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Course: Mathematical Foundation for Computer Science Stream — 1
Mathematical Foundation for Civil, Electrical and Mechanical Eng. Stream - 1

Polar Curves:
Angle between radius vector and tangent:

ifr=r (‘9) , then the angle between radius vector and tangent is given by

do
tang =r—
o=r dr .

1. If ¢ be the angle between radius vector and the tangent at any point of the curve = / (9)
tan (¢) = rﬁ

then prove that dr .

2. Find the angle between the radius vector and the tangent for the following polar curves.

_ 0
a) r—a(l+c059) Ans:%JrA.
b) r*=a’sin’0 Ans:¢ =0
i=1+ecos€ ¢:tan“[l+e_ﬂ}
c) r Ans: esin@
d) r" cosmB =a” Ans:%_me

3. Find the angle between the radius vector and the tangent for the following polar curves. And
also find slope of the tangent at the given point.

2a 0=2r/3 27
e) r €08 at Ans:¢ 3 i \/—,.
reos’(0/2)=a’ 0=27/3 p=-=
at Ans: 6
2
r?cos(20)=a _T 59 y="_p
2) Ans:¢ 2 VT

Angle between curves:

Angle of intersection of two polar curves = angle of intersection of their tangents denoted by &

0{=|¢2—¢1| tan o — tan ¢ —tan ¢,
or 1+ tan ¢, tan ¢,

4. Find the angle of intersection of the following pair of curves:
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r=sin@+cos0@, r=2sin0
a)

b) 7’sin20 =4 and r* =16sin20
¢) '=4a and r=2acosf.

,__4a r=alogb
logé@
d) °8Y and
ab a

€) "T1i0 and 1467
f) r=4a and r=2acos0.

r=3cos(f) and » =1+ cos(0)
g)

Ans:
Ans:
Ans:

Ans:

Ans:
Ans:

Ans:

Unit 1: Calculus of One Variable

4
/3.
/3.

tan”' 2e
1-¢* ).

tan~' 3

/3.

i
6.

5. Show that the following pair of curves intersect each other orthogonally.

2) r=a(l+cos0), 4 r=>b(1-cos0)
b) r=acos6O and r=asinf .

0 r=4sec®(0/2) ,,q r =9cosec’ (0/2)
q =a" cos(nf) g+ =b"sin(nd)
e) r’sin20=a’ and r* cos20 =b>.

f) r=ae’ and re’ =b.

2—a:1+c0s9 %ZI—COSQ
g r and r .

h) r=acosf and r =asinf .
7 =a6l and

y =

a
i) 0

Length of the perpendicular from pole to the tangent for the polar curve:

2 2

4
or P r.r

p=rsing 11 1(aY
%)

P is the length of perpendicular from pole to the tangent
¢is the angle between radius vector and tangent
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1. If p denotes the length of the perpendicular from pole to the tangent of the curve 7 = f(6),
g g
p=rsing 11 1(@}2
then prove that and hence deduce that p° r*  r*\d0O
2. Find the length of the perpendicular from the pole to the tangent for the following curves
a) r=a(l-cosf) o 0=r/2 Ans: a/\/E
b) r=a(l+cosb) atezn/z. Ans: a/\/5
c) r’=a’cos20 at O=r. Ans: (
d) ri=asec20 at 0= ﬂ/6. Ans: a/\/z_
2—az(l—cosQ) 0=x/2 \/E(a)
e) r at Ans:
f r=asec’(0/2) ,, ¢ =7/3 Ans: 2a/\33
Pedal Equation:
7 prreing L_L+L(£)2
Relation between and , obtained using or p° r* r‘\de
1. Find the pedal equation of the following curves:
a) r = ae’ %, Ans: p=rsina
b) V(I—COSQ)ZZG Ans: p2 =qr
o ! cos(mf)=a" Ans: Pr T =ad"
2
£:lJrecosH izze;l+£
a " Ans: P~ I Ir,
2_ .2 2
e) Ans: P =T —d

Curvature and Radius of Curvature

_dv

K=
Curvature = ds .

1
=—; k=0

Radius of curvature = r K

Cartesian Form:
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%
(1 + 7 ) ? dy d’y
p=———,wherey =—and y, =—=
Radius of curvature (Cartesian form), V2 dx dx
N —®© dx > T
(d] +1
Jy
T
If then dy’

Find the radius of curvature for the following curves:

1.
The Folium o y3 =y at the point (3%’3%)

_ X 0,c
Catenary Y _CCOSh(é) at ( )

= a’ (a-x) (a,O) %

C. X at . Ans:

®

<

Jxtfy=va (z zj a
d. at \4 4 Ans: \/5
y:4sinx—sin(2x) . 545
e. at 2 . Ans: 4
x2 y2
—+=—=1at (a,0 d(0,b
2. Find the radius of curvature for @ @ b (a.0) and 0, ) Ans:
3. If P be the radius of curvature at any point on the parabola and S be its focus then show that
varies as
P 2 2 P
y= % then prove that (f) + (ZJ = (2—’)) ’
4. If  is the radius of curvature for a+x y X a .

Parametric form:

Radius of curvature in parametric form:

;a3
(xl +yl) dx dy d*x d*y
p=——————;Where yy =— )y =—, ) =——, ), =—
X V2 =X dt dt dt dt

Find the radius of curvature for the following curves:

| x=62=3 y=8£
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1. x=e +el; y=e e atr=0

e acos(t) _ asin(z)
2. t t
3 Xx=aln(secr+tant); y =asect
4 x=1-12 y=1-1; att =+1
s x=20-1% y=48 arr =1

t3 2
xX=a|t—— |, y=at
6. 3

x=In(t); y = %(t+t_l)

g Xx=a(t+sint); y=a(l-cost) att=n

9. x=acost, y=asint

X = aln(tan(erQD; y =asec(0)
10. 42

11. x:acos3t; y:asin3t

Polar form:

s 2 )
(7 +77) dr d’r
p=——5"—; where,=—andr, =—>
Radius of curvature in polar coordinates: P2 do do
Alternative:
dr
p=r—
Radius of curvature in Pedal form: dp

1. If P and P2 are the radii of curvature at the extremities of a chord through the pole for the
r=a(l+cosf 164
( ) PPy =

polar curve , prove that 9

_ 2 3
2. Show that for the Cuwer(l—cos@)_Za’ P varies as’ .
r=a(l+cosb) p’

3. For the cardioid , show that 7» 1is constant.

. . . " =a"sinnO
4. Find the radius of curvature at the point (r ’9) for the curve’ ¢ ST
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: (r0)
. . —=1+ecosf . >
5. Find the radius of curvature for the curve r at any point

. P . L .
6. Write the equation of the polar curve ' =4d Sl nd and find the radius of curvature
to the curve.

_ Ocota
7. Find the radius of curvature at the point (r ’9) for the curve’ ¢

2_ 2
8. Find the radius of curvature for the curve ©~ =@ 0820 4 the point(r ’ 9).

m _m
9. Find the radius of curvature at the point (720) for the curve " =a" cosm
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