Visualising Solid
Shapes

Chapter 15

15.1 INTRODUCTION: PLANE FIGURES AND SOLID SHAPES

Inthischapter, youwill classfy figuresyou have seenintermsof what isknown asdimension.

In our day to day life, we see several objectslike books, balls, ice-cream conesetc.,
around uswhich have different shapes. Onething common about most of these objectsisthat
they all have somelength, breadth and height or depth.

That is, they al occupy space and havethreedimensions.
Hence, they are called three dimensional shapes.
Do youremember some of thethree dimensiona shapes(i.e., solid shapes) wehaveseen

inearlier classes?
TRrRY THESE
Match the shapewith thename:
@ (@ Cuboid (iv)

(i) @ (o) Cylinder | (v) (€) Pyramid

(iii) ] (c) Cube (Vi) (f) Cone

Fig 15.1
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Try toidentify some objects shaped like each of these.

By asimilar argument, we can say figuresdrawn on paper which haveonly length and
breadth are called two dimensional (i.e., plane) figures. We have al so seen sometwo
dimensiona figuresintheearlier classes.

Matchthe2 dimensional figureswiththenames(Fig 15.2):

0] (@ Cirde

(in) (b) Rectangle

(if) (© Square

) (d) Quedrilatera

v) g (e) Triangle
Fig 15.2

Note: We can write 2-D in short for 2-dimension and 3-D in short for
3-dimension.

15.2 Faces, EnDGESs AND VERTICES

Do you remember the Faces, Vertices and Edges of solid shapes, which you studied
earlier? Hereyou seethem for acube:

Vertex —g, ‘ R
E P 4— Edge Face

[

0o G I) (iif)
Fig 15.3

The 8 corners of the cube are its vertices. The 12 line segments that form the
skeleton of the cube areits edges. The 6 flat square surfacesthat are the skin of the
cube areitsfaces.
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Completethefollowingtable:
Table 15.1
Vertex —»
Face

Face —» <+— Vertex

Edge Edge
Faces(F) 6 4
Edges(E) 12
Vertices(V) 8 4

Can you seethat, thetwo dimensional figures can beidentified asthe faces of the
threedimensona shapes? For exampleacylinderB hastwofaceswhicharecircles, |

N

and apyramid, shaped likethis A hastrianglesasitsfaces. <

2]
We will now try to see how some of these 3-D shapes can be visualised on a2-D % )
surface, that is, on paper.

Inorder todothis, wewould liketo get familiar with threedimensional objectsclosdly.

L et ustry forming these objects by making what are called nets.

15.3 NETSs ForR BuiLDING 3-D SHAPES

Takeacardboard box. Cut theedgestolay thebox flat. You havenow anet for that box.
A netisasort of skeleton-outlinein 2-D [Fig154 (i)], which, whenfolded [Fig154 (ii)],
resultsina3-D shape[Figl54 (iii)].

I

(i)
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8 Here you got anet by suitably separating the edges. Isthe
y reverseprocess possible?
3 8 3 Hereisanet pattern for abox (Fig 15.5). Copy an enlarged
6 6 6 6 8 6 version of the net and try to make the box by suitably folding

and gluing together. (You may usesuitable units). Theboxisa
solid. Itisa3-D object with the shape of acuboid.

3 Similarly, you can get anet for aconeby cutting adit dong
] itsdant surface (Fig 15.6).

O
You have different nets for different
shapes. Copy enlarged versions of the nets
given (Fig 15.7) andtry tomakethe 3-D shapes
V5
\

Fig 155

indicated. (You may also like to prepare
skeleton models using strips of cardboard

fastened with paper clips). Cut along here Fig 15.6
Cube Cylinder Cone
0] (i) (iif)
Fig 15.7

Wecould asotry to makeanet for making apyramid likethe Great Pyramidin Giza
(Egypt) (Fig 15.8). That pyramid hasasguare base and triangleson thefour sides.

Fig 15.8 Fig 15.9
Seeif you can makeit withthegiven net (Fig 15.9).
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Hereyoufind four nets(Fig 15.10). Therearetwo correct netsamong them to make
atetrahedron. Seeif you canwork out which netswill make atetrahedron.

VAVAN/AVANVAVAVAN
NZAVANIVAN

Fig 15.10

Exercise 15.1

1. Identify thenetswhich canbeused to make cubes(cut out copiesof thenetsandtry it):

N
0 () (i)

(iv) v) (i)

2. Dicearecubeswith dotson eachface. Oppositefacesof adieawayshaveatotal |
of seven dotson them. /
Herearetwo netsto make dice (cubes); the numbersinserted in each squareindicate %
the number of dotsin that box. \

I nsert suitable numbersin the blanks, remembering that the number onthe
oppositefacesshouldtotal to 7. 1[2

3. Canthisbeanetfor adie? 314
Explainyour answer. 5|6
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Fig 15.11

4. Hereisanincomplete net for making acube. Completeitin at least two different
ways. Remember that a cube has six faces. How many aretherein the net here?
(Givetwo separate diagrams. If you like, you may use a squared sheet for easy
meanipulation.)

5. Matchthenetswith appropriatesolids:

@ | 0

(b) (i)

(d) (iv)

Play this game

You and your friend sit back-to-back. One of you reads out anet to make a3-D shape,
whilethe other attemptsto copy it and sketch or build the described 3-D object.

15.4 DRAWING SoOLIDS ON A FLAT SURFACE

Y our drawing surfaceis paper, whichisflat. When you draw asolid shape, theimagesare
somewhat distorted to makethem appear three-dimensiond. Itisavisud illuson. Youwill
find heretwo techniquesto hel pyou.

15.4.1 Oblique Sketches

Hereisapictureof acube (Fig 15.11). It givesaclear ideaof how the cubelookslike,
when seen from thefront. You do not see certain faces. In the drawn picture, thelengths
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arenot equal, asthey should beinacube. Still, you areableto recogniseit asacube. Such
asketch of asolidiscalled an oblique sketch.

How can you draw such sketches? L et us attempt to learn thetechnique.

Youneed asquared (linesor dots) paper. Initidly practising to draw onthese sheetswill
later makeit easy to sketch them on aplain sheet (without theaid of squared linesor dots!)
L et usattempt todraw an oblique sketch of a3 x 3 x 3 (each edgeis3 units) cube(Fig 15.12).

Sep 1 Sep 2

Draw the front face. Draw the opposite face. Sizes of the
faces have to be same, but the sketch
is somewhat off-set from step 1.

Sep 3 Sep 4
Join the corresponding corners Redraw using dotted linesfor
hidden edges. (It isaconvention)
The sketch is ready now.
Fig 15.12

Inthe oblique sketch above, did you notethefollowing?
() Thesizesof thefront facesand itsopposite are same; and

(i) Theedges, whichareall equal inacube, appear so inthe sketch, though the actual
measures of edgesare not taken so.
You could now try to makean oblique sketch of acuboid (remember thefacesinthis
casearerectangles)

Note: You candraw sketchesinwhich measurementsalso agree with those of agiven
solid. To do thiswe need what is known as an isometric sheet. Let ustry to
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3
Fig 15.14 (i)

3

make a cuboid with dimensions4 cm length, 3 cm breadth and 3 cm height on
givenisometric sheet.

15.4.2 Isometric Sketches

Haveyou seen anisometric dot sheet? (A sampleisgiven at theend of thebook). Sucha
sheet dividesthe paper into small equilateral triangles made up of dotsor lines. Todraw
sketchesin which measurements al so agree with those of the solid, we can useisometric
dot sheets.

L et usattempt to draw anisometric sketch of acuboid of dimensions4 x 3 x 3 (which
meanstheedgesforming length, breadth and height are4, 3, 3unitsrespectively) (Fig 15.13).

Sep 1 Sep 2
Draw a rectangle to show the Draw four parallel line segments of
front face. length 3 starting from the four corners

of the rectangle.

Sep 3 Sep 4
Connect the matching corners This is an isometric sketch
with appropriate line segments. of the cuboid.
Fig 15.13 LI

Notethat the measurements are of exact sizein anisometric
sketch; thisisnot so in the case of an oblique sketch.

ExampLE 1 Hereisanobliquesketchof acuboid[Fig 15.14(i)].
Draw an isometric sketch that matches this
drawing.

SoLuTioN  Hereisthesolution[Fig 15.14(ii)]. Note how the IR
measurementsare taken care of. Fig 15.14 (ii)
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How many unitshaveyoutakenaong (i) ‘length’ ?(ii) ‘ breadth’ ?(iii) ‘ height’ ?Do
they match with the unitsmentioned inthe oblique sketch?

EXxERcCISE 15.2

1. Useisometric dot paper and make an isometric sketch for each one of the %ﬁ\,\%
given shapes: N

2
2
3
3 3 3 2
6 2
8
() (i)
2 2
2 2
2 2
[ 4
(i) Fig 15.15 (iv)
2. Thedimensionsof acuboid are5cm, 3cmand 2cm. Draw threedifferent isometric

sketches of thiscuboid.

3. Threecubeseachwith 2 cm edgeare placed side by sideto form acuboid. Sketch
anobliqueor isometric sketch of thiscuboid.

4. Makean oblique sketch for each one of the givenisometric shapes:

L] L] L] L] L] L]

e o o o o o o o o

® O o o o o o o o o
e © o o o o o o o o
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5. Give(i) anobliquesketch and (ii) anisometric sketch for each of thefollowing:
(@ A cuboid of dimensions5cm, 3cmand 2 cm. (Isyour sketch unique?)
(b) A cubewithanedge4cmlong.

Anisometric sheet isattached at the end of thebook. You could try to make on it some
cubesor cuboidsof dimensions specified by your friend.

15.4.3 Visualising Solid Objects

Sometimeswhen you |ook at combined shapes, some of them may be hidden from
your view.

Herearesomeactivitiesyou couldtry inyour freetimeto help you visuaise somesolid
objects and how they look. Take some cubes and arrange them as shown in

Fig 15.16.
7 ' ‘ /'
0) 7 i) (i)
Fig 15.16

Now ask your friend to guess how many cubesthere are when observed fromthe
view shown by thearrow mark.

TrY THESE

Try to guessthe number of cubesin thefollowing arrangements (Fig 15.17).

| U

) Fig 15.17 (if) (iif)
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Suchvisualisationisvery helpful. Supposeyou form acuboid by joining such cubes.
You will be ableto guesswhat thelength, breadth and height of the cuboid would be.

ExampLE 2 If two cubes of dimensions 2 cm by 2cm by 2cm are

placed side by side, what would the dimensions of the 2em=H
resulting cuboid be?

SoLuTioNn  Asyou can see(Fig 15.18) when kept side by side, the 2cm=B
lengthistheonly measurementwhichincreeses, itbecomes 2" | 2%
2+2=4cm. Fig 15.18

Thebreadth= 2cmandtheheight=2cm.

I WA

1. Twodice are placed side by side as shown: Can you say what the total
would be on theface oppositeto

@ 5+6 (b) 4+3
(Remember that in adie sum of numberson oppositefacesis?)

2. Threecubeseachwith 2 cm edge are placed side by sideto formacuboid. Try to
make an oblique sketch and say what could beitslength, breadth and height.

15.5 VIEwWING DIFFERENT SECTIONS OF A SOLID
Now let ussee how an object whichisin 3-D can beviewed in different ways.

15.5.1 One Way to View an Object is by Cutting or Slicing

Slicing game

Hereisaloaf of bread (Fig 15.20). Itislikeacuboid withasquareface. You ‘dice’ itwith
aknife.

Whenyougivea'vertica’ cut, you get severa pieces, asshowninthe
Figure 15.20. Eachface of the pieceisasquare! Wecall thisfacea
‘cross-section’ of thewholebread. Thecrosssectionisnearly asquare
inthiscase.

Beware! If your cut isnot ‘vertical’ you may get adifferent cross
section! Think about it. Theboundary of the cross-sectionyou obtainisa Fig 15.20
planecurve. Doyou noticeit?

A kitchen play

Haveyou noticed cross-sections of some vegetableswhen they are cut for the purposes
of cookinginthekitchen? Observethevariousdicesand get aware of the shapesthat
result ascross-sections.
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Play this

Makeclay (or plasticine) model sof thefollowing solidsand makevertical or horizontal cuts.
Draw rough sketches of the cross-sectionsyou obtain. Namethem wherever you can.

Fig 15.21

ExErcIise 15.3

1. What cross-sectionsdo you get whenyou givea

, (i) vertica cut (i) horizontd cut
. tothefollowing solids?
| (& Abrick (b) A roundapple (c) Adie
(d) Acircular pipe () Anicecreamcone

15.5.2 Another Way is by Shadow Play

A shadow play
\ ) Shadowsareagood way toillustrate how three-dimensiona objectscan beviewedintwo
dimensions. Have you seen ashadow play?Itisaformof entertainment using solid
articulated figuresin front of an illuminated back-drop to create theillusion of moving
images. It makessomeindirect useof ideasin Mathematics.

) , Youwill need asourceof light and afew solid shapesfor thisactivity. (If
E@ﬂ | you have an overhead projector, placethe solid under thelamp and do these
| \\ investigations.)
Fig 15.23 Keep atorchlight, right in front of aCone. What type of
shadow doesit cast on the screen? (Fig 15.23) 1y
Thesolidisthree-dimensiona; what isthe dimens on of the shadow?
If, instead of acone, you place acubein the above game, what type of
shadow will you get?
Experiment with different positionsof the source of light and with different

positionsof the solid object. Study their effects on the shapesand sizes of the
shadowsyou get.

Hereisanother funny experiment that you might havetried already: i
Place acircular platein the open when the Sun at thenoontimeisjust right /"
aboveit asshowninFig 15.24 (i). What isthe shadow that you obtain?

Fig 15.22
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Will it besameduring
SU (&) forenoons? —i& (b) evenings?

77

Fig 15.24 (i) - (iii)
Study the shadowsin relation to the position of the Sun and thetime of observation.

ExERrcise 15.4

1. Abulbiskept burningjust right abovethefollowing solids. Namethe shape of the
shadows obtained in each case. Attempt to give arough sketch of the shadow.
(You may try to experiment first and then answer these questions).

‘
{”//’f \.§\

D

B,

A cylindrical pipe
(i) (iif)
2. Herearetheshadowsof some 3-D objects, when seen under thelamp of an overhead

projector. Identify the solid(s) that match each shadow. (There may be multiple
answersfor thesel)

Atriangle




N -T-T I \/ATHEMATICS

3. Examineif thefollowing aretrue satements:
(1) Thecubecan cast ashadow inthe shape of arectangle.
(i) Thecubecan cast ashadow inthe shape of ahexagon.

15.5.3 A Third Way is by Looking at it from Certain Angles
to Get Different Views

Onecanlook at an object standing in front of it or by theside of it or from above. Each
timeonewill get adifferent view (Fig 15.25).

Front view Sideview

Fig 15.25
Hereisan exampleof how onegetsdifferent viewsof agiven building. (Fig 15.26)

i

Building Front view Sideview Top view
Fig 15.26
You could do thisfor figuresmade by joining cubes.

Fig 15.27
Try putting cubestogether and then making such sketchesfrom different sides.
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Try THESE

1. Foreachsolid, thethreeviews(1), (2), (3) aregiven. Identify for each solid the
corresponding top, front and Sideviews.

Solid Itsviews
Top (@) ) €)
Side
/
/
Front
Top
/ Side
| 7
Front
Top
< Side
Front ~
5 Cubes
Top
Side
Front

2. Draw aview of each solid asseen from thedirection indicated by thearrow.

W

— —

(1) (ii) (iii)
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WHAT HAVE WE DISCUSSED?

. Thecircle, thesgquare, therectangle, the quadrilateral and thetriangleare examples
of planefigures; the cube, the cuboid, the sphere, the cylinder, the cone and the
pyramid are examples of solid shapes.

. Planefigures are of two-dimensions (2-D) and the solid shapes are of
three-dimensions(3-D).

. Thecornersof asolid shapeare called itsver tices; theline segmentsof itsskeleton
areitsedges; anditsflat surfacesareitsfaces.

. A net isaskeleton-outline of asolid that can befolded to makeit. Thesamesolid

can have severa typesof nets.

. Solid shapes can be drawn on aflat surface (like paper) realistically. Wecall this
2-D representation of a 3-D solid.

. Twotypesof sketchesof asolid arepossible:

(@& Anobliguesketch doesnot haveproportiond lengths. Still it conveysall important
aspects of the appearance of the solid.

(b) Anisometric sketch isdrawn on anisometric dot paper, asampleof whichis
givenat theend of thisbook. 1nanisometric sketch of thesolid the measurements
kept proportional.

. Visualising solid shapesisavery useful skill. You should beableto see* hidden’

parts of the solid shape.

. Different sectionsof asolid can beviewed in many ways:.

(& Oneway istoview by cutting or slicing the shape, which would result inthe
cross-section of the solid.

(b) Another way isby observing a2-D shadow of a3-D shape.

(c) Athirdway istolook at the shapefrom different angles, thefront-view, the
side-view and thetop-view can providealot of information about the shape




