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UNIT 11:
PARALLELOGRAMS & TRIANGLES

Definition:

a) A quadrilateral is a closed figure having four sides and four angles. Line joining its
opposite vertices is called its diagonal which divides the quadrilateral into two trian-
gles.

b) Lines which are in the same plane and do not intersect each other, are called parallel
lines.

¢) Iftwo lines lie in the same plane, they are said to be coplanar lines.

d) Lines drawn to cut two or more given lines is called x
transversal. A };'

e) Line segment joining into midpoint of one side ofa 1 /3

“triangle to its opposite vertex is called the median
of the triangle.

i 4
Alternate Angles: ¢= JQ "D
Yy

When two coplanar lines AB and CDare cut by a

B
-l

transversal XY ,two pairs of alternate angles are formed.
If the coplanar lines are parallel, alternate angles are

congruent: 3
From the figure, alternate anglés 1= #2 and £3= Z4 i 8

When two lines intersect each other, the angle having a A
common vertex and having no common arm are called

vertical angles. In the figure the two lines 4B and CD intersect at O. (Z1,£2)and
(£3, £4) are two pairs of vertical angles. Also Zl= /2 and £3= /4.

Il THEOREM 11.1 |

Statement: In a parallelogram:

i) The opposite sides are congruent
il) The opposite angles are congruent
iii) .The diagonals bisect each other
Given: ABCD is a parallelogram

ie. AB||DCand AD| BC D »
AC and BD are the diagonals of parallelogram V

To Prove: AB=DC and AD = BC
242 2C wd 25= 2D TN
AE =CE and DE = BE B

Proof:

Statements Reasons
'.'ZE”'I—)E and AC intersects them
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&

somZl=ms2——>(1)
Similarly £3 = Z4——(2)
In AABC «— ACDA

AC = AC

ms3=ms4

mLl =mZ2

S AABC =ACDA

Hence A_B; = _C_B

And BC = DA
Also ZB= /D

. mll+mLd=mL2+m3

Alternate angles

Alternate angles

Common

Proved already
Proved
(A.A.S)

Corresponding sides of congruent triangles
Corresponding sides of congruent triangles

Corresponding angles of congruent triangles
Adding (1) and (2)

Or mZA=msC L+ Z4=ms4 and 22+ 3=msC

In AABE «+——ACDE

AB=CD Proved

mZl=msL2 Proved

ZAEB = ZCED Vertical angles

~.AABE = ACDE (AAS=AAS)

Hence AE =CE

And BE= DE Corresponding sides of congruent triangles
EXAMPLE (1]
Quadrilateral WXYZ is a parallelogram. Find the value of x and y.
Solution: s
XY=WZ (. opposite sides of parallelogram are equal) X Y
x-9=15
x=24 wleor 3
y=60 (. opposite angles of a parallelogram are equal) 15

Il THEOREM 11 2

ta!emen t: If two opposite sides of a quaduiateral are congruent, then the quadn—

lateral is a parallelogram

Given: ABCD is a quadnlateral in which

AB =DC and 4B = DC

To Prove:

ABCD is a parallelogram.
Construction:

Join A to C.

Proof:

Statements

Reasons

In AAB(_"%'L——-)._AC DA
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AB=DC Given

AC = AC Common

L= /L2 Alternate angles

. AABC = ACDA (S.AS=S.AN)

Hence Z3= 424 Corresponding angles of congruent triangles
due to alternate angles ’

. AD|| BC '

Hence ABCD is a parallelogram. Opposite sides are parallel

I THEOREM 11.3 I|

Statement: The line segment, joining the midpoints of two sides of a triangle, is pa-
rallel to the third side and is equal to one half of its length.
Given: In A4BC, D and E are the midpoints of

= R — . A
ABand AC. DE jeins them.
To Prove:
DE|| BC and mEE%mEE D \E F
Construction: / v
Takes F.on DE,such that DE = EF. Join E.to C. B c,
Proof:
Statements Reasons

In AADE<—— ACFE

DE = EF Construction

AE=CE Given

L=L2 Vertical angles

.. AADE = ACFE (S.AS=(SAS)

- AD=CF Corresponding sides of congruent triangles

But AD = BD Given

So BD=CF Transitive property

Also ABjiCF Alternate angles are congruent

Or BD| CF

i.e. BCFD is a parallelogram Opposite sides are parallelogram

= DE || BC

And mDF =mBC Opposite sides of parallelogram

= i == Construction
But mDE = EmDF
-. mDE = L mBC (-mDF =mBC)
: 2 ;

Definition: A median of a triangle is a line segment from a vertex to the midpoint of the
opposite side.
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THEOREM 11.4

Statement: The medians of a triangle are concurrent and their point of concurren-
cy is the point of trisection of each median.

Given: In A4BC,E and F are the midpoints of BC and AC re-

spectively. AE and BF intersect each other at G. CG is drawn

to meet AB atD.
To Prove: i) Medians are concurrent
ii) G is the point of trisection of each median nE

Construction: On CG take a point H such that CG = GH.Join H
to A and B.

e Statements Reasons
In AMCH * | FG joins midpoints of CA and CH
FG || AH
ie. FB|| AH
Similarly in ABCH G and E are midpoints of CH and CB
GE || HB -
Or AE || HB
.. AHBG isa parallelogram Opposite sides are parallel
ie. AD=BD Diagonals of a parallelogram bisect each other

Or D is the midpoint of 4B

Or CGD is a median
Hence all the three medians are con-

current
Also GD=DH Diagonals of a parallelogram bisect each other
OrmGD = lma—g - I_ma.“(: .>.CG=GH (construction)
. 2 2"
Similarly it can be proved that
mGE =-mAG

Arfd mﬁ=%ma§

Hence G is the point of trisection of
each median.

Definition: The two lines which do not intersect each other and which are coplanar are
called parallel lines. The two lines which intersect each other at right angle are called
perpendicular lines. .
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Il ___THEOREM 11.5 ||

Statement: If three or more parallel lines make congruent intercepts on a transver-
sal, they also intercept congruent segments on any other line that cuts them.

Given: Lines E”CT)H EF.

The transversal LX intersects AB,CD and EF at the points & =
—— —_— —— l
M, N and P such that MN = NP. Another transversal QY in- § / /;X

tersects them at points R, S, T respectively.

To Prove: RS =ST

Construction: Draw RU ||LX which meets CD at U and from

i
LB P 4AT E

oo

S draw "ﬁnﬂ which meets EF at V. Label the anglesas £1,£2,43 and Z4.

Proof:
Statements Reasons
RU I X Construction
AB||CD Given
. MNUR is a parallelogram By definition

Thus _AEEE——)(])
Similarly NP =8V ——5(2)
But MN = NP——(3)
~RU =8V

So RU||SV

Now in ARUS «——>ASVT
RU=SV

A =2
Z3=/4
SARUS=ASVT

Hence RS = ST

Opposite sides of parallelogram

Given
From (1), (2) and (3)

Both are congruent to X

Proved

Corresponding angles
Corresponding angles
(A.S.A=AS.A)

Corresponding sides of the congruent triangle

EXERCISE 11.1

Q1: Measure of one of the angles of parallelograms is 70°. Find the measure of the

remaining angles.

Given: ABCD is a parallelogram in which mZB=70".

To Prove: m-/C = 70"
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(Opposite angles of parallelogram are congruent)
ZA+ LB+ £ C+ £D=360" (Sum of all angles are 360") A B
ZA+70"+70" + £D '
LA+ £ZD=360"-70" -70"

Parallelogram

220" , C D
=110

LA+ £D=220" = LA=LD=

Hence msC =70", mZA=110"m and m£ZD =110"

Q2: Measure of one of the exterior angles of a parallelogram is 125° Find the
measure of all of its interior angles.

Solution: Given parallelogram ABCD in which one exterior angle is ZBDX =125"
e, JBDX + ZBDC =180 (Supplementary angles)
125" + 2BDC = 180"
£ZBDC = 180" = 125" = 58" or 1) = 55"
So  ZA=55" (Opposite angle of paralielogram)
LA+ LB+ £C + £ZD = 360" (Sum of all angles is 360")
Putting the values of £A=2D=55"
55" LB LG 557=360" . i
ZB+ 2C 110" =360
= ZB+ 2¢ =360"-110"

25"
S
250" C D%
LB+ ZC =230" or £B e = 125"
Su L0 =125
Hence ZA4=550CB=55", ZB=125" and ZC=125" Auns.
Q3: RSTU is a parallelogram. Find ST.
Solution: We know sum of all sides of parallelogram
=2>n=12+n=12+n-24+n-24=0
= 4dn-72=0
72 '
= n=—=18 \ \
4 n—12 n-|12
Now ST =n-12 “on-2d I

=S 85T=18-12=6
| lence LSI -6 Ans.
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Q4: Find the value of each variable in the parvallelogram using the properties;

i)

Solution: ;

Since ABCH is a parallelooram. & \ 5

In parallelogram opposite sides are cqual. Since 0 = 40 _
and A8 = DC v )
"

So v=9 y=15
i)
Solution: Since A8 = D¢
=3 i L=26 = meh-123
And D= BC

=% nrll] and —‘-5]

iii)

Solutipn: Since opposite angles of parallelogram are equal.
So 2/ 120

120"
= [P s e = O1)
2
i :‘6(}“ Ans. i - \
iv) d i
Solution:Since AD = BC' .50 7 -8§=20 0 Lo i

=8 Z J24+% 428
And L J1 = € (¢ — 200 sl 08
sl = H0h" =20 =125

Q5: DEis a mid segment of AABC. Find the value of v
i)

= 4 |
Solution: W ¢ hnow that. 3
l o 12 245
) or X -—(20 :
3
i -— L}
i ii)
Solution: We know that.
A8 2HE or v - 23
; b_;_[_{L Ans. .
~
) T
o . . i y 7\'\
Solutivn: Since DA - — 8 i o e
1 s

v iy —_‘*thi = X 3 Ans.

Q6: Prove that (liuimn:lls of a rhombus biscet its angles.

Solution: Let 407 and B2 be the two diagonals ot the thomhbuos
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Since 4B || CD,so £3=/4
And Z1= /2 because opposite angles of parallel sides
are congruent.

Similarly £7=/8 and £5= £6

Hence the diagonals of a rhombus bisects the angles.
Q7: In rhombus MNOP, m/N =60". What is mZ0?
Solution: Since mZN =60" and ZN = £P

= /P=60" P 0
But ZM + 4N+ Z0+ £P =360" 60"
(Sum of all angles are 360°) \
ZM +60" + £0 + 60" =360° M 60°C\N

LM + £0+120" =360"
= LM + £0=360" -120"
LM + £0 =240"

=5 AM=40=%—= 120"

Hence Ans.

Q8: Prove that diagonals of a rectangle are congruent,

Given: ABCDis.a rectangle-in which 4B = DC A B
And 4D = BC.
To prove: AC =BD i ¢
Proof:
Statement Reasons

In AADC' «—— ABCD o

CD=CD Common

msD=mz( Each is 90°

AD = BC Given

.. ADC = ABCD (A.AS)

Hence AC = BD Corresponding sides

Q9: In a AABC,D and E are two points on AB and :1_C_, such that mAD =

e

mAE and mﬁ:—;mz& .- n.ﬁTE:%mEE.

Given: A4BC in which 4D = ;—T, T ;—A_C | A

To l_’rove: ﬁ = %E

Construction: Join F with G and D such that g
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mDG =mGF and GC = mGE. Produce CF such that CF =l}?c“

i

Proof:
Statement Reasons
In ADEG «——> ACGF ,
DG =GF Construction
GE=GC Construction
msLl =mz2 Vertical angies
5 ADEG = ACGF S.AS=SAS
So DE =CF Corresponding sides
But CF = :IIE Construction
- DE= %R Transitive property

Q10: G is the centroid of AABC,BG =6,AF =12 and AE = 15. Find the length of
the segment.

i) FC i) BF

iy 4G iv) GE

Solution:

i) FC

Since BE-is the.median of AC s0 AF = FC
Hence FC =12

ii) BF

Since BG:GF=2:1 or BG:GF=6:3
Hence BF =BG +GF =6+3=9

iii) AG

Since AE=AG+GE =10+2=12
Hence AG=10

iv) GE

Since AG:GE=10:2= GE=2 Ans.
Q11: Prove that the four triangles formed by joining the midpoints of the three
sides of a triangle are congruent to one another.

Given: In AABC points D, E, F are midpoints of

AB,AC.BC. Four triangles are formed by joining these
points.

Proof: ﬁlf% or ﬁllﬁ
Or .mﬁzémﬁ or DE = mBF

So BFED is a parallelogram.
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So  ABFD = A\DLF DI = BE and BD = EF

Stmitarly AADE = ADEF and NCLEF - ADEF
Hence all four triangles are congruent.

Q12: In the given AABC,D and E are the midpoints of AB and AC, and

mCF = %mij?.

Solution: Given: In A4BC
AD = BD
And AFE = EC

g=s 1 =2
To Prove: m('(; = — Al

2
Proof:
Statement Reasons
In NABC
DE | BC DE joins the midpoint of A4BC
ZEDG = 201G Alternate angles of parallel sides
mDI = émﬁ?—-——ﬂl )
PE. TC Giyen
HCT e BC-512)
DE I BE From equation (1) and equation (2)
. DE=CF
In AGED «—— CFG
ZEDG = £C1HG Proved above
EDGE = ZFGE Vertical angles
DE =R Proved
AGED = ACFG
Heice EG = GC Corresponding sides
AE=CE Corresponding sides
CG+CG=CE
20G = CE—>(])
Now AG=CE+EG From CE = 20G + EG =GC
1G =G = EG
(G 220G +GC
G=3CG
e | s
(G==dAG
3

Perfect24u.com
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" REVIEW EXERCISE 11 - |

Q1: Select the correct answers:

1) Which quadrilateral must have diagonals that are congruent and perpendicular?
(a) Rhombus v (b) Square
(¢) Trapezoid (d) Parallelogram

i) How many equilateral tri angles can be made by joining the midpoints of the sides of
an equilateral triangle?

(a)2 (b) 3 v (c) 4 (d) Cannot be determined

ii1) Which statement must be frue?
v (a) If a parallelogram is not a rectangle, then it is not a square
(b) If a parallelogram is not a square, then it is not a rectangle
(c) All rectangles are squares
(d) If a parallelogram is a rectangle, then it is a square

iv) Which quadrilateral’s diagonals are perpendicular to each other and bisect the fig-
ure’s opposite angles?
(a) Trapezoid (b) Rectangle
¥ (¢) Rhombus (d) Parallelogram

v) If opposite angles of.a quadrilateral are.equal in measure and none of them is a right
angle, thendhe quadrilateral is7a:
(a) Square J v (b) Parallelogram
(¢) Trapezoid (d) Rectangle

vi) Medians of a triangle are divided by the point of concurrency in the ratio:
v(a)2:1 ()2 34 (¢)l:3 (d) None of these

vii) Centroid is the point of concurrency is:
v (a) Medians of a triangle (b) Angle bisectors of a triangle
(c) Altitudes of a triangle (d) Perpendicular bisectors of a triangle

viii) If sum of the measures of ZA and ZC of a parallelogram ABCD is 120 then

mZzZB=..04..

(a) 25° (b) 50° (c) 65° v (d) Nonc of these
ix) Diagonals of a square are....to each other.

v (a) Perpendicular (b) Not congruent

(¢) Congruent (d) Parallel
X) Sum of the measures of interior angles of a quadrilateral is:

(a) 2 right angles v (b) 4 right angles

(¢) 3 right angles (d) None of these
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Q2: Measure of one of the angles of parallelogram is 60°. Find the measure of the
remaining angles.

Solution:

Since £A=60" = LA=.C=60" D T
> LA+ LB+ ZC + LD =360 / /
= 60° + ZB+60° + ZD = 360" L ZB=/D=120" AL260° 5
— ZB+ 2D +120" =360° .

240°

= LB=—=120"
2

Q3: Measure of one of the exterior angles of a parallelogram is 130" Find the
measure of all of its interior angles.

Solution: i
Since £CBE =130" » 3
So ZABC + ZCBE =180"

= ZABC +130° =180°

— ZABC =180° 130" = 50" soiPer

/D= ZB=50" 2 B i
Now LA~ ZB+ £C + £D = 360"

= J4#50" + ZC + 50" =360

= LAt L3607 1001=260°

260"

= £l =

=130"

= 20 =1507

Q4: Prove that the line segments joining the midpoints of the sides of a quadrila-
teral taken in order, form a parallelogram.

Given: ABCD is a quadrilateral points P, Q, R, S are the mid-

S T e e C

points of AD,AB, BC,CD.
To Prove: PQRS is a parallelogram. S

Construction: Draw diagonal AC.
Proof: In A4DC, P and § are midpoints of AD and CD.
So PS | AC —(1)

o b DOt B

= mPS = %m?ri_' ——5{2)

In A4BC. O and R are midpoints of AB and BC
So OR|[|AC—>(3)

And mﬁ:émz——)(ﬂf)
. PS || OR from (1) and (3) and PS || OR _
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From (2) and (4) similarly P_Q I RS
Hence PQRS is a parallelogram.
Q5: In rhombus MNOP, msN =70°,whatis mZ0?

Solution: Given m/N =70"
As msZN =mLP ,s0 mZP =70"

Now LM + ZN + ZO+ £P =360" (Sum of all angles are 360”)

M +T70" + Z0+70° =360

LM + £0+140" = 360" p 0

LM + Z0=360" - 140" =220"

220"
OR ZO= =118 .
M 70" N

LM =20=110"] Auns.
Q6: Measure of one of the angles of parallelogram is 50°. Find the measure of the
remaining angles.
Solution:

Given ABCD is a parallelogram
Such that mZ4 = 50"

Reyuired:
ZB,2C, AD A LS50 B
Statement Reasons
AD|| BC Opposite sides
mlA4 +msB=180" Supplementary angles
ms4=50" Given
=> m/B=180"-50" =130"
mZA=msC =50" Opposite angles of parallelogram
mZB=mzZ0=130" Opposite angles of parallelogram
Hence mZB =130",
mZ0=130",
mZC =50"

wkh% :
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Parallelograms and Triangles =

. A polyeone with four sides is called...........
() Quadrilateral . (b) Rectangle (¢) Square (d) none
v Ans. (a) Quadrilateral

2. In geometry. a figure that lies ina planc s called.......... figure.
(a) Space (b) Cartesian (c) Plane (d) none
v  Ans. (¢) Planc

3. When all four sides are congruent then the figure is...... ...

(a) Rectangle (b) Rhombus (¢) Square (d) none
v Ans. (¢) Square

4. A quadrilateral in which all sides and all angles are congruent s called

(a) Rhombus (b) Square (¢) Rectangle (d) none
v Ans. (b) Square

L

I two opposite sides of a quadrilateral are congruent then it is...........
(a) Square (b) Rectangle (¢) Parallclogram  (d) none
v Ans. (¢) Parallelogram

6. Thediagonal divides which quadnlateral into two congruent triangles...........
() Squart (bY Rectangle (c)Paralleldgrany td y AN
Y Ans. (d) All

7. The line segment joining the midpoints of two sides of a triangle is........... to third
side.
(a) Parallel (b) Perpendicular  (¢) Intersect (d) none

v Ans. (a) Paratlel

8. A line segment from a vertex to the midpoint of the opposite side of a triangle

(a) Risegtor (b) Altitude (c) Median (d) none
v Ans. (¢) Median

9. The medians of a tnangle are...........
(a) Different (b} Concurrent (¢) Proportional  (d) none
v Ans. (b) Concurrent

10. The two lines which do not intersect and are Coplanarare ........... lines.
(a) Parallel (b) Perpendicutar  (¢) Horizontal (d) none
v Ans. (a) Parallel
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