B.M.S. COLLEGE OF ENGINEERING, BENGALURU
DEPARTMENT OF MATHEMATICS

Dept. of Math., BMSCE Unit 1; Calculus of One Variable

For the Course Code: 22MA1BSMCV, 22MA1BSMES, 22MA1BSMME & 22MA1BSMCS

Polar Curves:

Angle between radius vector and tangent:

If r=1(6), then the angle between radius vector and tangent is given by
do

tang=r—.
¢ dr

1. If 4 be the angle between radius vector and the tangent at any point of the curve r = f (9)

then prove thattan(¢) = r% :

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

a) r=a(l+cosd) Ans:%+%.
b) r’=a’sin’0 Ans: ¢ =6
c) ! 1vecoso Ans: ¢:tan1[1+e_ﬂ}
r esiné
d) r"cosm@=a" Ans:ﬂ'z_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.

e) Z—razl—cose at =27/3 Ans: ¢=2?”,tany/=\/§,.
f) rcos’(6/2)=a’ at o=27/3 Ans: ¢:%.
g) r’cos(20)=a Ans: ¢=%—26; y;z%—e

Angle between curves:

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

tan ¢, —tan
a=|g,—¢| ortana = tang —tand,

1+tang tang,
4. Find the angle of intersection of the following pair of curves:
a) r=sin@+cosd, r=2sin@ AnNS: %
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b) r?sin20 =4 and r®> =16sin 26 Ans: /3.
c) r=aand r=2acosd. Ans: /3.
2e

d r=—2_and r=alog® Ans: tan{ 2).

logéo 1-e
e) r=-2 and rzi2 Ans: tan™3.

1+60 1+6
f) r=a and r=2acosé. Ans: z/3.
g) r=3cos(d) and r =1+ cos(6) Ans: %

5. Show that the following pair of curves intersect each other orthogonally.
a) r=a(l+cosd)and r=b(1-cosd).

b) r=acoséd and r =asiné.

) r=4sec’(6/2) and r =9cosec’(6/2).
d) r"=a"cos(nd) and r" =b"sin(ng).
e) r’sin20=a* and r?cos20 =b*.

f) r=ae’ and re? =b.

q) 2—f=1+cose and 2—rb=1—COS<9.

h) r=acosé@ and r =asinég.

i) r=afand r:E
0

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

=rsing or i—i+i[£j2
b= p> r? r*ldo

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 r = f (9),

then prove that p = rsin ¢ and hence deduce that

(]
r: r*lde

2. Find the length of the perpendicular from the pole to the tangent for the following curves

a) r=a(l-cosd) at O=r/2
b) r=a(l+cosd) at O=r/2.
c) r’=a’cos26 at O=r.

d) r*=a’sec20 at 0=x/6.

€) %z(l—cose) at 0=r/2

f) r=asec’(6/2) at O=r/3

Ans: a/ 2
Ans: a/ J2

Ans: a

Ans: a/\/f.
Ans: v2(a)
Ans: 2a/«/§

Pedal Equation:

Relation between r and p, obtained using p=rsing or

1. Find the pedal equation of the following curves:

a) r=ae’™“.
b) r(l-cosé)=2a
c) r"cos(mf)=a"

d) I—:1+ec056?
r

L_Li(ﬁf
p’ 2 r*lde

Ans: p=rsina
Ans: p°=ar

Ans: prit=a" .

e’-1 2

—+—.

| Ir

Ans: iz=
P

Curvature and Radius of Curvature

d
Curvature =x = il )

ds

: 1
Radius of curvature = p=—; x#0.
K
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Cartesian Form:

%
. _ (1+ y12) ? dy d?y
Radius of curvature (Cartesian form), p = ,wherey, =—=and y, =—=
Y, dx dx
2 1%
(5]
If y, — o0 then P
dy?
Find the radius of curvature for the following curves:
. 3,3 _ ; 3a/ 3a
a. The Folium x°+y® =3axy at the point ( A 4)
b. Catenary y=ccosh(%) at (0,c).
2
, a‘(a-x)
. =——~ at (a,0). Ans: &
y N (a,0) A
aa a
d. X+ y=+vaat|—,—|. Ans: —
ey =va (4 4) J2
e. y=4sinx—sin(2x) at x=2. Ans: %
2 4
3/2
f. r(l+cosf)=a Ans: (2r)
Ja
g. r'=a’"cosng AnNs: a’
(n+1)r™*
h. r=a(l+coso) Ans: %x/Zar.
2 2
2. Find the radius of curvature for = +Y_=1at (a,0) and(0,b). Ans:
a~ b
3. Find the radius of curvature for y* =4ax at (x,y). Ans:
ax x ) 2 (2 %
4. If p isthe radius of curvature for y=—— then prove that (—J +(lj =(—pj .
a+x y X a
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Polar form:
. . . (r*+ r12)3/2 dr d’r
Radius of curvature in polar coordinates: p=—————~—; wherer,=— andr,=—
r’+2r°—rr, de de

Alternative:

Radius of curvature in Pedal form:

_ar
P dp
1. If p, and p, are the radii of curvature at the extremities of a chord through the pole for the
, , 16a°
polar curve r =a(1+cos@), prove that p; + p, = =

2. Show that for the curve r(1-cos@)=2a, p° variesas r°.
2
3. For the cardioid r =a(1+cos@), show that £_is constant.
r
4. Find the radius of curvature at the point (r,8) for the curve r" =a"sinng.

: . I .
5. Find the radius of curvature for the curve —=1+ecos@at any point (r,8).
r

6. Write the p—r equation of the polar curve r" =a"sinn@ and find the radius of curvature
to the curve.
7.Find the pedal equation of the polar curve r = f (&)and find the radius of curvature at any

point (r,6)
(i) r=a(l+cosd) Ans: 2\/2ar
i)y r=ae’™" Ans: I coseca
2
(iii) r*=a’cos20 Ans: &
3r
(iv)  r"=a"cosmd Ans: a —
(m+1)r

Page 5 of 6



B.M.S. COLLEGE OF ENGINEERING, BENGALURU
DEPARTMENT OF MATHEMATICS

Dept. of Math., BMSCE Unit 1; Calculus of One Variable

Parametric form:

Radius of curvature in parametric form:

s 2\312
(L) dx,  _dy  _d®x - _d%
= where Xy =— Y1 =—= X =—=, Y, =—=
X1Y2 = Xo¥1 dt dt dt dt

Find the radius of curvature for the following curves:

X = 6t° —3t*: y:8t3

=

1. x=el+et; y=el—etatt=0
5 X:accis(t); y:a5|tn(t)

3. x=aln(sect+tant); y =asect

4. x=1-t% y=t-t3; att=+1
x=2t°—t* y=4t att =1

5,
6. x=a t—i Ly =at?
. 7 |

7. x=In(t); y= %(t +t_1)

8. x=a(t+sint); y=a(l-cost) att=7x
9. x=acost; y=asint

10. x=aln (tan (%4‘ gD y =asec(d)

11. x=acos°t; y= asin’t
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