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15,l INTRODUCTION 

Geometry, in general, and triangles in particular, have always fascinated human beings. 
Termed as the polygon of least number of sides or the first closed rectilinear figure ingeometry; 
the triangle was one of the initial figures used fortesselations Iblocks used fortile construction]. 



Look at tbe mosaics of eady architecture a d  those early construm buildings. Discovery of corqraa d cc~eti011 

tbe various p p r t i e s  of a tnangle d t e d  in its use in the construction of bridges. Heavy dTrhqenr 

poles, and even furniture require triangle edges in their support in order to retain their shape. 
I 

In this unit, we wilLintroduce oursekes to the prnrnes so very specla1 to this unique figure. 

After studying this unit, you, the pupil teacher, will be able to effectively: 

e explain the concept of equahty and similarity together with illustmtions; 

explain and apply the concept of congruence to geometric figures in gened, 

m a k e t b e ~ n t s u n d e l ~ t a n d i h e ~ b o l ~  

make tbe students understand that given SSS, SAS, M A  (AAS), RHS we always get 
triangles of the same size and shape. 

make the students understand that the four conditions - SSS, SAS, ASA(AAS), RHS 
whenever satisfied by the given triangles make them congruent; and 

apyly this knowledge to various problems. 

15.3 COMPARISON OF TWO FIGURES 

Main Teaching Points : a) Comparing shapes and sizes. 

b) The size detennimd by F a  

Teaching-Mng Process : Hold in your  ha^@ two cu ta~ t s  of the same shape. 

Ask Look at these two cut+uts W t  can you tell about these cut-outs? 
(In case there is no response in the beginniii, you may bring in 
leadmg suggestions like: they look alike, their sizes are not the 
same, what e k  ...... there may be responses regarding their 
volumes, their cornen. their sides, ..... these are ruled out). 

Repeat this line of inte&on with 3 or 4 pairs of cur-outs. 

Ask : When we look at two things or pricles, what questions come to 
our mind re- their shapes, size or any other characteristics. 

Ask : Do we to know which one is bigger7 Which one is smaller? 

Ask : Whatarewecornparing? 

Wben we say that one is bigger than the other, what are we comparing? 

Is it their weights? 
or is it their lengths? 

or is it the space each covers? 

Ask : Which one is biggex? 

How do you know? 

25 



Explain : By covering them with squared hanspamu paper. 

Repeat the same questions with the following figuies :- 

Conclude 

Two figures can be different in shape and different in size. 

Two figurescanbe same inshapeand sameinsize. 

Size of the figum is measured by their ma 

, Methodology used: Demonstration combined with proper discussion is used to illustrate the 
point 

Note : We canusetraqarencies to show movement of one figure into amther(superposition). 

Check Ywr Pmgresg 11 

Notes : a) ~xit@$our auswers in the space given below. I 

b) Compare your answers with the one given at the end of the unit. 
I 

. 1. Explain : Which of the following figures have the same shape and size? I 

A 1 0 2 h~z, 3 .w 
4 5 

Oa 6 7 bL7- 
- 8 9 

10 0 11 A0 12 13 . 01. 14 

. . 



15.4 SIMILARITY 

Main Teaching Points: a) Geometrical figunx of the same shape are called Similar. 

b) Tk size of similar figures may be same or d i f f m  

Teachin~Lamhg Process: Here we are concerned with the shape of the figures. Hold m 
your band two &les 

Ask : ~hatc~~ousa~abouttheshapesofthesetwofi~s? 

Repeat with pairs of squares and equilateral hiangles. You may 
even consider pairs of =Mar figures. 

A s k ,  

Activity I 
I 

Do the two have the same W d  (the figures chosen must 
include those of different sizes and the same sizes). 

Draw two line segments of 5 cm and 7.5 cm. length. Name them 
AB and XY. 

1 On A and X draw angles of 60' with AB and XY mpectively, 

Similarly on B and Y draw angles of 75' ' 

Let the arms of the two angles (other than the common m) 
intersect in C and Z respectively. 

Ask What shapes do you get? 

Place the two triangles such that A falls on X and AB on XY. Next 
repeat the sam= thug with B falling on Y and BA on XZ. 

What can you say about the positions of AC and XZ? 

Do the two triangles have the same shape? Do they have same 
size? 

Explain : The two triangles have the same shape but different k s .  

Ask : What will happen if AB and X Y  both are of the same length? 

Will you get two tnangles of the same shape? 

What about their sizes? 

Explain : The triangles are of the same shape and the same size. 

Activity 2 : Hold a triangular template infrom of a candle. Form an image on , 
a plain sheet of paper. 

Now move the template towards the flame and away from the 
flame. 

Ask. : Whathappenstotheshadow? 

Do you have the same shape always? What care you have to take 
to get a sharp image? 

Activity 3 : Repeat Activity 2 with a template of some different 
figuredshapes. 

Ask : What can you say about your passport size photograph and the 
same in the postcard size? 

Explain : We get figures of the same shape. But their sizes may be same or 
different 

When the shapes of two figures are alike we say that figure A is similar to figure B. 



~ e ~ d h g  ~camctrg and We wntethisas . 

1 Tritao-ctrg 
AABC-AXYZ 

Conclude : Two figures are similar if they are of the same shape. Their sizes may or may not 
be tk same. 

Methodology used : Learning by doing is the best approach Let the students draw tbe figures 
and kip them to reach tbe conclusion 

Y 

C h d  Your Progress 

Notes : a) Write your m e r s  in the space givenbelow. 

b) Compare your answers with the one gven at the end of the unit. 

2. Dmw a tnangle of sides measuring 3 cm, 4 an, 5 cm and another one of sides 6 cm, 8 cm 
10 cm. What can you say about their shapes? Measure their angles and compare. How 
will you demonstrate that the triangles are similar ? 

...................................................................................................................................... 

......................................................................................................................................... 

....................................................................................................................................... 

3. Dmw a tnangle having two sides of 4 cm and 5 cm and their included angle of 45'. Dmw 
another tnangle h a m  sides meaming 6 cm and7.5 cm and their included angle of 45'. 

Compare the two triangles. 

What can you say about their angles? 

Find tlie mtio of the third side of one triangle with the third side of the other. Compare 
it with ratios of other two pairs of corresponchng sides. How will you demonstrate that 
the triangles are similar? 

............................................................................................................................................. 

....................................................................................................................................... 

...................................................................................................................................... 

4. Look at the following figures and point out sifnilar figures. 

I L o  u*o (Dl (E) 

(F) (0) (HI 
(1) (J) 

o a n a  oh..,- 
6) (L) ' @l) 0 (0) 0') (Q) (R) 



Congruence and Construction 
15.5 CONGRUENCE of Triangles 

Main Teaching Point : Congrucnt figures have same shape and same sire. 

I Teaching-Learning Process 

I 15.5.1 Definition 

i You havc sccn abovc that we car, have two figures of thc same slzc and also we can have two 
figurcs of thc samc shapc. 

I Ask Arc lllc Inanglcs ABC and XYZ of the salllc shapc? Can !ou 
corlrir~ll ~t by tunling around A ABC or A XYX and tllen 

I comp;rri ng', 

Wlu11 c;lo you say ;~boul I11cir SIICS'? 

I Rcpcat will1 Il~c rollow~l~g pilirs or triangles: 

t 

I11 all ~ h c  ;ibo\ c pairs the size of one triangle is equal to the other and also the shape of one 
trianglc IS sane as the sllape of the other. 

I11 other words the triangles have the same size and are also similar. 

The concept of equality of size and similarity of shape is combined in congruence. We say that 
one figure is congruent to the other 

Symbol z is used to denote congruence of two figures. 

Methodology used: Demonstration-cum-discussion leading to the concision. 



Tearl~ing Geonretq- and 
Trigo~~olr~etn 

15.5.2 Line Segments and Angles 

Main Teaching Points : a) Line-segments of equal length are congruent. 

b) Angles of the same measure are congruent. 

Teaching-Learning Process 

Ask : Given two line-segments what information will you need to 
decide whether they are congruent'? 

Draw : Two line-segnlents of 3 cm each. Do they look alike (similar)? 
Do they have the same lengtK? 

Explain So you lmve a pair of congruent line-segments. Try with as many 
pairs. 

What do we conclude? 

Line-Segments of Equal Length Are Congruent 

Ask : In the same way let us consider apair of angles. What information 
will you need to say that the pair of angles are congruent? 

Draw two angles of 60' each 

Are these angles of the same measure? 

Explain So, you have a pair of congruent angles. 

YOU may try with more pairs. 

What do we conclude7 

Two angles are congruent if they have the same measure 

Methodology used : Demonstration-cum-discussion is used to lead the students to 
conclusion. 

15.5.3 Correspondence and Congruence 

Main Teaching Points : a) There are many correspondences possible between two figures. 

b) Some of them may be congruences and others may not. 

Teaching-Learning Process : In two sets (considertwo teams participating in a hockey match) 
there is element-to-element (a man-to-man) matching or association. This association in 
mathematics is termed as 1-1 comspondence. 

Ask 

Fig. 15.5 

In how many different ways can the vextices A, B, C of A ABC 
be set in 1-1 comspondence with vertices P, Q, R of A PQR? 



B -Q 
C-R 

LA-LPandAB-PQ 

LB-LQandAC-PR 

LL - LR and BC - QR 

We also call this correspondence as ABC o PQR 

Activit  1 : Let us superimpose A PQR on A ABC according to the 1-1 correspondence 
described above. 

Fig. 15.6 

Draw figures for other correspondences also. In how many cases a correspondence results in 
completely covering one figure over the other. (This happens only in ABC o PQR). 

Activity 2 : Take a A ABC in which AB = AC. Make a ca&oncopy of this triangle and 
name it A PQR. Superimpose and find out how many correspondences result in covering 
one figure over the other completely. In case of ABC o PQR and ABC o PRQ, one A 
covers the other completely. 

i 

Activity 3 . Take A ABC which is equilateral. 

Make A PQR which is a ca&on-copy of A ABC. 

Superimpose and investigate in this case also as to how many correspondences result in 
covering one triangle over the other completely. 

Explain : In all correspondences, one triangle covers the other completely. 

Methodology used : This is purely an activity-based method. Let the students do themselves 
and reach at the conclusion. 





Explain We can construct a triangle uniquely if we can fix its three 
vertices. Generally this is possible if' measurements of three parts 
of which one must be a side are given. (The teacher should 
remember that ambiguous case is an exception to this rule). 

15.6.1 Three Sides (SSS) 

Main Teaching Point: We get a unique triangle if we know all its the sides. 

Teaching-Learning Process : Let us construct a triangle whose sides measure 3 cm, 4 cm, 
and 5 cm using ruler and compass only. 

Fig. 15.8 

Let every student draw BC = 5 cm 

Now Ask : How can you locate A such that A is 3 cm from B and 4 cm from 
C ? 

Lead the response till you have the answer : By drawing arcs (parts 
of a circle) with radius 3 cm and 4 cm and centres B and C 
respectively. 

Ask What do you observe about the triangle drawn by you and the one 
drawn by your neighbouring student? 

Expected Response : They ate all similar and equal in size, i.e., they ate congruent. 

Ask them to verify by measuring and writing the corresponding 
angles. 

You may repeat by having another set of sides. 

Conclusion. 

1. Given the measures of the three sides of a triangle, we can construct the triangle uniquely. 

2. Triangles drawn with the same measures of sides will be congruent. 

3. Given two triangles measures of whose corresponding sides are equal, the triangles are 
congruent. This is called SSS Congruence. 

Methodology used : It is purely an activity-based method. Let the students work it out for 
themselves and reach the desired conclusion. 

15,63 Two Sides and the included Angle (SAS) 

Maim Teaching Point: Two angles and an included side determines a triangle uniquely. 

Teaching-Learning Process : Let us construct a triangle ABC which has BC = 4.5 an, 
LC = 50' and LB= 70'. 

Congruence and Construction 
of Trlnnglea 



Teaching Geometry and 
Trigonometry 

Fig. 15.9 

Every student draws a line-segment (BC) equal to 4.5 cm. Then he draws LB = 70' and 
LC = 50°, the non-common arms of the two angles intersect at A. 

Ask : What can you say about the triangle drawn by you and the ones 
drawn by your neighbours? 

Explain : They are congruent. 

You may repeat by changing the measures. 

Conclusions 

1. ~ i v e n  the measures of two angles and the included side, we can construct the triangle 
uniquely. 

2. Triangles drawn with the same measures of two angles and the included side will be 
congruent. 

3. Given two triangles such that the measures of one of their sides and the two angles on 
these sides are equal, the triangles are congruent. 

Ths is called ASA congruence. 

Methodology used: It is purely an activity-based method. Let the students work it out for 
themselves and reach the desired conclusion. 

15.6.3 Two Angles and a Side (ASA, AAS) 

Maid Teaching Point : Two sides and an included angle determines a unique triangle. 

Teaching-Learning Process : Let us construct a triangle XYZ which has XY = 3 3  cm, 
LY =F 45', YZ = 4.5 cm. 

[Repeat the $eps as in 15.6.1 and 15.6.2.1 

Draw XY = 3.5 cm, measure LY as 45', on this arm from Y take 4.5 cm and mark the point 
as Z, join XZ. 

Conclusion 

1. Given the measures of two sides and the included angle of a triangle, we can construct a 
unique mangle. 

2. Triangles drawn with the same measures of two- sides and the included angle will be 
congruent. 

3. Given two triangles such that the measures of two of their sides and the included angle 
are correspondingly equal, the triangles are congruent. 

l lus is called SAS congruence. 

Methodology used: It is purely an activity-based method, let the students work it out for 
themselves and reach the desired conclusion. . 



15.6.4 The Hypotenuse and One Side of a Right Triangle (RHS) Congruence and Construction 
of Triangles 

Main Teaching Point : If in a right triangle, one side and hypotenuse are given then we get a 
unique triangle. 

Teaching-Learning Process : Let us c0nstruct.a triangle ABC right angled at B which has its 
hypotenuse AC = 5 cm and side BC = 4 cm. 

b I3 Fig. 15.10 A 

Evely student draws a line-segment BC = 4 cm,'then at B makes an angle LXBC = 90' 

Ask How can you locate A on BX such that CA-= 5 cm? 

Lead the responses till you have the answer : By drawing an arc 
(part of a circle) with centre at C and radius = 5 cm. 

Now repeat the comparison and construction as in the case of 
previous sections. 

Conclusions 

I. ~ i v e n  t'le hlllx.lsures of hypotenuse and a side of a right triangle we .can construct the 
tnani 

2. Right t r ia~gl~. ,  &dwn with the same measures of hypotenuse and a side are all congruent. 

3 .  Given two right triangles whose hypotenuse and one side each are equal, the triangles are 
congruent. 

This is called RHS congruence. 

Methodology used : It is purely an activity-based method. Let the students work out 
themselves md reach the desired conclusion. 

15.7 TRIANGLE A RIGID FIGURE 

Main Teaching Point : A triangle cannot be deformed. 

Teaching-Learning Process 

Ask : What is the geometric figure that you see when you look at a 
bridge, an electric pole or any other heavy structure? 

Ask : Why do you think the triangle is used for this purpose? 

Let us conduct an experiment. 
I 

Experiment Take four strips of wood long enough to be joined to form a 
four-sided figure. 

Fig. 15.11(a) 



I Teaching Geometry and Fix these sticks, as shown in the figures with nails and screws. 
Trigononlctry 

Now try to flex the figure to change its shape. 
I 

I What do you observe ? 

Now repeat by forming a five sided figures. 

What do you observe'? 

Let us now form a triangular shape 

Fig. 15.11(~) 

What do you find ? 

Now you must have understood why in structures we employ a triangle. 

Explain : The three sticks cannot be moved even slightly. Therefore, the 
triangle is the most rigid structure which cannot be deformed. 

Methodology used : The students can learn this concept best by performing the activity 
themselves. 

15.8 CONGRUENCE OF TRIANGLES 

15.8.1 Conditions of Congruence 

Maih Teaching Point : To list out the four conditions under which two triangles are congruent. 

Teathing-Learning Process : You have seen in 15.6 that we have congruent triangles in four 
cases: 

SSS When the three sides of one triangle are equal to the corresponding 
three sides of another triangle. 

SAS When two sides and the included angle of one triangle are equal 
to the corresponding parts of the other triangle. 



AS A : When two angles and the included side of one triangle are equal c~ngucne~ and c&& 
to the corresponding parts of the other W l e .  of T- 

OR 

AAS 

. AAS 

RHS 

When one side and any two angles of one triangle are equal to the 
correspondmg parts of the other triangle. 

Easily leads to ASA because when two angles of two triangles are 
equal, the third angle will be equal to the third angle. 

When the hypotenuse and one side of one right triangle are equal 
to the corresponding parts of the other right triangle. 

Methodology used : Deductive logic is used. The students have &ady reached the 
conclusions in 15.6.. 

15.8.2 Some Applications 
I 

Main-Teaching Point : Use of different conditions of congruence. 

Teaching-Learning Process : In triangle ABC if AB = AC then using SSS congruence prove 
that LB = LC 

Fig. 15.12 

This means- can we now write 

ABC t, ACB? 

AABCzAACB (SSS) 

AB=AC 

AC=AB 

Canyou now say 

LB = LC ? Yes, because you will recall that CORRESPONDENCE AND 
CORRESPONDING PARTS play a very importzint role in congruence. 

Ask: InAABCandADEFifAB=DE,BC=EFandAC=DFthen .?I 

4 

Can we say that in A ABC and A DEF 

If LA=LD,LB=LE and LC=LF thanis AB=DE,BC=EF,andAC=DF? 

Explain : Corresponding angles being equal does not imply that comspondmg sides must 
also be equal. m s  means that AAA does not result into a congruence, though it 
leads to similarity). 



Teaching Geometry and 
Trigonometry 

In A ABC, if AB = AC, then using SPS congruence, prove that L.B = LC. 

Consider the correspondence ABC o ACB 

AB=AC 

AC=AB 

and L A =  LA 

A ABC E A ACB (SAS) :. ........ 

:. LB =LC 

From the above two results, can you say that 'base angles of an isosceles triangles are equal'? 

Can you use this congruence in the following case? 

Fig. 15.14 

AD bisects LA of isosceles triangle ABC. Prove that D is the mid point of BC. 

Consider the correspondence 

A B D o  ACD 

Are A ABD and A ACD congruent ? Why'? 

State the result : 

Using RHS conpence 

In A ABC AB = AC, parpendicular from A to BC meets BC at D. Prove that LB = LC , 
BD = DC 



R~ght A Al3D z kght A ACD 

Why ? State the correspondence. So, BD = DC 

State the result. 

Methodology used : Heuristic approach should be used. Discussion should be initiated and lead 
the students towards the right answer. 

Check Your Progress 
> .  

Notes . a) Write your answers in the space given below. 

b) C o m p  your answers with the one given at the end of the unit. 

5. In the following diagrams are the triangles in each pair congruent? Why? Equal ~~IIS areshown 
by slmilar marlungs. Explm. 

A=C (a> prns Q (b) T R Q pM T (c> X R U 

pKdD A ylJ& 
B B C Z 

(d) (e) 
(0 

15.9 LET US SUM UP 

1 .  Figures of the same shape but not necessarily of the same size are sirnil&. 

Similarity of triangles is dependent on the equality of the corresponding angles. 

3 i Figures of the same shapes may be of different size. 

Triangles of the same shape and same size are congruent. 

5 We can construct a mque triangle when we are given: 

. measures of three sides SSS 

measires of two sides and the included angle SAS 

canpumce and c-tlon 
of Txhngh 



Teaching Geometry and 
Trigonometry 

measures of any two angles and one side AAS or ASA 

a right triangle with hypotenuse and one side RHS. 

7. A triangle is a rigid figure. 

8. Two triangles are congruent when 

their corresponding sides are equal SSS 

they have two pairs of corresponding sides and the included angle equal 

' two angles and a side of one triangle are equalto the corresponding pruts of the other. 

a the triangles are right angled and the hypotenuse and one side of one triangle are 
equal to the cowsponding parts of the other. 

15.10 UNIT-END ACTIVITIES 

1. Given the information in each part of the question, fill up the blanks 

For A ABC and A DEF 

The cowspondence is Two triangle(s) are why 
similar or congruent 

b) AC=DE A B C o  

e) L D = L A = ~ O '  A B C o  

2.  Segments AB and CD bisect each other at 0 .  Prove that 

a) A OAC z A OBD 

3. BP bisects LABC. PE and PD make equal angles with BP and meet AB and AC at D 
and E respectively prove that A BPE z A BPD. 

4. AE=ED, 

EF=EF 

Prove that AB = CD 



5. DA = DC, BA = BC Ae C 

Prove that EA = EC 

6 DC=AB B 
D C 

L I = L 2  

L 3 = L 4  

Prove AE = CF 

A 

L 1 = 50' 

L 2  = 50' 

Prove A ABC G A BAD 

A 

AC=AE 

Prove AF bisects L BAD 

9. AC=AD A 

BC = BD 

AP = AQ 

Prove L 3 = L 4  

A 
10. In the figure of question 9: 

BA bisects L CAD 

L l = L 2 , L 3 = L 4  

Prove BC = BD 

15.11 ANSWERS TO CHECK YOUR PROGRESS 

1. 1and12,2and9,3and8,4and11,5and10,6and13,7and14havesameshapeand 
size. 

2. The two triangles are similar. Their correspondmg angles are equal. 

3. The two triangles are similar. 

Their corresponding angles are equal. The ratio of the thud pair of sides is same as the 
ratio of the first two pairs of sides. 

4. Pairs of similar figures: A and 0, B and J, C and F, D and H, G and K, I and M, L and Q. 

5. a) Triangles are not congruent because angles are not included between the sides. 

b) A PQT = A SRT - (ASA) . e) A BCM = A CBN - 
+ C) A PQR = A SUT - (AAS) Q A X n  = A X Z K  - (AAS) 

d) A ABF = A CDE - (AAS) 




