Ex 16.1

Tangents and Normals Ex 16.1 Q1(i)
We know that the slope of the tangent to the curve v = f(x) is

F-r() ~—(#)

And the slope of the normal is

1 -1
& e
dx

[ 0 v,

y -

dy T ?
=T -
Slope of tangent atwx = 4 is

{dy] 316 48
ax )y =.Je4 16

Slope of normal atx =4 is

-t -1 -1
dy  F'x) 3
ax

Tangents and Normals Ex 16.1 Q1(ii)



we know that the slope of the tangent to the curve y = F(x] is
A —
L) (8)

And the slope of the normal is
-1 -1

&0 o
X
y =l
dy 1
dx 2%

Slope oftangent atx =9,
dy -

(_J -t .1
de)._e 248 6

Also, the slope of normal is

-1 -1

- = = -6
d 1x)

dx

Tangents and Normals Ex 16.1 Q1(iii)
We know that the slope of the tangent to the curve y = {x) is

S-r) ~—(#)

And the slope of the normal is
-1 -1

&) e
ax
vo=x?ox
Y 32
e

Slope of tangent atx = 2 is
{d_y] =3.2%-1-11
ax ) s

Slope of normal is

-t -t -1
dy  Fx) 11
X

Tangents and Normals Ex 16.1 Q1(iv)

we know that the slope of the tangent to the curve v = £ (x) is
dy
EAS AN -—[A
Y -r) (4]

4nd the slope of the normal is
-1 -1
= -—-(B
& " T e
ax

v o=2x% 1 3siny

d_y= 4x + 3Ccosx
ax

So, slope of tangent ofx =0 is

(d—y] = 4,0+3c0s50°= 3
ax ).

And slope of normanl is



Tangents and Normals Ex 16.1 Q1(v)
We know that the slope of the tangent to the curve v = £{x) is

e
) (4]

4nd the slope of the normal is
-1 -1
== -—(B
d_}"’ fl(X) ( )
dx

x=af@-sing), y = 2(1+ms8)

I 0w,
dy
dy  dg  -asing
E_E_ 2(1-cosg)
ae

Slope of tangentof @ = —g

@) L[_EJ
(dxl,-_g E [1 - eos [‘ gD

Also, the slope of normal is

it S Y
dy  fx)
[ri's

Tangents and Normals Ex 16.1 Q1(vi)

we know that the slope of the tangent to the curve v = £ (x) is
dy
=f -——[a
L) (2)

And the slope of the normal is

-1 -1
EAE) e
Qx

X =3C05°8, v =asin’e

ol . .

% = 3acos® & %[-sing) = -3asing xCosZ g
and d—y=355in28xc059

ax
M,

dy gg _ 3asin®fxcoss

dx % _3asinfx st o
=-tang

Slope of tangent at 8= % is

CI
fels a-%

Also, the slope of normal is

o=ty
ay  f(x)
dx

Tangents and Normals Ex 16.1 Q1(vii)



We know that the slope of the tangent to the curve y = £ (x] is

ay _ e
=) (4]

And the slope of the normal is

-1 -1
EANSC e
dx

x=af(@-sing), y = a(l-cos58)

ax dy ) :
5" =(1- cosd), 25" 3(0+5ing) = a5ing

[ v,
dy
dy gg  asing
ax E_ 2(1-cos )
e

Maow, the slope of tangent at & = g is

And, the slope of normal is
-1
W=
e

-1

Tangents and Normals Ex 16.1 Q1 (viii)
we know that the slope of the tangent to the curve y = F(x) is

d .
2 - —(4)

And the slope of the normal is

-1 -1
A e
dx

¥ = [sin2x + cotx + 2)2

dy . 2
el 2(sin2x + cotx +2)[2 Cos 2% - cosec x)

Slope of tangent of » = g is

(G"—}-’] =E(Siﬂﬂ+CDS£+2][2CDSE—CDSE‘CZEJ
=4 ral 2 2

=2(0+0+2)(-2-1)
= -1z

Slope of normal is

11
dy 12
ax

Tangents and Normals Ex 16.1 Q1(ix)



We know that the slope of the tangent to the curve y = £(x) is

S -r) ~(8)

And the slope of the normal is

-1 -1
") e
X

x4 3y +y2 =5
Differentiating with respect to x, we get

2X+3d—y+2yd—y=ﬂ
=08 ax
ay
—[3+2y]=-Z
= o‘x( +2v) Iy
- a‘_y= -2x
dx 3+ 2y

So, the slope of tangent at [1,1) is
gy -21 -2
dx 2+2.1 &

The slope of normal is

-1z
dy 2
ax

Tangents and Normals Ex 16.1 Q1(x)

we know that the slope of the tangent to the curve v = £ (x) is
ay
= -—[A
) (#)

And the slope of the normal is

-1 -1
= -—-(B
& " T e
Qe
Xy =0
Differentiating with respect to x, we get
ay
=~ -0
Y=o
- ¥ _-r
ax X
Slope of tangent at [1,8) is
ay
— = -6 and
o an
Slope of normal is
1.1
dy &
dx

Tangents and Normals Ex 16.1 Q2



Differentiating with respect tox, we get

ay dy _
y+de+a+bdX—D
ay
dl A= -
= o‘x(x+ )| [a+y]
- d_y=—(a+yj
ax x+hH
Slope of tangent = . =ﬂ=2 [given]
e k'S 2l pal b+1
= -fa+l)=2b+2
= 2h+a=-3 ===

Also, (L 1) lies an the curve, so x = 1, y = 1 satisfies the equation
Xy +ax +hy =2

= l+a+h=2
= a+h=1 ———(ii)

Solving (i) and (i), we get
3=5 b=-4

Tangents and Normals Ex 16.1 Q3

We have,
v=x¥tax+h - (i}
¥-y+5=0 -—={ii]
Mo,

Foint (1,—6) lies on (i)J =0,

-6=1+a+b
= F+bh=-7 -=={iii}
Alsa,
Slope of tangent ta (i) is
Y a2y
ax
= [d_y] =3+2
dx (1,-8)
And slope of tangent to (i) is
dy
o
ax

According to the question slope of (l) and [ii) are parallel

I+a=1
= a=-2
From (i}

b=-5

Tangents and Normals Ex 16.1 Q4



Wwe have,

vo=x¥-a3x —={i)
Slope of (i is
Y o323 -—-(iiy
ax
Also,
The slope of the chord obtained by joining the points (1,-2) and (2,2 is
2-(-2) [Slopeh—h]
Z-1 ¥,
-4

According to the question slope of tangent to (lj and the chord are parallel

x*-2-4
= avi=7
= x=iz

3

From (i}
7
=% —F3,]=
rosfmaf
_2J?
=F= |—
383
Thus, the required point is
el
3 a3y3

Tangents and Normals Ex 16.1 Q5
The given equations are
vo=x" - 2x?_2x - i)

Wo=2x% -3 --=(ii)

Slope to the tangents of (i) and (i} are

LA PP — (i)

ax

iy .
and o 2 --=(iw)

According to the question slope to (i) and (i) are parallel, so
WAy -2=2
wi-dx-4=0

=
= wl-Bx+2x-4=10
= (¥ -2)+2(x-2)=0
= (3w +2)ix-2)=0
= X=£Dr2

3
From (i)

4
=— or -4
4 27

Thus, the points are

(_2, 4) and (2,-4)
3 27

Tangents and Normals Ex 16.1 Q6



We have,

w257 -—={i)

Differentiating (i) with respect tox, we get
dy

2y 2L = py?
Y [=i's
2
- Z:_V J 3 — (il
Ll ¥

According to the question
2
5
¥

= xS =y - {ii)

From (i) and (i)

{X2}2=2X3
= x*-2x®=0
= xa[x—2)=D
= ¥ =0uor2
If x =0, then

2
gy 3 _ ¥
dx ¥ e
Which is not possible.

% =2,

Putting x = 2 in the equation of the curve v2 = 2x%, we gety = 4.

Hence the required point is (2, 4]

Tangents and Normals Ex 16.1 Q7
We know that the slope to any curve is j—y = tan& where & is the
b

angle with possitive direction of x-axis.
0w,
The given curwve is

Xy +4=0 -—=1i)

Differentiating with respect tox, we get

e
=g
y X
- Wz — (i)
dx X
Also,
= o e
e tan 45° =1 [ii)

From (i} and {[iii)
¥
= Ho= -y -—={iv)

From (i} and [iv], we get

—pir4=10
= y =32
X = F2

Thus, the points are
(2,-2) and (-2,2]

Tangents and Normals Ex 16.1 Q8



The given equation of the curve is

y = x? )

Slope of tangent to (i) is
ay .
o2 -
ax x (i)

According to the question

ay )
= = (iii) [Slope = x-coordinate]

From (i} and {iii]
Pwo=
= ¥=08%y=0

Thus, the required pointis(0,0)

Tangents and Normals Ex 16.1 Q9

The given equation of the curve is
x24yE o2y -4y +1=10 -—=i)

Differentiating with respect isx, we get

ay ay
2x+2ydx 2 4dX—D
ay
ey _4)=2-2
= dx[y ) X
- dv_2{-x] i}
dx 2y -2)

According to the question the tangent is parallel to x-axis, so & =0°

Slope = tang = tan0®* = 0 - - —{iii)
From (ii) and {iii), we get
]‘__X= o
¥ -2
= 1-x=10
= ¥=1
fram i)
v =04

Thus, the points are (1,0) and (1,4)

Tangents and Normals Ex 16.1 Q10

The given equation of curve is
y=x? —()

[={Y .
Slope = i 25 --={ii)

45 per question
slope = tan45* =1 - - {iii

From (iiy and (i}, we have
2x =1

Thus, the required point is

oe

Tangents and Normals Ex 16.1 Q11



The given equation of the curwe is
¥ =3x% _dx+8 ———(ij

ay .
=] =— =fx -9 —
ope " x (1]

Az per question
The tangent is equally inclined to the axes

g8 = i ar i
4 4
Slope = tang
=tanZ ar tan|Z
4 4
=lor -1 el (11)]

From (ii] and [iii), we have,

Gy -9=1 or By -09=-1
£ 4
= No== ar W= =
3 3
Sn, from (i)
y—4 ar y—4
3 3

Thus, the points are
5 4 4 4
-, = or|=, =
5 3o (5 3

Tangents and Normals Ex 16.1 Q12

The given equation are
vo=a2xiowel - (i)
yvo=3x+4 —[ii]

Slope to (i) is
dy

-1 — (i}
Slope to (i) is
ay .
o3 -—
= fiv)

According to the guestion

4y -1=3

= ;=1

Thus from (i)
yo=2

Hence, the pointis (1,2,

Tangents and Normals Ex 16.1 Q13



The given equation of curve is

v=3x%+4 —={i)
ay .
Slope = iy = —— = 6% —{ji
p 1= [ )
Moy,
. -1
The given slope m, = =
Wwe have,
o . -1
tangent to (i) is perpendicular to the tangent whose slope is -
g s = -1
= G x_—1=—1
=]
= x=1
From (i)
¥ =7

Thus, the required point is (1,7).

Tangents and Normals Ex 16.1 Q14
The given equation of curve and the line is

x4 y? =13 —-1i)
and  2x+ 3w =T -—={ii

Slope = my for (i)

dy  -x
= o= > ——={iii]
Slope = m, for (ii)
dy -2 .
fy=——=—= ——={iw]

According to the guestion

my =y
-x -2
== - =
W 3
= x—zy
3
From (l)
4.2 2
—¥+ =13
95’ ¥
2
= 137 13
Q
= ¥ = %3
x =12

Thus, the points are (2,3) and [—2,—3).

Tangents and Normals Ex 16.1 Q15



The given equation of the curve is

23% = x7 - 3ax* -—{i

Differentiating with respect fo x, we get

ad
25° d—y = 3x7 - Gax
e

G"y’ 1 2 -
Slope my = L = —_|3x° - Bax -—Tii
F L 2&2[ ] (i)
Also,
ay
Slope m, = == = tand
P ER—
=tan0® =10 [ Slape is parallel to x-axis]
Yy = Mg
1 z
= — |3 -6ax (=0
2&2[ :|
= W[x-2a]=0
= ¥=0o0orz2a
Fram (i)
v =00 -23

Thus, the required paoints are (0,0) or [2a,-23).

Tangents and Normals Ex 16.1 Q16

The given equations of curve and the line are
v=xZ-dx+8 (i)
Zy +x =7 -—={ii)

Slope of the tangent to (i) is

ay
m1=a=2x—4 -=={iii)
Slope of the line (i) is
ay -1 ]
iz = === o -==iv]

We hawve given that slope of (i) and (i) are perpendicular to each other,

L =i = -1
-1
2x-4)|—=|=-1
= (2x )[QJ
= 2Kk +4=-2
= X =73
From (i}
y=2

Thus, the required point is (3,2].

Tangents and Normals Ex 16.1 Q17



2 Z
Differentiating HT+;—5= 1 with respect to x, we get

L2y gy g

2 25 dx
ar dy _-25 %

dx 4 oy
(i)NDw, the tangentis parallel to the » - axis if the slope of the tangent
is zero.

25 E g
4y

This is possible if © = 0.
S e 2
Then “—+I_=1 for % =0 gives y° =25
4 25

L w=%5
Thus, the points at which the tangents are parallel to the x - axis are
{0,5) and{a,-5].

(i) Mow, the tangent is parallel to the y- axis if the slope of the narmal

is zero.
4y _
Se. T
This is possible if y = 0.

y2

2
Then *_+ X1 for yw =0 gives e
4 25

=4

. =tz
Thus, the points at which the tangents are parallel to the v - axis are
(2,0) and{-2,0).

Tangents and Normals Ex 16.1 Q18

The equation of the given curve is x*+y —2x— 3 =0.

On differentiating with respect to x, we have:

x4 2y—=2=0
dx
dv
= p—=]-x
dx
dy 1-x
dv v

Now, the tangents are parallel to the x-axis if the slope of the tangentis (.

X ook =0>x=

¥
But=x:+,1:'—2x—3=0 forx=1.

= }.: =4 = y= +7
Hence, the points at which the tangents are parallel tothe x-axis are (1, 2) and {1, —2)

(&)
Now, the tangents are parallel to the x-axis if the slope ofthe tangents is 0

Y o

I-x
y=0
But,
x4y 2x—3=0for y=0
* -2x-3=0
x=-13

Hence, the points at which the tangents are parallel to the y-axis are,
(-L0).(3.0)

Tangents and Normals Ex 16.1 Q19



The equation of the given curve st o o1

9 16

On differentiating both sides with respect to x, we have:

n b,
9 16 dx
::.ﬁm—lﬁx

de 9y

-16x
(i) The tangent is parallel to the x-axis if the slope of the tangentis i e, 09—=G¢ which is
¥
possible if x =10.
2 2
T‘E:m=£m+mjrw,-ﬂ_~:] forx=0
9 16

:::-.].-‘2 =10 v=dd

Hence, the points at which the tangents are parallel to the x-axis are

(0. 4) and (0, — 4).

(it} The tangent is parallel to the y-axis if the slope of the normal is 0, which

ENC

~16x) l6x
Gy

2 2
'Ihm=%+—{-€=] fory=10.

gives

= r=13
Hence, the points at which the tangents are parallel tothe y-axis are

(3.0) and (- 3. 0).

Tangents and Normals Ex 16.1 Q20
The equation of the given curve is y =7 + 11.

ﬂ =21x7
adx

The slope of the tangent to a curve at (xg, 1) is—?:| :
fe
|:'T||-.|'||}

Therefore, the slope of the tangent at the point where x = 2 is given by,
ﬂ} =21(2) =84
dr =2

It is observed that the slopes of the tangents at the points where x = 2 and x = —2 are equal.

Hence, the two tangents are parallel.

Tangents and Normals Ex 16.1 Q21



The given equation of curve is

y=x® )

Slope of the tangent to (i) is

a 2 .
=L -3 —
iy = = =3 D)
Also,
given that slope of the tangent is parallel to x-coordinate of the point.
ay
= =y -—iii
2- & i

From (i) and [iii)

My = my
= w? = x
= E-x=0
= Xl3w-1)=0
= x =10 ar l
3
From (i)
1
=0 or —
Y 27

. N 1 1
Thus, th d t 0,0 Tl
us, the required pointis {0,0) or (3 2?]



Ex 16.2

Tangents and Normals Ex 16.2 Q1
The given equation of the curve is

o +,f57 =a -1

Differentiating with respect to x, we get
1 1

dy__ﬁ
= a— .J;

dy
<L -
xdx

Thus,
the equation of tangent is

¥ -y =mix - x)

a2 &
= Xty=
= x+y=£

2

Tangents and Normals Ex 16.2 Q2



The equation of the curve is
v=2xF-xT43 -y

ay
= =m=——
ope dx

o= [G'_}"J =4
2% J(14

= 6x%- 2y

0w,
The equation of normal is (i) is
-1
¥ }"1—E[X X1
-1
> y-4)-x-1)
= K+4y =16+1
= X+ 4y =17

Tangents and Normals Ex 16.2 Q3(i)

(i) The equation of the curve is y=x* — 6x* + 1322 — 10x + 5.

On differentiating with respect to x, we get:

--"'I-’i=4x3 ~18x* +26x-10
dx

ij| =10

dx (0, 3}

Thus, the slope of thetangent at (0, 3) is —10. The equation of thetangent is given as:
y—3=—10(x—-0)

=y—5=—10x

=10x+y=5

-1 1

** Slope of the tangent at (0.5) 10

The slope of the normal at (0, 3)

Therefore, the equation of the normal at (0, 3)is given as:

1
—5=—(x-0
y=3=1-(x-0)

= 10y-30=x
= x-10y+50=0

Tangents and Normals Ex 16.2 Q3(ii)



(ii) The equation of the curve is y =x* — 6x° + 1322 — 10x + 3.

On differentiating with respect to x, we get:

dy
dx

i‘i’f} =4-18+26-10=2
{1 3)

=4y’ —18x" +26x-10

Thus, the slope of thetangent at (1, 3) is 2. The equation of the tangent is given as:

y—3:2(x—1}
=y-3=2x-2
= y=2x+1

-1 -1
The sl fthe normal at (1, 3)i =—.
© siope ot theno at(l, )ISS!ope of the tangent at (1,3) 2

Therefore, the equation of the normal at (1, 3) is given as:

I
o
v 51
= 2y-6=—x+1]
= x+2y-7=0

Tangents and Normals Ex 16.2 Q3(iii)

The equation of the curve is y =x2.

On differentiating with respect to x, we get:

fiﬁ =2x

dy

@l
dl (0, o)

Thus, the slope of the tangent at (0. 0} is 0 and the equation of the tangent is given as:
y=—0=00—-0)

=>y=0

-1
—i . which is not defined.

The sl fth al at (0, 0)i =
¢ slope of the normal at (0. 0) is Slope of the tangent at (0, 0) 0

Therefore, the equation of the normal at (xg )= (0, 0)is given by

x=x,=0.

Tangents and Normals Ex 16.2 Q3(iv)



We know that the equation of tangent and the normal to any
curve is given by

Y-y =) (&) Tangent
-1
Y'Yi—E(X-M) =) Morm al

Where m is the slope

We have,
yo=2x?-3x-1 P =(1,-2)

dy
5l = gy -3
ope m = A

m{ﬂi] -
ax

equation of tangent fram (4]

v+2)=1(x -1
= x-y=3

And equation of narmal from (B)
v+2l=-1{x-1)

= X+y+l=10

Tangents and Normals Ex 16.2 Q3(v)
We know that the equation of tangent and the normal to any
curve is given by

¥o-yy = mx - x) (&) Tangent
-1

g =[x - B M I

¥ =¥ m[X x4) (B] arma

Where m is the slope

We have,

Differentiating with respect to x, we get
ady 3;(2[:4—xj+x3
dy _ 3X2(4—X)+x3

2y

- dx 2y(4—x)2
Slope m = [d_’v] = M
alp _2xz(4-2y
_2E
-18
From (&)
Equation of tangent is
(v+2)=-2(x-2)
= 2wty =2
From (B]

Equation of Mormal is
1
(v +2) = 5(x-2)
= X -2v =6

Tangents and Normals Ex 16.2 Q3(vi)



We know that the equation of tangent and the normal to any
curve is given by
vo- ¥y = r(ax - xg) [a) Tangent

y_h:F(X_Xl) (B) Marm al

Where m is the slope

We have,
v=xZdn+1 and P =(x=3)

Slope=d—y=2x+4
dx

m:(d—y] =10
ax Jp

From (&)
Equation of tangent is
(v-22)=10(x-3)

= 10x - =8

From (B]
Equation of narmal is
-1
-22)= = (x-3
(v-22) - 2 (x-23)
= x+10y = 223

Tangents and Normals Ex 16.2 Q3(vii)



We know that the equation of tangent and the normal to any
curve is given by
¥ o=y = mix-x) (&) Tangent

-1
v = o w = B M |
V- [x - x4 (B] arma

Where m is the slope

We have,
2 z
x_2+y_2 =1 and #£= (acos&,bsin&)
a b

Differentiating with respect to », we get

2_X+2_y'd_jr'= ]
a  pfadx
2
v __xb
dx  ya®
_ 2
Slope m = [d_V] _ Tacos e
dx ). bsings
=£cot9
3
From [&]
Equation of tangent is,
[:y—bSiﬂQ)=?CDt9(X—aCDSS)
= Excu:ut.‘.%'+y =bsinf+bcotdxcoss
E]
.- 2
e icgt8+i= w
El b sin &
= X ente sl - L
3 b =ing
= Xoosa+Lsing =1
El fa}
From (B)
Equation of narm al is
. 2 sing
-bsing) = — X - 30058
v ) bcose( )
2
= Extanﬁ?—y =2 sing-bsina
b b
3 2op?
= tham}—y = sing
24z
El 3 -h
= —x secd - ycosecd =
b Y b
= ax secd - by cosecd = &° - b2

Tangents and Normals Ex 16.2 Q3(viii)



We know that the equation of tangent and the normal to any
curve is given by
vo— ¥y o= mnfa -] ] Tangent

E(X - Xyl =) Marm al

Y-k

Where m is the slope

We hawve,
2 2
X
_2_5”_2=1 P = (asecs, btans)
a b

Differentiating with respect to », we get

2% 2pdy _
#  pfdx
z
I
ax W
2
Slope m = [d_y] _ asecsbz
dv s  Btanéda
b
" asing
From [&]
Equation of tangent is,
-btang) = X - g5ecd
r ) asine( )
b b g
= — _X -y = S_BC -btang
2 sing sing
= b_X - =—b5_ec'9[1—5in2.9)
as5ing sing
= 2 _Yiing = coso
a b
= £5869—£t8ﬂ9=1
El b
From (B]
Equation of narmal is
-3sing
v -btand = il (% - a5ecs)
= ¢ 5ing + by = b?tans + 3% tang
= v cosf+ by cotd = 3%+ h°

Tangents and Normals Ex 16.2 Q3(ix)



We know that the equation of tangent and the normal to any
curve is given by

¥ -y =mx - ) (8 Tangent
y-y1=_E1(x-x1) (B) Marm al
Where mis the slope
we have,
y2 = 4ax I (i 23)

=2
e m

Differentiating with respect to x, we get

dy
2y - = 4
ydx 7
- W _23
dx oy
Slope m = {d—yJ =m
e )
Fram [A)
Equation of tangent is
- a —m X_
T =
= mzx—my =23-43
= iy iy = 3
From (B]
Equation of narmal is
2z -1 =
(-2)- 26-3)
ey m e
2
-ty o+ 3
= my - 28] = ————
oy ) o
= m2x+m3y =2am’ +a
= m2x+m3y—23m2—a=0

Tangents and Normals Ex 16.2 Q3(x)



We know that the equation of tangent and the normal to any
curve is given by
vo- ¥y = r(a - xy) [a) Tangent

-1
¥-¥ E(X—Xﬂ (B] Morm al

Where m is the slope

Wwe have,

i 2 z,2 c c
co s+ =X P o= —
{ Y ) Y [CDSS‘J sinﬁ']

Differentiating with respect to x, we get

2l 2x +2yd—y = 2xy2+2x2yd—y
ax ax

= j—i{?ycz - 2X2y) = 2X5f2 - 2xc?

ay _xl?-)

O y[cz—xz)
2
e [ _c
dy cos &l sint g
Slope m= | — =—
e fp € |m2__c
sing cos2a

c? tan g {1 - sin? .5'}

cZ tan® @ {6052 8- 1}

1 cos2 g
o — 3
-tang sin“g
_ -cost g
sin®g

From (&)
Equation of tangent is

c -cos2 8 c
Y- = =——|¥-
sing sin~™ & cosg

= x 0S8 +ysin® @ = csin®g +coost e
= xcos@ +ysintd =c
From [B)

Equation of narmal is

C sin® g c
y——_ = X_
sing cos® g Ccos &
.- 3
. csin”g coost @
= x5|n39—y cos® @ = -
cosg sin &

cfsin*s-coste
{ )

= XSG -y o5 g = .
os8 xsing

-~ c [sin2 8- cos? 6'} {sin2 &+ cos® 6')

l5ir1 28
2
_ -2ccoosie
sin 28

= -Zcoot2e

XS G-ycos 8 +2ccot26 =0

Tangents and Normals Ex 16.2 Q3(xi)



We know that the equation of tangent and the norm al to any
curve is given by

¥ -y = mx - x) (&) Tangent
y-y1=_E1(x-x1) (B) M arrm al
Where mnis the slope
we have,

[
Xy = o £ = [ctJ ?J

Differentiating with respect to x, we get
dy

+x = =0
¥ ax
d __¥
:> —_— - -
ax x
-c
ay + -1
Slope = | —| = —=—
. {dxl, ot =
Fram [A)
Equation of tangent is
() =31
-—|= —=lix-ct
[ﬁf J = [¥= )
= X+12y=tc+ct
= X+r2y=2r:t
Fram (B)
Equation of narmal is
c 2
= =Ry gl
[v-5)-e2pe-en
= Xt oty =ctixt-c
= Xta—ty=ct4—c

Tangents and Normals Ex 16.2 Q3(xii)



We know that the equation of tangent and the normal to any
curve is given by

Y-k =mix-x) (&) Tangent
-1
}"‘}"1=E(X—X1) (8] Morm al

Where m is the slope

Ill|><
ra| k2
+
U’l‘i
ha ha
1]

i

1

I

[

™
1}

e
=

=

Differentiating with resect to », we get
2 2y d
= =ray

2 on
& pEax
z
- I __xb
[=i's yaz
2
Slope m = {d_y] = —%
)y yia
From (&)
Equation of tangent is
x4b7
- =- X=X
(¥ - ¥1) P (% - 1)
= xxlbz + yy@z = xlz.bz + y1232

Divide by %7 both side

2,2
L mauw n
s h? 37 b
=1 [+ [%y, %) lies on (if]
Xy ¥YL

a? hZ

From [B)

Equation of normal is

Ylaz

F]
b

Xhaz - Wfibz = X1V15‘2 —Vixibz

(v -¥i) = (% - x1)

Dividing by x,y; both side

2 2
Xt _yb? o e

LET £
Tangents and Normals Ex 16.2 Q3(xiii)

. N T .
Differentiating — ~ b = | with respect to x, we have:
7 3

2x 2vdy
o
2x
a’
) i ) Codv
Therefore, the slope of the tangent at{ x,., ¥, )is = =-
dx |,

Then, the equation of the tangent at lf.ﬁ',_;_. ¥, )is given by,

hx,
V= ——

ay,

{x-~x,)

=@ Wy, — @y, =hxx, ~b7x]

= bax, —a’ vy, - 6% +a' v =0

Tangents and Normals Ex 16.2 Q3(xiv)



2z
Differentiating =3 +y3 =2 with respect to », we get

-1 -1
2 = 2 —=dy
w3 sy 3L o
3X +3\J’ dx
1
dy _ [¥)3
= ds [x]
Therefore, the slape of the tangentat(1,1) is dy =-1
dx 14)
S0, the eguation of the tangent at{1,1) is
y-l=-1{x-1]
= y+r-2=0
4lso, the slope of thenormal at (1,1)is givenhy -1 =1

slope of tangent at (1, 1)
. the equationaf the narmal at(1,1) is
y-1l=1{x-1)

= y-u=0

Tangents and Normals Ex 16.2 Q3(xv)
We know that the equation of tangent and the normal to any
curve is given by

vo-yy = r(x -x) (&) Tangent
-1
y—y1=E[X—X1) (B] Marm al

Where m is the slope

We have,
x% =4y P =(21)
2w o= ﬂ
ax
ay X
= dr 2

From (&)
Equation of tangent is
¥v-1=1[x-2)

= ¥-y=1

From (B]
Equation of narmal is
(v-1=-1(x-2)

= X+y=3

Tangents and Normals Ex 16.2 Q3(vi)



The equation of the given curve is 3 =4x.

Differentiating with respect to x, we have:

ll'ﬁ_-i
ey

dy 4
2y

dr .
N
, _a{\_| _-2_1

y.

2

v

U

Mow, the slope at point (1, 2)is Rl =—=-1,

~Equation of the tangent at (1, 2)is y —2 =—1{x — 1)

=2y—1=-x+1
=x+y—3=0
Equation of the nermal is |

y—2=—-1){x-1)

y—2=x-1
x=y+1=0

Tangents and Normals Ex 16.2 Q3(xix)

X2 y,?
Let =~ -+ = 1 be the equation of the aurve,
a b
Rewriting the above equation as,
2 B 2 L
b7 &
b2
= 2= 2 x2 b2
S

Differentiating the above function w.r.t =, we get,

dx & b a

:{dv:l-ﬁ”] _bF J2a _ J2b

J2b

Slope of the tangent m ==
&

Equation of the tangentis
{V_h}:m{){_xl}

= (y-b)- Y2 2]

:a{v—b]=\(§b{x—@a}
=2bx —ay +ab-2ab =0
=.J2hy —ay-ab=0

Slope of the normal is —ﬁ
a
Equation of the normal is
{V_V1}=m(X_X1}

-&

= - +22)
:v@b(v—bh—a{x—\@a)

= ax +2by - J2BE - 237 = 0
= ax + 2by - +f2{a7 + b7} = 0

=[y-b)=

Tangents and Normals Ex 16.2 Q4

b2



The given equations are,

x=F+sind : ¥ =1+cosé
l+cos8 @ sin 8
—= & ——=—znF
de
@
dx_gg _ —=mé
dx E 1+cosd
&
Slope,
1
(&) __&
s
= i
=_1+L

Thus, equation of tangent is,
yp=m(x-x)
¥ 'r1+ & A 1+ 1\-':’1- 'rﬁr+ i
1Y =

[ E 17
poleoral e e et

Tangents and Normals Ex 16.2 Q5(i)

We know that the equation of tangent and normal to any

curve at the point (xy,¥y) is

¥y =il - x)
-1
L 81 =F(X‘X1)

Where rm s slope.

X =8+g5n8, V¥ =1+cos8, 6'=g
[
2
and Ij—x=1+c:|35.‘5',"7‘—:'f=—5im5'
=] a8
oy
ady a9 -1
]| == 2|82 - ==-1
ope [G"X]P ax | +1
a8

Equation of tangent from (&)

o-—fr-fe)

= x+y=g+1+1
= Zx+y)=a+4
From (B]

Equation of normal is

-5

= 2y -¥)=x

Tangents and Normals Ex 16.2 Q5(ii)

-—-(&) Tangent

-—-(B] Mormal



Wwe know that the equation of tangent and normal to any
curve at the point (xy,¥,) is

¥ -y = mlx - xy) ---[&) Tangent
-1
N - = -—[B] M |
¥ -V m[x xq) B) Morma

Wwhere m is slope.

_ 2ar? _zat? g

X_—zJ ,V_—z.l TR

1+¢ 1+¢ 2

2
P=|x= al=_ajy= 3 =E
2.1 5 4+1 &
2
T O,

ax  4a+[1+7)- 2ae% (21)
& [1+ t2)2

dat
1+ t2}2

ay  6at7 [L+r7) - [2a%)(20)

2
a4 [1+17)
_ Bat®-2ar?
=—
(1+¢2)
Lid 2 4
gy gr  Batt+ Zat
dx gy 43t
at
I
Slope m = d_y e E‘:1:l
b Jp 2a 15
From (A)
Equation of tangent i3,
(,_a)_1B(__2a)
LRI T e
16}'—16;2=131'—‘§a
13x-16y —2a=0
Equation of normal is
2 __\_ 5 _E-"I_:_a\-
Gy T Gl
13;.-—1f"=—16x+%

16x +13y —Ba=10

Tangents and Normals Ex 16.2 Q5(jii)



We know that the equation of tangent and normal to any
curve at the paint (x,, ) is

y -y =mix - xy) -—[&) Tangent
-1
V- =F(X_X1) ---(B] Mormal

Where m is slope.

¥ = at?, v =23t F=1
: £ =(a23)
and
ax ay
= - zat, LA
ar 7 ar <7
ay
=it dr  2a
Slopem=|——| =5~-="=1
P [dxl ax 23
at
From [A&]

Equation of tangent is
(v-2a)=1[x-a)
= X=-¥+a=0

From (B)
Equation of norm aol is
(¥ -28)=-1(x-4a)
= X +y=3a
Tangents and Normals Ex 16.2 Q5(iv)

We know that the equation of tangent and normal to any
curve at the point [xq, ) is

Y=y = mix- ) -—-(4) Tangent
-1
_ - - -—[B] M |
Y- ¥ m(x Xy (B) Marma

Where rm is slope.

X = asect, v = htant, t=t

v
& scectxtant
at

and
d_y = bsec?t
feka
2
Slope m = d_y = 755% ¢
dx  asectxtant
fa}
= —cosect
El
From [&]

Equatin of tangent

(¥ -btant)= Ecn:nsen:z‘[x— &sect)
a

= by cosect - ay = shoosect xsect — ab tant
ab[l—Sinth
" sint xcost
_ abcos?
T sint
= b sect - gy tant = ab
From (B]

Equation of normal is

-asint
-bfant) = ————[x - asect
(v )= )
= axsint+8y =atant + b2 tant
= ax% COSE + by cott = 5° + A%

Tangents and Normals Ex 16.2 Q5(v)



We know that the equation of tangent and normal to any
curve at the point (xq, ) is

¥o-yy =y - -—-(4) Tangent
-1
= T fw - -—(B) N I
Y= m(X Xy (B) Marma
Where m is slope.
x=a(f+sing),y = 2[1-cos8)

ax

ady .
—=gll+cosg),—=2asing
as =l )28

2s5in8 cosd
x

Slupem=d—y= =g -2 2
dx 1+ cosd scos2 g
2
_tanS
-
Mo,
From (&)

Equation of tangent
tang
2

Xt:n&'_y =a(8+5in8) tans_

v -a[1-oosd) =

fx - a(g+<ing))

a(l - CDSQ)

From (B]
Equation of normal is

-cotd

y-a(1-cns8) = ————([x - 3[8+sing)]

tan &

= (¥ -2a) +x-a8=0

Tangents and Normals Ex 16.2 Q5(vi)

% =3cose- s v = 3sine-sinte

= j_x =-3sinf+3cos?asing and dv_ S00s8- 3sinfacoss

dy dy/do 3cos6-3sin’Bcose cos8(1-sin’g) _ ws’e e
dx  dx/de -3sine+ 3cosfesing —sine(l— cosze) T —sirfa

So equation of the tangent at 8 is
y = 3sin6+ sin’8= ~tar’ 8x - 30056 + cos” §)

= 4{ycos?6 - xsin?6) - 3sin48

So equation of normal at ais

v —-3sin8+sine= 1 (x-3oose+ cos®d)
tan®g

= ycosT8-xcos 8= 3sin*e-sin®e-3ooster coste
= ysin®8- xoose = 3sin*e-sin®6- 3o0s* 6+ cos® B

Tangents and Normals Ex 16.2 Q6



The given equation of curve is
¥ 42y? o4y —By+B=0 —-(i) atwx =2

Differentiating with respect to », we get

2x+4yg—i—4—6j—§=tl

ay
D ldy-6]=4-2
= a‘x[y ] g

gy 2-x
dx 2y -3

From (i} atx =2

4+2v_g-6y+8=10

= 2y2—6y+4=0
= y2—3y+2=tl

= (w-2ly-1)=0
= y =21

Thus,

., = [d_y] =0
e dx [21)

Thus, the equation of normal is
-1
[y -yi)=5lr-2)
= =2
Tangents and Normals Ex 16.2 Q7

The equation of the given curve is ay? = x°.

On differentiating with respect to x, we have:

B

2qy == 3x
ay dv X
dv 37
==
de  2ay

dy
The slope of a tangent to the curve at (xg, yg) is— .
dx (5. 30 )

= The slope of the tangent to the given curve at (am’, am’)is

dv _ 3(""”"':}r B 3a’m’ _3m

de (o, ) - Za{am"] C2a'm' 2

~ Slope of normal at {am?, am®)

-] -2
~ slope of the tangent at (am®, am®) " 3m

Hence, the equation of the normal at (am?, am?)is given by,

R S 3
Yo am ——[x-am‘
Am

= 3my —3am’ = 2x+ 2am’

:>2x+3mymam:(2+3m:)={)

Tangents and Normals Ex 16.2 Q8



The given equations are
yZi=ax®+h -—={i)

=45 -5 ——={ii}

Differentiating (i} with respect tox, we get
dy

2y =L = 3ax2

Y~ = 3ax

d_y=35w2

dx 2y

m1=[d—y] =E=25
(e g 3]

iy = slope of (i) = 4

According to the question
My =, = 23=4=25=2

From (i)
pi=z2x2¥4h
= 9=16+h
= b=-7
Thus,
a=2,b=-7

Tangents and Normals Ex 16.2 Q9
The given equaticins are,
o= xZ 445 - 16
w-v+1=0
Slope rmy of i)
= j—i =25 +4
Slope m, of (i)

fri = 3

As per guestion

m, = My
= 2y +4=3
-1
= N o= ==
2
From (i)
71
=—-2-16=-_=
4 4

7103
= -y = — ==
4+ 2
65
= -y = —
Y 4
= l2x -4y -6E5 =10

Tangents and Normals Ex 16.2 Q10



The given equation is
y=x¥42x40 -1
¥ +1dy +4=10 -=-[ii}

Slope my of i)

d
ry = o ax?ae
L

Slope m, of (i)

Slope of normal to (i) is
-1 -1
o Bz
According to the guestion

-1 -1
x4z T 14
= iz =14
= x2 =4
= N =12
From i)
y=8+4+06 ar -8-4+06
=18 or -G

=a, £ =(2,18) and Q = (-2,-8)

Thus, the equation of norm al is

(y—lElj:i(X—Ej = ¥ +14y +86 =0

1

|»—l'—‘

ar (y+0)=—=[x+2] = ¥ +14y - 254 =0

B

Tangents and Normals Ex 16.2 Q11

The given equations are,
¥ o= 4x® — 3w +5 -—={i
Sy +x+3=0 -—{ii)

Slope my of (i)

ml=j_5’=12x2-3
£

Slope my of i)
-1

Hie = —
2779

According to the question
my R, = -1

= [12;(2—3}[—%]:—1

= 4x%-1=3

= xi=1

= X =1%1

From (i)
¥=4-3+5 ar -4 +3+5
=6 or 4

£ =(1,8) or @=(-,14)
Thus, the equation of tangent is

(y-8)=9(x-1) = Oy -y -3=0
(y-41=9(x+1) = Oy -y +13=0

Tangents and Normals Ex 16.2 Q12



The given equations are,
y =xlog, x -
2y -2y +3=0 - {ii}

Slope rmy of (i)

m1=j—i=logex+1

slope my, of (i)

M, =1

Tangents and Normals Ex 16.2 Q13

The equation of the given curve is ¥ =x" —2x+7 .

On differentiating with respect to x, we get:

R
dx

(a) The equation ofthe lineis 2x —y+9=10.
x—y+9=0=y=2x+9

This is of the form v=mx + ¢

~Slope of the line =2

If atangentis parallel tothe line 2x —y+ 9 = (), then the slope of the tangent is equal to the slope
of the line.

Therefore, we have:

[}
Il
b
H
|
[}

= 2x=4
Sax=2

Now, x=2



Zy=4-4+7=7
Thus, the equation of the tangent passing through (2, 7)is given by,

_].’»7=2(x—~2]
= y—-2x-3=0

Hence, the equation of the tangent line to the given curve {which is parallel toline 2x —y +9=
Misy—2x-3=0_

{b) The equation of the line is 5y — 15x = 13.

Sy—15x=13= y=3x+!§1

This is of the form y = mx + ¢.
~Slope of the line = 3
If atangentis perpendicular to the line 3y — 15x = 13, then the slope of the tangent

-1 -1
' Slope of the line 3

= 2y D e
3
5 D 2 e 2
3
5
= 2y =
3
5
= X=—-
6
Now,ng
6
25 10 25-60+252 217
pe———t s =
36 6 36 36

5 217
Thus, the equation of the tangent passing through[g, —]is given by,

36
ar_ (s
¥ 36 3 [}

B U VO
36 18

=36y -217=-2(6x-5)
=36y-217=-12x+10
=36y +12x-227=0

Hence, the equation of the tangent line to the given curve (which is perpendicular to line 5y —
15x=13)is 30y +12x=227 =0

Tangents and Normals Ex 16.2 Q14



The equation of the given curve is y = 1 3 x#3.

The slope of the tangent to the given curve at anv point (x, 3) is given by,

& -1
dv {,r—3]3

Ifthe slope of the tangent is 2, then we have:

-1,
(x-3)

= 2(x=3) =-1
r_-l

=>{x~3) 5

This is not possible since the L.H.S. is positive while the R.H.S. is negative.
Hence, there is no tangent to the given curve having slope 2.
Tangents and Normals Ex 16.2 Q15

The slope of the tangent to the given curve at any point (x, ¥} is given by,

dy _ —(2x-2)  -2{x-1)

de (¥-2e+3) (¥ -2043)

ry

Ifthe slope of the tangent is 0, then we have:

-2{x-1)

+=0
{x2—2x+3]
=-2(x-1)=0
= x=1
Whenx=1. y= ! =l.
1-2+3 2

1
~The equation of the tangent through(l, E] is given by,

,v-%=0(x-—l)

1
= p-—==0
! 2

I
= y=—

ra

Hence, the equation of the required line is v = %4

Tangents and Normals Ex 16.2 Q16



The equation of the given curve is y = /3x -2,

The slope of the tangent to the given curve at anv point (x, ¥} is given by,

a3
de 243x-2

The equation of the given line is 4x — 2y +3=0.
Lo 5 -
dx—2y+3=0= p= 2.(+E (which is of the form y = mx +c)

~Slope of the line =2

Now, the tangent to the given curve is parallel tothe line 4x — 2y — 5 = 0 if the slope of the
tangent is equal to the slope of the line.

Whenx=ﬂ,y= 3{ﬂ]—2 =Jﬂ_2="{‘“—32 =JE=3.
48 48 16 16 16 4

~Equation of the tangent passing through the point [%, %] is given by,

'_ig z[x_ﬂJ
- 48

- 4y-3 _ 2(48:1:—4]]
4 48

48x—4]
6
= 24y-18=48x-41
= 48x =24y =23

=dy-3=

Hence, the equation of the required tangent is 48x — 24y = 23

Tangents and Normals Ex 16.2 Q17



The given equations are,
x243y-3=0 -—={i
vo=dx -5 -—={ii)

Slope ry of (i)
B2
ey 3
Slope m, of (i)
my = 4

According to the question

My =My
2
__X=4
3
= X =-8
From (i)
3IB+3y-3=0
= 3y = 33
¥=-11

S0, P =(-6,-11)

Thus, the equation of tangent is
(¥ +11) = 4ix +6)
= 4x -y +13=10

Tangents and Normals Ex 16.2 Q18
The equations are

2= [a,b)

we need to prove (i) is the tangent to (i)

Differentiating (i) with respect to x, we get

3 R=-1
X 1 W 1 dy
. - L o
n[&] xa+n[b] b

Thus, the equation of tangentis

[y -5 = =2 (x-)

= bx +ay =ab+ab
= bx +ay = 23b

x ¥

“+L-2

a+b

Tangents and Normals Ex 16.2 Q19



We have,

X = sin3t, y = CO52¢, t=%

1
P=|x=="2,y=0
[ £ ]
T 0w,
ax ady .
= - zcosat, = -Zsinzt
o7 cos 7 sin
ay
Qv Hr  -Zsinzt
Sl =T =t =__-
ope dx Q¥ 3cos3t
ar
_ -2
- 1
Ec [ ey
-2
+2«J’§
3

Thus, equation of tangent is
(v-0)= +2£(X-LJ
3 N

onfoi — 3w = 2




Ex 16.3

Tangents and Normals Ex 16.3 Q1(i)
We know that angle of intersection of two curves is given by

~ ()

Ty —
tan g = IS -

1+,
Where my and m, are slopes of curves,

The given equations are

y? = x —f)
x:=y - (i}
A
™= 2y
e
mz_a‘x = 2x

Solving (i) and (i)

m1=l='x and my=0ar2
2
s — T
tang = |2 1|3
L+ | 4
S—tan‘l[z]
4
fee)
and  tangp= |27 o
1+rmyrng
7
7=7

Tangents and Normals Ex 16.3 Q1(ii)



We know that angle of intersection of two curves is given by

(4

iy = m
tan g = B S

1+ iy
Where ry and my, are slopes of curves,

y -2 —)
x24y?=z0 -=={ii}

Salving [i) and (i)

v+yZ =20
= y2+y—20=D
= (y+5)(y—4)=0
= y = -5, 4
% = o5, £2
Points are £ = (2, 4), Q= [—2,4)
M o,

Slope rmy for (i)
=25 =4
Slope my, for (ii)

m_dy -x -1
27 ax % 2
[ 0 v,
-1
4
tang = [ 2= _| 2 |
L+, |1_Ex4
_ 9
2
Q
& =tan 2
2

Tangents and Normals Ex 16.3 Q1(iii)



We know that angle of intersection of two curves is given by

(4

iy = m
tan g = B S

1+ iy

Where ry and my, are slopes of curves.

Solving [} and (i)
x% = Bax
= X[X2—64}=D
= X{x+8)(x-8)=0
= x=10,-8,8

v =0,-,16

£ =(0,0), Q=(818)

[ 0 v,
m1=d_‘v=3i_ugr3
ax
mz—d—y_3—=mor1
ax 2y
From (&)
-0
tans_m_—m:>9=£
10 2
3-1 2 1
and tand = |——=—= 2
13 4 2

Thus,

=2 and tan? [EJ
2 2

Tangents and Normals Ex 16.3 Q1(iv)



Wwe have,

K +y?odx-1=10 -—{i}
and x%+y?-2y-9=0 -—={ii)
Equatian i} can be written as

(x—2)2+y2—5=0 -—{ii})
Subtracting i) from (i}, we get

-dx +2y +8=10
= ¥ =2x -4
Substituting in (i}, we get
(x-2f +fex -4 -5-0
(v-2)+4f{x-2)"-5-0
(r-2)f =1
w-2=1 x-2=-1
¥=3orx=1
y=2(3-4=20ory=-2

The paints of intersection of the two curves are [3,2] and (-1,-2)

LU

Differentiation [)} and [il), w.r.tx we get

ay )
2% +2y ——-4=0 —f{iv)
and 2x+2yd—y—2d_y= a (v
ax ax
at {3,2), from equation {iv] we have,
avy 4-2(3) -1
ax )., 2f2) 2
2.l
), ([2x2-3) 2

If @ is the angle between the curves
avy {9y
dx e, Aav e,

i} ay ay
14|22 utl
* [o‘x Jcl [dx ch

Tangents and Normals Ex 16.3 Q1(v)

Then,



z z
X ¥ )
—+—==1 -1
L 0
x2 4y =ab -—{ii)
From fii}, we get
yZ=ab - x?
From {i), we get
x% ab-x2 -1
a° b?
= BE 2 4 3% - 5%% % = 5%B"
= {bz - az}xz = 3%6% - 2%
2 b7 -a%
Oy
a%h (b—a)
N {b—a} {b+a}
_ a%h
b+a
Z
L b
a+b
H
= = a<h
=ab-x%=agh-
yooesma=a a3+ b
_ a%h +ab® - 2% _ ah?
a+b a+bh

Differentiating (i} and (i} w.r.tx we get

2—§+2—Zx[d—yJ =0
El h [ei's c,

and 2X+2y[d—yJ =0
ax fo,

ax

[d_bf] _

e, ¥

z z

b ab

At [ + t

[ '.]a+b’_||]a+b] wege
() -2 -2
o ch 32 L] C—,.?JE
)2
av )., b

Tangents and Normals Ex 16.3 Q1(vi)

[G‘_y] =—xx£ —hZx
=1




We know that angle of intersection of two curves is given by

— ()

"y - T
tang = [+ 2

1+ iy
Where ry and my, are slopes of curves.

FERE TR -—=(i)
xTozyio2 -—={ii)

Solving [} and (i)
Byl=6=  y==%1
¥l =242 x
Point of intersection are
£ =21 and [-2,-1)

I 0w,
Slope rmy for (i)

ay dy »
By —— = -2 A
ydx X:a‘x LY
mo L
t 2
Slope mr, for (ii)
4yd—y=2x:>d—y=i
ax dx 2y
=1
From (&)
1
1-=
tamEJ=—21=l
1+1x=| 7
2

g = tan™? (EJ
3
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We know that angle of intersection of two curves is given by
— ()

-y

tan g = |———=
1+ e

Where iy and e are slopes of curves,

x% =27y - i
w? = gx -—={ii)

Solving (l) and [ii) are
4
Yy o
=5 -2
= yly*-27xe4)=0

= v =00r12

x=0aor 18
Points or intersection is (0,0) and [18,12)

T+ 0,
Slope of (i)
2% 12 4
My =—="—"—=—
27 Q 3
Slope of {ii)
a a 1
Mg =—=—==
2y 24 3
From (&)
4 1
T3 Q
tan & = 3431=—
l+—w= 13
3 3

8 = tan™! i
13
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We know that angle of intersection of two curves is given by
—-(8)

-y
14 rymg

tan & =

Where ry and my, are slopes of curves.

Solving [} and (i)

x24x =2x

= xT-x=0
= x(x-1=0
= x» =01

v =0ar1l

The points of intersection is # = (0,0), Q= (1,1)

Slope of (i)

Slope of {ii)

g =
From (&)

tan& =

8 = tan™! i
2

Tangents and Normals Ex 16.3 Q1(ix)



Substituting eq (i) in [i) we get,

%% = g4t
= xt=2
=% =2

From(i] when x = 42 ,we get y = 2 and when x = -2 ,we gety = 2
Thus the two curves intersect at {«E, 2) and [—@,2).

Differnentiating (i) wrt x, we get

d—\’J=O—2><=—2><
dx

Differnentiating (i} wrt x, we get

dy
§—2x

Angle of intersaction at [\5, 2]

S
dx [..1‘2, 2

Angle of intersection at [—-@, 2]

M, = d_v =22
2 dX [__422]

Let & be the angle of intersection of the two curves,

| 2p.28 |=‘4~@|=@
\1+[2~f§)[—2\§)| -7 7

= 8= tan™ [?]

tane= |, - m,
|1+ mym,

Tangents and Normals Ex 16.3 Q2(i)



We know that two curves intersects orthogonally if
my sy = -1 ———(A)

Where ry and m., are the slopes of two curves

y = —)
By =7-x° --={(ii)

Slope of i)

‘j_5’=3,»<2=m1

e
Slope of {ii)
Paoint of intersection of (i} and (i) is

Bx¥=7-x2

= ex+x%-7=0
= x=1
- =1
L P =[1,1)

m1=3andm2=—%

T+ 0,

1
mlxr‘(‘.\2=3x—§=—l

(i) and (i} cuts orthogonally.
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We know that two curves intersects orthogonally if
my sy = -1 ———(A)

Where ry and m., are the slopes of two curves

X% -3yt -2 (i)
wh ¥z —={ii}

Point of intersection of (i) and {ii)

(i+ (i)

= P Y P VY|
= (X—yj3=D
= ¥=y
from (i)
xFoaxleop
= —2x¥=-2
= ¥=1

. P =(1,1) is the point of intersection
Mo,
Slope of (i)

3xz—3y2—6xyd—y=0
ax

~ =G‘_y=3[X2_V2:]
1 —

aw Gy
Slope of i)

Bxy +3x2d—y—3y2d—y= 0
ax i

ay —Bxy

[Xz‘yz)x -axy

2;(}.» {XQ_y2)=_1

Yy Ky =

Tangents and Normals Ex 16.3 Q2(iii)



We know that two curves intersects orthogonally if
my ki, = -1 ———l:f-\)

Where ny and m, are the slopes of two curves

¥ ray®-g -—={i)
¥ -2vio 4 -—={ii)

Paint of intersection of (i} and (i} is (i) - (i), we get

By = 4
= = =
-
x? = 4+§
5]
¥2 =22
5]
= N = 4
N
Mo,
Slope of (i)
dy
2x +8y — =10
ydx
dy X
= v
=~ eyt 1 {..ﬁ_i]
e & Ty R
Slope of {ii)
dy
2x -4y X =1
* ydx
- Iy x
dx 2y
1 4
= Mie = = x—x = a2
273 * = 2z
Ty X ——ix =-1
1 2 '\E
(i and (i) cuts arthogaonally.
Tangents and Normals Ex 16.3 Q3(i)
Wwe have,
x% = 4y -
4y +x?=8 -—-(ii) £ =21
Slope of i)
dy
2% = 4L
x dx
(2] )
e Jp 2Jp
Slope of i)
4z:—§+ 2x =0

() (),

My xifig =1x-1=-1

Hence the result,
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Wwe have,
¥ =y === (i
x2roy=7 --- i} P =(1,1)

Slope of (i)

Slope off(ii)

dy
wi+ral o
* [ri's

_[dy] _[XZJ -1
mo= L] =|-=—| ==
ax e 2 ), 2
mlxm2=2>c_—1=—1

2

Tangents and Normals Ex 16.3 Q3(iii)
We have,
v? = Bx — i
2x% 4+ y? =10 -=={ii} e {lJ Eﬁ:]

Slope of i)

dy
2y X =g
yc"x

SOROR

Slope of {ii)

4x+2yj—i=tl

()23

mlxm2=\l'§><i=—l

N2

Tangents and Normals Ex 16.3 Q4



we have,

4 = y2 - i)
dxy =k === {ii)
Slope of {i)
o
4= Eyé
d 2
= "y =£=;
Slope of (ii)
¥ +xj—£ =0
= -
2% x

k
_=y2

¥
= y3=.f<
2
3
P
4

ij and [ii] cuts orthogonoll
(7 (i) gonally
Yy Ky = =1

2 -y

= —w—=-1
¥ooox
2

= —=1
N

= X =2
2
EE

= — =2
4
z

= k3=8
k?=512
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We hawve,

Zx = y2 - i)
2xy =k - (i)
Slope of i)
dy
o=y 2
ydx
= my a1
dy Y
Slope of [ii)
dy
i
y+x[dxj
_ay ¥
T2 TG T
T 0y,
Saolving (i) and {ii)
k
_=y2
¥
= yS =k
. 2
¥ KR
2 2

(i) and (i) cuts orthogonally

Ty w i, = =1

ixi:—l
Yoo

= i:l
X

= x=1
2
3

= J'I<—=1
2
2

= k¥=12

Closing both side, we get
k%-18
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Substituting eq (i) in (i) we get,
2 +y? =8
2

4 2
=|—| +v° =8

5
=16+ y* = 8y*
=yt-8y?+16=0
=(v*-4 -0
=y’ =4
=y =t

From(i) wheny = 2 ,we get x = 2 and when y = -2 ,we get x = -2
Thus the two curves intersect at (2, 2) and (-2, 2).

Differnentiating (i) wrt x, we get

dy

y+xﬁ=0
dy _ ¥
:’ﬁ‘ %

Differnentiating (i) wrt x, we gst

dy

V+><$=O
dy _ v
T %

Differnentiating (i) wrt x, we get

dy
2x+2v&—0
dy __x
dx y
At (2, 2)
dy
S —]
[dxl:l
d_VJ 4
dx &

Clearly [d_v] = (d—VJ at (2, 2)
dx c dx <,

So given two curves touch each cther at (2, 2).

Simillarly, it can be seen that two curves toudh each other at (-2, -2).
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Differnentiating (i) wrtx, we get

dy
2yt =4
de

dy 2
:&—¥

Differnentiating (i) wrt x, we get

2><+2y%—6+0=0

:ﬂ=3—x

dx Y

S0 given two curves touch each other at [1, 2).

Tangents and Normals Ex 16.3 Q8

we have,
2 2
AP 0
a b
xy=c? - {ii)
Slope of {i)
2% _2vay g
3% h¥ax
ay  x b7
N %
vy &
Slope of {ii)
dy
X aq
y+xdx
oY
ax X

(i and {ii) cuts orthogonally

my K = -1
2
X - =)
= —x—’vx———l
yoox o pE



z 2
T+l
E] b
2 2
A £
Slope of {i)

2_x+2y dy—D

3% BT ax

Slope of [ii)

_dr_ xb?

dx v 5%
2 _ 2y dy _
A% BT ax

_adv x g2

m _E=Fx?

(i) and (i} cuts orthogonally

0w,

iy iy = -1

—x b% x B®

A
xZ pEE%
anzﬂz =1

x%  3%°A%

VI b

(i) - (i) gives

><2[1 1}+y2[1+1
af A2 p% g2

x2 _ 82+ b2 3242

P *E gz

Putin (i), we get

-~ (iii}

[82 +b2} 242 2242

PYCEE ‘92 - ,42) s

B24+b® =57 - 47

EE ey L -5

2
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Wwe have,

X2

}"2

—_—t =1 =i
A+ bi+a 0
z z
e (i}
+ A +4
slope of (i)
2x 2y dy
+a bRy tax
- b A
- oy = gy - b+
dv ¥ a +.1
Slope of {ii)
2x 25/ G‘_y_
F+ia, b +h =
z
- m2=d_y [ b +4
dy oy a + 4
T 0w,

Subtracting (i)

fram [i], we get

11 S S O S S
A &+ ¥ B24a bR+ B
- x2 Ao - Ay 1
w? PRI A=A
FeE EFEREIvY
Mo,
I {b2+£1}{b2+12)

. [32 +j1)_[iz +12} N {b2 + 11} {bz + 12:]

(A2 - A4 "
{bz + 11} {bz + ,?2)

(5% + 4} {57 + 22}

=-1

(i) and (i) cuts orthogonally

Tangents and Normals Ex 16.3 Q10

Suppose the straightline xcosw+ ysine = p touches the curve at Q[x, v, ).
2

But equation of tangent to —+b—"'; =1atQx,y,]) is
¥y XY

F
Thus equation —1 + T;;i 1 and xcoso+ ysino = p represent the same line,
X /a8 . \,,I/bz 1
Cgcoso sino p

acoso b?sino .
=¥ = S E (i)

P P

2

The point Q(x,,v,] lies on the curve ><—+ L]

bZ

Cdoosta blsinfa
plat Pl

= acof u-bisinfo=p?

-1
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