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Exercise-3.1
After completing the chapter, the students will be able to(
[image: image56.wmf][image: image57.wmf]1.
explain the conception of orthogonal projection

2.
prove and apply the theorems on the basis of the theorem of Pythagoras
3.
prove and apply the theorems of the circumcentre, centroid and orthocenter

4.
prove and apply the theorems of Brahmagupta

5.
prove and apply the theorems of Pytolemy.
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1. In (ABC, the angle (B = 60( prove that, 


AC2 = AB2 + BC2 ( AB.BC.
Solution: 

[image: image59.wmf]
Particular Enunciation: Given, in (ABC, the angle (B = 60(t is to be proved that 

AC2 = AB2 + BC2 ( AB.BC.
Construction: Draw AD ( BC.
Proof: We know that, in any triangle, the area of the square drawn on the opposite side of an acute angle is equal to the squares drawn on the other two sides diminished by twice the area of the rectangle included by any one of the other sides and the orthogonal projection of the other side on that side. 

(  In (ABC, (B = 60°, i.e. (B is an acute angle and BD is the orthogonal projection of the line AB on the line BC.
( AC2 = AB2 + BC2 ( 2BC.BD … … ... (i)

In right angled (ABD, AD is perpendicular, BD is base and hypotenuse is AB.

(
cos (ABD =  eq \f(BD,AB) 


or, 
cos60° =  eq \f(BD,AB)   [( (ABD = 60(]

or, 
 eq \f(1,2) =  eq \f(BD,AB) 
( 
BD =  eq \f(1,2) AB

Putting the value of BD in equation (i), we get

AC2 = AB2 + BC2 ( 2BC.  eq \f(1,2) AB.

(
AC2 = AB2  + BC2 ( AB.BC  (Proved)
2. 
In (ABC, the angle (B = 120°; prove that, 

AC2 = AB2 + BC2 + AB.BC.

[image: image60.wmf]Solution: 
Particular Enunciation: Given, in (ABC, (B = 120°.
t is to be proved that  AC2 = AB2 + BC2 + AB.BC.

Construction: Draw perpendicular AD to the extended section of CB.

Proof: We know that, in any triangle, the area of the square drawn on the opposite side of an acute angle is equal to the squares drawn on the other two sides diminished by twice the area of the rectangle included by any one of the other sides and the orthogonal projection of the other side on that side. 

Now, in (ABC, (ABC = 120°, i.e. one angle is an obtuse angle.
(
AC2 = AB2 + BC2 + 2BC.BD ……… (i)

(ABC and (ABD are two adjacent angles on the straight line CD.
(
(ABC + (ABD = 180°

or, 
120°+ (ABD = 180°

or, 
(ABD = 180°(120°

(
(ABD = 60°

Now in right angle (ABD, adjacent side = BD and hypotenuse = AB.

(
cos (ABD = 
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[( cos( =  eq \f(adjacent side,hypotenuse) ]
or, 
cos 60° =  eq \f(BD,AB) 
or, 
 eq \f(1,2) =  eq \f(BD,AB) 
(
BD =  eq \f(1,2) AB.

Putting the value of BD in (i), we get

AC2  = AB2  +BC2 + 2BC.  eq \f(1,2) AB

(
AC2 = AB2 +BC2 +AB. BC (Proved)
3. In (ABC, the angle (C = 90°; mid point of BC is D then prove that,  AB2 = AD2 + 3BD2. 

Solution:

Particular Enunciation: Given, in (ABC, the angle (C = 90°; mid point of BC is D. t is to be proved that  AB2 = AD2 + 3BD2.
Proof: In (ABC, (C = 90°
i.e. in right angled (ABC, AB is the hypotenuse.

( According to the Pythagoras’s theorem,

AB2 
= AC2 + BC2
= AC2 + (BD + CD)2  [( BC = BD + CD]

= AC2 + BD2  + 2BD. CD + CD2    

= (AC2 + CD2 ) + BD2 + 2BD.BD

[( D is the mid point of BC; so BD = CD]

= (AC2  + CD2) + BD2 + 2BD2
= AD2 + 3BD2 [( In (ACD, (C = 90°; so                                                             according to the Pythagoras’s theorem, AC2  +  CD2  = AD2]

( AB2 = AD2 + 3BD2 (Proved)
4. In (ABC, AD is the perpendicular on the side BC and BE the perpendicular on the side AC, show that, BC. CD = AC. CE.

Solution:
Particular Enunciation: Given, in (ABC, AD is the perpendicular on the side BC and BE the perpendicular on the side AC. 

t is to be proved that  BC. CD = AC. CE.

Proof: We know that, in any triangle, the area of the square drawn on the opposite side of an acute angle is equal to the squares drawn on the other two sides diminished by twice the area of the rectangle included by any one of the other sides and the orthogonal projection of the other side on that side.
Now, as AD(BC, (ACB is the acute angle of (ABC 

 [((ACB  < right angle (ADC]

and, CD is the orthogonal projection of the side AC on the line BC.

(AB2 = AC2 + BC2 ( 2BC.CD …… (i)

​Again, CE is the orthogonal projection of the line BC on the line AC.
( According to the theorem stated above, we get

AB2 = BC2 + AC2 ( 2AC. CE ……. (ii)

From equation (i) and (ii), we get

AC2  + BC2 ( 2BC.CD = BC2 + AC2 ( 2AC.CE

or, 
( 2BC.CD = (2AC.CE

[subtract AC2 + BC2 from both sides ]

or, 
BC.CD = AC.CE.    
[dividing both sides by ((2)]

(
BC.CD = AC.CE  (Proved)
5. In (ABC, the side BC is trisected at the point P and Q, prove that, AB2  + AC2 = AP2  + AQ2 + 4PQ2

Solution: 


Particular Enunciation: Given, in (ABC, the side BC is trisected at the point P and Q i.e. BP = PQ = QC. Now, join A, P and A, Q . t is to be proved that 

AB2 + AC2 = AP2 + AQ2 + 4PQ2. 

Proof: ​The median of (ABQ is AP     [( BP = PQ]

( According to the theorem of Apollonius, we get 

     AB2 + AQ2 = 2(AP2 + PQ2) ……. (i)  

Again, the median of (APC is AQ         [( PQ = QC]

( AP2 + AC2 = 2(AQ2 + PQ2 ) ……. (ii)

Now, adding the equations (i) and (ii), we get
    
AB2 + AQ2 + AP2 + AC2 = 2AP2 + 2PQ2 

+ 2AQ2 + 2PQ2

or,
AB2 + AC2 = 2AP2 + 2AQ2 + 4PQ2 ( AP2 ( AQ2
or,
AB2 + AC2 = AP2 +AQ2 + 4PQ2

(     AB2 + AC2 = AP2 +AQ2 + 4PQ2 (Proved)
6. In (ABC, AB = AC, P is any point on BC. Prove that, AB2 ( AP2 = BP.PC 

Solution: 
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Particular Enunciation: Given, in (ABC, AB = AC, P is any point on BC. t is to be proved that AB2 ( AP2 = BP.PC.

Construction: Draw AD ( BC.
Proof: In (ABD, (ADB = 90° and AB is hypotenuse.

[( AD ( BC]

( According to the theorem of Pythagoras, we get 


AB2 = AD2 + BD2 … … ... (i)

Again, in (APD, (ADP = 90° and AP is hypotenuse.  

[( AD ( BC]

( According to the theorem of Pythagoras, we get


AP2 = AD2 + PD2 … … ... (ii)

Now, subtract (i) from (ii), ​we get
AB2 ( AP2 = AD2 + BD2 ( AD2 ( PD2
or, 
AB2 ( AP2 = BD2 ( PD2
or, 
AB2 ( AP2 = (BD + PD) (BD ( PD) 

or, 
AB2 ( AP2 = (BD + PD).BP

or, 
AB2 ( AP2 = (CD + PD).BP  [The perpendicular drawn from any vertex of the isosceles to its base divides the base equally, i.e. BD = CD]

or, 
AB2 ( AP2 = PC.BP

(  
AB2 ( AP2 = BP. PC (Proved)
7. If the three medians of (ABC meet at G, prove that,

 AB2 + BC2 + CA2 = 3 (GA2 + GB2 + GC2).

Solution: 

Particular Enunciation: Given, AD, BE and CF are the three medians of (ABC and they meet at G. t is to be proved that AB2 + BC2 + CA2 = 3 (GA2 + GB2 + GC2).

Proof: AD, BE and CF are the three medians of (ABC. 

(According to the theorem of Apollonius, we get

AB2 + CA2 = 2(AD2 + BD2) ….......….(i)

AB2 + BC2 = 2(BE2 + CE2) …........….(ii) 

and BC2 + CA2 = 2(CF2 + BF2) …….........(iii)

Now, adding the equations (i), (ii) and (iii), we get

2AB2 + 2BC2 + 2CA2 = 2AD2 + 2BD2 + 2BE2 

+ 2CE2 + 2CF2 + 2BF2

or, 2(AB2 + BC2 + CA2) =  2(AD2 + BE2 + CF2) 

+ 2(BD2 + CE2 + BF2) 

or, 4(AB2 + BC2 + CA2) = 4(AD2 + BE2 + CF2) + 4 (BD2 

+ CE2 + BF2)  [multiplying both sides by 2]

or, 4(AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) + (2BD)2 
+ (2CE)2 + (2BF)2
or, 4(AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) +  BC2 

+ CA2 + AB2 

[( D, E, F are midpoints of BC, CA and AB sides respectively, so 2BD = BC, 2CE = CA, 2BF = AB]

or, 3(AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2)... (iv)

( 3(AB2 + BC2 + CA2) = 4AD2 + 4BE2 + 4CF 

[by changing sides]

​We know, the medians of a triangle intersect each other in the ratio 2:1.
(
 eq \f(AG,GD) = eq \f(2,1) 
or,
 eq \f(GD,AG) =  eq \f(1,2) 
or, 
 eq \f(GD + AG,AG)  =  eq \f(1+2,2) 
or, 
 eq \f(AD,AG)  =  eq \f(3,2) 
or, 
2AD = 3AG 

or, 
4AD2 = 9AG2  [ squaring both sides]
Similarly, 4BE2 = 9BG2 ​​and 4CF2 = 9 CG2
Therefore, from (iv), we get
3 (AB2 + BC2 + CA2) = 9 AG2 + 9BG2 + 9CG2
or, 3 (AB2 + BC2 + CA2) = 9 (GA2 + GB2 + GC2)

(  AB2 + BC2 + CA2 = 3 (GA2 + GB2 + GC2) (Proved)
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1.


From the figure, B is the middle point of EF and  DC ( EF; [Dhaka Board-'15]

i.
DE2 = DC2 + CE2

ii.
DE2 + DF2 = 2(BE2 + BD2)

iii.
DF2 = BF2 + CD2

Which of the following is true?


a
i
b
i & ii
c
i & iii
d
i, ii & iii
 eq \o((,b)
2.
If the side of a equilateral triangle is 5 cm. then, what is the length of the median?  [Dhaka Board-'15]

a
2(50 cm
b
4(33 cm

c
5 cm
d
8(66 cm
 eq \o((,b)
3.
In (ABC, ABC < 90( and AD ( BC. Which one is correct? [Rajshahi Board-'15]

a
AB2 + AC2 = 2(BD2 + AD2)


b
AC2 = AB2 + 2BC2 + 2BC.BD


c
AC2 = AB2 + BC2 – 2 BC.BD


d
AC2 = AB2 + BC2 – 2 BC. CD
 eq \o((,c)

4.

[image: image5.jpg]




In the above figure what is the orthogonal projection? [Dinajpur Board-'15]



a
CD
b
AC


c
BD
d
AB
 eq \o((,a)
5.
If then medians are p, q, r and the hypogenous is d of a right-angled triangle, then which one is the right relation? [Comilla Board-'15]

a
p2 + q2 + r2 = d2
b
p2 + q2 + r2 = 3d2

c
3 (p2 + q2 + r2) = 4d2

d
2 (p2 + q2 + r2) = 3d2


 eq \o((,d)
6.
In (ABC, the angle (C = 90( and AC = BC = 3cm. What is the value of AB? [Chittagong Board-'15]

a
3 cm 
b
3 eq \r(2) cm 

c
6 cm 
d
8 cm
 eq \o((,b)
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7.
In figure, The median AD of ABC bisect the side BC, AE ( BC, which statement is correct? [Mymensingh Girls' Cadet-15]
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a
AB2 + AC2 = 2(AD + BD)


b
AB2 + AD2 = 2AC2 


c
AB2 + AC2 = 2DE2 

 
d
AB2 + AC2 = 2(AD2 + BD2) 
eq \o((,d)
8.
Which statement is consistent with the Theorem of Apollonius applied to ABC? [Pabna Cadet-15]


a
AB2 + BC2 = BC2 


b
AB2 + BC2 = 2(AD2 + BD2) 


c
AB2 + BC2 = 2(AG2 + GD2)

 
d
AB2 + AC2 = 2(BD2 + CD2) 
eq \o((,b)
9.
If x and y are two sides and z is the half of third side, then the square of median is – [Joypurhat Girls' Cadet-15]

a
 eq \f(x2 + y2,2) – z2
b
 eq \f(y2 + z2,2) – x2 


c
 eq \f(z2 + x2,2) – y2
d
 eq \f(z2 + y2,2) – z2 
eq \o((,a)
10.
p, q, r are the length of sides and d, e, f are the length of medians of a triangle, then the correct relation between sides and medians is – [Joypurhat Girls' Cadet-15]

a
2(p2 + q2 + r2) = 3(d2 + e2 + f2)


b
3(p2 + q2 + r2) = 2(d2 + e2 + f2) 


c
3(p2 + q2 + r2) = 4(d2 + e2 + f2)

 
d
4(p2 + q2 + r2) = 3(d2 + e2 + f2) 
eq \o((,c)
11.
If AD is the median of (ABC, which statement is consistent with the theorem of Apollonius? [Rangpur Cadet-15]

a
AB2 + AC2 = BD2 


b
AB2 + AC2 = AD2 + BD2 


c
AB2 +AC2 = 2(AD2 + BD2)

 
d
AB2 + AC2 = 2(BD2 + CD)
eq \o((,c)
12.
AD is median of triangle ABC, AD = 5 cm and BC = 6 cm then AB2 + AC2 = ? cm [Feni Girls' Cadet-15]

a
34
b
68 

c
78 
d
122 
eq \o((,b)
13.
In the (ABC if AB2 = AC2 + BC2 then – [Faujdarhat Cadet-15]

a
(A right angle 
b
(B right angle 


c
(C right angle 
d
((A + (C) right angle 
eq \o((,c)
14.
In (ABC, (C is an acute angle. Which one right? [Jhenidah Cadet-15]

a
AB2 > AC2 + BC2 


b
AC2 < AB2 + BC2 


c
AB2 < AC2 + BC2
 
d
BC2 < AC2 + AB2 


eq \o((,c)
15.
a, b, c are length of three sides and d, e, f are length of their median respectively of a triangle. Which relation is right? [Jhenidah Cadet-15]

a
3(a2 + b2 + c2) ( 4(d2 + e2 + f2)


b
3(a2 + b2 + c2) < 4(d2 + e2 + f2) 


c
3(a2 + b2 + c2) > 4(d2 + e2 + f2)

 
d
3(a2 + b2 + c2) = 4(d2 + e2 + f2) 
eq \o((,d)
16.
Which one is correct for the following fig if D is the midpoint of BC and 
AE ( BC? [Jhenidah Cadet-15]
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a
AB2 = AD2 + BD2 + 2BD.DE


b
AC2 = AD2 + CD2 – 2CD.DE 


c
AB2 + AC2 = 2(AD2 + BD2)

 
d
All of them 


eq \o((,d)
17.
In the figure above if (ACB is obtuse then which one of the following statement is true?  

[Mymensingh Girls' Cadet-14]

a
AB2 = AC2 + BC2 + 2BC.CD 


b
AB2 = AD2 + BC2 + 2BC.CD 


c
AB2 = AD2 + BD2 + 2BC.CD


d
AB2 = AC2 + BC2 


eq \o((,a)
18.
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In (ABC, (B = 90 D, E and F are respectively middle point of BC, AC and AB, which one is correct? [Pabna Cadet-14]


a
AD2 + BE2 + CF2 = 2AC2


b
2(AD2 + BE2 + CF2) = 3AC2


c
AD2 + BE2 + CF2 = 3AC2


d
3(AD2 + BE2 + CF2) = 2AC2

eq \o((,b)
19.
What is the correct statement? 
[Joypurhat Girls' Cadet-14]

a
AB.AC = BC.CD
b
AB.CD = AC.BC


c
AB.BC = BD.CD
d
AB.BD = BC.CD

eq \o((,b)
20.
Find the correct relation ( 
[Joypurhat Girls' Cadet-14]

a
AC.CD = AD.BC
b
AD.CD = AC.BC


c
AC.BC = BD.CD
d
AD.CD = BD.CD

eq \o((,a)
21.
What is the correct statement? 
[Joypurhat Girls' Cadet-14]

a
AB.AC = BC.CD
b
AB.CD = AC.BC


c
AB.BC = BD.CD
d
AB.BD = BC.CD

eq \o((,b)
22.
Bisector of angles meet at the point G then the name of the point G is( 


[Feni Girls' Cadet-14]

a
Incenter
b
orthocentre


c
centroid
d
circumcentre

eq \o((,a)
23.
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Which one is the orthogonal projection of the line segment AB on XY?


[Faujdarhat Cadet-14]

a
AB
b
BC


c
AC
d
XY

eq \o((,b)
24.
ABC is a triangle. D is the mid point of AC, then which one is correct? 


[Feni Girls' Cadet-14]

a
AC2 + BC2 = 2 (AB2 + BD2)


b
AB2 + BC2 = 2 (CD2 + BD2)


c
AC2 + BC2 = 2 (CD2 + BD2)


d
AB2 + AC2 = 2 (CD2 + BD2)

eq \o((,b)
25.
i.
The point of concurrence of the medians of a triangle is called the centroid 

ii.
The centroid divides any median in the ratio 3 : 1


iii.
The corresponding angles of two equiangular triangles are proportional 


Which one of the following is correct? [Faujdarhat Cadet-15]

a
i and ii
b
ii and iii


c
i and iii
d
i, ii and iii
eq \o((,c)
26.
suppose ABC is a right angle triangle where (B = 90(, then (


[Rajshahi Cadet-14]



i.
AB2 + BC2 = AC2
ii.
(A = 45(, (C = 45( 


iii.
(ABC =  eq \f(1,2) ( BC ( AB 


Which one of the following is correct?

a
i and iii 
b
i and ii


c
ii
d
ii and iii

eq \o((,a)
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In the above picture D, E, F are respectively the middle points of BC, AC and AB. In the light of this picture answer the questions No. 27 and 28. 

27.
What is the name of the point G?
[Mirzapur Cadet-15]

a
Orthocentre
b
Incentre 


c
Centroid
d
Circumcentre 
eq \o((,c)
28.
What is the name of the circle drawn through the vertices of ABC?


[Mirzapur Cadet-15]

a
Circumcircle
b
Incircle 


c
Excircle
d
Nine point circle 
eq \o((,a)
Answer the question no. 29 to 30 by following geometric figure –
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In the figure, (A = (BDC and (ABD = (C then(
29.
Find the correct relation.  [Joypurhat Girls' Cadet-15]

a
AB.BD = AD.CD
b
AB.BC = AD.BD 


c
BD.BC = CD.AD 
d
BD.AD = BC.CD 
eq \o((,a)
30.
What is the correct form? [Joypurhat Girls' Cadet-15]

a
AB.BC = AD.BD
b
AB.BD = AD.CD 


c
BD.BC = CD.AD 
d
BD.AD = BC.CD 
eq \o((,b)

Answer the question (31 –32) considering information below? 
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In the figure (ABC, AB = AC = 6 cm, (ADC = 90( and BC = 4 cm 

31.
Length of AD = ? [Feni Girls' Cadet-15]

a
4 eq \r(2)
b
3 eq \r(2) 


c
2 eq \r(2) 
d
 eq \r(2) 
eq \o((,a)
32.
Area of (ABC = ? [Feni Girls' Cadet-15]

a
4 eq \r(2)
b
6 eq \r(2) 


c
8 eq \r(2)
d
10 eq \r(2) 
eq \o((,c)
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In the light of the above figure answer the questions no. (33–34): 

33.
Which is the orthogonal projection of AC on DB? [Barisal Cadet-15]

a
AD 
b
DC 
c
DB 
d
CB 
eq \o((,b)
34.
If ( B is an acute angle, then what is the value of AC2? [Barisal Cadet-15]

a
AC2 + BC2 + 2BC.CD


b
AB2 + BC2 – 2BC.BD 


c
AC2 + BC2 + 2AC.CD

 
d
AC2 + BC2 + 2BA.AD 


eq \o((,b)

35.
If (ABC = 30(, then what is the value of (DAB? [Barisal Cadet-15]

a
90( 
b
60( 
c
30( 
d
45( 
eq \o((,b)
Answer the question (36-37) considering information below :
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In the figure (ABC, AB = AC = 6 cm, (ADC = 90( and BC = 4 cm.

36.
Length of AD = ? 


[Pabna Cadet-14]


a
4 eq \r(2) 
b
3 eq \r(2) 
c
2 eq \r(2) 
d
 eq \r(2) 
eq \o((,a)
37.
Area of (ABC = ?


[Pabna Cadet-14]


a
4 eq \r(2) 
b
6 eq \r(2) 
c
8 eq \r(2) 
d
10 eq \r(2) 
eq \o((,c)
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	((( Review of the Theorem of Pythagoras׀ Textbook page -64


(
In case of right angled triangle, Pythagoras theorem is (Opposite)2 + (Adjacent)2 = (Hypotenuse)2. 

(
If the square of the length of one side of a triangle is equal to the sum of the squares of the length of the other two sides, then the triangle will be right angled triangle.
38.


In the above figure, which one is the application of Pythagoras? (easy)

a
x2 = y2 + z2
b
y2 = x2 + z2

c
z2 = x2 + y2
d
x2 + y2 + z2 = 1
eq \o((,c)

39.
In a right angled triangle, if the sides adjacent to right angle are respectively 8 and 6, what is the length of the hypotenuse? (easy) 

a
10

b 36

c 64
d
100
eq \o((,a)
40.
In the figure beside?

(ABC = degree? (medium) 


a
45

b 60

c 90
d
120
eq \o((,c)
41.
 


In the above figure, what is the length of AB? (medium) 


a
5

b 25

c 64
d
100
eq \o((,a)
42.
If ratio of the sides of a triangle are 6 t 8 t 10, what is the value of the largest angle?  (medium)

a
60

b 90

c 120
d
180
eq \o((,b)
43.
The length of two adjacent sides of a triangle are respectively 10 and 6 unit, in order to be a right angled triangle, what is the length of the third side? (easy)

a
4

b 7

c 8
d
9
eq \o((,c)
44.
In the figure of (PQR, what is the value of PR?  (medium)

a
 eq \r(17) 

b 4

c  eq \r(22) 
d
3
eq \o((,a)
45.


In the above figure, what is the value of x?(medium)

a
 eq \r(18) 

b 4 eq \r(2) 

c 2 eq \r(81) 
d
9
eq \o((,d)
46.
If one side of a square is 6 unit, what is the value of its diagonal?  (easy)

a
6 eq \r(2) 

b 2 eq \r(6) 

c 6 eq \r(3) 
d
4 eq \r(3) 
eq \o((,a)
47.


In the above figure, what is the area of (ABC in square unit?  (medium)

a
48

b 84

c 150
d
300
eq \o((,b)
48.


                     


In the above figure, AC = what? (medium) 


a
2x

b  eq \r(2) x

c x eq \r(3) 
d
 eq \r(3) x
eq \o((,b)
49.
A ladder of height 17 meters is leaned with a wall of height 15 meters, what is the distance of the wall from the bottom of the ladder? (medium) 


a
8

b 10

c 18
d
20
eq \o((,a)
50.


In the above figure, which one can be the value of x?  (medium)

a
(7

b (4

c (3
d
(2
eq \o((,c)
51.


In (ABC and (DEF, AB = DE, BC = EF, then (

i.
in (ABC, AC2 = AB2 + BC2.


ii.
AC = DF 


iii.
(E = 90(

Which one of the following is correct? (medium)

a
i and ii


b
i and iii

c
ii and iii


d
i, ii and iii


eq \o((,d)
Answer the questions (52-55) based on the following information:

In the following (ABC, AB = 8 cm. and (BAC = (ACB = 45(. 


52.
(ABC = degree? (easy)

a
45

b 60

c 90
d
120
eq \o((,c)
53.
BC = what? (easy) 

a
4

b 8

c  eq 8\r(2) 
d
16
eq \o((,b)
54.
AC = what?  (medium) 

a
8

b  eq 8\r(2) 

c 64
d
128
eq \o((,b)
55.
What is the area of the rectangle ACDE in square cm? (medium)

a
64

b 96

c 112
d
128
eq \o((,d)

Answer the questions (56-58) based on the following figure:

APQB is a trapezium where AB = 12 and PR || QS.

56.
AR = what? (easy)

a
2

b 3

c 4
d
5
eq \o((,b)
57.
What is the value of BS? (easy)

a
2

b 3

c 4
d
5
eq \o((,b)
58.
What is the area of PQRS in square unit? (medium)

a
12

b 20

c 24
d
42
eq \o((,c)
	(((
	Orthogonal Projection | Textbook page-66


(
Orthogonal projection of any line segment on a given line is the distance between the perpendiculars drowns from the two end points of the line segment. 

(   The foot of perpendicular drawn from any line is the                    orthogonal projection on that point.
(
The perpendicular of the orthogonal projection on any line is a point. So, the length of the orthogonal projection is zero.
(
Any definite line parallel to the line segment of the orthogonal projection will be equal to that line segment.

(
In case of the right angled triangle, the sides adjacent to the right angle are mutually perpendiculars. So each of their orthogonal projection is zero.
59.
In the following figure, which is the orthogonal projection of P? (medium)
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a
P(

b P

c PP(
d
XY
eq \o((,a)
60.
In the figure below, PP(( XY, what is the length of the orthogonal projection of the perpendicular PP(? (easy)
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a
(10

b 0

c 10
d
100
eq \o((,b)
61.
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In (ABC, which one is the orthogonal projection of AC on BC? (easy)

a
BD

b AD

c CD
d
AB
eq \o((,c)
62.
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Which one of the following is the orthogonal projection of the line segment AD on BC? (easy)

a
AB

b AC

c BD
d
CD
eq \o((,c)
63.
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In the figure, which is the orthogonal projection of the line segment TQ on XY ? (medium)

a
XY

b AB

c ST
d
BC
eq \o((,d)
64.
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In the figure, what is the condition to be AB = A(B(? (medium)

a
AB = XY
b
AB || XY

c
AB =  eq \f(1,2) XY
d
AB ( XY
eq \o((,b)
Answer the questions (65-67) based on the following information:

From the point B to the line segment AB, BB( ( XY 

and BB( = 18 cm. 

AC (A(B(
A(B( = 12 cm. and 

AA( = 13 cm.
65.
What is the length of the orthogonal projection of the line segment AB in cm?  (easy)

a
5 cm

b 12 cm

c 13 cm
d
18 cm
eq \o((,b)
66.
BC = what?  (easy)

a
5 cm

b 12 cm

c 13 cm
d
23 cm
eq \o((,a)
67.
What is the length of line segment AB in cm?  (medium)

a
13

b 25

c 144
d
169
eq \o((,a)
Answer the questions (68-70) based on the following figure:
68.
Which one is the orthogonal projection of AB on XY? (easy)  


a
XY

b BM

c AM
d
AX
eq \o((,c)
69.
What is the length of AM ? (medium)

a
6

b 8

c 10
d
12
eq \o((,a)
70.
What is the area of (ABM? (medium)

a
12

b 24

c 32
d
48
eq \o((,b)
	((( Some Important Theorems  | Textbook page-67


(
In the figure, if AB is opposite side of the obtuse angle (C; the adjacent sides are AC, BC and CD is orthogonal projection, then AB2 = AC2 + BC2 + 2BC. CD 

(
In the figure, if AB is opposite side of the acute angle (C; the adjacent sides are AC, BC and CD is orthogonal projection, then AB2 = AC2 + BC2 ( 2BC. CD

(
In case of (ABC, (i) if (C is obtuse angle, AB2 > AC2 + BC2

(ii) If (C is right angle, AB2 = AC2 + BC2

(iii) If (C is acute angle, AB2 < AC2 + BC2
(
If AD is the median of (ABC , then  AB2 + AC2 = 2(AD2 + BD2)

(
If three sides of a triangle are a, b, c and three medians are d, e, f respectively, then 3(a2 + b2 + c2) = 4(d2 + e2 + f2)
(
If c is the hypotenuse of a right angled triangle and medians are d, e, f, then  2(d2 + e2 + f2) = 3c2
71.

       According to the figure, which one of the following is the value of AB ? (easy)

a
AC2 + BC2 + 2BC.CD


b
AC2 + BC2 ( 2BC.CD

c
 eq \r(AC2 + BC2 + 2BC.CD) 

d
 eq \r(AC2 + BC2 ( 2BC.CD) 


eq \o((,c)
72.
In (ABC, (ACB = obtuse angle, AC = 9 cm., BC = 8 cm. and the orthogonal projection of AC is 6 cm, then AB= what?   (medium)

a
15.52

b 14.52

c 16.52
d
17.52
eq \o((,a)
73.


According to the figure, which one is equal to AB2? (medium)

a
AC2 + BC2 + 2BC.CD


b
AC2 + BC2 ( 2BC.CD

c
 eq \r(AC2 + BC2 ( 2BC.CD) 

d
 eq \r(AC2 + BC2 + 2BC.CD) 


eq \o((,b)
74.
In (ABC, (C is obtuse angle ,which one of the following is correct ? (easy)  

a
AB2 = AC2 + BC2
b
AB2 < AC2 + BC2

c
AB2 > AC2 + BC2
d
AB2 > 2(AC2 + BC2)
eq \o((,c)
75.
In (ABC, AC2 = AB2 + BC2 + AB.BC, then (B = what?


a
30

b 60

c 90
d
120
eq \o((,d)
76.


In the figure, what is the value of AB? (medium)

a
3

b  eq \f(7,\r(3)) 

c 5
d
 eq \f(49,3) 
eq \o((,b)
77.
In (ABC, if (C is acute angle, which one of the following is correct? (easy)

a
AB2 = AC2 + BC2
b
AC2 < AB2 + BC2

c
AB2 > AC2 + BC2
d
AB2<AC2+BC2
eq \o((,d)
78.

      In the above triangle,what is the value of  PR? (medium)

a
4.50

b 4.77

c 4.85
d
5
eq \o((,b)
79.
If the median AD of (ABC bisects the side BC, which one is the theory of Apollonius ? (easy)


a
AB2 + AC2 = 2AD2


b
AB2 + AC2 = 2(AD2 + BD2)

c
2(AB2 + AC2) = AD2 + BD2


d
AB2 + AC2 = AD2 + BD2


eq \o((,b)
80.
In (ABC, median AD=5 cm. and BC = 6 cm, then AB2 + AC2 = what?  (medium)

a
34

b 68

c 78
d
122
eq \o((,b)
81.


In the above figure, if  PO is median, what is the value of PQ ? (medium)

a
5.5

b 6.0

c 6.1
d
6.2
eq \o((,d)
82.
In (ABC, AB = 5 cm., AC = 6 cm. and BC = 8 cm., what is the value of median AD on BC ?  (medium)

a
3.81

b 4

c 4.5
d
25
eq \o((,a)
83.
If the length of median on the base of an isosceles triangle is 2.5cm. and the length of the base 3cm., what is the length of equal sides? (hard)

a
2.06
b
2.91


c
2.25
d
3.06
eq \o((,b)
84.
In (ABC, if the three sides are 3, 3.5 and 4 respectively, what is the sum of the squares of three medians in cm. ?  (medium)

a
6.98

b 27.94

c 83.81
d
111.76
eq \o((,b)
85.
If the three medians of a right angled triangle are 6,7 and 8 units respectively, what is the length of hypotenuse?  (medium) 


a
9

b 9.97

c 14.2
d
14.95
eq \o((,b)
86.
If the sum of squares of three medians of a triangle is 27.94, what is the sum of squares of three sides of this triangle?  (easy)

a
20.955
b
27.94

c
37.25
d
780.64
eq \o((,c)
87.
If the hypotenuse of a right angled triangle is 41 unit, what is the sum of square of three medians?  (easy) 


a
2521.5
b
3362

c
5043
d
10086
eq \o((,a)
88.
In a right angled triangle, the twice of the sum of the squares drawn on the three medians is equal to how many times a square drawn on the hypotenous of the triangle? (easy) 


a
2
b
3

c 4
d
 eq \f(1,2) 
eq \o((,b)
89.
If the three medians of a right angled triangle are p,q and r, and the hypotenuse is d, then which relation of the follwing is correct? 


a
d2 = p2 + q2 + r2
b
p2 + q2 + r2 = 2d2

c
4(p2 + q2 + r2) = 5d2
d
2(p2 + q2 + r2) = 3d2
eq \o((,d)
90.


In the figure, AD is the bisector of (A, what is the length of AD?  (medium)

a
5

b 5.41

c 5.50
d
6.1
eq \o((,b)
91.
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In (ABC, if we draw AE(BC  on produced BC(

i.
DE is the orthogonal projection of AD on BE 


ii.
For acute angle, AC2 = AD2 + CD2 ( 2CD.DE


iii.
AD2 = AE2 + DC2.

Which of the following is correct?  (easy)

a
i and ii
b
i and iii

c
ii and iii
d
i, ii and iii
eq \o((,a)
92.


In (ABC, if (C is obtuse angle and CD is the orthogonal projection of AC Ñ 

i.
AB2 = AC2 + BC2 + 2BC. CD


ii.
AB2 > AC2 + BC2

iii.
AB2 = AC2 + BC2 ( 2BC. CD


which one of the following is correct ? (medium)

a
i and ii
b
i and iii

c
ii and iii
d
i, ii and iii
eq \o((,a)
93.
In (PQR(

i.
if (R is obtuse angle, PQ2 > QR2 + PR2.


ii.
if (R is right  angle, PQ2 = QR2 + PR2.


iii.
if (R is acute angle, PQ2 < QR2 + PR2.

which one of the following is correct ? (medium)

a
i and ii
b
i and iii

c
ii and iii
d
i, ii and iii
eq \o((,d)
94.


According to the figure  (

i.
AB2 + AC2 = 2(BD2 + AD2).


ii.
AB2 + AC2 = 2CD2 + 2AD2.


iii.
AB2 + AC2 = 2AE2 + 2DE2.

which one of the following is correct ? (medium)

a
i and ii
b
i and iii

c
ii and iii
d
i, ii and iii
eq \o((,a)
95.
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In (ABC, if AD is median ( 


i.
AB2 = AE2 + (BD + DE)2.


ii.
AB2 + AC2 = BE2 + CE2.


iii.
AB2 + AC2 = 2(AD2 + BD2).

which one of the following is correct ? (medium) 

a
i and ii
b
i and iii

c
ii and iii
d
i, ii and iii
eq \o((,b)

Answer the questions (96-98) based on the following figure:


In the above figure, AC=5cm.,and BD=10cm.
96.
Which one is the orthogonal projection of AC ? (easy) 


a
BC
b
CD
c
AD
d
AB
eq \o((,b)
97.
If (ACB is obtuse angle, AB2 = what? (easy)   


a
AC2 + BC2 + 2BC.CD


b
AC2 ( BC2 + 2BC.CD

c
AC2 + BC2 ( 2BC.CD


d
AC2 + BC2 ( 2(BC + CD)


eq \o((,a)
98.
AB = what ?  (hard) 


a
 eq \r(74) 
b
 eq \r(116) 

c 74
d
110
eq \o((,b)
Answer the questions (99-100) based on the following information:

In the above figure, B is the midpoint on CD, and AC=6.5 cm., BC=2.5 cm. 
99.
Which one of the following is the orthogonal projection of AC ? (easy)   

a
BC


b
BD


c AD


d
CD


eq \o((,d)
100.
AD2 + AC2 = what? (medium) 


a
17.25


b
42.25


c 59.5


d
84.5


eq \o((,c)
Answer the questions (101-103) based on the following figure:

      In (ABC, AD, BE and CF are three medians. 
101.
What is the length of BC ? (easy)

a
3

b 4

c 6
d
8
eq \o((,c)
102.
What is the length of AD ? (medium)

a
4.2

b 4.5

c 5.0
d
5.5
eq \o((,d)
103.
Which one is the largest side ? (easy)

a
AB

b BC

c AC
d
AD
eq \o((,a)
Answer the questions (104-105) based on the following figure:

104.
In (ABC, AD ( BC and BE ( AC,  which one of the following is correct ? (medium) 

a
BC + CD = AC + CE
b
BC ( CD = AC ( CE

c
BC.CE = AC.CD
d
BC.CD = AC.CE
eq \o((,d)
105.
What is the value of x ? (medium)

a
2
b
2.17


c 2.5 
d
3
eq \o((,b)
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eq \o(((((,Ques(1) In (ABC, medians AD, BE and CF meet at point O.  [Dhaka Board-'15]
a.
What is the name of O? In what ratio does O divide AD? 


b.
Draw the figure of the stem and show that, 


AB2 + AC2 = 2 (AD2 + BD2).


c.
Prove that, AB2 + BC2 + AC2 = 3(AO2 + BO2 + CO2).


Ans to the Ques. No-1

eq \o((,a) 
The medians AD, BE and CF of (ABC intersect at O. 


( O is the centroid and O divides AD in the ratio 2 : 1. 
eq \o((,b) 
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Let, AD is the median of (ABC. 


Required to prove that, AB2 + AC2 = 2 (BD2 + AD2)


Construction: We draw BC from A or draw AM perpendicular to extended BC. 


Proof: Let, (ADB is obtuse angle. 


AB2 = AD2 + BD2 + 2BD.Dc..... (i)


If (ADC is acute angle, then


AC2 = AD2 + CD2 ( 2CD. DM


Or, AC2 = AD2 + BD2 ( 2BD. DM [( BD = CD] ..... (ii)


Adding (i) and (ii),


AB2 + AC2 = AD2 + BD2 + 2BD. DM + AD2 + BD2 ( 2BD.DM


( AB2 + AC2 = 2AD2 + 2BD2 = 2(AD2 + BD2) (Showed)

eq \o((,c)
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Let the medidns AD, BE, CF of (ABC meets at 0. 
Proof: AD, BE, CF are three medians of (ABC. 

(According to appolenius theorem(
AB2 + CA2 = 2(AD2 + BD2) ….......….(i)

AB2 + BC2 = 2(BE2 + CE2) …........….(ii) 

and BC2 + CA2 = 2(CF2 + BF2) …….........(iii)

Adding (i), (ii) and (iii) 

2AB2 + 2BC2 + 2CA2 = 2AD2 + 2BD2 

+ 2BE2 + 2CE2 + 2CF2 + 2BF2

Or, 2(AB2 + BC2 + CA2) =  2(AD2 + BE2 + CF2) 

+ 2(BD2 + CE2 + BF2) 

Or, 4(AB2 + BC2 + CA2) = 4(AD2 + BE2 + CF2) 

+ 4 (BD2 + CE2 + BF2)

[ Multiplying both sides by 2]

Or, 4(AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) 

+ (2BD)2 + (2CE)2 + (2BF)2
Or, 4(AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) 

+  BC2 + CA2 + AB2 

[( D, E, F are the middle points of BC, CA and AB.

( 2BD = BC, 2CE = CA,  2BF = AB]

Or, 3 (AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) 

( 3(AB2 + BC2 + CA2) = 4AD2 + 4BE2 + 4CF2 …... (iv)

We know, medians divide in the ratio 2 : 1.

(
 eq \f(AO,OD) =  eq \f(2,1) 
Or,
 eq \f(OD,AO) =  eq \f(1,2) 
Or, 
 eq \f(OD + AO,AO)  =  eq \f(1 + 2,2)   [Componendo]

Or, 
 eq \f(AD,AO)  =  eq \f(3,2) 
Or, 
2AD = 3AO 

Or, 
4AD2 = 9AO2  [ Squaring ]

Similarly, 4BE2 = 9BO2 and 4CF2 = 9 CO2
( from (iv),

3 (AB2 + BC2 + CA2) = 9 AO2 + 9BO2 + 9CO2
Or, 3 (AB2 + BC2 + CA2) = 9 (OA2 + OB2 + OC2)

(  AB2 + BC2 + CA2 = 3 (OA2 + OB2 + OC2)  (Proved)

eq \o(((((,Ques(2) In (ABC, (C is obtuse angle, side opposite to obtuse angle is AB & sides adjacent to obtuse angle are BC & AC respectively. [Chittagong Board-'15]
a.
Draw projection of AC.


b.
Proof that, AB2 = AC2 + BC2 + 2BC.CD|


c.
If the medians of the triangle meet at P, then prove that,  AB2 + BC2 + CA2 = 3(PA2 + PB2 + PC2). 


Ans to the Ques. No-2

eq \o((,a) 
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In (ABC, (C is an obtuse angle.


We extend BC upto D & draw BD ( AD.


( CD is the orthogonal projection of AC on BC.
eq \o((,b) 
Proof : Since CD is the orthogonal projection of AC on BC, So, (ABD is a right angled triangle & (ADB = 90(

According to pythagorus Theorem,


AB2 = AD2 + BD2


= AD2 + (BC + CD)2    [( BD = BC + CD]



= AD2 + BC2 + CD2 + 2BC.CD


(
AB2 = AD2 + CD2 + BC2 + 2BC.CD .......... (i)


Again, (ACD is a right angled triangle & (ADC is right angle.


(
AC2 = AD2 + CD2 ................ (ii)


Putting value of AD2 + CD2 from (ii) to (i),


AB2 = AC2 + BC2 + 2BC.CD  (Proved)

eq \o((,c)
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Let in (ABC, the medians AD, BE & CF meet a P.


It is required to prove that, AB2  + BC2 + CA2 = 3 (PA2 + PB2 + PC2)


Proof: AD, BE & CF are 3 medians of (ABC. 


According to Appolenius theorem,


AB2 + CA2 = 2(AD2 + BD2) ….......….(i)


AB2 + BC2 = 2(BE2 + CE2) …........….(ii) 


& BC2 + CA2 = 2(CF2 + BF2) …….........(iii)


Adding, (i), (ii) & (iii),


2AB2 + 2BC2 + 2CA2 = 2AD2 + 2BD2 + 2BE2 + 2CE2 + 2CF2 + 2BF2


Or, 2(AB2 + BC2 + CA2) =  2(AD2 + BE2 + CF2) + 2(BD2 + CE2 + BF2) 
Or, 4(AB2 + BC2 + CA2) = 4(AD2 + BE2 + CF2) + 4 (BD2 + CE2 + BF2)
 
[Multipling by 1]


Or, 4(AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) + (2BD)2 

+ (2CE)2 + (2BF)2

Or, 4(AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) +  BC2 + CA2 + AB2 

[D, E, F are the mid points of  BC, CA & AB ] 

2BD = BC, 2CE = CA,  2BF = AB]


Or,
3 (AB2 + BC2 + CA2) = 4 (AD2 + BE2 + CF2) 


( 3(AB2 + BC2 + CA2) = 4AD2 + 4BE2 + 4CF2 … (iv)


We know, medians of a triangle divides in the ratio 2 : 1.


(
 eq \f(AP,PD) =  eq \f(2,1) 

Or,
 eq \f(PD,AP) =  eq \f(1,2) [inverse]


Or, 
 eq \f(PD + AP,AP)  =  eq \f(1 + 2,2)   [componendo]


Or, 
 eq \f(AD,AP)  =  eq \f(3,2) 

Or, 
2AD = 3AP 


( 
4AD2 = 9AP2  [Squaring]


Similarly, 4BE2 = 9BP2 & 4CF2 = 9 CP2

( From (iv),


3 (AB2 + BC2 + CA2) = 9 AP2 + 9BP2 + 9CP2

Or,
3 (AB2 + BC2 + CA2) = 9 (PA2 + PB2 + PC2)


( 
AB2 + BC2 + CA2 = 3 (PA2 + PB2 + PC2)  (Proved)
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eq \o(((((,Ques(3)
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In figure, D is the mid-point of the side BC of (ABC.
[Rangpur Cadet-14]
a.
Find the length of AB.
2

b.
Prove the theorem of Apollonius.
4

c.
The median on the base and one base angle of a triangle are respectively the median AD and the base angle (B of the given triangle. Draw the triangle if its height is 2 cm.
4

Solution to the question no. 3
eq \o((,a)
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We know,


Cis (ADC = eq \f(AD2 + CD2 ( AC2,2ADCD)

= eq \f(2.52 + 2.52 ( 42,2 ( 2.5 ( 2.5)

( Cos (ADC = ( 0.28


( (ADC = Cos(1 (( 0.28) = 106.26(

( ADB = 180( ( 106.26( = 73.74(

( Cos (ADB = eq \f(AD2 + BD2 ( AB2,2.AD.BD.)

( Cos(73.74)( = eq \f(2.52 + 2.52 ( AB2,2 ( 2.5 ( 2.5)

( 2.52 + 2.52 ( AB2 = 3.5.


( AB2 = 2.52 + 2.52 ( 3.5


( AB2 = 9. ( AB = 3. (Ans)
eq \o((,b)
See your text book Chapter - 12.

eq \o((,c)
Try yourself.

eq \o(((((,Ques(4) If (ABC be a triangle  & ABCD be a quadrilateral inscribed in a circle. Then  
[Sylhet Cadet-14]
a.
State the 'Apollonius Theorem' with respect to (ABC. 
2

b.
Prove that, AC.BD = AB.CD + BC.AD, Where, AC & BD are diagonals, AB, CD & BC, AD are two pairs of opposite sides with respect to the cyclic quadrilateral ABCD.  
4

c.
If the medians of (ABC meet at G. Prove that, AB2 + BC2 + CA2 = 3(GA2 + GB2 + GC2) 
4

Solution to the question no. 4
eq \o((,a)
Theorem of Apollonius : The sum of the areas of the squares drawn on any two side of (ABC is equal to twice the sum of areas of the squares drawn on the median of the third side and on either side of the side. 

[image: image35.png](@)




eq \o((,b)
See Faujdarhat Cadet College, Solution to Ques. No. 3(b). 

eq \o((,c)
General Enunciation : If (ABC is any triangle with G as the meet point its three medians, then AB2 + BC2 + CA2 + 3(GA2 + GB2 + GC2)

[image: image36.png]




Particular Enunciation : Given any triangle ABC with medians AD< BE and CF. G is the meet point of AD, BE and CF. We shall have to prove that AB2 + BC2 + CA2 = 3(GA2 + GB2 + GC2)


Construction : Medians AD, BE and CF are drawn for finding their meet point, G. 


Proof : From (ABC with median AD, we have, AB2 + AC2 = 2AD2 + 2BD2


= 2AD2 + 2. eq \b\bc\((\f(1,2)BC)2 


= 2AD2 + 2. eq \f(1,4) BC2


= 2AD2 +  eq \f(1,2) BC2


=  eq \f(4AD2 + BC2,2) 

(AB2 + AC2 =  eq \f(4AD2 + BC2,2) 

or, 2AB2 + 2AC2 = 4AD2 + BC2, 




multiplying both sides by 2. 


or, 4AD2 = 2AB2 + 2AC2 ( BC2 ............... (i)


Similarly, for (ABC with medians BE and CF we successively will get,


4BE2 = 2AB2 + 2BC2 ( AC2 ........... (ii) and


4CF2 = 2AC2 + 2BC2 ( AB2 ................ (iii)


Adding (i), (ii) and (iii), we get,


4AD2 + 4BE2 + 4CF2 = 2AB2 + 2AC2 ( BC2 + 2AB2 + 2BC2 ( AC2 + 2AC2 + 2BC2 ( AB2

or, 4(AD2 + BE2 + CF2)



= 3AB2 + 3AC2 + 3BC2 .............. (iv)


But AG =  eq \f(2,3) AD ( 3AG = 2AD ( 9AG2 = 4AD2,


squaring both sides


( 4AD2 = 9AG2 .................. (v)


Similarly, 4BE2 = 9BG2 ............... (vi)



4CF2 = 9CG2 ...................... (vii)


( 4AD2 + 4BE2 + 4CG2 = 9AG2 + 9BG2 + 9CG2, 





adding v, vi and vii


or, 4(AD2 + BE2 + CF2)



= 9(AG2 + BG2 + CG2) ............. (viii)


Now from (iv) and (viii), we get,



3(AB2 + 3AC2 + 3BC2) = 9(AG2 + BG2 + CG2)


or. 3(AB2 + AC2 + BC2) = 9(AG2  + BG2 + CG2)


or, AB2 + AC2 + BC2 = 3(AG2 + BG2 + CG2), 





dividing both sides by 3. 


( AB2 + BC2 + CA2 = 3(GA2 + CB2 + GC2) (Proved) 

eq \o(((((,Ques(5) Pythagoras was a great mathematician. He stated an important theorem on right angled triangle, which is known as Pythagoras theorem.The great mathematician Rene Decartes first introduced the system of coordinate in geometry, which is known as coordinate or analytic geometry and he establish the relation in between plane and coordinate geometry.  
[Jhenidah Cadet-14]
a.
Give the statement of Pythagoras and Apollonius theorem. 
2

b.
If O is the orthocentre, S is the circumcentre and G is the centroid of triangle PQR, then prove that S, O and G lie on the same straight line. 
4

c.
If (x1, y1), (x2, y2) and (x3, y3) are the vertices of a triangle PQR respectively, then establish the general formula to determine the area of the triangle in trems of coordinate. 
4

Solution to the question no. 5
eq \o((,a)
Statement of Pythagoras: In a right angled triangle, the area of the square drawn on the hypotenuse is equal to the sum of the areas of the two squares drawn on the other two sides. In right triangle ABC, AB2 + AC2 = BC2 where (A = 90(

Theorem of Apollonius: The sum of area of the squares drawn on any two sides of a triangle is equal to twice the sum of the areas of the squares drawn on the median of the third side and one either half of the side. 


In (ABC,


AB2 + AC2 = 2(AD2 + BD2), where AD is a median of BC. 

eq \o((,b)
Let us suppose, ABC is an obtuse angled triangle where (C is an obtuse angle. Now we have to prove that AB2 > AC2 + BC2.

[image: image37.png]




Proof: In order to prove, AB2 > AC2 + BC2, let us prove here that AB2 = AC2 + BC2 + 2.BC.CD. 


As the side CD is the orthogonal projection of the side AC on the extended side BC, (ABD is a right angled triangle and (ADB is right angle. 


So, according to the theorem of Pythagoras. 


AB2 = AD2 + BD2


= AD2 + (BC + CD)2     [( BD = BC + CD]



= AD2 + BC2 + BC2 + 2BC . CD .............. (1)


Again (ACD is a right angled triangle and (ADC is right angle


( AC2 = AD2 + AD2 ..................... (2)


From the equation (2), putting the value of AC2 in equation (1), we get,


AB2 = AC2 + BC2 + 2BC. CD.


( AB2 + AC2 + BC2. (Proved)
eq \o((,c)



[image: image38.emf] 

B(x 2 ,y 2 )   C(x 3 ,y 3 )  

A(x 1 ,y 1 )  


(
( ABC = eq \f(1,2) eq \b\bc\|(\a(x1  y1  1,x2  y2 1,x3  y3  1))

= eq \f(1,2) eq \b\bc\[(x1 (y2 ( y3) + y1 (x2 ( x3) + 1 (x2y3 ( x3y2))

=eq \f(1,2) [x1y2 ( x1y3 + x2y1 ( x3y1 + x2y3 ( x3y2] Ans.

eq \o(((((,Ques(6)
[Barisal Cadet-14]
a.
State and prove the theorem of Apollonius.
2

b.
The base, the vertical angle and the sum of the length of the other two sides of a triangle are given. The triangle needs to be constructed.
4

c.
In (ABC the side BC is trisected at the point P and Q. then prove that AB2 + AC2 = AP2 + AQ2 + 4PQ.
4

Solution to the question no. 6
eq \o((,a)
Theorem of Apollonius : The sum of area of the squares drawn on any two sides of a triangle is equal to twice the sum of the areas of the squares drawn on the median of the third side and one either half of the side. 
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eq \o((,b)
The base, the vertical angle and the difference of the lengths of the other two sides of, the triangle are given. The triangle needs to be constructed. 

[image: image40.png]




Let a be the base. Given that d is the difference of  the other two sides and x is the vertical angle. 

[image: image41.png]




Description of the Construction : 


Step 1 : Cut the segment BP = d from any ray BD. 


Step 2 : At P, draw (DPM, equal to the half of the supplementary angle of (x. 


Step 3 : Taking B as centre, all are with the radius a of the circle; let the are equal to the radius intersect the straight line PM at the point C.


Step 4 : Join B and C. 


Step 5 : Again, at the point C draw, (DPC = (PCA. 


Let the line segment CA intersect BD at A. 


Then ABC is the required triangle. 

eq \o((,c)
General Enunciation : If the side BC of (ABC be trisected at P and Q, then AB2 + AC2 = AP2 + AQ2 + 4PQ2
[image: image42.png]




Particular Enunciation : Given any (ABC. BC is  trisected at P and Q so that BP = PQ = QC. We shall have to prove that AB2 + AC2 = AP2 + AQ2 + 4PQ2.


Construction : A, P and A, Q are joined. 


Proof : In the (ABQ, BP = PQ i.e. AP is a median of (ABQ. Now according to Apollonius theorem, 


we have,


AB2 + AQ2 = 2A(AP2 + PQ2) ............... (i)


Again, in the (APC, PQ = QC i.e. AQ is a median of (APC. 


Now, according to Apollonius theorem, we have, AP2 + AC2 = 2(AQ2 + PQ2) ................. (ii)


Adding (i) and (ii) vertically, we have,


AB2 + AQ2 + AP2 + AC2 = 2(AP2 + PQ2) + 2(AQ2 + PQ2)


or, AB2 + AC2 = 2AP2 + 2PQ2 + 2AQ2 + 2PQ2 ( AQ2 ( AP2

or, AB2. + AC2 = 2AP2 ( AP2 + 2AQ2 ( AQ2 + 2PQ2 + 2PQ2

or, AB2 + AC2 = AP2 + AQ2 + 4PQ2. (Proved) 
eq \o(((((,Ques(7) 
[Rajshahi Cadet-14]
a.
Define Orthogonal Projection.
2

b.
Prove that, in any triangle, the area of the square drawn on the opposite side of an acute angle is equal to the squares drawn on the other two sides diminished by twice the area of the rectangle included by anyone of the other sides and the orthogonal projection of the other side on that side.
4

c.
The base, the vertical angle and the difference of the other two angles are given. Draw the triangle. (Sign of construction and description is required).
4

Solution to the question no. 7
eq \o((,a)
Orthogonal projection : Orthogonal projection of a point on a particular line is a point on the line which is the foot of the perpendicular drawn from that point on the line. In the figure PP( ( AB. 
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So, P( is orthogonal projection of P and AB. 


Again, orthogonal projection of a line segment (l1) on a particular line is also a line segment (l2) of that particular line obtained between the orthogonal projection of the end points of the line segment (l1).

[image: image44.png]




In the figure, AB is a fixed lined and PQ is any line segment. PP( and QQ( are perpendicular from P and Q on AB. 


( P(Q( is the orthogonal projection of PQ on AB. 
eq \o((,b)
In any triangle, the area of the square drawn on the opposite side of an acute angle is equal to the squares drawn on the other two sides dimiunsihed by twice the area of the rectangle included by any one of the other sides and the orthogonal projection of the other side on that side. 
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Particular Enunciation: Suppose, in the triangle ABC, (C is an acute angle and the opposite side of the acute angle is AB. The other two sides are AC and BC respectively. 


Suppose, AD is a perpendicular on the side BC (figure-b) and on the extended side of BC (figure-a). So, CD is the orthogonal projection of the side AC on the side BC in the case of both triangle. 


Proof : (ADB is right angle of (ABC


( AB2 = AD2 + BD2 [the theorem of Pythagoras] .............. (1)


In the second figure BD = DC ( BC


So, in both cases BD2 = (BC ( DC)2 = (DC ( BC)2

= BC2 + DC2 ( 2BC . DC


= BC2 + CD2 ( 2BC . CD  [CD = DC]


( BD2 = BC2 + CD2 ( 2BC . CD ......... (2)


Now from equation (i) and (ii), we get


AB2 = AD2 + BC2 + CD2 ( 2BC . CD


Or, AB2 = AD2 + CD2 + BC2 ( 2BC . CD ........... (3)


Again (ADC is a right angled triangle and (D is right angle


( AC2 = AD2 + CD2 [the theorem of Pythagoras] ..... (4)


From the equation (3) and (4), we get


AB2 = AC2 + BC2 ( 2BC . CD. [Proved]
eq \o((,c)
The base, the vertical angle and the difference of the lengths of the other two sides of, the triangle are given. The triangle needs to be constructed. 
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Let a be the base. Given that d is the difference of the other two sides and x is the vertical angle. 
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Description of the Construction: 

Step 1 : Cut the segment BP = d from any ray BD. 


Step 2 : At P, draw (DPM, equal to the half of the supplementary angle of (x. 


Step 3 : Taking B as centre, all are with the radius a of the circle; let the area equal to the radius intersect the straight line PM at the point C.


Step 4 : Join B and C. 


Step 5 : Again, at the point C draw, (DPC = (PCA. 


Let the line segment CA intersect BD at A. 


Then ABC is the required triangle. 


Proof : (APC = (ACP ( AP = AC


( AB ( AC = AB ( AP = d. 


Again, (APC = (ACP = half of the supplementary angle of (x. 


( (APC + (ACP = Supplementary of (x.


= external (CAD = supplementary angle of (CAB


( (a = (CAB = (x


( ABC is the required triangle. 
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eq \o((((((,Question(8) Describe an important theorem of Apollonius on the basis of Pythagoras theorem, which is known as Apollonius theorem. [Bidyamoyee Govt. Girls’ High School, Mymensingh; Govt. Muslims High School, Chittagong; Chittagong Collegiate School & College, Chittagong; Sylhet Govt. Pilot High School, Sylhet] 

a. 
Describe the Apollonius theorem with figure and express the description by equation.
2 
b. 
Prove the theorem.
4 

c. 
Prove that, 3 times of the sum of areas of squares drawn on the three sides of a triangle is equal to 4 times of the sum areas of squares drawn on the three medians of the triangle.
4 
Solution to the question no. 8
eq \o((,a) 

Description: The sum of the areas of the squares drawn on any two sides of a triangle is equal to twice the sum of area of the squares drawn on the median of the third side and on either half of that side.

If AD is the median of (ABC, then 

AB2 + AC2 = 2(BD2 + AD2). 

eq \o((,b) 


Particular Enunciation: Let, AD be the median of (ABC.


It is to be prove that AB2 + AC2 = 2 (BD2 + AD2).


Construction: Let draw AE ( BC or on the produced section of BC.

Proof: Let, (ADB is an obtuse angle of (ABE.

So, AB2 = AD2 + BD2 + 2BD.DE ... ... (i)


Again, if (ADC is an acute angle of (ADC, then


     AC2 = AD2 + CD2 ( 2CD. DE 


or, AC2 = AD2 + BD2 ( 2BD. DE 


[Since, BD = CD] ... ... (ii)


By adding the equations (i) and (ii), we get

AB2 + AC2 = AD2 + BD2 + 2BD.DE + AD2 + BD2 ( 2BD.DE


( AB2 + AC2 = 2AD2 + 2BD2 = 2(AD2 + BD2) 


(Proved)

eq \o((,c) 

Particular Enunciation: Let, in the triangle (ABC, the length of the sides BC, CA and AB are a, b and c respectively. If the length of the medians AD, BE and CF are respectively d, e and f which are drawn on the sides BC, CA and AB, it is to be proved that 3(a2 + b2 + c2) = 4(d2 + e2 + f2).


Proof: From the theorem of Apollonius, we get

AB2 + AC2 = 2 (AD2 + BD2)


or, c2 + b2 = 2  eq \b\bc\{(d2 + \b(\f(1,2) a)2) [( BD =  eq \f(1,2) a]


or, b2 + c2 = 2 eq \b(d2 + \f(1,4) a2) 


or, b2 + c2 = 2d2 + 2.  eq \f(1,4) a2

or, b2 + c2 = 2d2 +  eq \f(1,2) a2

or, 2d2 = b2 + c2 (  eq \f(1,2)  a2

or, 2d2 =  eq \f(2(b2 + c2) ( a2,2) 


or, ( d2 =   eq \f(2(b2 + c2) ( a2,4)

Similarly, we get

e2 =  eq \f(2(c2 + a2) ( b2,4)

and f2 =  eq \f(2(a2 + b2) ( c2,4)

Again, d2 + e2 + (2 

=  eq \f(2(b2 + c2) ( a2,4) +  eq \f(2(c2 + a2) ( b2,4) +  eq \f(2(a2 + b2) ( c2,4)
=  eq \f(2b2 + 2c2 ( a2 + 2c2 + 2a2 ( b2 + 2a2 + 2b2 ( c2,4)
=  eq \f(3,4) (a2 + b2 + c2)

( 3(a2 + b2 + c2) = 4(d2 + c2 + (2) (Proved)
eq \o((((((,Question(9) Pythagoras was a Greek mathematician. He established a theorem related to triangle.

[Matripith Govt. Girls’ High School, Chandpur]


a.  Write down the general enunciation of the theorem         and express the information with figure and an equation.
2 
b. 
Prove the theorem.
4 

c. 
Write down the opposite corollary to the theorem and prove it.
4 

Solution to the question no. 9
eq \o((,a)  General Enunciation: In a right angled triangle, the area of the square drawn on the hypotenuse is equal to the sum of the areas of the two squares drawn on the other two sides.




In the right angled triangle ABC, (A is right angle, then BC2 = AB2 + AC2. 

eq \o((,b) 

Particular Enunciation: Let, in the right angled triangle ABC, (A be right angle. If BC = a, AC = b and AB = c. It is to be proved that 


BC2 = AC2 + AB2 i.e.  a2 = b2 + c2.


Construction: Extend AB to D such that BD = AC = b. Draw the perpendicular DE at the point D on the line segment AD such that DE = AB = c. Join C, E and B, E.

Proof: In (ABC and (DBE, AB = DE = c, AC = BD = b and included (BAC = included (BDE 

[Each are one right angle]


((ABC ( (BDE        [side-angle-side theorem]


( BC = BE = a and (BCA = (EBD


 Since CA ( AD and ED ( AD so CA || ED


( CADE is a trapezium.

Again, (ABC + (ACB = 1 right angle.

( (ABC + (EBD = 1 right angle.

But, (ABC + (CBE + (EBD = 2 right angle.

( (CBE = 1 right angle.

Now, area of the trapezium CADE = area of (CAB + area of (CBE + area of (EBD.

(  eq \f(1,2) AD (AC + DE) =  eq \f(1,2) bc +  eq \f(1,2) a2 +  eq \f(1,2) bc


or,  eq \f(1,2) (c + b) . (b + c) = bc +  eq \f(1,2) a2

or,  eq \f(1,2) (b + c)2 = bc +  eq \f(1,2) a2

or,  eq \f(1,2) (b2 + 2bc + c2) = bc +  eq \f(1,2) a2

or,  eq \f(1,2) b2 + bc +  eq \f(1,2) c2 = bc +  eq \f(1,2) a2

or,  eq \f(1,2) (b2 + c2) =  eq \f(1,2) a2

( b2 + c2 = a2 that is, AB2 + AC2 = BC2 (Proved)
eq \o((,c) Opposite corollary of the Pythagoras Theorem: If the area of the square on one side in a triangle is equal to the sum of areas the squares drawn on the other two sides, the angle included by the later two sides is a right angle.


Particular Enunciation: Let, in (ABC, 

AC2 = AB2 + BC2. It is to be proved that, 

(B = 1 right angle.

Construction: Draw a triangle DEF such that (E is 1 right angle, DE = AB and EF = BC.
Proof: In (DEF, (E = 1 right angle.

( DF2 = DE2 + EF2


= AB2 + BC2


= AC2

( DF = AC


Now, in (ABC and (DEF, AB = DE, BC = EF and AC = DF


( ( ABC ( ( DEF.

( (B = (E, but (E = 1 right angle.

( (B = 1 right angle. (Proved)
[image: image49.wmf] 

If in (ABC, (A = 1 right angle, then

a. 
Write down the hypotenuse, also the two angles adjoining the hypotenuse.
2 
b. 
If D is the midpoint of AC, then prove that 


BC2 = BD2 + 3AD2.
4 

c. 
If the side BC is divided into three equal parts at the points P and Q, then prove that 


AB2 + AC2 = AP2 + AQ2 + 4BP2.
4 

Solution to the question no. 10
eq \o((,a)
Given that, in the triangle (ABC, (A = 1 right angle. 


We know, opposite side of the right angle is hypotenuse.
(
The side BC will be the hypotenuse. (Ans.)
(
BC is the hypotenuse, so the two angles adjoining the hypotenuse are (ABC and (ACB  (Ans.) 
eq \o((,b)



In (ABC, (A = 90(, D is the midpoint of AC. 


Join B, D. It is to be proved that BC2 = BD2 + 3AD2.

Proof: In (ABC, (A = 90(. So, the triangle is right angled.
(
BC2 = AB2 + AC2   [Theorem of Pythagoras]



= AB2 + (2AD)2    [( D is the middle point of AC]




= AB2 + 4AD2



= AB2 + AD2 + 3AD2 ................ (i)



Now, in (ABD, (A = 90(. So, the triangle is right angled.

(
BD2 = AB2 + AD2   [Theorem of Pythagoras]


Now, putting the value of AB2 + AD2 in (i), we get


BC2 = BD2 + 3AD2

(
BC2 = BD2 + 3AD2  (proved)
eq \o((,c)



The side BC is divided into three equal parts at the points P and Q. That is BP = PQ = QC. Join A, P; A, Q. We have to prove that AB2 + AC2 = AP2 + AQ2 + 4BP2

Proof: In (ABQ, P is the midpoint of BQ. 

[since BP = PQ]

(
AP is median.

So, AB2 + AQ2 = 2(BP2 + AP2) [Theorem of Apollonius]




= 2BP2 + 2AP2 ........... .(i) 


Again, in (APC, Q is the middle point of PC. 

[since PQ = QC]


(  AQ is the median.

So, AP2 + AC2 = 2.(PQ2 + AQ2) 

[Theorem of Apollonius]




= 2PQ2 + 2AQ2



= 2BP2 + 2AQ2 .... (ii) [since PQ = BP]


By adding the equations (i) and (ii), we get


AB2 + AQ2 + AP2 + AC2 = 2BP2 + 2AP2 + 2BP2 + 2AQ2

or, AB2 + AQ2 + AP2 + AC2 = 4BP2 + 2AP2 + 2AQ2

or,
AB2 + AC2 = 4BP2 + AP2 + AQ2 = AP2 + AQ2 + 4BP2

(
AB2 + AC2 = AP2 + AQ2 + 4BP2  (Proved)

[image: image50.wmf] 

Answer these questions your

self. 

S

ee the super tips

 

          which will help you to answer the questions eas

ily

.

 

Creative Questions with hints

 



eq \o(((((((,Question(11)
a. 
Write the names of possible triangles by taking AD as a side from the above geometric figure.
2 
b. 
Prove that, AB =  eq \r(AC2 + BC2 + 2BC.CD) .
4 

c. 
If BD = CD, show that AB2 + AC2 = 2(AD2 + BD2).
4 
Ans. b. Similar with thorem 3.3 

c. Similar with thorem 3.5

eq \o(((((((,Question(12) (C is a obtuse angel of (ABC. AD is the perpendicular on the hypotenuse BC.

a. 
Draw a geometric figure based on the above information.
2 
b. 
Prove that, AB2 = AC2 + BC2 ( 2BC. CD based on the above information.
4 
c. 
If (C is a obtuse angle, show that 


AB2 = AC2 + BC2 + 2BC.CD .
4 

Ans. b. Similar with thorem 3.3.c. Similar with thorem 3.4.

eq \o(((((((,Question(13)
 [Agragami Govt. Girls High School, Sylhet]


[image: image51.emf] 

R  

P   Q  

M  


a. 
If PM bisects (PQR, then (PQR: (PQM = What?
2 
b. 
If PM is a median in (PQR, prove that 


PQ2 + PR2 = 2(PM2 + QM2).
4 

c. 
Make a relation between side and median of the triangle.
4


Ans. a. 2 : 1 

eq \o(((((((,Question(14) Notice the figure below and answer the questions: 
[B K G C Govt. Girls High School, Sylhet]

[image: image52.emf] 

120   

A 

D  

B  

C  



In figure, ABC is obtuse angle and ADC is right angle.
a. 
Find the value of (BAD.
2 
b. 
In (ABC, (B = 120(, prove that 


AC2 = AB2 + BC2 + 2.AB.BC.
4 

c. 
In (ABC, (D = 90( and B is the middle point of CD, prove that , AC2 = AB2 + 3BC2.
4

Ans. a. 30(; b. Similar with thorem 3.3; c. Similar with question-4 of thorem 3. 
eq \o(((((((,Question(15) PO is the median on RS of (PRS and RO = OS. 


[Mohammadpur Preparatory Higher Secondary (Girls’) School, Dhaka]
a. 
Draw a perpendicular on RS and on its extended part after drawing the figure based on the given information.
2 
b. 
Prove that, PR2 + PS2 = 2(PO2 + RO2)
4 

c. 
Let a, b, c are the length of three sides of (PRS and the length of three medians are d, e, f , show that, 4(d2 + e2 + f2) = 3(a2 + b2 + c2) 
4

Ans.  b. Similar with thorem 3.5.
c. Corollary of text book page-71.
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(
Pythagoras’s theorem:


(hypotenuse)2 = (perpendicular)2 + (base)2.
(
In a right angled triangle the area of the square drawn on the hypotenuse is equal to the sum of the two squares drawn on the other two sides.
(
The foot of the perpendicular drawn from any point on any line is the orthogonal projection of that point.
(
The perpendicular of the orthogonal projection on any line is a point. So the length of the orthogonal projection is zero. 

(
Any definite line parallel to the line segment of the orthogonal projection will be equal to the line segment.
(
In a right angled triangle, the orthogonal projection of the adjacent sides of right angles to each other is zero because they are perpendicular to each other.
(
In a right angled triangle, thrice the area of the square drawn on the hypotenuse is equal to twice the sum of the areas of the squares drawn on the three medians. 




Suggestions | Creative Multiple Choice Questions 
	
	Question No.

	(((
	2, 4, 12, 31-33, 37, 42, 48, 50, 51, 52, 55, 59-61, 62-63, 75, 80, 88, 97, 100, 105.

	((
	3, 11, 15-18, 34, 44, 57, 67-68, 70, 76, 82, 85, 95, 101, 104.



Suggestions | Creative Broad Questions 
	
	Question No.

	(((
	1, 5, 10

	((
	 2, 8, 9


Chapter Three








Greek philosopher, scientist and religious scholar Pythagoras (569 B.C.(495 B.C.) is regarded as pure mathematician. He believed that, All things are number, mathematics is the base of everything and geometry is the best way to practice mathematics.





Exercise Questions


( 7 Exercise Questions
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In this part important information of the chpater, at which it is needed to cast a look before exam or you must remember, such subject matters have been mentioned here at a glance. So that you can keep the important information in mind easily; specially you can make you self-confident revising these in a quick view.





Suggestion: Highway Ensuring a Brilliant Result


It is not that you will find all the questions common but the practice of these questions will guide you in solving different and difficult question patterns.
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Creative Multiple Choice Questions


105 Multiple Choice Questions ( 66 simple multiple questions ( 8 Multiple Completion ( 31 Situation Set 


( 6 Board questions ( 31 Cadet College questions
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Practice the Solutions of this part properly. It will help you to



        solve the Creative Questions easily. 
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Essay-Type Practice Part


15 Creative Questions ( 2 Board questions ( 5 Cadet College questions ( 3 Activity

( 5 Questions with hints
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For More Creative Questions and Answers type the following address on the browser's address bar  panjeree.com/e09/hmtq03.pdf
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Cadet Colleges questions are also important for your excellent preparation. They will help you to give a clear idea about the question as well as chapterwise 



          exclusive questions and answers. So, practice them with proper attention.
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Cadet Colleges questions are also important for your excellent preparation. They will help you to give a clear idea about the question as well as chapterwise 



          exclusive questions and answers. So, practice them with proper attention.
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To appear at the exam. on mobile use POLE Apps for Multiple Choice Questions.
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Activity promote higher thinking and to-the-point answering. 



          Practise the questions attentively.







Creative Essay type Questions with Answers Based on Activity
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Pay your earnest attention to the topic-related information for 



          making your concept clear







Topicwise MCQs with Answers
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Board Exam questions are very important for the exam preparation. 



          So practice these questions again and again properly.
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Board Exam questions are very important for the exam preparation. 



         So practice these questions again and again properly.
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Answer these questions yourself. See the super tips



          which will help you to answer the questions easily.







Creative Questions with hints
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