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LENGTHSOF TANGENT, NORMAL, SUBTANGENT AND SUB NORMAL
Definition :
Let y= f(x) beadifferentiable curve and P be a point on the curve.

Let the tangent and normal at P to the curve meet the x - axisin T and N respectively.
Let M be the projection of Pon the x - axis. Then

(i) PTiscalled thelength of the tangent, (ii) PN is called the length of the normal,

(iii) TM iscalled the length of the subtangent, (iv) MN is called and length of the
subnormal at the point P.
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Let P(x;,Y;) beapointonthecurve y= f(x). Then

(i) thelength of the tangent to the curve at Pis %\/1+ m?| .
(ii) thelength of the normal to the curve at Pis |y, v1+ m?|.
Y1

(i1i) the length of the subtangent to the curve at Pis -

(iv) thelength of the subnormal to the curve at Pis | y,m| where m= (%) .
X/p
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Sol:

Sol:

Sol:
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Exercise

Find the length of sub-tangent and sub normal at a point of the

. X
curvey =b.sin—.
a

Equation of the curveis y = bsnt = & b.cosi.l :9.0035 =m
a dx aa a a
Let P(x,y) be apoint on the curve.
y b.sin— X

Length of the sub-tangent =| =% | = =latan —‘

b X a

—.COS

a a

2
Length of the sub-normal = | y1m| = b.sini.(gcosij = b—.sinz—x‘
ala a 2a a

Show that the length of sub-normal at any point on the curve xy = a° varies as

the cube of the ordinate of the point.
Equation of the curveisxy = a.

2 2
a d -a

—_— = y:—=m
X

=>y= ==
y dx x2

Let P(x,y) be apoint on the curve.

2

2
Length of the sub-normal = | y,m| = y{( a;) J = _azyly_}l
X3 a
y3
=21 0yi= cubeof the ordinate.
a

Show that at any point (X, y) on thecurve y = be*’3, the length of the sub-

2

tangent is constant and the length of the sub-normal is y__

a

Let P(x,y) be apoint on the curve.

X

Equation of the curveis y = be Y be’31=Y -m

dx a a

/3:>
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Sol:

www.sakshieducation.com

iy
m

= L = a= constant

H

Length of the sub-normal | y;m |=y.y/a=y*/a

Length of the sub-tangent

Find the value of k so that the length of the sub-normal at any point on the
curve x.y =a*! isconstant. ?

Let P(x1,y1) be apoint on the curve.

Equation of the curveis x.yk =ak*.

Differentiating w.r.to x

x.k.yk_lg—z " yk.l =0

= k.xyk_l.ﬂ = —yX
dx
_yk

B _ . _

~(ya)|_ 2
Length of the sub-normal = | y,m| =|y; —=4| =21
kx; | kxq

_Yi ¥E v

K g ket

Length of the sub-normal is constant at any point on the curve isindependent of x,

+2
and

k
b isindependent of y1 = k+2=0= k = -2
a

k k+1
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5. Atanypointtonthecurvex=a(t+sint),y=a(l-cost). Find thelengths of

the tangent, normal, sub-tangent and sub-normal.

Sol: Equation of thecurveisx =a(t+sint),y = a(l —cost)

dy ogin | t .t
dy_ dt _ asint ~ SIHE.COSE SIN—

= = = 2 =m
dx (dx) a(l+cost) 20082 cost
dt 2 2

a(1-cost), /1+c0t2%

2asin2%.cosecé| =|2a.sin —.i =

Length of the tangent

A 14 m?
m

Length of the normal

ylvl+m2‘ =

a(1-cost),/1 +tan2%

.t
sin—
.t t
= la asin21 .secl = Za,sini.—2 =|2asn—.tan—
2 2 t 2 2
cot —
a(l-cost .
Length of the sub-tangent N :M =|a2sn’t/2. CPSUZ
m sint/2 snt/?2
cost/ 2

=|a.(2sint/2.cost/2)| =|asint]

Length of the sub-normal | y;m |=a(1-cost) s nilli
cos

:‘Zasinztlz.tantlz‘ :‘Zasinztlz.tantlz‘
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6. Find thelength of normal and sub-normal at a point on the

-2 xia xla
curvey = 2(e +e )
. . _ X
Sol: Equation of the curveis y :g(e"’a +e X’a) :a_cosh(—)
a

= 7 = a.sinh(gjl =Sinh§ =dlope of tantent at any point =m

a
=|a.cosh— ‘ /1+smh2

Length of the normal |y, 1+

X X X
=a.coshZ.coshZ =a.cosh? >
a a a

o2

T
2 a

Length of the sub-normal | y;m |

= E(Zsinhé.coshij
2 a a

7. Find thelength of the sub-tangent and sub-normal of a point t o the curve
x =a(cost +tsint)y =a(sint —tcost).

Sol:  Equation of the curve are x = a(cost +tsint) ,y =a(sint - tcost)

dy
dy _\dt)_asnt _

dx (dx] atcost
dt

| V1 | | a(sint- tcost|
()| | tant |

Length of the sub-tangent =
=|acott(sint —tcost)|

Length of the sub-normal = |y, £ (x|

= ‘a(si nt—tcost)tan t‘ = ‘atan t(sint —tcost)‘
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