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ANSWERS/HINTS
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li

EXERCISE 1.1

= LS

2
There can be infinitely many rationals betwen numbers 3 and 4, one way is to take them

|--|l"_.‘-
m|-::.

Yes. 0= etg., denominator g can also be taken a5 negative integen

3'—1 4=£-Th:uthesixm:mbm &gg 24 ETE 2k,

6+1 6+1 ¢ TR S T TR TR

33{!4 40 31 32 33 M 35

Therefore, Evarahnna]smrﬁ E ﬁ ﬁ E

5 505 50
(i) True, singe the ¢ollection of whole numbers containg all the natural numbers,
itit False, for example —2 is not a whole nomber,

1, . .
(i) False, for example 3 ig @ rational number but not a whole number,

EXERCISE 1.2
i) True. since collection of real numbers is made up of rational and irrationa] numbers,
(i} False, no negative number can be the square roat of any natoral number.
ifii} False, (or example 2.ig real but not irrational,

No. For example, J4 =2 is arational number.
Repzal the procedure as in Fig. 1.8 several times. First obtain V4 and then /5 .
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EXERCISE 1.2
(i} 036, erminatmg, (i) 009, non-terminating repeating.
iit) 4125, terminating, tivl 0230769 , non-ierninaling repeating,

(v} 018 non-lerminating repeating. (vi} (LB225 lerminating.

2 _axt_pzesTe, 2 _3x1—oa2m5m, 4 _axl_o5Tam,
T T T T i T

5 =55l = o714am, S _ewl-pisTian

T 7 7 7

6 2

(i} 3 [L.etx 0.666.. .50 10x=0.606...0r, lQx=6+x or, x= E_E]

g -

T ) 999

1[Letx=09999.  _Spl0x=9999 . o, MWxr=9+x or x=1]
005882352041 17647
The prime factorisation of g has only powers of 2 or powers of 5 or both.

GO 00T 000100001 . .. 0.202002000200002. . ., 0.003000300003. ..
0.75075007 500075000075, . ., 0.76T07a70076T00076T. . ., 0.B08008000800008. . |

(i) and {v) irrationaly (i), (iii) and {iv) rational.

EXERCISE 1.4
Proceed a5 in Section 1.4 for 2.6635,
Proceed as in Exumple 11.
EXERCISE 1.5

(it lrational (i} Rational (i) Rational {iv) Trrational
iv) Irrational

M 6+32+2/3+6 fii) 6 (i) 7 + 2410 (iv) 3

There 15 no contradiction. Bemember that when you mieasure a length with a scale or any
other device, you only gel an approximale rational valus. So, voo may not realise thal
sither £ or d s irrational.
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4. ReferFig. 1.17.

T
5 ) g M) 7 ++6 )

B ) JT+2

3 {iv) 3

EXERCISE 1.6

1 -4 -
LM B @2 S Z@®2 ()4 G)s G :5-[(1'251 Y=(st)i=5"|

b ]

1 |
3 M 2 (i) 3 (i) 119 (iv) 561
EXERCISE 2.1
1. (i) and (i) are polyvnomaals in one variable, (v) is a polyngmial in three varizbles,

{iii), 1iv) are not polyoomials, becanse in each of these exponent of the variable is not a
whole number,

T

2w 1 iy —1 (i} 5 vy 0

3 a_g 2 ¥ (You can write some mors polynomials with different cosfficients. )

4. i 3 (i 2 fiiiy 1 vy 0
5. (i) guoadratic {i) ‘cubic {iiil} quadratic {iv) linear
(v} linear (vi} quadratic {vii) cubic

EXERCISE 2.2

L 3 {ii) —6 i) —3
2Z 0 L3 )y 2.4,4 fiiy 0.1,8 (v) =103
W Yes i) No () Yes v} Yes
v} Yes (v} Yes
Vil ,,}_ 15 4 Zero, but ..%‘_ is not 4 zero of the polynomial (viii} MNo
V3 NE]
4, ) -5 (i) 3 (i) =2 fiv) 2
2 3
() 0 (vi) 0 ity —4

¢
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EXERCISE 2.3

1L 0 (ii) —E— (i) 1 (iv) -5 4 3m* —3n + | m-?g
2 5o 3. No, since remaincer i5 not zeoo.
EXERCISE 2.4
1. (x+ 1)igafactor of (i), but not the facter of (i1), (iii) and (iv).
2. (@ Yes (i} No i) Yes
3

L0 -2 i) ~(2++2) (iil) 2 —1 v} 5
4. 1 e-1)4e-1) ) x+3(2r+1) G 2o+ 0x0-2) O k+ 1D {84
5. ) (x=2)(x-Dix+1) (@) (x+ 1) x+1){x-5)

i) (e Liix+2) 0x+10) vy (y=10y+ 12+ 1)

EXERCISE 2.5

L@ a4+ 1d4u+40 (i) 42— 2e—H0 (i} 9% -3z -20
. 9 .
fivy yr—— v 9-447
4
2. 11021 (i) 9120 (i) 9984

. . : 7 ¥ ¥
0 Gr+p(Gx+y @) 2Zy-1)2p-1)  (m) [I"‘ﬁ)[ﬂr—ﬁ]

4. 00 A+ 162+ day+ 16pr + Bar
(i) a4+ y' o+ o —duy — Dyz + daz
(iif) e+ 9y + 422 12y + [ 2yz - Rur
(iv) 9a®+ 495 + ¢ —42ab + 14bc - Gar
(v} e+ 25y + 928 — 2y — 30z + 12az
a b ab

i1
) —+—t+l=——— b+ —
V) Is 4 4 2

5.0 Qevdy-dn@edy-dn ) (V2x+y+22z)(V2r v+ 222
6. () 84127 +6r+1 (i) 8a®—27b* - 36a%b + Sdab?
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7.

10.
1.
12.
13.
14.

15,

16.

1.

Es ?’_7 3 E_ . xz_i Lgd +4v\'-}’;
i} Ex +4.x +zx+‘£ ) -2.?}' ¥ 3
iy Sneee iy 1061208 (i) 99401 1992

iy (2a+b2a+bi2a+bh
(i} (3 5aid-5a)3-5a)

o (o= or-5)or-4)

U [3y+ F2)0y 4+ 252"~ [Spz)

G p+n (9 + 7 + 2 =3ay —yo—3xz)
Sumplify RHS,

Puta+ v+ z=0in Identity VIII.

iy =1260.Leta==I2,b=T,c=53.Here g+ b+ ¢=0. Use the result given in Q13.
iy 16380

U} One possible answer is : Length =32~ 3, Breadth=5a -4

i) (Za=0bn2a=>bi2a<hb
(v} (da—30nda—3bda - 3)

(i) (dem=Try (16 4+ 490 + 28mw)

(i} One possible answer 15 : Length = Ty~ 3, Breadth = 5y + 4
(i} Onepossible answer s : 3, xand x — 4.

(i} One possible answer 15 0 4%, 3y + S and y— |,

EXERCISE 3.1

Consider the lamp as a point and table as a plane.
Choost any two perpendicular edges of the table.
Measore the distance of the lamp from the longer
edge, suppase it is 23 cm. Again, measure the
distance of the lamp from the shorter edge. and
suppose it is 30 cm. You can write the position of the
lamp as (30, 25) or (25, 30), depending on the order
you fix.
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2. The Street plan is shown in figure given helow.

el e A
i}: 5% B 5D
EEEBESE
Yol A ¢ I
P .‘IN . .FIN -,
. < B - > Streel 5
9.4
< . "I » Sireet 4
' j&.}: = L
< » Sipeet 3
o ' > Strest 2
€— T > Biresl 1
N & | ! o0
We— l ! >E
R R
-
5

Bath the cross-streets are marked in the fgure above. Thay are uniguely found becanse
of the two reference lines we have nsed for locating them.

EXERCISE 3.2
1. ) Thex-axisand the y-axs (i) Quadrants  (iii) The orizin
2. (i) (=52) (i)(5,-5) GHE (v)G (w6 vi)-3 (vinp0,3 i) (-3,0)

EXERCISE3.3 .

1. The point (-2, 4) liez in ¢
quadrant 11, the point (3, =1)
lieg in the quadrant TV, the point
(- 1, () lies on the negative
% - axis, the point (1, 2) lies in 2¢ -(i.2)
the quadrant [ and the point (1,01
(-3,-5\ligs in the quadrant T, '« 3 5
Locations of the points are 84 —3-2 - ;
shown in the adjoining figure.

(=% =h)= 3.4
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2. Positions of the points are shown ¥
by dots in the adjoining figure. : )
i 21 :2,:}-- ﬂ L
e NI &
61
44
3y 1,3
24
14
X + - > X
4 3 2 419 1 3.3 & 9
.25 G
2
L
v
EXERCISE 4.1
L x=2y=0

2, (@) 2x+3y-935=0;a=2b=3,c=-935
" ¥ =1
fiy A- 5 —‘iﬂzﬂ;nﬂ.hz?' =10
(i) 2c+3y—6=0y0=-2,b=3,6=-0
v} lx=39+0=0;a=1,b=-3,¢c=0
(vl 2x+3y+0=0;a=2h=3 c=0
fvit Jx+0y+2=0,a=3,b=0,c=2
(Vi) O.x+ Ly~2=0:a=0,b=1,c=-2
tvili}2e+0y+5={a=-2.b=0,¢c=5

EXERCISE 4.2

1. (iii), becavse for every value of x, there is a corresponding value of y and vice-versa,
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2. ) (0,7),(1,5),(2.3),(4,-1)

(i (1,9—mh (0,9}, (-1.9+m. [%-, u)

3 W No i) No m) Yes {1v) No v No
4. 7

EXERCISE4.3
L ) Y (i)

L

(i) (iv)
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2. Tx—y=0and x+y=16; infintely many [Through a
point infinitely many lines can be drawn]

3 =2
3

5. ForFig. 4.6, x+y=0and forFig. 4.7, y=—x4+2.

fi. Supposing x i$ the distance and

Thereforg according (o the problem the eguation will

4, Sx—y+3=0

¥ 1s the work done.

(i} Dunmit

¥

s

bey=13x.
(i) 10 units
X'
(-1
7. z+y=100
Loo
0
&l
40
20
X 1--.-|—-1.-Es

5] >

B e ] FLL T STt FET BYSY oy = .1

a4 &0 B0 LY
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8. (i) See adjacent figure. ‘t:
(i) 86°F Z4L P 3 c432)
fif) 35°C E.w t
(iv) 32°F,~17.8" C (approximately) = 31 F (0,32
(v} Yes,—40? (bothin Fand C) T
6
b
X
-A8-40-32-2 3&—3_30__ 8 16 Celsius
.lﬁ..
-2
-3+
[_—4"']., 4'3.:' N "'“tl T
"‘13
L4
¥
EXERCISE 4.4
L
¥=3
EEEEEFERETE S
(i
¥
(-1,3) 4 (0.3)
. N i
X' > X
U_
v
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et
[¥e)
oy

2. 1)

(i}

2 +0=10
.4 3A-10Q F 2 % N
=

T 4
=
4 5:2)
i
R > K
K, 0
=& 09
i
W L 4
v
EXERCISES.]

i} False, This can be seen visually by the student,

{ii} Falze. This contradicts Axiom 5.1,

it} Trize, ( Postulate 2)

(iv) Trug. If you superimpose the region bounded by one civele on the other, then they
comncide. So, heir centres and boundaries comncide, Therelore, their radii will
coincide,

v} True. The first axiom of Enclid,

There are several undefined erms which the student shoald list. They are consistent,

because they deal with two different situations — (i} says thar given two poinis A and

B, there is a point C lying on the line in between them; {ii) says that given A and B, you
can take C not lying on the line through A and B,

Thede “postulates” do nol follow from Euclid’s postulates. However, they follow from
Axiom 3.1,

AC=BC
So, AC+AC= BC+AC (Equals are added o eqgualz)
iz, 2AC= AB (BC +AC coincides with AB)

AB

By | et

Therefors, AC=
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Ti

E’

| B

Make a temporary assumption that different points C and I are two nud-points of AB.
Now, wou show that peints C and 1D gre not twi different points.

AC=BD (Giver) (1)
AC= AB+BC (Pount B lies betpween Aand Cy (23
BD=BC+CD  (PontCliesbetween Band Dy (3)
Substituting (2) and (3} in (1%, you gel
AB+BC=RBC+CD
So, AR =CD (Subtracting equals from equals)
Since thas is true Lor any thing in any pact of the world, this is a onrversal roth,

EXERCISES.2
Any formulation the student gives should be discussed in the class for its validity.

1If a srraight line [ falls on two strayght lines m and r such that sum of the mtenior angles
on one side-of [ 15 two right angles, then by Enclid’s fifth postulate the line will not mest
on this side of 1. Nexi, you know that the sum of the interior angles on the other side of
line [ will also be two right angles, Therefore, they will not meet on the other side also.
8o, the lines m and n never meet and are, therefore, parallel.

EXERCISE 6.1
307, 250° 2. 126 4. Sum of all the angles at & point = 260"
L2005 = £ 850R + 2 RO and £ POS = £ POR - £ S0R. 6. 122°,302°

EXERCISE 6.2
130°.130° 2. 126° 3. 1265,36°, 34" 4. 607 5. 50°,77°

Angle of incidencs = Angle of refléction. At point B, draw BE L P() and at point C,
draw CF L RS,

EXERCISE 6.3
as° 2 32° 131 o RES LS 4. alF 5037, 537

Sum of the angles of APQR = Sum of the angles of AQTR and
LPRS=20QPR+.2POR.

EXERCISE 7.1
They are equal. 6. ZBAC=/DAE
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EXERCISE7.2

6. ZBCD=LBCA+2ZDCA=LB+£D 7. eachisof 45°

EXERCISE7.3
(i) From (i), £ ABM = PON

EXERCISE7.4
Join BD and show & B > £ D. Join AC and show £ A > £ C.
L+ £0P5 > £R + £ RPS etc.

EXERCISE 8.1
36", 60°, 108 and 1567,
(1) From A DAC and ABCAL show £ DAC =~ BCAand £ ACD = 2 CAB, eic.
(it Show £ BAC =2 BCA, using Theorem 8.4,

EXERCISES.2
Show PORS is a parallelogran, Also show PO IAC and PS I|BD. 5o, 2 P=590°,
ABCF s aparallelogram. So, AF || CE, eic,

EXERCISEY.1

i} Base DC, parallels DC and AB; (it} Base QR parallels QR and PS:
iv) Base A, parallels AlD and BO)

EXERCISEY.2
12.8 cm. 2. loin EG; Use reault of Exaraple 2.

Wheat m A AP and pulses in other two wiangles or pulses in A AP and wheat in
other two triangles.

EXERCISE9.3
Draw CM L AB znd DN L AB, Show CM =DN. 12, SesExample4.
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EXERCISE94 (Optional)
7. Useresult of Example 3 repeatedly,
EXERCISE 10.1

1. iy Ineedor (i) Exterior i) Miameter
(iv) Semicircle {v) The chord {vi) Three

2, iy True {if} False (i) False
(iv) True (v) False ivi) True

EXERCISE 10.2
1. Prove exactly as Thearem 10.1 by considering chords of congruent cireles.
1. Use SAS axiom of congmence to show the congroence of the two triangles.
EXERCISE 10.3

1. 01,2 Two 2, Proceed as in Example 1

3. Join the centres O, O of the circles (o the mid-point M of the common chord AB.
Then, show £ OMA =90" and £ O'MA = 00%,

EXERCISE 104

1. & cm. First show that the line joining cenires is perpendicolar 1o the radius of the
gmaller circle and then that comman chord 15 the diameter of the smaller circle,

2. If AB, CD are equal chords of a eircle with centre O intersecting at E, draw
perpendiculars OM on AB and ON on CD and join OF. Show that right triangles OME
and ONE are congrusnf,

3. Proceed as in Example 2, 4. Draw perpendicular OM om AD,

5. Represent Reshma, Salma and Mandip by R, 8
and M respectively. Let KR = x m (see figure}.

1
Arpaof AORS = 3% » 5. Also. area ol A ORS =
'1- ESx0L= i Owd
; RSx0L=7 x6x4.
Find x and hence RM.
6. Use the properties of an equilateral iriangle and also Pythagoras Theorem,
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EXERCISE 10.5
1 45 2, 150°,20° 3 e
4, BOF 5. 110F 6. £BCD=80"amd ~ ECD=50°
8. Diraw perpendiculars AM and BN on CD (AB Il CD and AB < CD). Show
AAMD =ABNC. This gives £ C =« D and, therefore, £ A+.2C= 1§07,
EXERCISE 10.6  (Optional)
2. Let O be the centre of the circle, Then perpendicular bisector of both the chords will
11y
bz wame and pagses through O. Let rbe the radius, then 2 = (EJ + Xt
5 i
i (E] +(6—x)*, where x is length of the pampendicular from O on the chord of
length 11 cm. This gives x=1. S0, r= Tj oI 3. Jcocm
4, Let ZAAOC=xzuand ZDOE=vy. Let £ AOD =z Then £ BOC =z and x + v+ 2z = 360°,
Z0DB =2 0AD A4+ ~AD0A=90°- % r+z=90"+ % I hisnlﬂEB:QU"-l-—;:
1
B. ZABE=-ADE, ZADF=/ACF= 3 ZC,
1 1 1
Therefore, £ EDF=~ ."».BE-:-AADF:E {£B+£C:=E LI80° — £ AY=00P - 3 LN
8. Use(.1,Ex, 10.2 and Theorem 10.8,
10. Letangle-bisector of £ Aintersect circumcircle of AABC at D, Join TXC and TXB. Then
1 1
ZBCD=£BAD= E LA and L DBC=2DAC= E £ A_Therefore, ~ BCD =
LDBC or, DB=DC. S0, D lies on the perpendicular bisector of BC,
EXERCISE 12.1
3 1 1 1
L 50 , 900, 3cin 2. T 1650000 3. 2002 m
4. 2Wllem? 5. 9000 em? 6. 915 cm®
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ol B

n

=

EXERCISE 12.2
£5.5 0 (approx.) 2, 152cm* (approx.) 3. 194 cm®(approx.)
12em 8, 48m® . Tﬂﬂﬂ«.ﬁ e, 10006 ot
Ares of shade | = Area of shade T1 = 236 cm® and area of shade T = 17.92 cm?

F705.60 9, 196m’
[See the figure. Find area of A BEC = 84 m?, then find the height BM. |

A 10m B

E M
5m

EXERCISE 13.1

i1545m? (i) T100 2, T555 36m 4. 100 bricks.
(11 Lateral surface area of cubical box is greater by 40 em®,
(11) Total surface area of cuboidal box is greater by 10 om?.

(114250 cm’® of glass (i} 320 cm of tape. [Caleilate the sum of all the
edges (The 12 edges consist of 4 lengths, 4 breadths and 4 heights)].

T2154 L

EXERCISE 13.2
2em 2. 748m* 3 () %68cm® (i) [064.8cm® (@) 203808 cm?

[Total surface area of a pipe is (inner curved surface area + puter curved surface
area + areas of the two bases). Each base 15 a ring of area given by n (R2 - /),

where R = outer radiug and r = inner radius].

1584 m? 5. Rs68.75 6. lm
611 10m? (i) Rs4400 8. 447
(594 m? (i) 95.04 m?

1
[Let the actinal area of steel nsed be x m*. Since ) of the actual steel nsed was
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10,
1l.

A =

r.l.

2o

moE W

> A

11
wasted, the area of steel which has gone into the tank = 2 of 4, This means that the

12
actual area of steel used = ﬁx 87.12m*]

2200 cm?; Height of the cylinder should be veated as (30 + 2.3+ 2.5) ¢cm
7920 em?

EXERCISE 13.3

165 ¢ 2. 124457 m? A (pTem (462 em?
{1y 26m {1 ¥ 137280 5. 63m f. T 1155
5500 cm? B. T384.34 (approx.)

EXERCISE 134

() 1386em® (i) 394.24cm’ (i) 2464 cne?

i1 6l6em? (i) 1386enr (i) 38.5m?

942emt 4. 1:4 5. 32172
3.5em 7. 1:16 8. 17325 cm?
i) 4w i) dor? (i 1:1

EXERCISE 13.5

|80 cm? 2, 135000 lires 3 475m 4. 4320 5. 2m
3 days 7. 16000 8 Gcm,4:1 9, 4000m’

EXERCISE 13.6

34.65litres

3.432 kg [Violume of a pipe = mh x (R — %1, where R is the outer rading and r i3 the inner
radius],

The cvlinder has the greater capacily by 85 cm

(i3ecm (iiy 141 3em?

tit 110 mt (i) 1.75m (i) 9625 K 6. 04708 mé
Volume of wood = 5.28 em?, Volome of graphite = 0.11 em®.

38500 cm’ or 38.57 of soup
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[
k

EXERCISE 13.7

(1) 264 oo iy 154 cm® 2, (i)1.2327 {11 %i

T0em 4, fcm 5 385K

(148 emiit) S0 em (3) 2200 em? 7. 103wem? 8. 240meni®, 5012
8625 m?, 99,825 md

EXERCISE 13.8

1
() 1437 7 om® (i) LG5 m (approx.)

3
) 2 . 1

(111498 3 em  (H)0.004851 3. 34530 g (approxy 4 @
0.3031 (approw. ) 6. 0.06348 m" (approx.)

2
1'.-"-)5 om? B. (124948 m? (i) 523.9m" (approx. ) 9. W3¢ mpl:9
22,46 e (approx. )

EXERCISE 139 ({Optional )

F6275
T 273432 (approx.) [Rememeher to subtract the part of the sphare that is resting on the
support while calculating the cost of silver paint]. 3. 4375%

EXERCISE 14.1

Five examples of data thal we can gather from our day-to-day life are
(i) Mumber of students m our class.
it Number of fans in our school.
(i} Electricity bills of our house for last two vears,
iivh Election results obtained from television or newspapers.
iv} Literacy rare figures obrained from Educational Survey,

Of course, remember that there can be many more different answers,
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Secondary data; (iv) and (v)

EXERCISE 14.2

Most common— O, Rarest—aAB
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(i) The data appears to be taken in the rainy season as the relative humidity is high.
fiii) Range=99.2-84.9=143

students are shorter than 165 cm.




fii) The most frequently : ‘occurring digits are 3 and 9. The least occurring is 0.
8 (D

i) 2children,
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9.

Now, you can draw the histogram, using these lengths.

i)

G 6-3

5. fii) 184
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EXERCISE 144
Mean=2.8; Median=13; Mode=3
Mean = 54.8; Median=52; Mode =32
x=02 4 14

Mean salary of 60 workers is Rs 5083.33,
EXERCISE 15.1
24 4 g A . aa 3 9
ﬁl 18, —5' 2. (i) 50 (1) 750 L) 1500 i 20 4. 25
29 579 _“_1_{,_1_ 1{1315,_1”2
W0 W ooa0 W 20 W og W pag S Wog WG
o i B e e 7 1 1
(i) a0 (1 20 8 a0 (i) a0 Gy 0 11, T 12, T3 13, m
EXERCISEALL
iiy Falze. There are 12 months in a vear.
iy  Ambiguoas, Inagiven vear, Diwali may or may not fall on a Friday.
i) Ambiguous, Al some Ume in the year, the temperatuee in Magadi, may be 267 C.
v} Always troe,
iv} False, Dogs cannot fly,
v} Ambiguous. In & leap vear, Februury has 29 days.
i} False, The sum of the interior angles of 2 yuadrilateral iz 3607,
fi) Troue {iii) True iiv) True
iv} False, for example, 7+ 5 = 12, which is not an udd number,
(i) All prime numberss greater than 2 are odd. (i) Two limes a natural numbes is
alwayscven. (iii) Foranyx>1,3x+1>4. (iv) Foranyx =0, =0.
(v) In an eguilateral trigngle, a median ig al2o an angle bizector
EXERCISEAL.2
(i) Homans are verlebrates. (i) No. Dinesh could have got his hair cut by anybody

else.  (i1) Gulag has ared tongoue,  (iv) We conclude that the gutiess will have Lo
be cleaned tomorrow,  (v) All animals having tails need not be dogs. For example,
animals such as buffaloes, monkeys, cals, ele. have tails but are not dogs.

Yoo need to tumn over B and &, 1f B has an even namber on the ather side, then the rale
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W

hag bean broken. Simalarly, if & has 3 consonant on the other side, then the mle has
been broken.

EXERCISEALS3
Three possible conjectures are:

(i} The product of any three consecutive even numbers is even. {ii) The prodoct
of any three consecative even numbers is divisible by 4. (it The product of any
three consecutive even numbers is divisible by 6.

Lined: 1353 1=11% Line5: | 464 |=1!*the conjecture holds for Line < and Line 5;
Mo, because | 5= 13101051,

T+T,=25=5 T  +T =
L E=12345654321 ; 1111111%= 1234567654321
Student’s own answer. For example, Euclid’s postulates.

EXERCISEAL4
(it Youcan give any two triangles with the same angles but of different sides.
ti} A rhombus haz equal sides but may not be a square,
(iit) A rectangle hag equal engles but may not be a sgoare,
iivi Fora=3 and k=4, the statement is not true.,
(v} Fora=11,2+"+ 11 =253 which is not a prime,
iviy Forn=41,n*=n +41isnota prime.
Student’s own answer,

Let £ and v be two odd numbers. Then z = 2m +1 for 3ome natural nomber e and
w=12n 4+ 1 for some natuial number 5.

z+y=2 (m+n+ 1) Therefore, x + y 15 divizgible by 2 and iz even,
Sea Q3 xy=(2m+ 1U2n+ DN=212mn+m+r)+ 1.
Therefore, x » is not divisible by 2, and 30 it is odd.

Let 2n, 2n + 2 and Zn + 4 be tlree consecutive even numbers. Then their sum is
G(n + 1), which iz duiyizible by 6.

it} Letyour original number be . Then we are doing the following operations:

In+ 9

A=2n—=2n+9<22n+ Y4+n=3n+9— =n4+d=n+l4+d=n+7-=

n+T=-m=T,
fi} Note that 7 % 11 % 13 = 1001, Take any three digit number say, abc, Then

abe » 1001 = abcalbe. Therefore, the six digit number abgale 15 divisibleby 7, 11
and 13,
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4.

EXERCISE A2
Step 1: Formulation :

The relevant faclors ave the time period for hiring a computer, and the two costs given
Lo ug. We assume that thers is no significant change in the vost of purchasing or
hiring the computer: So, we treat any such change as irrelevant. We also treat all
brands and generations of computers as the same. ie. thege dilferences are also
irrelevant,

The expense of hinng the computer for x months is 3 2000k 1f thes becomes more than
the cost of purchasing a computer, we will be better off buying a compuier. 5o, the
equation 1s

2000 x =25000 il

itep 2 : Solution : Solvi o 29000

Step 2 : Solution : Solving (1), x= 2000 12.5
Step 3 : Interpretation : Since the cost of hiring a computer becomes more after 12.5
memths, itis cheaper 0 buy a compules, i you have Lo use it for more than 12 months.

Stepl : Formulation : We will assume thal cars travel al a constant speed. So, any
change of speed will be ireated as irrelevand, If the cars meet afier xhours, the first car
would have tavelled a distance of 40x km from A and the second car would have
travelled 30x km, 5o that it will be at a distance of (100 - 30x) km from A, So the
egquation will be 40x= 100 - 30x, Le., T0r= 100.

. i 100
Step 2 @ Solution : Solving the equation, we getx = 0
e R 1,1, ; .
Step 3 : Interpretation = oy is approximately 1.4 hours, So, the cars will meat afier
L4 howes,
Stepl: Fermulation : The speed at which the moon orbits the earth is
Length of the orbit
Time taken
Step 2 : Solution : Since the orbit is nearly circular, the length ix 2 % 7 x 384000 km
=2411520km

The moon takes 24 hours to complete one orbit,

2411520
So, speed = TR 100480 kev/hour.

Step 3¢ Inferpretation : The speed is 100480 km/h.

Formulation : An assumplion is that the differsnce in the bill i2 only because of using
the water heater,



ArpenDIx 2

INTRODUCTION TO MATHEMATICAL MODELLING
I

A 21 Introdoction

Right from your earlier c¢lasses, you have bheen solving problems related to the
real-world around you. For example, vou have solved problems in simple interest using
the formmula for finding it. The formula (or equation) is a relation between the interest
and the other three quantities that are related Lo it, the principal, the rate of interest and
the period. This formula is an example of a mathematical model. A mathematical
muodel is 4 mathematical relation that describes some real-life siluaton.

Mathematical models are used to solve many real-life situations like:
e launching a satellite.

= predicting the arrival of the monsoon.

= controlling pollution due to vehicles.

» geducing traffic jams in 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. Aflier this we see to whal extent the solution is valid in the context
of the real-world problem. So, the srages involved in mathematical modelling are
formulation, solotion. interpretation and validation.

We will 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 vour earlier claszes. We will see later that the steps that are
used for solving word problems are some of those used in mathematical modelling
also.
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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 its limitations,

A 2.2 Review of Word Problems

In this section, we will discuss some word problems that are similar to the ones thal
vou have solved in your earlier classes, Let us start with a problem on direct variation.
Example 1 : I ravelled 432 kilometres on 48 litres of petrol in my car. Thave o go by
my car 10 a place which is 150 km away, How much peirol do I need?

Solution : We will list the steps involved 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 lites
Peirol needed for travelling 180 km =7
Mathematical Description : Let
x= distance 1 travel
y = petrol I need
v varies directly with x.

So, ¥ = kx. where k i a constant.
I can travel 432 kilometres with 48 litres of petrol.
So, y= 48, xr =432,
48 1
Therefore, R= §=4—32~=E
Since v=kx.
therefore, y= é X (1)

Equation or Formula (1) describes the relationship between the petrol needed and
distance travelled.

Step 2 : Solution : We want to find the petrol we need to travel 180 kilometres:
s0, we have to find the value of ¥ whenx = 180, Putting x = 180 in {1). we have
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130
9

Step 3 : Interpretation : Since y = 20, we need 20 litres of petrol to travel
180 kilometres.

Did it oceur to you that you may not be able to use the formula (1) in all situations?
For example, suppose the 432 kilometres route 15 through mountains and the 180
kilometres ronie is through flat plains. The car will use up petrol at a faster rate in the
first route, 50 we cannol use the same rate for the 1580 kilometres route, where the
petrol will be used up at a slower rate. So the formula works il all such conditions that
affect the rate at which petrol is used are the same in both the trips. O, if there is a
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 a situation, We assumed this while solving the problem.

j= =20,

Example 2 : Suppose Sudhir has invested T 15.000 at 8% simple interest per vear
With the return from the investment, he wants to buy a washing machine that costs
T 19,000. For what period should he invest ¥ 15.000 so that he has enough money 1o
buy & washing machine?

Solution : Step | : Formulation of the problem : Here. we know the principal and
the rate of interest, The intersst 18 the amount Sudhir needs in addition to 15,000 to buy
the washing machine. We have to find the number of years.

P
Mathematical Deseription : The formula for simple interest is [ = %

where P = Principal,
n = Number of vears,
r % = Rate of interest
I = Interest earned
Here, the principal = ¥ 15,000
The money required by Sudhir for buying a washing machine =3 19,000
So, the interest to be earned = T (19,000 - 15.000)
= T 4,000
The number of years for which ¥ 15.000 is deposited = n
The interest on T 15.000 for n years at the rate of 8% = |

15000 % e x 8

Then, I=
100
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So, 1= 12000 (1)
gives the relationship between the number of years and interest, if € 15000 is invested
at an annual interest rate of 8%.

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

4000 = 1200= (2)
Step 2 : Solution of the problem : Solving Equation (2), we get
e 4000 _ .1
S 1200 3

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

Sudhir can buy a washing machine afier 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
calculate the imerest, Otherwise, the formula [ = E will not be valid. We have also

agsumed that the price of the washing machine does not increase by the tme Sudhir
has gathered the monev.

Example 3 : A motorboat goes upstream on a river 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 | : Formulation : We know the speed of the river and the time taken
to cover the distance between two places. 'We have to find the speed of the boat in
still water.

Mathematical Deseription : Let us write x for the speed of the boal, f for the time
taken and y for the distance travelled. Then

Il i1)
Let d be the distance between the two places.
While going upstream, the actual speed of the beat

= speed of the boat — speed of the river,
because the boat is travelling against the flow of the river,
So, the speed of the boat upsiream = (x — 2) km/h
It takes 6 hours to cover the distance between the towns upstream. So, from (1),
we get d=6{r-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 = (xr + 2) km/h
The boat takes 3 hours o cover the same distance downstream. So,
d=5(x+12) (3
From (2) and (3), we have
S(x+2)= 6{x-2) 4)
Step 2 : Finding the Solution
Solving for x in Equation (4), we get x = 22,
Step 3 : Interpretation
Since & = 22, therefore the speed of the motorboat in still water 1s 22 kn/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 middle. The boat starts af
the shore and moves to the middle of the river, When il is close to the destination, it will
slow down and move closer to the shore. So, there is a amall difference between the
speed of the boat at the middle and the speed at the shore. Since it will be close to the
shore for a small amount of tirne, this difference in speed of the river will affect the
speed only for a small period. So, we can ignore this difference in the speed of the
river. We can also ignore the small variations in 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.

S50. 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 due (o air is
negligible.
We have found the speed of the boat in still water with the assumprions
(hypotheses) above.

Ar 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 probler. 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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2.

3.

We then describe the problem mathematically, in the form of one or more
mathematical equations.

Solution : We find the solution of the problem by solving the mathematical
equations obtained in Step | using some suitable method.

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

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

EXERCISE A 2.1

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

1.

Suppose a company nzeds a compuier for some period of ime. The company can
either hire a computer for ¥ 2,000 per month or buy one for T 25,000, 11 the company
has to use the computer for a long period, the company will pay such a high rent, that
buying a computer will be cheaper, On the other hand. if the company has to use the
computer for say, just ome monih, then hiring a computer will be cheaper. Find the
number of months beyond which it will be cheaper to buy 5 computer.

Supposze acar starts from 2 place & and wavels at a speed of 40 kmv'h towards another
place B. At the same instance, another carstarts from B and travels towards A at a
speed of 30 km/h. If the distance between Aand B is 100 km, after how much time will
the cars meat?

The moon is aboot 384,000 km from the earth, and its path around the sarth 13 nearly
circular. Find the speed al which it orbits the earth, assuming that it orbits the earth in
24 hours, (Usen =3.14)

A family pays ¥ 1000 for electricity on an average in those months in which it does not
use 3 water heater, In the months in which it uses a water 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 vsed in a day.

A2.3 Some Mathematical Models

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 a real-life situation, we cannot accept a
model that gives us an answer that does not match the reality. This process of checking
the answer against reality, and modifying the mathematical description if necessary, is
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called validation. This is a very important step in modelling. We will introduce you to
this step in this section.

First, let us look at an example, where we do not have to modify our model after
wvalidation.

Example 4 : Suppose you have a room 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 a mathematical model.

Solution : Formulation : We have (o consider the area of the room and the area of
a tile for solving the problem. The side of the tile is 0.3 m. Since the length is 6 m, we

5}
cun fit in =— = 20 tiles along the length of the room in one row (see Fig. A2.1.).
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3
Since the breadth ol the room 1 5 metrex, we have E =16.67. So, we can fil in

16 tiles in a columin. Since 16 % 0.3 = 4.8, 5 — 4.8 = 0.2 metres along the breadth will
not be covered by tiles. This part will have to be covered by cutting the other tiles. The
breadih of the floor left uncovered, (.2 metres, is more than half the length of a tle.
which is 0.3 m. So we cannot break a tile into two equal halves and use both the halves
to cover the remaining portion,

Mathematical Description : We have:
Total number of tiles required = (Nomber of tiles along the Tength

» Number of tiles along the breadth) + Number of tiles along the uncovered area
()
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Solution : As we said above, the number of tiles along the length is 20 and the
number of tiles along the breadth 1s 16. We need 20 more tiles for the last row. Substituting
these values in (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 vou to buy some extra tiles to
replace those that get damaged while cotting 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 a rongh idea of the number of tiles required. So, we can stop here.

Let us now look at another sitnation now,

Example 5 : In the year 2000, 191 member coantries of the UN. signed a declaration,
In this declaration, the countries agreed to achieve cerain development goals by the
year 2015, These are called the millennium development goals. One of these goals
15 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, as a signatory to the declaralion, 1s commuitted to improve this ratio. The data for
the percentage of girls who are enrolled in primary schools is given in Table A2 |,

Table A2.1
Year Enrolment
(in %)
199192 41.9
199293 426
1993-94 42.7
1994-95 429
19935-96 43.1
1996-97 432
199795 435
1998-99 43.5
1999-2000 43.6%
2000-01 43.7¢
20002 44.1%

Source : Educational staristics, webpage of Department of Edwcarion, GOI

* indicates that the data iy provivienal,
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Using this data, mathematically describe the rate at which the proportion of girls enrolled
in prirnary schools grew. Also, estimate the vear by which the enrolment of girls will
reach 50%.

Solution : Let us first convert the problem into a mathematical problem.

Step 1 : Formuolation : Table A2.1 pives 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 girls who join
primary schools will continue to grow at the same rate as the rate in Table A2.1. So.
the number of years is important, not the specific years. (To give a similar siluation,
when we find the simple interest for, say. ¥ 1500 at the rate of 8% for three years. il
dioes not matter whether the three-year period 15 from 1999 1o 2002 or from 2001 o
2004, What is important is the 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 afier 1991 and the enrolment. Let us take 1991 as the Oth year, and
write 1 for 1992 since | year has passed in 1992 after 1991, Similarly, we will write 2
Tor 1993, 3 for 1994, ele, So, Table A2.1 will now look like s Table A2.2,

Table A2.2

Enrolment
(in %)

41.9
426
427
42.9
43.1
432
43.5
433
43.6
43.7

10 44,1

§
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The incredse in enrolment is given in the following table ;

Table A2.3
Year Enrolment Increase
(in %)

0 419 ]

1 42.6 0.7

2 42.7 0.1

3 429 0.2

4 431 0.2

5 432 0.1

6 435 03

T 435 0

8 436 0.1

9 43.7 0.1

10 441 0.4

Al the end of the one-yeur period from 1991 to 1992, the enrolment has increased
by 0.7% from 41.9% to 42.6%. At the end of the second vear, this has increased by
0.1%, from 42.6% to 42.7%. From the Lable above, we cannot find a definite relationship
hetween the number of years and percentage. But the increase is fairly steady. Only
in the first year and in the 10th year there 15 a jump. The mean of the values is

0.7+01+02+02+01+03+0+01+01+04
10 E

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 vear

S0, the Enrolment Percentage (EP) in the first year = 41.9 + 0.22

EP in the second year=41.9+022+022=419+2x022

EP in the third year=419+ 02240224022 =419+ 3 x 0.22

So, the enrolment percentage in the nth year=41.9 + 0.22n, forn > 1. (1)
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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 n in the equation or formula

50=419+0.22n (2)
Step 2 : Solution : Solving (2) for r, we get

_S50-419 _ 81
022 022
Step 3 ¢ Interpretation : Since the number of years is an integral value, we will

take the next higher integer, 37. So, the enrolment percentage will reach 50% in
1991 + 37 =2028.

In a word problem. we generally stop here. But, since we are dealing with a real-
life situation, we have (o see to what extent this value matches the real situation.

=36.8

H

Step 4 : Validation: Let us check if Formula (2) is in agreement with the reality.
Let us find the values for the years we already know, using Formula (2), and compare
it with the known values by finding the difference. The values are given in Table A2 .4,

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

(in %) (in %) (in %)
0 419 41.90 0
1 42.6 4212 0.48
2 427 42.34 0.36
3 429 42.56 0.34
- 431 42.78 0.32
5 432 43.00 0.20
L] 43.5 4323 028
7 43.5 4344 0.06
B 43.6 43.66 —0.06
9 437 43.88 ~0.18
10 44.1 44.10 0.00

As vou 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%. This can give rise to a difference of about 3 to
3 years since the increase per year is actually 1% o 2%. We may decide that this
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much of a difference is acceptable and stop here. In this case, (2) is our mathematical
model.

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

Step | : Reformulation : We still assume that the values increase steadily by
0.22%, bat we will now introdece a correction factor to redoce the error. For this, we
find the mean of all the errors, This is

0+048+0.36+ 034 +032+02+ 028+ 006 - 006 - 018 +0
10

=018

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

Revised Mathematical Description : Let ns now add the mean of the errors o
our forrula for enrolment percentage given in (2). So, our corrected formula is:

Enrolment percentage in the ath year =41.9 + 0.22n + 0.18 = 42,08 + 0.22x, for
nz1 i(3)

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

50-42.08 7.92
=

= =136
022 0.22

Step 3 ¢ Interpretation: Since n = 36, the enrolment ol girls in primary schools
will reach 50% in the year 1991 + 36 = 2027,

Step 4 : Validation: Once again, lel os 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 hetween
by (2) values by (4) values

(W] 419 41.90 ] 41.9 0

1 42.6 42,12 (.48 42.3 03

2 42.7 42.34 (.36 42.52 018
3 429 42.56 0.34 42.74 0.16

4 43.1 42.78 0.32 42.96 014

5 43.2 43.00 0.2 43.18 0.02

6 435 43.2‘1 028 43.4 0.1

i 43.5 43,44 0.06 43.62 - 012

8 43.6 43.66 - 0.06 43.84 -0.24

9 43.7 43.88 -0.18 44.06 - 036
10 4.1 44.10 0 44.28 -0.18

Az you can see, many of the values that (4) gives are closer to the actual valug
than the values that (2) gives. The mean of the errors is 0in this case.

We will stop our process here. So, Equation (4) is our mathematical deseription
that gives a mathematical relatonship between years and the percentage of enrolment
of girls of the toral enrolment. We have constructed a mathematical model] that deseribes
the growth.

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

We have tried to construct a mathematical mode] with the mathematical tools that
we already have. There are betier mathematical wols for making predictions from the
data we have. Bul, they are beyond the scope of this course. Our aim in constructing
this model is to explain the process of modelling to you, not to make accurate predictions
at this stage.

You may now like to model some real-life situations to check your understanding
of our discussion so far Here is an Exercise for you to try.
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EXERCISEA22

1. We have given the limings of the gold medalizts in the 400-metre race from the bme the
event was included in the Olympics, in the table below, Constroct a mathemafical model
relating the years and timings. Use it {o estimate the tming in the next Olympics.

Tuble A6
Yeur Timing {in seconds)
1964 5201
1968 5208
1972 5108
1976 4928
1980 4888
1984 4883
1988 4865
1992 4883
1996 4825
2000 4011
2004 4941

A4 The Process of Modelling, its Advantages and Limitations

Letus now 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 (o give a brief overview of the steps involved in
mndelling,

Step | : Formulation : You would have noticed the difference between the
lormulation part of Example 1 in Section A2.2 and the formulation parl of the model
we discussed in A2.3. In Example 1, all the information is in a readily usable form. 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 usually true in general, i.e. when trying to
miodel real-life situations: the first model usually needs to be revised. When we are
solving a real-life problem, formulation can require a lot of time. For examiple, Newton's
three laws of motion, which are mathematical deseriptions of motion, are simple enough
to state. But, Newton arrived at these laws after studying a large amount of data and
the work the scientists before him had done.
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Formulation involves the following three steps |

(i} Stating the problem : Often, the problem is stated vaguely. For example,
the broad goal 1s 1o ensure that the enrolment of boys and girls are equal, 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. The other way is
to ensure that 50% of the school-going children are girls. In our problem, we
have used the second approach.

{ii) Identifying relevant faciors : Decide which quantities and relationships
are impartant for our problem and which are unimpaortant and can be neglected.
For example, in our problem regarding primary schools enrolment, the
percentage of girls enrolled in the previous year can influence the number of
girls enrolled this year. This is because, ag more and more girls enrol in
schools, many more parents will feel they also have to put their daughters in
schools. But, we have ignored this factor because this may become importan|
only after the enrolment crosses a certain percentage. Also, adding this factor
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 1t i5 an
equition, then every important aspect should be represented by a variable in
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. This is where
your mathernatical knowledge comes in nseflul.

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

Step 4 : Validating the solution : Az we saw in A2.3, after finding the solution
we will have to check whether the solution matches the reality. If it matches, then the
mathematical model is acceptable. If the mathematical solution does nol maich, we go
back o the formulaiion step again and try to improve our model.

This step in the process is one major difference between solving word problems
and mathematical modelling. This is one of the most important step in modelling thatis
missing in word problems. Of course. it is possible that in some real-life situations, we
do not need to validate our answer because the problem is simple and we get the
correct solution right away. This was so in the first model we considered in A2.3.
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We have given a summary of the order in which the steps in mathematical modelling
are carried out in Fig. A2.2 below. Movement from the validation step to the formulation
step 1s shown using a dotted arrow. This is because it may not be necessary to carry
out this step again.

Formulation of the Solution of the
problem — problem
] l
L)
L]
Checkingfvalidating Interpretation of the
the salution — solution
Fig.A2.2

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

The aim of mathematical modelling iz to get some vseful information aboat a real-
world problem by converting it into a mathematical problem. This is especially 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 shoold undertake mathematical modelling? Let us
look at some advantages of modelling. Suppose we want to study the cormosive
effect of the discharge of the Mathura refinery on the Taj Mahal. We would not like to
carty out experiments on the Tay Mahal directly since it may not be safe to do so0. 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
greatl use,

Again, suppose we want to know how many primary schools we will need after 5
years. Then, we can only solve this problem by using a mathematical model. Similarly,
it is only through modelling that scientists have been able to 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 also. Often, we have to be satsfied
with very approximate answers, becanse mathematical tools are not available. For
example, the model equations used in modelling weather are so complex that
mathematical tools to 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
improve it, we need to take into account more factors, When we do this, we add more
variables to our mathematical equations, We may then have a very complicated model
that is difficult to vse. A model must be simple enough to use. A good model balances
two factors:

1. Accuracy, i.e.. how close it is to realitv.
Z. Ease of use.

For example, Newton’s laws of motion are very simple, but powerful enough (o
model many physical situations.

So, is mathematical modelling the answer to all our problems? Not quite! It has its
limitations.

Thus, we should keep in mind that a model is only a simplification of a real-
waorld problem, and the two are not the same. It is something like the difference
between a map that gives the physical features of a country, and the country itself. We
can find the height of a place above the sea level from this map, bul we cannot find the
characteristics of the people from it. So, we should use a model only for the purpose it
is supposed to serve, remembering all the factors we have neglected while constructing
it. We should apply the model only within the limits where it is applicable. In the later
classes, we shall discass this aspeet a little more,

EXERCISEA23

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

2. Supposs you want to minindse the waiting time of vehicles at a traffic junction of four
roads. Which of these factors are important and which are not?

(i) Price of petrol,
(il The rate at which the vehicles arrive in the four different roads.
i) The proportion of slow-moving vehicles like cycles and rickshaws and fast moving

vehicles like cars and motoreycles,
A2.5 Summary
In this Appendix, you have siudied the following points :

1. The steps involved in solving word problems.
2. Construction of some mathematical models.
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3. The steps involved in mathematical modelling given in the box below.

Formulation :

) Stating the question

(i) Tdentifying the relevant factors:

Finding the solution.

Interpretation of the solution in the context of the real-world
problem.

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

4. The aims, advantages and limitations of mathematical modelling,
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