. principles of plane geometry. However,
1e mathematical proofs for these constructions are omitted here,

1.1 To bisect a given arc
“onstruction (Fig. 6.1)
[1] Draw the given arc AB.

[2] With centre A and radius equal to more than half the chord length AB, draw arcs
on either side of AB.

[3] With centre B and the same radius, draw arcs intersecting the above arcs at C and D.

[4] Draw a line through C and D to intersect the given arc at E. The point E bisects the
given arc.

Oy B AT AR50

N
e ;
E
A F B
Note¢ (1] The above procedure may be followed to bisect the given line AB.
2] The point F bisects the line AB and the line CD is called the perpendicular bisector of
the line AB.
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6.1.2 To Divide a straig (Oct/Nov. 2012, April/May 2013, March/April 3,

Construction (Fig. 6.2)
(1] Draw the given line A B.

| it angle with AB.
[2] Through A, draw a linc AC, making any convenient ang

ngth and mark six equal divisions, 1', 2! 3
€

[3] Set the compass to any convenient |
6', along AC.
[4] Join 6', B.

{5] Draw lines through 5', 4', 3'
” ] ] [ parts
The points 1, 2, 3, etc., divide the line AB into six equal paris.

otc., and parallel to 6' B, to meet the line AB at 5. 4

c

Fig. 6.2 DIVISION OF A LINE INTO A NUMBER OF EQUAL PARTS

S

I 8 DAL S TR NS

6.1.3 To divide a given line into unequal parts by proportioning
Construction (Fig. 6.3)

[1] Draw the given line AB.

[2] Construct a square/rectangle ABCD, choosj

[3] Draw diagonals AC and
diagonals,

ng the side AD as desired.

DB and locate the mid-point E at the intersection of

[7] Similarly, locate the sub

-divisions 1/4,1/5, 1/6, etc.
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Fig. 6.3 PROPORTIONATE DIVISION OF A LINE
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5.1.4 To draw an arc of given radius R through two given points
Construction (Fig. 6.4)

[1] Locate the given points A and B.

[2] With centers A and B and radius equal to R, draw arcs intersecting at O.

[3] With center O and radius R, draw the arc which passes through the given points A and B.

0)

A .
S ‘ Fig. 6.4 DRAWING AN ARC THROUGH TWO POINTS J

Note : Tpe construction suggested above is possible only when the radius R is greater than
: half the distance between the points A and B.
01 . ° 4 i 1
& > To bisect a given angle
nstruction (Fig; 6 5y’ : :
(11 Draw the Jines AR and AC, making the given angle. 2 &
With centre A and any convenient radius R, draw an arc intersecting the sides of
theangleatDandE. i SRR L e

[2]
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n half the chord length DE, ‘*r;w\%
q

2/A

6.4

[3] Wlth centres D and E and radlus larger tha
intersecting at F.

[4] JoinA, F.
Now, <BAF = <FAC.

T A AT 30 S S SN S

AT N

F|g 6.6 BISECTION OF AN ANGLE

PO——— L

Note : This procedurc may be rcpeated {0 divide the glven angle into 4 8 16 equal parts
6.1.6 To locate the centre of a given arc

Wweﬁwrnﬂ_«wwy«

&
4

Construction (Fig. 6.6)
(1] Draw any two chords CD and EF to the given arc AB.
[2] Draw perpendicular bisectors to CD and EF, intersecting each other at O.

Point O is the required centre.

IO S A L A AU

i e TN

> g e

N - Fig. 6. 6 LOCATION oF THE CENTRE OF AN ARC
ote : he above procedure may be followed to locate the centre of a crrcl L
e.

6. 1 7 To Draw an arc passin
straight line

Construction (Fig. 6.7) |
[1] Locate the glven points A, B and C

9 through three given pomts, not of
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: [2] Draw lines AB and BC. ol

[3] Draw perpendicular b
ar bisectors to the lines AB and BC,
intersecting at O.

[4] With center O and radius OA( - O

A, B and C. = OC), draw the arc, passing through the pomts

P AP S

.

Fig. 6.7 DRAWING AN ARC THROUGH THREE POINTS ‘

P s
T At

51 8 To fmd the length of a given arc

Construction (Fig. 6.8)
[1] With centre O, draw the given arc AB.
[2] Divide the given arc into a number of equal parts (th
accuracy).
[3] Set the divider equal to the chord length
. | [4] Onanyline AC, step-off the divisions equal to the
point D on it.
The length of the line AD is approximately

Note : The above procedure may be followed to find the approx

e more the number, the better the

of one of the parts.
divisions on the curve, reaching the

equal to the arc length of the curve AB.
imate length of the circumference

A MU ISR SRy

of a circle. . ot Tt
o)

R

OF THE LENGTH OF AN ARC i 4

N
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Iength of the circumference of 4 ™

1.9 To find the approximate
circle

Construction (Fig. 6.9)
[1] With centre O, draw the given circle.

[2] Draw the vertical diameter through O, meeting the circle at A.
[3] Through A, draw a line AB at right angle to AO.
[4] Along the line AB, set-off distance AC equal to three times the diameter of th, %

[5] With centre D on the horizontal diameter and radius equal to the radius of tp, cig
draw an arc intersecting the circumference of the circle at E.

[6] Draw the line EF, parallel to AB.

[7] JoinF, C.
The length FC is approxnnately equal to the circumference of the circle.
E E
e} D
A C B
Fig. 6.9 DETERMINATION OF THE CIRCUMFERENCE OF A CIRCLE

ERRIAT o S e

6.1.10 Tangent lines

A line, meeting a curve at a point on it is called the tangent to the curve.

6.1.10.1 To draw a tangent to a given circle, at any point on it
Construction (Fig. 6.10)

[1] With centre O, draw the given circle and locate the given point P on it.
[2] Join O, P and extend.

[3] Draw a perpendicular TT to the above line at P.
The line TT is the required tangent.
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| . FiB. 6.10 TANGENT TO A CIRCLE AT A POINT ON IT

6 1.10.2 To draw @ fangenr k- given clrcle, from any polnt outside it

Construction (Fig. 6.11) (April/May 2012, March/April 2014, 2016, 2018)
[1] With centre O, draw the given circle.

i
3
H

[2] Locate the given point P in its correct position.
[3] Join P, O and locate its mid-point A.
[4] With centre A and radius AO, draw an arc intersecting the given circle at B and C.
[5] Join P, B; P, C and extend.
The lines PB and PC extended are the two possible tangents.

A R 8 B AN U AR M PR A D

sty

T WD

B

P

g’“;»;aw, b Fig. 6.11 TANGENT TO A CIRCLE FROM AN OUTSIDE POINT J
o 5, 3 T S on

9 gfaw exterior and interior tangents to two given cnrcles of eqU"’
ra

ctl()ll (Flg 6 12)
H] With () and
(2] Join 0, o

Bt
R Y%Q}?

m‘j&ﬁ;m‘ e E 9
%Wm%%mjmww‘m&‘ ) e&;ﬁ%ﬁ%’"@?’” T e T TRt Ao

C(}n tr

O, as centres, draw the given circles.
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n circle of diameter D &

6.1 ‘12 To inscribe a square,

Construction (Fig. 6.15) :
(1] With centre O. draw a &ircle 5 d} ,,,:ag say AC and BD, at righ
v two aia ] 4 g s ont aﬂ_g}e e
[2] Through the centre 0, gy g
other.
(3] JoinA. B
ABCD is the required squarc. - 3 L

M*anv-.-—«n»—w RTINS

B,C;C.DandD,A.

5

g
e
.,

6.1.13 Polygons
A polygon is a plane figure, bounded by straight edges. When all the edges are of equal leos,

the polygon is called a regular polygon.
6.1.13.1 To inscribe a regular polygon of any number of sides, N in a given circ

Construction (Fig. 6.16)
[1] Draw the given circle with AD as diameter.
[2] Divide the diameter AD into N equal parts, say 6.
[3] With AD as radius and A and D as cenfres, draw arcs intersecting each other 21€
{4} Join G 2 and extend to intersect the circle at B.

[5] Join A, B which is the length of side of the required polygon.

[6] Set the compass to the | :
| ) ength AB, and starting from B : circumfrey
of the circle, obtaining the points C, D, etc. g fom B rark off on flegwr™
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The figure obtmned bv 1onnng 7I~1~eu " :
pmmv A II C elc, is lhe req mred polvgon

B\_‘/c

Fig. 6.16 TO INSCRIBE A REGULAR POLYGON

6.1.13.2 To inscribe a hexagon in a given circle of radius R
Case I Using a set-square

Construction (Fig. 6.17)

[1] With centre O and radius R, draw the given circle.

[2] Draw any diameter AD to the circle.

[3] Using 30° - 60° set-square and through the point A, draw lines Al, A2 at an angle
60° with AD, intersecting the circle at B and F respectively.

[4] Using 30°-60° set-square and through the point D draw lines D1, D2 at an angle
60° with DA, intersecting the circle at C and E respectively.

The figure obtained by joining the points A, B, C, D, E, F and A is the required hexagon.

X

609 .8
E 07l &0 C
4
2 1 °2 8
R A D
/ ° 0
o _ L w HANE Do
2 5 ) =k
0 o K
F 60 _,L.60° B ; )
o . s )

S Fig. 6.17 INSCRIBING A HEXAGON - USING SET - SQUARES ]
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2.1-15 To construct a regular polygof any number of s:des' ,
given the length of its side. ;

(April/May 2015, Oct./Nov. 2015, March/April 2017)

GENERAL "METHOD
~onstruction (Fig. 6.24)
[1] Draw a line AB equal to the length of the side.
[2] With centre A and radius AB, draw a semi-circle.
[3] Divi;ie the semi-circle into the same number of equal parts, as the number of sides N,
say 5.
[4] Draw radial lines through 2, 3, etc. (second division point 2 will always be a vertex of
- the polygon).
[5] With centre B and radius equal to the side, draw an arc intersecting the radial line
through 4 at C.
[6] Repeat the procedure and locate the point D on the radial line through 3.

The figure obtained by joining the points A, B, C, etc., is the required polygon.

Fig. 6.24 CONSTRUCTION OF A REGULAR POLYGON-GENERAL METHOD

0.1.16 Draw a line, 100 mm long and divide it into 6 equal parts.

Refer Fig. 6.2 for solution.
;1..17 Draw an exterior common tangent to the given circles of radii 20 mm and 30 mm. The
stance between the centres of the circles is 100 mm.

: Refer Fig. 6.13 for solution.
1 : i ! v
18 Draw internal (interior) tangents to two circles of diameters 50 mm and 75 mm whose

Cent, 7
T¢s are at a distance of 80 mm.

5 1S‘Refer Fig. 6.13 for solution.
19 Construct 5 regular hexagon, in a circle of diameter 80 mm.

“eler Figs. 6.17 and 6.18 for solution.
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7.1 INTRODUCTION

A cone is fqrmed when a right-angled triangle of an apex angle 0 is rotated about its
\Ititude - as the axis. The length or height of the cone is equal to the altitude of the triangle and
he radius of the base of the cone is equal to the base of the triangle. The apex angle of the
sone is equal to 2 6. .

When a cone is cut by a plane, the curve formed along the section is known as a conic.
2or this purpose, the cone may be cut by different section planes (Fig. 7.1a) and the conic

sections obtained are shown in Fig. 7.1c.

Circle : When a cone is cut by a section plane A-A, making an angle a. = 90° with the
ixis, the section produced is a circle.

Ellipse : When a cone is cut by a section plane B-B, at an angle o, more than half of the
ei.e., 0 and less than 90°, the curve of intersection is an ellipse. The size of the ellipse

ipex angl
o and the distance of the section plane from the apex of the cone.

lepends upon the angle

Parabola : If the angle o is equal to 0, i.e., when the section plane C-C is parallel to the
slant side of the cone, the curve of intersection is a parabola, which is not a closed figure.
Che size of the parabola depends upon the distance of the section plane from the slant side of

he cone.

section plane D-D), the curve of intersection
ola, even if o= 0, provided the section plane
ver, if the section plane E-E passes through

Hyperbola : If the angle a is less than (
s a hyperbola. The curve of intersection is hyperb
s not passing through the apex of the cone. Howe
he apex, the section produced is an isosceles trian
on one side of the common axis (Fig..7.1b),
f a hyperbola. In this case, if a = 0, the two

gle.

If a double cone is cut by a section plane F-F
he curves of intersection results in tWo branches o
ranches of the curve will be symmetric in form.
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, : Fig. 71 (c} TYPES OF CONIC SECTIONS
7.2 CONIC SECTIONS AS LOCI OF A MOVING POINT

A conic section may be defined as the locus of a point moving in a plane such that the ritlj
its distance from a fixed point (focus) and a fixed straight line (directrix) is always a FOnstaI]té
ratio is called eccentricity. The line Passing through the focus and perpendi cu]ﬂfs ?
directrix is the axis of the curve. The point at which the conic section intersects the axis !

the vertex or apex of the curve. '




c -~ Hyperbola
5 e=P.F./P,Q,>1
Q, f——o- P,
Q, V..V, V- Vertices
F.F;Foci
Q, /\
A YARY, 7\ _ Axis
w
x L Ellipse
.E e=P,F,/P,Q,< 1
o
=
D 1 Parabola

e=P,F /P,Q,=1
(Fig. 7.2 CONIC SECTIONS AS LOCI OF A MOVING POINT

7 2 1 Draw a parabola with the d1stance of the focus from the dlrectrxx as 50 mm
(eccentricity method).

Draw also the curves when the eccentricity values are 2/3 and 3/2 and name the curves. For
each curve, draw normal and tangent through a point 40 mm from the directrix.

Construction (Fig. 7.3)

[1]
(2]
[3]
[4]
[5]

[6]

[7]

(8]
[9]

Draw the axis AB and the directrix CD at right angles to it.

Mark the focus F on the axis.

Locate the vertex V on AB such that AV = VF.

Draw a line VE perpendicular to AB such that VE = VF.
Join A,E and extend. By construction,

VE/VA = VF/VA = 1, the eccentricity.

Locate number of points 1, 2, 3, etc., to the right of V on the axis, which need not be

equi-distant.

Through the points
line AE extended at 1', 2", 31 etc.

With centre F and radius 1- 1 1. draw arcs intersecting the line through

1, 2, 3, etc., draw lines perpendicular to the axis and to meet the

1atP and P,

Similarly, locate the points Py, P,'; P, P.1; etc., on either side of the axis.

Join the points by a smooth curve, forming the required parabola.

R RN
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Fig. 7.3 CONSTRUCTION OF A PARABOLA-ECCENTRICITY METHOD
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To draw a tangent and normal to the parabola, locate the point M which is at 40 mm from the
directrix. Then, join M to F and draw a

line through F, perpendicular to M F to meet the directrix
atT. The line joining T and M and extended is the tangent and a line NN, through M and perpendicular
to TM is the normal to the curve,

Note :

[1] The construction, similar to the one

: _ given in Fig. 7.3 may be followed to draw ar
ellipse (Fig. 7.4) and a hyperbola (Fig. 7.5), including tangents and normals.

[2] The ellipse is a closed curve and has

two foci and two directric
Open curve and has one focus and one directrix,

es. A hyperbola is ar

A i R R
A O OB Y O o
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Fig. 7.4 CONSTRUCTION OF AN Fig. 7.5 CONSTRUCTION OF A
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7.3 GENERAL METHODS OF CONSTRUCTING ELLIPSE

The major and minor axes of an ellipse are 120 mm and 80 mm. Draw an ellipse by,
(1) foci method, (ii) oblong method, (iii) concentric circles method and (iv) trammel method.

I Foci method

The ellipse is a curve traced by a point moving such that the sum of its distances from the
two fixed points, known as foci, is constant and equal to the major axis.

Referring Fig. 7.6, F, and F, are the foci, AB, the major axis and CD, the minor axis. As per
the above definition,

PF, +PF, = CF, + CF, = QF, + QF, = AB (major axis).
It may also be noted that CF,=CF,=1/2AB

LBhan & of the Pve\f\"(— J'Ncrx ’\"'& <QQ,,,§

Aglanc of A R g\‘b«\ Fhe  Svekin
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PROPERTIES OF AN ELLIPSE
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Fig. 7.6
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Construction (Fig.‘ 7.7).

[1] Draw the major
[2] Locate the foci F, F,

(3] Marka number of points 1, 2, 3, etc., between F, and O, which need not be eqy;. i

[4] With centres F, and F, and radii Al and
points P, and P'

[5] With centres F, and F, and radii Bl and Al respectlvely, draw arcs intersectip

1}::: points Q, and Q’l. Bal

¢ ﬁ " [6] Repeat the steps 4 and 5 with the remainin i .

o . g points 2,3,4, etc., ax

5 points on the curve. and obtain addiy

Join the points by a smooth curve, forming the required ellipse.

i i N R 5

(AB) and minor (CD) axes and locate the centre O.

B1 respectively, draw arcs mtersectmg at
|




.......

te :  [1] To locate the foci, with centre C (or“D)
the major axis at Fl and Fz'

To draw a t h
[2] tangent and normal to the ellipse at any point, say M on it, join the foci

F,,F, withM :
it and extend F.M to E and bisect « EMF . The bisector TT represents

the required tangent and a line NN
, dr ; .
normal to the ellipse. rawn through M and perpendicular to TT is the

[ Oblong method
Construction (Fig. 7.8)
[1] Draw the major (AB) and minor (CD) axes and locate the centre O.
[2] Draw the rectangle KLMN, passing through A, D, B and C.
[3] Divide AO and AN into the same number of equal parts, say 4.
[4] Join C with the points 1!, 2! and 3.
[5] Join D with the points 1, 2, 3 and extend till they meet the lines C1', C2' and C3!
respectively at P, P, and P,.
[6] Repeat steps 3 to 5 to obtain the points in the remaining quadrants.

Join the points by a smooth curve, forming the required ellipse.

e

k ?':

| Fig. 7.8 CONSTRUCTION OF AN ELLIPSE - OB‘LONG METHOD

It Concentric circles method

: Construction (Fig. 7.9) [April/May 2015, Oct./Nov. 2015, March/April 2016]

[1] Draw the major (AB) and minor (CD) axes and locate the centre O.

; : . '« circles.
[2] With centre O and major and minor axes as diameters, draw two concentric

‘ : he radial
[3] Divide both the circles into an equal number of parts, say 12 and draw (1 T

o Tibes;

Pz ]
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. | _ /
i - o line from 1" to meeg ..
. 1, draw a horlzontal " Ve,

[4] Considering the radinl line O < 1
line from 1 at P, £ e
(5] Repeat the step 4 and obtain other points I,

p" ele,

Fig. 7.9 CONSTRUCTION OF AN ELLIPSE - CONCENTRIC CIRCLES METHOD

IV Trammel method
Construction (Fig. 7.10)

[1] Draw the major (AB) and minor (CD) axes and locate the centre O.

[2] Take a strip c?f stiff paper and prepare a trammel as shown, Mark the semi-m
(PR) and semi-minoy (PQ) axes on the trammel.

3] Position the tramme] S0 that the points R 4
axes. As arule, the third point P wil] a

[4] Keeping R on tpe mi

nd Q lie respectively on the minor andm?
ways lie on the ellipse required.




Join the points by a smooth curve, formmg the rquzred ellipse

A N e winsurm "
O

P :
Ia 'R]

80

A AR BN

- 120

Fig. 7.10 CONSTRUCTION OF AN ELLIPSE- TRAMMEL METHOD

B A A A5 A

7.4 GENERAI. METHODS OF CONSTRUCTING PARABOLA

Draw a parabola with 70 mm as the base and 30‘mm as the length of the axis, by using |
(i) tangent method and (ii) rectangle method. |

1. TANGENT METHOD

Construction (Fig. 7.11)
[1] Draw the base AB and locate its mid-point C.
[2] Through C, draw CD perpendicular to AB, forming the axis.
[3] Produce CD to E such that DE = CD.
[4] Join E, A and E, B. These are the tangents to the parabola at A and B.

[5] Divide AE and BE info the same number of equal parts and number the points as
shown. '

[6] Join 1, 1!; 2, 21; 3, 3!; etc., forming the tangents to the required parabola.

%) Digd an  §308C S Aroangle  of iwmm Long i s
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Fig. 7.11 CONSTRUCTION OF A PARABOLA-TANGENT METHOD
Note : To draw a tangent to the curve at a point, say M on it, draw a horizontal thmug
M, meeting the axis at F. Mark G on the extension of the axis such that D

G =FD. Join(
M and extend, forming the tangent to the curve at M.
2. RECTANGLE METHOD [Oct./Nov. 2015, March/April 2016, 2015
Construction (Fig. 7.12)

[1] Draw the base AB and axis CD sﬁch that CD is a perpendicular bisector to AB.
[2] Construct a rectangle A B E F, passing through C.

[3] Iiivide AC and AF into the same number of equal parts and number the points ¢
shown.

[4] Join1,2and3 to D.

L2 e ..,' o / J 1) ‘]/ 3 o el 1 " g €
[5]5Through 1'; 2" and 3!, draw lines parallel to the axis, intersecting the lines 1D, 2D
o 3DatP, P, and P, respectively,

H

%
Ly

& )

L7 / - Lt 2?'-’:-’-‘} o e i} 4 i
[6] Obtain the points PL P and P! whi P, 5 2 and]

v 4 'y / + 1 ! g e W
| : ch are symmetrically placed to
respectively, with respect to the axis CD, A

Join the points by a smooth curve, Jormin

i

712 also S0

2 the required a;ab 1 ‘ Fi i
e method of drawing a tangent at any point )y parabola. Fig.
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Fig. 7.12 CONSTRUCTION OF A PARABOLA-RECTANGLE METHOD
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7.5 METHOD OF CONSTRUCTING A HYPERBOLA, GIVEN THE FOCI AND
THE DISTANCE BETWEEN THE VERTICES

A hyperbola is a curve generated by a point moving such that the difference of its distances
from two fixed points called the foci is always constant and equal to the distance between the
vertices of the two branches of hyperbola. This distance is also known as the major axis of the

hyperbola. Referring Fig. 7.13,
PF ~PF,=PF, ~PF =V V, (major axis)

Note : The axes AB and CD are respectively known as transverse and conjugate axes of
the hyperbola. The curve has two branches which are symmetric about the conjugate

axis.
C
P,
A Transverse Axis B A
R (O T
z
°
©
o
35
C
3
4 |b
ot Fig. 7.13 PROPERTIES OF HYPERBOLA 7 ]

e 7.5.1 Construct a hyperbola with its foci 70 mm apart and the major axis (distance
een the vertices) as 40 mm. Draw a tangent to the curve at a;’poin't 20 mm from the focus.
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Construction (

Fig. 7.14) .
[1] Draw the tansverse (AB) and conjugate (CD) axes of the hyperbola apg 1°°ate
F, and Fz, the foci and V\ and Vz, the vertices.

T—
~——,,

[2] Mark number of points 1, 2, 3, etc., on the transverse axis, beyond F, which Negg W
be equi-distant.

[3] With centre F, and radius V| 1, draw arcs on either side of the transverse axis,
[4] With centre F, and radius V, I, draw arcs intersecting the above arcs at P, P!
[S] With centre F, and radius V 1, draw arcs on cither side of the transverse axig
[6] With centre F, and radius V,1, draw arcs intersecting the above arcs at Q, Q.
[7] Repeat the steps 3 to 6 and obtain other points P, P., etc., and Q,, Q,', etc.

I Nl .
Join the points P, P, etc., P/, P), etc., and Q,, Q,, etc., Q/, Q), etc., forming 1y, .
branches of hyperbola.

C T
Q3 P3
Q, P,
—
Q 5 M
Vi 1 o
g &

A NS
Fy vy (o] vV, F,b1 2 3
T

vV v
Q 1 i
Py
2| 40 | P
1 1N
70'P

o

Fig. 7.14 CONSTRUCTION OF A HYPERBOLA

Note : To draw a tangent to the hyperbola, locate the point M which is at 20mm form the focu
say F,. Then, join M to the foci F and F.. Draw a line TT, bisecting the £F, MF., forni
the required tangent at M, e

7.5.2 Rectangular hyperbola

When the asymptotes to the hyperbola interse
ct each o i < knov
as a rectangular hyperbola. ther at right angles, the curve is kno

7.5.2.1 Two straight lines OA and OB are pe icula .
. : rpendicular to e tangll
hyperbola, passing through a point P, which is 50 mm from OA ail:(:lhzosther. Dfraw a}) r;c ;1) s
~ tangent to the curve at a point 35 mm from OA. e
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—77] Draw the lines CD and EF, pags;
] respectively. pPassing throu

SEA

gh P and parallel to O and OB

3] Locate a number of points 1, 2, 3, e
equi-distant. gt

{4] join 1, 2, 3, etc,, 10 O
points 11,213 ete.

s on the line CD, which need not be

an : ) ;
d extend if necessary till these lines meet the line EF at the

(5] Draw lines th.rough 1, 2,.3, etc., parallel to EF and through 1', 2', 3', etc., parallel to
CD, intersectinig respectively at the points P, P, P, etc
: i Ty B

4 smooth curve passing 1‘/77?315,’111’ p Py P, etc., is the required rectangular hyperbola.

o e S
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|
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i (_) 25 g
FIG. 7.15 RECTANGULAR HYPERBOLA ;'

Todraw a tangent to the rectangular hyperbola at any point, say M on it, draw a line through
Maﬂd parallel to OA, to meet the line OB at G. Locate the point H on OB such that HG = OG. The

hneJ'Oilling H and M and extended is the required tangent at M.
"6 APPLICATIONS OF CONIC SECTIONS
UrTICAL, CURVE

G . An ellipsoid is generated by rotating an ellipse about its major axis. An ellipsoidal surface is
Seq - .
fidas a head—lamp or reflector. In this, the light source is placed at the first focus Fl (Fig. 7.16).

ananworks effectively, if the second focus F, is ata sufficient distance from the first focus. With this
geme“" the light rays reflecting from the surface are almost parallel to each other.




g.1 INTRODUCTION

In @gineeripg drawing practice, certain non-circular curves may be required to be drawn for
representing machine parts, instruments, arches, etc. These curves can not be constructed by using
a compass. These are generally drawn after locating various intermediate points and joining them by
using french curves. Cycloid, involute and helix are the curves, the constructional procedures of

which are discussed in this chapter.

8.2 CYCLOIDAL CURVES

Cycloidal curves are generated by a fixed point on the circumference of a circle when
it rolls without slipping along a fixed straight line or circular path. The rolling circle is called
the generating circle, the fixed straight line, the directing line and the fixed circle, the directing circle.

8.2.1 Cycloid
A cycloid is a curve generated by a fixed point on the circumference of a circle, when it rolls

without slipping along a straight line.
8.2.1.1 To draw a cycloid, given the radius R of the generating circle
(March/April 2018, Oct./Nov. 2018)

Construction (Fig. 8.1)

[1] With centre O and radius R, draw the given generating circle.

[2] Assuming P to be the initial position of the generating point, draw a line PA, tangential
and equal to the circumference of the circle. PA is the directing line.

[3] Divide the line PA and the circle into the same number of equal parts and number the
points.
[4] Draw the line OB, parallel and equal to PA. OB is the locus of the centre of the

generating circle.

[5] Erect perpendiculars at 1', 2%, 3/, etc., meeting OB at O, O,, O,, etc.

[6] Through the points 1,2,3, etc., draw lines parallel to PA..

[7] With centre O, and radius R, fi.raw an arc intersecting the lihe» through 1 at P,. Py
is the position of the generating point, when the centre of the generating circle

moves to O,.
[8] Similarly, locate the points P, P, etc.
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Ko 1 ~———___F19. 8.1 CoNsTRUCTION of A CYCLOID

2] Figure 8.1 represents the cycloid, generated by clockwise rotation of the generating cig

8.2.2 Epi-cycloid and hypo-cycloig

8.2.2.1 To draw an épi-cycloid, given the radius r of the generating circle andH
radius R of the directing circle

Construction (Fig. 8.2)
[1] With centre O! and radiyg R, draw a part of the directing circle,

: C el
[2] Draw the generating circle, by locating the centre O of it, on any radial line 0

extended such that O P =, ;

i ' ' int, locate the
uming P to be the generating point, .
o il\li the grc length PA is equal to the circumfer

angle subtended by the arc PA at 0! is given by,

: i 7 - . Al
point A on the directing C_“Cl: 1
ence of the generating circl®

I A =1360°x1/R
0=«PO" A=36 Sy : _

»

~ SRR

: ‘ 3 A A
e i
S s
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[4] With centre O' and radius 0! 0, grauy
The arc OB is the locus of the ehis

[5] Divide the arc PA ang the
number the points.

[6] Join O', 1'; O, 2!,

R e e

mﬁﬂg}}?m:i\« ’_ VR R S 8-3 ;
an arc intersecting the line O' A produced at B.
of the generating circle.

generating circle into the same number of equal parts and

etc., and extend to meet the arc OB at 0, O, etc.

[7] Through the points 1,2,3, etc., draw circular arcs with O! as centre.

[8] With centre Ol and radius r, draw an arc intersecting the arc through 1 at P {i
[9] Similarly, locate the points Bs P, etc.

A smooth curve through the points P P, Pj-e

L T ——

fc., is the required epi-cycloid.

e e e o — e vr— s
. i e man A e e A R e e a3 A B

S

Tangent

Locus of
Centres

S T U P A

O i A WA RS

B =

P-Generating
Point

Generating
circle

Fig. 8.2 CONSTRUCTION OF AN EPI-CYCLOID 1

Seving

A RAL P

Note : [ 1] To draw a tangent and normal to the epi-cycloid at a point, say M on it, with centre
M and radius r, draw an arc intersecting the arc OB at C. Join C, O!, intersecting
the directing circle at D. The line DM extended, is the normal and a line TT,
perpendicular to it and passing through M is the tangent.

[2] A procedure similar to the above may be followed to construct a hypo-cycloid

(Fig. 8.3), knowing the fact that the generating circle rolls inside the
directing circle.
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Fig. 8.3 CONSTRUCTION OF A HYPO-CYCLOID

8.2.3 Examples

8.2.3.1 A circle of 40 mm diameter rolls on a horizontal line for half a revolution and then
along a vertical line for another half. Draw the curve traced by a point P on the circumference of the
circle, taking the top-most point on the rolling circle as the initial position of the generating point.

Construction (Fig. 8.4)
[1] With centre O and diameter 40 mm, draw a circle.
[2] Divide the circle into a number of equal parts, say 12.

[3] Mark the divisi i i itechino i '
] peri- At ‘ivision points on the circle and draw a tangent (directing line) passité

4] Mark h i
[4] Mark half the ,cucumfe_rence along the tangent and divide it into 6 equal parts.

[5] Locate the initial positioh of the generating point P

[6] Draw a smooth -cur‘ve, re
directing line for half a rey

olilr;Sehting th.e path of P, as the circle rolls alons i
on, following the Construction : Fig. 8.1.
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(7] With O, as centlc dr
half revolunon.

aw thc cudc representing the position of the rollmg cnrcle after

(8] Draw a line, tangential to the circle and perpendicular to the above directing line. This
becomes the directing line for the next half revolution of the generating circle.

[9] Trace the path of P for the next half revolution of the generating circle, as shown.
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8 23.2 Draw an epf-cyclmd of a 01rcle of 40 mm dlameter Wthh rolls outSIde on another
circle of 40 mm diameter for one revolution.
Construction (Fig. 8.5)

1. With O' as centre, draw a circle of 40 mm diameter, representing the directing circle.

2. Draw any radial line O' P and extend it.
3. Locate the point O on the above Jine such that OP =20 mm, the radius of the generating
circle. ‘
4. With O as centre and radius 20 mm, draw the generating circle.
5. With O' as centre and radius O'O draw a circle, representmg the locus of the centre of the
- generating circle. - ‘ :

6. Divide the generating circle and the above circle into the same number of equal parts and
number as shown.

e S




epi-cycloid fraced 1S KnOWN as @ vaiuiou.

1
8233 A circle of 40 mm diameter rolls on the concave side of another circle of 40 1
radius. Draw the path traced by a point on the generating circle for one complete revolution.

Construction (Fig. 8.6)

1. Construct the hypo-cycloid, following the procedure under construction : Fig. 8.3.
adius oft

- 1. Ttmaybe r{oted that when the diameter of the generating circle is equal to the 1
directing circle, the hypo-cycloid traced is a straight line.
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Fig. 8.6 HYPO-CYCLOID-STRAIGHT. LINE {
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8.3 INVOLUTES

An involute is a curve traced by a point on a perfectly flexible string, while unwinding from
wround a circle or polygon; the string being kept tight. It is also a curve traced by a point on a straight
ine while the line is rolling around a circle or polygon without slipping.

3.3.1 To draw an involute of a given square
“onstruction (Fig.8.7)
[1]: Draw the given square A B C D of side a.

[2] Assuming A as the starting point, with centre B and radius BA (= a), draw an arc to
intersect the line CB produced at P,. - '

[3] With centre C and radius CP, (= 2a), draw an arc to intersect the line DC produced
GBSy i

[4] Similarly, locate the points P, and P.

The curve through A, P, APz, P, and P, is the required involute. -

o : [1] The length A P  is equal to the perimeter of the square.

[2] To draw a normal and tangent to the curve at any point, say M on it, as M lies on the
arc P, P, with its centre at A, the line AMN is the normal and the line TT drawn
through M and perpendicular to M A is the tangent to the curve. o




|

_ /1 Textbrlmk on El ENGINEFRIN( DR"V
e —— .f liv

Pl
OF A SQUARE

of radlus R
17, 2018, Oct./Nov.?

g 8.7 INVOLUTE

Fl
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S

olute of a given cwcle

[March/ApriI 20
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g8.3.2 To draw an mv

Construction (Fig. 8.8)
[1] with centre O and radius R, draw the given circle.
t PA equal in length!

aw the tangen

[2] Assuming P as the starting point, dr
circumference of the circle.
(3] Divide the line PA and the circle into the same qumber of equal parts and purmb

poins. .
3, etc., and Jocate the points P,

[4] Draw tangents t0 the circle at the points 1, 2,
etc., such that 1P, = P1'; 2P, = =Pp2'; 3P;= p3!; etc.
etc., is the required involute.

A smooth ‘
curve through the points B P, Py
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Fig. 8.8 INVOLUTE OF A CIRCLE

7

lote : [1] Itis obvious from the above construction that a tangent to the circle is a normal to the
involute. Hence, to draw a normal and tangent at a point, say M on it, first draw the
tangent BMN to the circle. This is the normal to the curve and a line TT drawn
through M and perpendicular to BM is the tangent to the curve.

[2] In involute system of gears, involute (of a circle) curve is used for gear tooth profile
(Fig. 8.9).

INVOLUTE




N

8.3.3.1 Draw the involute of a hexagon of side 20 mm. Draw a normal and a ""“i'f'm.
palent Fy o
curve at a point 60 mm from the centre of the hexagon. '

Construction (Fig. 8.10)

(1] Draw the hexagon ABCDEF of side 20 mm and locate its centre O. Assuming‘
the thread is unwound from B in the clock-wise direction, the starting poip, for

involute is B.

[2] With centre A and radius AB ( = 20 mm), draw an arc intersecting the line
extended at s

(3] With centre F and radius FP| (= 2 % 20), draw an arc intersccting the |,

extended at P,
[4] In a similar way, obtain the other points P,, P, etc.

A smooth curve through the above points is the required involute.
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Fig. 8.10

To draw a normal and a tangent to the curve :

[i] With centre O and radius 60, draw an arc intersecting the involute at M. TheP?
lies on that part of the arc, for which E is the centre.

[ii] Join E, M and extend, forming the normal to the curve,

[iii] A line T-T, perpendicular to EM at M is the required tangent.




