Symmetry

Chapter 14

14.1 INTRODUCTION

Symmetry isan important geometrical concept, commonly exhibited in natureandisused
amostinevery fiddof activity. Artigts, professionals, designersof clothing or jewel lery, car
manufacturers, architectsand many othersmake use of theideaof symmetry. Thebeehives,
theflowers, thetree-leaves, religious symbols, rugs, and handkerchiefs— everywhereyou
find symmetrical desgns.
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Architecture Engineering
You havedready hada‘fed’ of linesymmetry inyour previousclass.
Afigurehasalinesymmetry, if thereisalineabout which thefiguremay befolded sothat
thetwo partsof thefigurewill coincide.
You might liketo recall theseideas. Hereare someactivitiesto help you.

Compose apicture-album Create some colourful Make some symmetrical
showing symmetry. Ink-dot devils paper-cut designs.
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Enjoy identifying lines(also cdled axes) of symmetry inthedesignsyou collect.
L et usnow strengthen our ideas on symmetry further. Study thefollowing figuresin
whichthelinesof symmetry aremarked with dotted lines. [Fig 14.1 (i) to (iv)]

0] (i) (i) (V)
Fig 14.1

14.2 LINES OF SYMMETRY FOR REGULAR POLYGONS

You know that apolygonisaclosed figure made of several line segments. The polygon
made up of theleast number of line segmentsisthetriangle. (Can there beapolygon that
you can draw with still fewer linesegments? Think about it).

A polygonissaidtoberegular if dl itssdesareof equd lengthand al itsanglesare of
equa measure. Thus, an equilateral triangleisaregular polygon of three sides. Canyou
nametheregular polygon of four sides?

Anequilateral triangleisregular because each of itssides has samelength and each of
itsanglesmeasures60° (Fig 14.2).

60°

60° 60°
a
Fig 14.2

A sguareisasoregular becauseall itssidesare of equal length and each of itsangles
isaright angle(i.e., 90°). Itsdiagonalsare seen to be perpendicul ar bisectors of one
another (Fig 14.3).

Fig 14.3
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If apentagonisregular, naturally, itssides should have equal length. Youwill, later on,
learn that the measure of each of its anglesis108° (Fig 14.4).

\/

v 108 7
Fig 14.4

A regular hexagon hasdl itssdesequa and each of itsanglesmeasures
120°. Youwill learn moreof thesefigureslater (Fig 14.5).

Theregular polygonsare symmetrical figuresand hencetheir linesof
Symmetry arequiteinteresting,

Each regular polygon hasasmany linesof symmetry asit hassides[Fig14.6 (i) - (iv)].
We say, they have multiplelinesof symmetry.

three lines of four lines of five lines of six lines of
symmetry symmetry symmetry symmetry

Equilateral Triangle Square Regular Pentagon Regular Hexagon
(1) (i1) Fig 14.6 (ii1) (iv)
Perhaps, you might liketo investigatethisby paper folding. Go ahead!
The concept of linesymmetry isclosely related to mirror reflection. A shapehasline
symmetry when one hdf of itisthemirror imageof theother half (Fig 14.7). Amirror line,
thus, helpstovisuadisealineof symmetry (Fig 14.8).

4

Isthe dotted line amirror line? No. Isthe dotted lineamirror line? Yes.
Fig 14.8

Fig 14.7
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Whilededing with mirror reflection, careisneeded to note down theleft-right changes

Fig 14.9
The shapeissame, but the other way round!

Play this punching game!

Fold a sheet into two halves Punch ahole

two holes about the

symmetricfold.
Fig 14.10

Thefoldisaline (or axis) of symmetry. Study about punchesat different locationson
thefolded paper and the corresponding linesof symmetry (Fig 14.10).

ExEerciseE 14.1

1. Copy thefigureswith punched holesand find theaxesof symmetry for thefollowing:

o
o
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o
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(®) (f) @ > (h)
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2. Giventheling(s) of symmetry, find the other hole(s):

(a) (b) (©) (d) (e)

3. Inthefallowingfigures, themirror line(i.e., thelineof symmetry) isgiven asadotted
line. Completeeach figure performing reflectioninthedotted (mirror) line. (You might
perhaps placeamirror along the dotted lineand ook into the mirror for theimage).
Areyou ableto recall the name of thefigureyou compl ete”?

@ o © o © 5

4. Thefollowingfigureshave morethan onelineof symmetry. Suchfiguresaresaidto
havemultiplelinesof symmetry.

@ ® ©
Identify multiplelinesof symmetry, if any, ineach of thefollowing figures:

(a) (b) (©)



MATHEMATICS

> L
(e) ® (2 (h)

5. Copy thefiguregiven here.

Takeany onediagond asaline of symmetry and shadeafew more squaresto make
thefigure symmetric about adiagonal. I sthere morethan oneway to do that? Will
thefigure be symmetric about both the diagonal s?

6. Copy thediagram and complete each shapeto besymmetric about themirror ling(s):

/ DS
/
/ < ° °
° \\\o
@ ® © )

10.

Statethenumber of linesof symmetry for thefollowing figures:
(@ Aneguilaterd triangle (b) Anisoscelestriangle (c) A scdenetriangle

(d) Asguare (e) Arectangle (f) Arhombus
(9 Apadldogram (h) A quedrilatera (i) Aregular hexagon
() Adrcde

What |lettersof the English dphabet havereflectional symmetry (i.e., symmetry related
tomirror reflection) about.

(& avertical mirror (b) ahorizonta mirror

(¢) both horizontal and vertical mirrors

Givethree examplesof shapeswith no lineof symmetry.
What other name can you giveto theline of symmetry of
(@ anisoscdestriangle? (b) acircle?

14.3 ROTATIONAL SYMMETRY

What do you say when the hands of aclock go round?
onedirection, about afixed point, the centre of theclock-face.

aclockwiserotation; otherwiseit issaid to beanticlockwise.

You say thet they rotate. Thehandsof aclock rotatein only

Rotation, likemovement of thehandsof aclock, iscaled
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What can you say about the rotation of the blades of aceiling fan? Do they rotate
clockwise or anticlockwise? Or do they rotate both ways?

If youspinthewhed of abicycle, it rotates. It can rotatein either way: both clockwise
and anticlockwise. Givethreeexampleseachfor (i) aclockwiserotationand (i) anticlockwise
rotation.

When an object rotates, its shape and size do not change. Therotation turnsan object
about afixed point. Thisfixed point isthe centre of rotation. What isthe centre of
rotation of thehands of aclock? Think about it.

Theangleof turning during rotationiscaled theangleof rotation. A full
turn, you know, meansarotation of 360°. What isthe degree measure of
theangleof rotation for (i) ahaf-turn?(ii) aquarter-turn?

A hdf-turn meansrotation by 180°; aquarter-turnisrotation by 90°.

Whenitis12 O’ clock, the hands of aclock aretogether. By 3O’ clock,
the minute hand would have made three complete turns; but the hour hand
would have made only aquarter-turn. What can you say about their positions
at 6 O’ clock?

Haveyou ever madeapaper windmill? The Pgper windmill inthe picture
lookssymmetrical (Fig 14.11); but you do not find any line of symmetry. No
folding can help you to have coincident halves. However if yourotateit by *
90° about thefixed point, thewindmill will look exactly the same. We say the Fig 14.11
windmill hasarotational symmetry.

D C B A D
A/7|L/C D/7|L/B C/7|L/A B/7|L/D A/7|L/C
90° 90° 90° 90°

Fig 14.12

Inafull turn, thereare precisely four positions (on rotation through the angles 90°,
180°, 270° and 360°) when thewindmill looks exactly the same. Because of this, we say
it hasarotational symmetry of order 4.

Hereisone moreexamplefor rotational symmetry.
Consider asquarewith Pasoneof itscorners(Fig 14.13).
L et usperform quarter-turns about the centre of the square marked .

190 P I P L P
190° | 9(0° I

Y ->—-——ut‘_3—-—-> ,de ->—-—C) -——F-> *

: 909 90%1 !

| S |

(1) (i) (iii) (iv) (v)

Fig 14.13
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Fig 14.13 (i) is the initial position. Rotation by 90° about the centre leads
to Fig 14.13 (ii). Note the position of P now. Rotate again through 90° and you get
Fig 14.13 (iii). Inthisway, when you completefour quarter-turns, the squarereachesits
original position. It now looksthesameasFigl14.13(i). Thiscan be seen with the help of
the positionstaken by P,

Thusasguarehasar otational symmetry of order 4 about its centre. Observethat
inthiscase,
(i) Thecentreof rotationisthe centre of the square.
(i) Theangleof rotationis90°.
(i) Thedirectionof rotationisclockwise.
(iv) Theorder of rotational symmetry is4.

TrY THESE
1. (@ Canyounowtel theorder of therotationa symmetry for anequilatera triangle?
(Fig14.14)

i R Ri

)/»

I

I

I

I

I
A

- { \\
: aip 0 Gy

Fig 14.14
(b) How many positions are there at which the trianglelooks exactly the same,

when rotated about its centre by 120°?
2. Whichof thefollowing shapes(Fig 14.15) haverotationa symmetry about themarked
point. >< )B ;
0] (if) (iif) (iv)
Fig 14.15
Do THis

Draw two identical parallelograms, one-ABCD on apiece of paper and the other
A'B' C' D' on atransparent sheet. Mark the points of intersection of their diagonals,
Oand O'respectively (Fig 14.16).

‘ )}/ Placetheparalelogramssuchthat A'liesonA, B'lieson B and soon. O'thenfalls
onO.
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Stick apininto the shapesat the point O.

Now turn the transparent shapeinthe clockwisedirection.
How many times do the shapes coincidein onefull round?
Wheat isthe order of rotational symmetry?

The point where we havethe pinisthe centre of rotation. Itisthe
intersecting point of thediagonasinthiscase.

Every object has arotational symmetry of order 1, asit occupies
same position after arotation of 360° (i.e., one complete revolution).
Such caseshavenointerest for us.

You havearound you many shapes, which possessrotationa symmetry
(Fig14.17).

Road sign
(i)
Fig 14.17
For example, when you dicecertainfruits, the cross-sectionsare shapeswith rotational
symmetry. Thismight surpriseyou when you noticethem [Fig 14.17(i)].
Thentherearemany road signsthat exhibit rotational symmetry. Next timewhenyou
walk dong abusy road, try toidentify such road signsand find about the order of rotational
symmetry [Fig 14.27(ii)].
Think of some more examplesfor rotational symmetry. Discussin each case:
() thecentreof rotation (i) theangleof rotation
(iii) thedirectioninwhichtherotationisaffected and
(iv) theorder of therotational symmetry.

TRrRY THESE

Givethe order of the rotational symmetry of the given figures about the point
marked x (Fig 14.17).

L [x[ | X

0] (i) (iif)
Fig 14.18
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ExErcisel4.2

1. Whichof thefollowing figureshaverotational symmetry of order morethan 1.

@ () © (d € )

2. Givetheorder of rotational symmetry for eachfigure:

NX A

(b) ©

e X’;

© ) ©

14.4 LINE SYMMETRY AND ROTATIONAL SYMMETRY

You have been observing many shapesand their symmetriessofar. By now you
would have understood that some shapeshave only line symmetry, some haveonly
rotational symmetry and some have both line symmetry and rotationa symmetry.

- For example, consider the square shape (Fig 14.19).
How many linesof symmetry doesit have?
: Doesit haveany rotational symmetry?
Fig 1 419 If ‘yes, what isthe order of therotational symmetry?
Think about it.
The circleisthe most perfect symmetrical figure, because it can be rotated around

its centre through any angle and at the same time it has unlimited number of lines

of symmetry. Observe any circle pattern. Every line

y \:f « / ,,; through the centre (that is every diameter) forms a
- o :—: line of (reflectional) symmetry and it has rotational
'/; , \‘ symmetry around the centre for every angle.



Someof the English dphabetshave fascinating symmetrical structuresWhich capital
lettershavejust oneline of symmetry (like E)?Which capital | ettershave arotational
symmetry of order 2 (likel)?

By attempting to think on such lines, youwill beabletofill inthefollowing table:

Alphabet Line Number of Linesof | Rotational [Order of Rotational
Letters | Symmetry Symmetry Symmetry Symmetry
Z No 0 Yes 2
S
H Yes Yes
@) Yes Yes
E Yes
N Yes
C

ExEeRrcisE 14.3

1. Nameany two figuresthat have both line symmetry and rotationa symmetry.
2. Draw, wherever possible, arough sketch of
(1) atrianglewith both lineand rotational symmetriesof order morethan 1.

(i) atrianglewithonly line symmetry and no rotational symmetry of order more

than 1.

(i) aquadrilateral with arotational symmetry of order morethan 1 but not aline

symmetry.
(v) aquedrilaterd withlinesymmetry but not arotationd symmetry of order morethan 1.
3. If afigurehastwo or morelinesof symmetry, shouldit haverotational symmetry of

order morethan 1?

4. Fillintheblanks:

Shape

Centreof Rotation

Order of Rotation

Angleof Rotation

Square

Rectangle

Rhombus

Equilaterd
Triangle

Regular
Hexagon

Circle

Semi-circle




MATHEMATICS

. Namethe quadrilatera swhich have both lineand rotational symmetry of order more
than 1.

. After rotating by 60° about acentre, afigurelooksexactly the sameasitsoriginal
position. At what other angleswill thishappen for thefigure?

. Canwehavearotationa symmetry of order morethan 1 whoseangleof rotationis
(i) 45°? (i) 17°?

WHAT HAVE WE DISCUSSED?

. Afigurehaslinesymmetry, if thereisalineabout which thefiguremay befolded so
that thetwo partsof thefigurewill coincide.

. Regular polygonshave equal sidesand equal angles. They have multiple(i.e., more
than one) linesof symmetry.

. Eachregular polygon hasasmany linesof symmetry asit hassides.

Regular Regular Regular Square Equilaterd
Polygon hexagon pentagon triangle
Number of lines 6 5 4 3

of symmetry

. Mirror reflection leadsto symmetry, under whichtheleft-right orientation haveto be
taken careof.

. Rotation turnsan object about afixed point.
Thisfixed pointisthecentreof rotation.
Theangleby which the object rotatesistheangle of rotation.

A haf-turn meansrotation by 180°; aquarter-turn meansrotation by 90°. Rotation
may be clockwiseor anticlockwise.

. If, after arotation, an object looks exactly the same, we say that it hasar otational
Symmetry.

. Inacompleteturn (of 360°), the number of timesan object |looksexactly thesameis
caledtheorder of rotational symmetry. Theorder of symmetry of asquare, for
example, is4while, for anequilaterd triangle, itis3.

. Someshapeshaveonly onelineof symmetry, liketheletter E; somehaveonly rotationd
symmetry, liketheletter S; and some have both symmetriesliketheletter H.

Thestudy of symmetry isimportant because of itsfrequent usein day-to-day lifeand
more because of the beautiful designsit can provideus.
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