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Banking of Roads (10§6027) aceod:cod:ads(gée:)
When an automobile drives round a curve, it must
have a force exerted towards the centre of the curve. On
a flat road (unbanked road ), this force is supplied by
friction between the tires of the road.
6656025mm0:0088: codimengioodopderntad
620033lc0S:elieng:9uu3ad B:0opSea00320:0009 qepdi
[g€p3udiadleent:geonans] adaanionpd codiadan:
om0o{0g0:(gdeaongodasn: [gdaopdi
As a car makes a turn on unbanked road, the fric-
tional force F acting upon the tires of the car provides the
required centripetal force for circular motion. Hence,
1§60206ce0E36000008:60[B m:0088i60p oy
oozomunedlogé aondeqpadeseangodaen:anpd
005880 og ayp:[géimogad cdaedeomnvudq)iasn:
33@53% @SsoTsemén

Fr=

mv?
r

Where Fg = frictional force, m=mass of the body,
v = velocity , r = radius

If the frictional force is not sufficient, such as under
wet and slippery conditions, the car will skid out of the
circular path.

Bmude) godesean codiegPeseon mafg
2e§0¢ 9od30:00d60030lm 0033E:dc0d:e(03oC:
3[g€a8 egPagadogniaddepS(gdaopdi

To prevent this, the road must be banked to provide
the necessary centripetal force to the automobiles so that
they take a safe turn without skidding.

cfaac{gaecggongudqomizcgadagaadearndy
s § codiadmnseonrdeerticoniaeps [§da0pdi
Beooo eaPogadeedd mgepuSmEsenagdi

Banking of roads is raising the outer edge of the
curved road higher than the inner edge.

m§e0ndIBeonErc0s:08:[gE:0p5 codiana(ge
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Angle of banking (m§c027¢c08:326008:6000¢)

The angle that the inclined track makes with hori-
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zontal is called angle of banking.
e6[g¢a8¢ B:eeniiqupd coonéadm§corndaré:
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% The normal force Fy exerted by a banked road is
perpendicular to the road.
6000§03322:20p8 C0d:3a6008:60l 03¢ 6o0ge§my
200366pa5o0pSI

Horizontal component of this normal force provides

the required centripetal force.
coooeodaenel eagépdanigoopd oudgidiasnal
[g®co20p5

The horizontal component of the normal force;
FN sin@, towards the centre of the cuzrve of radius r
just equals the centripetal force( L ) as shown in
T
Fingure 2.4
) mv?
Fn sin @ =
Since there is no vertical motion, the net force on
car in y direction is zero.

Fn cosO + (-mg) = 0

Fncos O
FySind _ mv?/r
Fycos @ mg

2
v
tan = —
rg

where 0= banking angle, v =velocity, r = radius,
g = acceleration due to gravity
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Chapter 2
Mathematical Induction
2.1 Introduction

Mathematical induction (204pspS:(gé (§¢s0E5e
(8&:) 20081 natural numbers @2:03:320305 c65(gg|0d

8908 mse(03o8: 200de0[g8E0pd §p5:08:0009
(gSSloopSu

Consider the sum of the first n odd positive inte-
gers.That is

fn=l 1=F

ifn=2, 1+3=4=2

if n=3, 1+3+5=9=3"
143+5+7=16=4%

1+345+7+49=25=5
1434+5+749+11=36=6"

ifn=4,
ifn=5,
if n=6,
Then the statement can be expressed as:

143+5+7+9+-+(2n-1)=n’

Principle of Mathematical Induction
For each natural number n, let P(n)be a statement
depending on n.
1. The statement is true for n=1.
2. For any natural number k,
if the statement is true for n =k , then the state-
ment is true for n =k, then the statement is true
forn=k+1.

Then the statement P(#n) is true for all natural
number n.

20§pspS:(yé(g|¢sol[E(ge:op¢ statement P(n) of
9§m§c@95: a::o%e:o@sﬁl 33)05 () god§cloopd
n=1 ?$c@35=[§qeéil
n = k 9§efogo8:090[8u n = k +1 9§e[030&:{geept
P(n) 203 natural numbers n 03&:ae0p051 9§2005
03 20560(gG:gdo0pdn

Example 1.

Use the mathematical induction principle to prove
that 1+3+5+---+(2n~1) = n’, for all natural numbers
n.

mathematical induction principle o%aa::@:@wj:
statement 1+3+5+-+(2n-1)=n’ 20p8 200700034

aaoscx'?:aacrgcﬁ 9@9@9&: 2003e20[gall

Solution
Let P(n) denote the statement 1+3+5+:-+
2n-1)=n’.
(1) Forn=1, LH.S=1
RHS=1
LHS=RH.S
The statement is true for n=1.
Assume that the statement is true for n =k, that is
143+5++2k-1)=k",

We will show that the statementistruefor n=k +1 ,
that is we have to show that 1+3+5+--+
Qk—=1)+[2(k+1)—1]=(k+1)*.

It is proved that

143454+ Qk=1)+[2(k +1)-1] = k> + [2(k + 1)~ 1]
=k*+2k+2-1
=k*+2k+1
=(k+1)

Therefore, the statement is true for n=Fk +1.

(3) By principle of mathematical induction, the state-
ment P(n) is true for all natural numbers n.

Example 2.

Use the mathematical induction principle to prove

n(n+1)

that 1+2+43+--+n= , for all natural num-

bers n.

mathematical induction principle o3 s22%:(g|s)

statement 1 +2+3+---+n =@ mémmocﬁ@:

m:c@:s;ogos 9#6@9&: :JOOSG:D@t.ﬂu
Solution
Let P(n) denote the statement 1+2+3+:-4+n

_n(n+l),
T2

ubmematafien |

(1) Forn=1, LHS=1

1(1+1) _

RHS= |

LHS=RH.S

The statement is true for n=1.

(2) Assume that the statement is true for n =k, that is

1+2+3+---+k=@.

We will show that the statementistruefor n=k +1 ,
that is we have to show that

1+2+3+---+k+(k+l)=—(k"'l)ék"'z)

It is proved that

1+2+3+---+k+(k+1)=@+(k+l)

KR +k+2k+2

- 2

K +3k+2

2

(k+1)(k+2)
2

Therefore, the statement is true for n =k +1.
(3) By principle of mathematical induction, the state-
ment P(n) is true for all natural numbers n.
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