stagesinvolved in mathematical modelling are
formulation, solution, interpretation and validation.

Wewill start by looking at the process you undertake when solving word problems,
in Section A2.2. Here, we will discuss some word problems that are similar to the
ones you have solved in your earlier classes. We will see later that the steps that are
used for solving word problems are some of those used in mathematical modelling

aso.



INTRODUCTION TO MATHEMATICAL M ODELLING 307

In the next section, that is Section A2.3, we will discuss some simple models.

In Section A2.4, we will discuss the overall process of modelling, its advantages
and some of itslimitations.

A2.2 Review of Word Problems

In this section, we will discuss some word problems that are similar to the ones that
you havesolvedinyour earlier classes. Let usstart with aproblem on direct variation.

Examplel: | travelled 432 kilometres on 48 litres of petrol in my car. | haveto go by
my car to a place which is 180 km away. How much petrol do | need?

Solution : Wewill list the stepsinvolved in solving the problem.

Step 1 : Formulation : You know that farther we travel, the more petrol we
require, that is, the amount of petrol we need varies directly with the distance we
travel.

Petrol needed for travelling 432 km = 48 litres
Petrol needed for travelling 180 km = ?
Mathematical Description : Let

x = distance | travel

y = petrol | need
y varies directly with x.

o, y = kx, where k is a constant.
| can travel 432 kilometres with 48 litres of petrol.
S0, y = 48, x=432.
Therefore, k= Y 48 1 .

X 432 9
Since y = kX,

1
therefore, y=gXx (1)

Equation or Formula (1) describesthe relationship between the petrol needed and
distancetravelled.

Step 2 : Solution : We want to find the petrol we need to travel 180 kilometres,
so, we have to find the value of y when x=180. Putting x = 180 in (1), we have
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180
9
Step 3 : Interpretation : Since y = 20, we need 20 litres of petrol to travel
180 kilometres.

Did it occur to you that you may not be ableto usetheformula (1) in all situations?
For example, suppose the 432 kilometres route is through mountains and the 180
kilometres route isthrough flat plains. The car will use up petrol at afaster ratein the
first route, so we cannot use the same rate for the 180 kilometres route, where the
petrol will be used up at aslower rate. So the formulaworksif all such conditionsthat
affect the rate at which petrol is used are the same in both the trips. Or, if thereisa
difference in conditions, the effect of the difference on the amount of petrol needed
for the car should be very small. The petrol used will vary directly with the distance
travelled only in such asituation. We assumed thiswhile solving the problem.

y= =20,

Example 2 : Suppose Sudhir has invested ¥ 15,000 at 8% simple interest per year.
With the return from the investment, he wants to buy a washing machine that costs
¥ 19,000. For what period should he invest % 15,000 so that he has enough money to
buy awashing machine?

Solution : Step 1 : Formulation of the problem : Here, we know the principal and
therate of interest. Theinterest isthe amount Sudhir needsin addition to 15,000 to buy
the washing machine. We have to find the number of years.

Prr
Mathematical Description : The formulafor smple interestis| = 10"

where P = Principal,
n= Number of years,
r % = Rate of interest
| = Interest earned
Here, theprincipal = ¥ 15,000
The money required by Sudhir for buying awashing machine =3 19,000
So, the interest to be earned = % (19,000 —15,000)
=34,000
The number of years for which % 15,000 is deposited = n
The interest on % 15,000 for nyears at the rate of 8% = |
15000x nx 8

Then, | =
100
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So, | = 1200n (1)
givesthe relationship between the number of yearsand interest, if ¥ 15000 isinvested
at an annual interest rate of 8%.

We have to find the period in which the interest earned is ¥ 4000.
Putting | =4000in (1), we have

4000 = 1200n (2
Step 2 : Solution of the problem : Solving Equation (2), we get
4000 1
n= ——=3-
1200 3

1
Step 3 : Interpretation : Since n = 35 and one third of a year is 4 months,

Sudhir can buy awashing machine after 3 years and 4 months.

Can you guess the assumptions that you have to make in the example above? We
have to assume that the interest rate remains the same for the period for which we

Prr
caculate theinterest. Otherwise, theformulal = E will not bevalid. Wehave aso

assumed that the price of the washing machine does not increase by the time Sudhir
has gathered the money.

Example 3 : A motorboat goes upstream on ariver and covers the distance between
two towns on the riverbank in six hours. It covers this distance downstream in five
hours. If the speed of the stream is 2 km/h, find the speed of the boat in still water.

Solution : Step 1: Formulation : We know the speed of theriver and the time taken
to cover the distance between two places. We have to find the speed of the boat in
still water.

Mathematical Description : Let uswrite x for the speed of the boat, t for the time
taken and y for the distance travelled. Then

y = tx (D)
Let d be the distance between the two places.
While going upstream, the actual speed of the boat

= gpeed of the boat — speed of the river,
because the boat is travelling against the flow of theriver.
So, the speed of the boat upstream = (x — 2) km/h
It takes 6 hours to cover the distance between the towns upstream. So, from (1),
we get d= 6(x—-2) 2
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When going downstream, the speed of the river has to be added to the speed of the
boat.

So, the speed of the boat downstream = (x + 2) km/h
The boat takes 5 hours to cover the same distance downstream. So,
d= 5(x+2) 3
From (2) and (3), we have
5x+2) = 6(x-2) 4
Step 2 : Finding the Solution
Solving for x in Equation (4), we get x = 22.
Step 3 : Interpretation
Since x = 22, therefore the speed of the motorboat in still water is 22 km/h.

In the example above, we know that the speed of the river is not the same
everywhere. It flows slowly near the shore and faster at the middie. The boat starts at
the shore and movesto the middle of theriver. When it iscloseto the destination, it will
slow down and move closer to the shore. So, there is a small difference between the
speed of the boat at the middle and the speed at the shore. Sinceit will be closeto the
shore for a small amount of time, this difference in speed of the river will affect the
speed only for asmall period. So, we can ignore this difference in the speed of the
river. We can also ignore the small variationsin speed of the boat. Also, apart from the
speed of the river, the friction between the water and surface of the boat will also
affect the actual speed of the boat. We also assume that this effect is very small.

So, we have assumed that
1. The speed of the river and the boat remains constant all the time.

2. The effect of friction between the boat and water and the friction dueto air is
negligible.
We have found the speed of the boat in still water with the assumptions
(hypotheses) above.

As we have seen in the word problems above, there are 3 steps in solving a
word problem. These are

1. Formulation : We analyse the problem and see which factors have a major
influence on the solution to the problem. These are the relevant factors. In
our first example, the relevant factors are the distance travelled and petrol
consumed. We ignored the other factors like the nature of the route, driving
speed, etc. Otherwise, the problem would have been more difficult to solve.
The factors that we ignore are the irrelevant factors.
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We then describe the problem mathematically, in the form of one or more
mathematical equations.

2. Solution : We find the solution of the problem by solving the mathematical
eguations obtained in Step 1 using some suitable method.

3. Interpretation : We see what the solution obtained in Step 2 means in the
context of the original word problem.

Here are some exercises for you. You may like to check your understanding of
the stepsinvolved in solving word problems by carrying out the three steps above for
thefollowing problems.

EXERCISE A21

In each of the following problems, clearly state what the relevant and irrelevant factors are
while going through Steps 1, 2 and 3 given above.

1. Suppose a company needs a computer for some period of time. The company can
either hireacomputer for ¥ 2,000 per month or buy onefor ¥ 25,000. If the company
hasto use the computer for along period, the company will pay such ahigh rent, that
buying a computer will be cheaper. On the other hand, if the company hasto use the
computer for say, just one month, then hiring a computer will be cheaper. Find the
number of months beyond which it will be cheaper to buy acomputer.

2. Supposeacar startsfrom aplaceA and travel s at aspeed of 40 km/h towards another
place B. At the same instance, another car starts from B and travels towards A at a
speed of 30 km/h. If the distance between A and B is 100 km, after how much timewill
the cars meet?

3. Themoonisabout 3,84,000 km from the earth, and its path around the earth is nearly
circular. Find the speed at which it orbitsthe earth, assuming that it orbitsthe earthin
24 hours. (Usert=3.14)

4. A family pays3 1000 for electricity on an averagein those monthsin which it does not
useawater heater. Inthemonthsinwhichit usesawater heater, the average electricity
bill is¥ 1240. The cost of using the water heater is¥ 8.00 per hour. Find the average
number of hours the water heater is used in aday.

A2.3 SomeMathematical M odels

So far, nothing was new in our discussion. In this section, we are going to add another
step to the three steps that we have discussed earlier. This step is called validation.
What does validation mean? Let us see. In areal-life situation, we cannot accept a
model that givesus an answer that does not match thereality. This process of checking
the answer against reality, and modifying the mathematical descriptionif necessary, is



312 M ATHEMATICS

called validation Thisisavery important step in modelling. Wewill introduceyou to
thisstep in this section.

First, let uslook at an example, where we do not have to modify our model after
vdidation.

Example 4 : Suppose you have aroom of length 6 m and breadth 5 m. You want to
cover the floor of the room with square mosaic tiles of side 30 cm. How many tiles
will you need? Solve this by constructing amathematical model.

Solution : Formulation : We have to consider the area of the room and the area of
atilefor solving the problem. The side of thetileis0.3 m. Sincethelengthis6 m, we

6
can fitin 03 = 20 tiles along the length of the room in one row (see Fig. A2.1.).
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Fig. A2.1

5
Since the breadth of the room is5 metres, we have 0_3 =16.67. So, wecanfitin

16tilesinacolumn. Since 16 x 0.3 =4.8, 5—4.8 = 0.2 metres along the breadth will
not be covered by tiles. Thispart will haveto be covered by cutting the other tiles. The
breadth of the floor left uncovered, 0.2 metres, is more than half the length of atile,
whichis0.3 m. Sowe cannot break atileinto two equal halves and use both the halves
to cover theremaining portion.

Mathematical Description : We have:
Total number of tilesrequired = (Number of tilesalong the length
x Number of tiles along the breadth) + Number of tiles along the uncovered area

(1)



INTRODUCTION TO MATHEMATICAL M ODELLING 313

Solution : Aswe said above, the number of tiles along the length is 20 and the
number of tilesalong the breadth is 16. We need 20 moretilesfor thelast row. Substituting
these valuesin (1), we get (20 x 16) + 20 = 320 + 20 = 340.

Interpretation : We need 340 tiles to cover the floor.

Validation : In real-life, your mason may ask you to buy some extra tiles to
replace those that get damaged while cutting them to size. This number will of course
depend upon the skill of your mason! But, we need not modify Equation (1) for this.
This gives you arough idea of the number of tiles required. So, we can stop here.

Let us now look at another situation now.

Example5: Intheyear 2000, 191 member countries of the U.N. signed adeclaration.
In this declaration, the countries agreed to achieve certain development goals by the
year 2015. These are called the millennium development goals. One of these goals
is to promote gender equality. One indicator for deciding whether this goal has been
achieved is the ratio of girls to boys in primary, secondary and tertiary education.
India, asasignatory to the declaration, iscommitted toimprovethisratio. The datafor
the percentage of girlswho are enrolled in primary schoolsisgivenin TableA2.1.

Table A2.1
Year Enrolment
(in %)
1991-92 419
1992-93 42.6
1993-A4 427
1994-95 429
1995-96 431
1996-97 432
1997-98 435
1998-99 435
1999-2000 43.6°
2000-01 43.7
2001-02 44.1*

Sour ce : Educational statistics, webpage of Department of Education, GOI.

* indicates that the data is provisional.
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Using thisdata, mathematically describetherate at which the proportion of girlsenrolled
in primary schools grew. Also, estimate the year by which the enrolment of girlswill
reach 50%.

Solution : Let usfirst convert the problem into a mathematical problem.

Step 1: Formulation : Table A2.1 gives the enrolment for the years 1991-92,
1992-93, etc. Since the students join at the beginning of an academic year, we can
take the years as 1991, 1992, etc. Let us assume that the percentage of girlswho join
primary schoolswill continue to grow at the same rate as the rate in Table A2.1. So,
the number of yearsisimportant, not the specific years. (To give asimilar situation,
when we find the simple interest for, say, ¥ 1500 at the rate of 8% for three years, it
does not matter whether the three-year period is from 1999 to 2002 or from 2001 to
2004. What isimportant isthe interest rate in the years being considered). Here also,
we will see how the enrolment grows after 1991 by comparing the number of years
that has passed after 1991 and the enrolment. Let us take 1991 as the Oth year, and
write 1 for 1992 since 1 year has passed in 1992 after 1991. Similarly, wewill write 2
for 1993, 3 for 1994, etc. So, Table A2.1 will now look like as TableA2.2.

Table A2.2

Enrolment
(in %)

<
g

41.9
42.6
42.7
429
431
432
435
435
43.6
43.7
441
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Theincreasein enrolment isgiveninthefollowing table:

Table A2.3
Year Enrolment I ncrease
(in %)

0 41.9 0

1 42.6 0.7
2 2.7 0.1
3 42.9 0.2
4 43.1 0.2
5 43.2 0.1
6 435 0.3
7 435 0

8 43.6 0.1
9 437 0.1
10 4.1 0.4

At the end of the one-year period from 1991 to 1992, the enrolment hasincreased
by 0.7% from 41.9% to 42.6%. At the end of the second year, this has increased by
0.1%, from 42.6% to 42.7%. From the tabl e above, we cannot find adefinite rel ationship
between the number of years and percentage. But the increase is fairly steady. Only
in thefirst year and in the 10th year there is ajump. The mean of the valuesis

07+01+02+02+01+03+0+01+01+04
0 =0.22

Let us assume that the enrolment steadily increases at the rate of 0.22 per cent.

Mathematical Description : We have assumed that the enrolment increases
steadily at the rate of 0.22% per year.

So, the Enrolment Percentage (EP) in the first year = 41.9 + 0.22

EPinthe second year =41.9+0.22 +0.22=41.9+ 2 x 0.22

EPinthethird year =419+ 0.22+0.22+0.22=41.9+ 3 x 0.22

So, the enrolment percentage in the nth year = 41.9 + 0.22n, for n > 1. D
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Now, we also have to find the number of years by which the enrolment will reach
50%. So, we have to find the value of nin the equation or formula

50=41.9+0.22n (2
Step 2 : Solution : Solving (2) for n, we get

_50-419 81
022 022
Step 3 Interpretation : Since the number of yearsisan integral value, we will
take the next higher integer, 37. So, the enrolment percentage will reach 50% in
1991 + 37 = 2028.
In aword problem, we generally stop here. But, since we are dealing with areal-
life situation, we have to see to what extent this value matches the real situation.
Step 4 : Validation: Let uscheck if Formula(2) isin agreement with the redlity.

Let usfind the valuesfor the yearswe aready know, using Formula(2), and compare
it with the known values by finding the difference. Thevaluesaregivenin TableA2.4.

=36.8

Table A2.4
Year Enrolment Values given by (2) Difference

(in %) (in %) (in %)
0 41.9 41.90 0
1 42.6 4212 0.48
2 42.7 42.34 0.36
3 42.9 42.56 0.34
4 431 42.78 0.32
5 43.2 43.00 0.20
6 435 4322 0.28
7 435 43.44 0.06
8 43.6 43.66 —-0.06
9 43.7 43.88 -0.18
10 44.1 44.10 0.00

Asyou can see, some of the values given by Formula (2) are less than the actual
values by about 0.3% or even by 0.5%. Thiscan giveriseto adifference of about 3to
5 years since the increase per year is actually 1% to 2%. We may decide that this
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much of adifferenceis acceptable and stop here. In this case, (2) isour mathematical
moddl.

Suppose we decide that this error is quite large, and we have to improve this
model. Then we haveto go back to Step 1, the formulation, and change Equation (2).
Let us do so.

Step 1 : Reformulation : We still assume that the values increase steadily by
0.22%, but we will now introduce a correction factor to reduce the error. For this, we
find the mean of all the errors. Thisis

0+0.48+0.36+ 034+ 032+ 0.2+ 028+ 006 -006—-0.18+0
10

=0.18

We take the mean of the errors, and correct our formula by this value.

Revised Mathematical Description : Let us now add the mean of the errorsto
our formulafor enrolment percentage given in (2). So, our corrected formulais:

Enrolment percentage in the nth year = 41.9 + 0.22n + 0.18 = 42.08 + 0.22n, for
n>1 3

We will al'so modify Equation (2) appropriately. The new equation for nis:
50 = 42.08 + 0.22n (4)
Step 2 : Altered Solution : Solving Equation (4) for n, we get

_ 50-42.08 7.92

n= = =36
0.22 0.22

Step 3 Interpretation: Since n= 36, the enrolment of girlsin primary schools
will reach 50% in the year 1991 + 36 = 2027.

Step 4 : Validation: Once again, let us compare the values got by using Formula
(4) with the actual values. Table A2.5 gives the comparison.
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Table A2.5
Year Enrolment Values | Difference Values Difference
(in %) given between given between
by (2) values by (4) values
0 419 41.90 0 41.9 0
1 42.6 4212 0.48 42.3 0.3
2 2.7 42.34 0.36 4252 0.18
3 429 42.56 0.34 42.74 0.16
4 431 42.78 0.32 42.96 0.14
5 432 43.00 0.2 43.18 0.02
6 435 43.22 0.28 434 0.1
7 435 43.44 0.06 43.62 -0.12
8 43.6 43.66 —-0.06 43.84 -0.24
9 437 43.88 -0.18 44.06 -0.36
10 441 44.10 0 44.28 -0.18

As you can see, many of the values that (4) gives are closer to the actual value
than the values that (2) gives. The mean of the errorsis 0 in this case.

We will stop our process here. So, Equation (4) is our mathematical description
that givesamathematical rel ationship between years and the percentage of enrolment
of girlsof thetotal enrolment. We have constructed amathematical model that describes
the growth.

The process that we have followed in the situation above is called
mathematical modelling.

We havetried to construct amathematical model with the mathematical tool s that
we aready have. There are better mathematical toolsfor making predictionsfrom the
datawe have. But, they are beyond the scope of this course. Our aim in constructing
thismodel isto explain the process of modelling to you, not to make accurate predictions
at this stage.

You may now like to model somereal-life situationsto check your understanding
of our discussion so far. Here is an Exercise for you to try.
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EXERCISEA2.2

1. We have given the timings of the gold medalists in the 400-metre race from the time the
event wasincluded in the Olympics, in the table below. Construct a mathematical model
relating the years and timings. Useit to estimate the timing in the next Olympics.

Table A2.6
Year Timing (in seconds)
1964 5201
1968 52,03
1972 5108
1976 4928
1980 4383
1934 4883
1988 4865
1992 4383
199% 4825
2000 4011
2004 4941

A2.4TheProcessof Modelling, itsAdvantagesand Limitations

L et usnow conclude our discussion by drawing out aspects of mathematical modelling
that show up in the examples we have discussed. With the background of the earlier
sections, we are now in a position to give a brief overview of the stepsinvolved in
moddlling.

Step 1 : Formulation : You would have noticed the difference between the
formulation part of Example 1 in Section A2.2 and the formulation part of the model
wediscussedin A2.3. In Example 1, al theinformationisin areadily usableform. But,
in the model given in A2.3 this is not so. Further, it took us some time to find a
mathematical description. We tested our first formula, but found that it was not as
good as the second one we got. This is usualy true in general, i.e. when trying to
model real-life situations; the first model usually needs to be revised. When we are
solving aredl-life problem, formulation can requirealot of time. For example, Newton's
threelaws of motion, which are mathematical descriptionsof mation, are simpleenough
to state. But, Newton arrived at these laws after studying alarge amount of data and
the work the scientists before him had done.
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Formulation involvesthefollowing three steps:

(i) Stating the problem : Often, the problem is stated vaguely. For example,
the broad goal isto ensure that the enrolment of boysand girlsareequal. This
may mean that 50% of the total number of boys of the school-going age and
50% of the girls of the school-going age should be enrolled. Theother way is
to ensure that 50% of the school-going children aregirls. Inour problem, we
have used the second approach.

(ii) Identifying relevant factors : Decide which quantities and relationships
areimportant for our problem and which are unimportant and can be neglected.
For example, in our problem regarding primary schools enrolment, the
percentage of girlsenrolled in the previous year can influence the number of
girls enrolled this year. This is because, as more and more girls enrol in
schools, many more parents will feel they also have to put their daughtersin
schools. But, we haveignored thisfactor because this may becomeimportant
only after the enrolment crossesacertain percentage. Also, adding thisfactor
may make our model more complicated.

(iii) Mathematical Description : Now suppose we are clear about what the
problem is and what aspects of it are more relevant than the others. Then we
have to find a relationship between the aspects involved in the form of an
equation, a graph or any other suitable mathematical description. If itisan
equation, then every important aspect should be represented by avariablein
our mathematical equation.

Step 2: Finding the solution : The mathematical formulation does not give the
solution. We have to solve this mathematical equivalent of the problem. Thisiswhere
your mathematical knowledge comesin useful.

Step 3 Interpretating the solution : The mathematical solution is some value
or values of the variablesin the model. We have to go back to thereal-life problem and
see what these values mean in the problem.

Step 4 : Validating the solution : Aswe saw inA2.3, after finding the solution
wewill have to check whether the solution matches the redlity. If it matches, then the
mathematical model isacceptable. If the mathematical solution does not match, wego
back to the formulation step again and try to improve our model.

This step in the process is one major difference between solving word problems
and mathematical modelling. Thisisone of the most important stepin modelling that is
missing inword problems. Of coursg, it is possiblethat in somereal-life situations, we
do not need to validate our answer because the problem is simple and we get the
correct solution right away. Thiswas so in the first model we considered in A2.3.
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We have given asummary of the order inwhich the stepsin mathematical modelling
arecarried outinFig. A2.2 below. Movement from the validation step to theformulation
step isshown using adotted arrow. Thisis because it may not be necessary to carry
out this step again.

For mulation of the Solution ofthe
problem —> problem

g

Checking/validating Interpretation of the
the solution solution

Fig.A2.2

Now that you have studied the stages involved in mathematical modelling, let us
discuss some of its aspects.

The aim of mathematical modelling isto get some useful information about areal -
world problem by converting it into amathematical problem. Thisisespecially useful
when it is not possible or very expensive to get information by other means such as
direct observation or by conducting experiments.

You may also wonder why we should undertake mathematical modelling? Let us
look at some advantages of modelling. Suppose we want to study the corrosive
effect of the discharge of the Mathurarefinery on the Tgj Mahal. Wewould not like to
carry out experiments on the Tgj Mahal directly since it may not be safe to do so. Of
course, we can use a scaled down physical model, but we may need special facilities
for this, which may be expensive. Here is where mathematical modelling can be of
great use.

Again, suppose we want to know how many primary schoolswewill need after 5
years. Then, we can only solvethis problem by using amathematical model. Similarly,
itisonly through modelling that scientists have been ableto explain the existence of so
many phenomena.

You saw in Section A2.3, that we could have tried to improve the answer in the
second example with better methods. But we stopped because we do not have the
mathematical tools. This can happen in real-life aso. Often, we have to be satisfied
with very approximate answers, because mathematical tools are not available. For
example, the model equations used in modelling weather are so complex that
mathematical toolsto find exact solutions are not available.
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You may wonder to what extent we should try to improve our model. Usually, to
improveit, we need to take into account more factors. When we do this, we add more
variablesto our mathematical equations. We may then have avery complicated model
that isdifficult to use. A model must be simple enough to use. A good model balances
two factors:

1. Accuracy, i.e, how closeitisto redity.

2. Ease of use.

For example, Newton's laws of motion are very simple, but powerful enough to
model many physical situations.

So, ismathematical modelling the answer to all our problems? Not quite! It hasits
limitations.

Thus, we should keep in mind that a model is only a simplification of a real-
world problem, and the two are not the same. It is something like the difference
between amap that givesthe physical features of acountry, and the country itself. We
canfind the height of a place abovethe sealevel from thismap, but we cannot find the
characteristics of the peoplefromit. So, we should use amodel only for the purposeit
issupposed to serve, remembering all the factorswe have neglected while constructing

it. We should apply the model only withinthe limitswhereitisapplicable. Inthelater
classes, we shall discuss this aspect alittle more.

EXERCISEA2.3

1. How arethe solving of word problems that you come across in textbooks different
from the process of mathematical modelling?

2. Supposeyou want to minimisethewaiting time of vehiclesat atraffic junction of four
roads. Which of these factors are important and which are not?

(i) Priceof petrol.
(i) Therateat which the vehiclesarrivein the four different roads.

(ili) Theproportion of slow-moving vehicleslike cyclesand rickshawsand fast moving
vehicleslike carsand motorcycles.

A2.5Summary
Inthis Appendix, you have studied thefollowing points:

1. Thestepsinvolvedin solving word problems.
2. Construction of some mathematical models.
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3. Thestepsinvolved in mathematical modelling given in the box below.

1 Formulation:
(i) Stating the question
(i) Identifying the relevant factors
(ili) Mathematical description

2. Findingthesolution.

Inter pretation of the solution in the context of thereal-world
problem.

4. Checking/validating to what extent the model is a good
representation of the problem being studied.

4. Theaims, advantagesand limitations of mathematical modelling.



