THEOREM 11.1.1

Prove that in a parallelogram:
m Opposite sides are congruent
@ Opposite angles are congruent.
@iy The diagonals bisect each other.
Solution:

Given

Mathematics

In a quadrilateral ABCD, BC | AD. 4B || DC, and the diagonals AC, BD meet

each other at point O.

To Prove
4D = BC,
ZBAD = ABCD

(i) 4B = DC,
(i) £ZADC = Z4ABC,

(i) OB = OD, 04=0C

Construction

In the figure as shown, we label the angles as 21, £2, 23. 24, Z5and /6.,

Proof:

Statements

Reasons

In AdBD <> ACDE
Lh4= Al

BD = BD,

alternate angles

Common

Mathematics

£2=7/3

~ ABD = ACDB

So, AB

AD = BC,

and Z4=2C

(i) In A4DB <> ACDB

ll=

smZl + mZ2 = mZ4 4+ mZ3
of mZADC = mAABC
ZADC = Z4BC and

£BAD = #BCD

(iii) In ABOC «>ADOA

L3z L

~ ABOC = ADOA

Hence OC = OA. O

@)

alternate angles

ASA =ASA

(comesponding sides of congruent
triangles)

(comresponding angles of congruent
triangles)

Proved

Proved

from (a) and (b}

Proved in (i)

Proved in (i)

vertical angles

Proved

(AAS = A A S)

(corresponding sides of congruent

triangles)
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If two opposite sides of a quadrilateral are congruent and parallel, it is a

parallelogram.

THEOREM 11.1.2

Given
In a quadrilateral ABCD,

AB = DC and ABDC

To Prove
ABCD is a parallelogram.
Construction

Mathematics

Join the point B to D and in the figure. name the angles as indicated: 1,22, 23

and Z4.
Proof:

Statements

Reasons

1= 22

In A4BD > ACDB
DC.

£2= /1

BD = BD

~ AMBD =ACDE

Alternate angles

given
Altemate angles
Common

S.AS. postulate

Mathematics

(i)

Hence ABCD is a parallelogram

(comresponding angles of
congruent friangles)
from [i)

given

from (i) - (ii]
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THEOREM 11.1.3

Mathematics

The line segment, joining the mid-points of two sides of a friangle, is parallel to

the third side and is equal to one half of its length.

Solution:

Given

In AABC, the mid-points of 4Band AC are L and M respectively.

To Prove

LM || BC and mIM = %mEF

Construction

Join M to L and produce ML to N such that ML = IA

Join N to B and in the figure, name the angles as £ 1,22 and £3 as shown.

Mathematics

Statements

Reasons

In ABLN < AALM

NL = ML
~ ABLN = A4ALM
A

and NB = AM

But NB || AM

=> NB I MC

MC = A}

NB = MC

~ BCMN is o pardllelogram

=~ BC | LM or BC || NL

BC = NM

—

miM =m—=NM

=
2

Given

Vertical angles

Consfruction

5.A.5. postulate

(comresponding angles of congruent
triangles)

(comresponding sides of congruent
triangles)

From (i)

M is a point of AC
Given

{from (i) and (iv]}
from (iii) and (v)

(oppuosite sides of a parallelogram

BCMN

Opposite sides of a parallelogram

Consfruction

Mathematics

{from (vi] and (vii)}
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Mathematics

THEOREM 11.1.4

The medians of a friangle are concurrent, and their point of concurrency is the

peint of trisection of each median.
Given

ABC is the triangle

To prove

The medians of the ABC are concurrent, and the point of concurrency is the
point of trisection of each median.

Construction

Draw two medians BE and CF of the AABC which intersect each other at G.

Join A to G and produce it to point H such that 4G = GH. Join H to the points B
and C.

AH intersects BC at the point D.

Proof

Statements Reasons

In AACH,

GEI CH E and G are mid-points of AC and AH

or BEIl CH ' G is a point of BE
Similarly, CF Il BH ........[ii) from {i]
fram (i) and {ii)

~ BHCG is a parallelogram

Diagonals BC and GH of a

and m@ = én:a

parallelogram BHCG intersect

Mathematics

each other at point D.

BD=CD
AD is a median of AABC G is the infersecting point of BE
Madicie 5. Bl abd TF vass and CF and AD pass through it.

through the point G

Consfruction

Now G = from (iii) and (iv)

and G is the point of trisection of AD

(V)

Similarly, it can be proved that G

is also the point of frisection of CF

and B_E_
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THEOREM 11.1.5

Mathematics

If three or more parallel lines make congruent segments on one transversal, they

also intercept congruent segments on any other fransversal.

Solution:

Given

AB I CD Il EF

The transversal LY intersects 4B, CD and EF at the points M, N and P

respectively, such that MN = NP. The transversal {?in’rersecis them at points R,

5 and T respectively.

To prove

RS = ST

Constructic

From R, draw RU Il LY, which meets D at U. From S, draw SF Il LY which

meets EF at V and according to the figure the names of the angles are

2,22, 723 and Z4.

Mathematics

Statements

Reasons

MNUR is a parallelogram
Similarhy,
NP = SV (i)

But MN = NP (i)

Also RU I S

and £3= -4

In ARUS «> ASVT,

RU = §V

L= 22
Z3=24

~ ARUS = ASVT

Andﬁz?

RU Il LX {construction)
4B ICD (given)

opposite sides of a parallelogram

eachone Il LY (constuction)

Comesponding angles

Corresponding angles

Proved

Proved

Proved

SAA =5AA.

(comesponding sides of congruent

triangles)
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Mathematics

EXERCISE 11.1

Q1. One angle of a parallelogram is 130°. Find the measures of its remaining
angles.

Solution:
In parallelogram ABCD m£B = 130°

D= 28

A

Opposite angles of a parallelogram

mZD = mZB = 130°
mZB + mZ4 = 180°
130° + m£A = 180°
mZA = 180° - 130° = 50°

msC = ms4 = 507

So unknown angles of parallelogram are 130°, 50°.

Q2. One exterior angle formed on producing one side of a Parallelogram is 40°.

Solution:

Mathematics

ABCD is parallelogram m2CBL = 40°
mZABC +40° = 180°
ABL is a straight line

msABC = 1807 - 40°= 140°
meLD = mZABC = 1407

Opposite angles of a parallelogram

msD + m£ZC = 1807
140°+ m£C = 180°

mzZC = 1807 - 140° = 40°
msZ4d = mZC .= 40°

Opposite angles of parallelogram

So, the measures of interior angles of the parallelogram are 140°, 40°, 140° and
40°.
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Mathematics

EXERCISE 11.2

Q1. Prove that a quadrilateral is a parallelogram if its
a. Opposite angles are congruent.
b. Diagonals bisect each other.

Solution:

(a) Opposite angles are congruent.

Given:
In a quadrilateral ABCD

msA =msC
msB =msD

To Prove:
ABCD is a parallelogram

Proof:

Statements Reasons

mZ4d = mLC (i) Given

msB mLD (ii) Given

med =+ msB + mAC + m2D = 360° Angles of quadrilateral

mZ4d + mZB + mZ4 + mZ B = 360° From (i) and (i)

Mathematics

2ZmsA + 2msB =

o mLA + m2B

- 4D | BC Sum of internal angles

Similarly, it can be proved
that 4B || CD

Hence ABCD is a parallelogram.

(b) Diagonals bisect each other.

D

Solution:
Given:

In quadrilateral ABCD, diagonals AC and BD bisect each other, i.e. 04 = OC,
OB = OD

To prove:

ABCD is a parallelogram

Proof:

Statements Reasons

In AdBO « ACDO

Mathematics

ﬁ = @ Given

. JAOB= 2COD Vertical opposite angles

- ZAOB= 2COD SA. S=SAS

Comresponding angles of congruent

L= 22
triangles

Hence 4B | OC (i) P

By taking A.s ACD and BOC we can

prove that
- From (i) and (i)
AD || BC i)

Hence ABCD is a parallelogram.

Q2. Prove that a quadrilateral is a parallelogram if its opposite sides are
congruent.

Solution:

Given:

In quadrilateral ABCD

ABCD is a parallelogram
Construction:
JoinBto D

Proof:

Mathematics

Statements Reasons

In AABD «» ACEBD

E - Given

- Given
AR =

Common

BD = BD
SA.S=SAS.

oo ZABD = ZCDB
Comesponding angles of congruent

£l= 22 ' triangles

And £4=/3 (i) altemate angles
Hence 4B || DC (i) alternate angles
And BC | 4D

Hence ABCD is a paralleloaram.
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Mathematics

EXERCISE 11.3

Q1. Prove that the line-segments joining the midpoints of the opposite sides of a
quadrilateral bisect each other.

Solution:
Given:

In quadrilateral ABCD, P, Q, R, § are the mid-pcints of the sides PR and QS are

joined, they meet at O.

To prove:

OP = OR, OS = 00
Construction:

Join P, Q, R, Sin order. Join A to C.

Statements Reasons

(i) In AADC., S, P, are mid points of AD, DC.

In AABC, P, Q are mid points of AB, BC.
(ii)

Mathematics

RO | 4C

mRO

=

IHF
From (i} and (iv)

~.SP | RO (v)

_— o — From (v) and {vi)
and MRQ = ?m.-ﬁ'f' (vi)

. PQRS is a parallelogram
Now PR and Ediﬂgnncls of

paralielogram PQRS Diagonals of a parallelogram bisect each

intersect at © other

- OP = OR

And OS = 00

Q2. Prove that the fine-segments joining the midpoints of the opposite sides of a
rectangle are the right-bisectors of each other.

Solution:
Given:

In rectangle ABCD, P, Q, R, § are mid-point of the sides P is joined to R, Q is
joined to S. PR and OS intersect at O.

Mathematics

To prove:
PR and 05 are right bisectors of each other.

Construction:
Join P, Q, R, Sin order. Join A to C and B to D.

Proof

Statements Reasons

SR = AC (i In AADC., S, R, are mid points of AD, DC.

In AABC, P, Q are mid points of AB, BC.

R =—=mAC

And PQ | 4C From (i) and (i)

m@ = _mAC (iv)
From (i) and [iv)

SR | PO (v
and m SR = m@ (vi) From (v) and (vi)
. PQRS is a paralielogram Diagonals of a rectangle

HI:J_{T:fHE

HIT{. =J'.FIE

Mathematics

m @ = m Q_R
-.m@ :ﬂFQ_H:fHE:HIE
.. PGQERS 5 a rhombus.

PR and Eore diagonals of rhombus
Diagonals of a parallelogram bisect each
PQRS.
other

+. PR and QS are right bisectors of each

other.

Q3. Prove that the line-segment passing through the mid-points of one side and
parallel to another side of a triangle also bisect the third side.

Solution.

Given:

In AABC, D is mid-point of AB DE Il BC
To prove:

EA Il EC

Take EF || AB

Proof

Statements Reasons

Elr E Given

E i\ BD Consfruction

.. DBEF is a parallelogram.

EF = Opposite sides

1D = DB Given

EF = 4D
From (i) and (i)
=28

comesponding angles
and Z2= /B

. L=22

In aADE <3+ EFC ,
From (iv)

£2 .
Comesponding angle
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Mathematics

EXERCISE 11.4

Q1. The distance of the point of concurrency of the medians of a triangle from its
verlices are respectively 1.2 cm, 1.4 cm and 1.6 cm. Find the lengths of its
medians.

Solution:

Let ABC be triangle with the point of concurency of medians at G.

mAG=1.2¢cm, m BG =1.4cmand mCG =1.6cm

m AP = % (mAG) = 2x1.2=1.8cm

m@= %{HIE} = —xl4=2.1cm

— = 3
mCR= =(mCG) = ';:-:I.ﬁ:lﬂcm

Q2. Prove that the point of concurrency of the medians of a triangle and the
friangle which is made by joining the mid-points of its sides is the same.

Solution:

Mathematics

Given:

In triangle ABC, CP. 40, BR are medians, with meet at G. APQR is formed by
joining the mid points P, Q, R.

To prove:
G is the point of concurrency of the medians of AABC and APQR.

Proof

Statements Reasons

PR Il BC P. R, are mid-points of AB. AC.
PR 1 BO

Similarly, OR || BP

=~ PBQR is a parallelogram.

Its diagonal BR and PQ

| bisect each other at T.

i.e. T is mid-point of F_Q

Similarly, U is midpoint of Q_R and 5 is mid-
point of PR.

~ PU, OS, RT are medians of APGR

(i) J_Q and Eposs through G.

(ii) BR and TR pass through G.

:iii?ﬁﬂnd UP pass through G.

Mathematics

Hence G is point of concumrency of
medians of AAGC and APQR.
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Mathematics

EXERCISE 11.5

—

Q1. In the given figure AX Il BY Il CZ | DUIl EV and AB= BC = (D= DE.H
mMN = 1cm, then find the length of LN and LQ.

Solution:

< |

YyYYyYVYeyy

- e el e

< ]S N

AX I BY I cZ Il DU EV and

=
e

LM = MN = NP = PQ
mm =m m‘*m ﬁ
=m EE-I-JH E

lem +1m = 2cm
mL_Q=rHFH"+m E+mﬁ+m!’_{2

lem + lcm + lem + lem = 4 cm

Q2. Take a line segment of length 5.5 cm and divide it into five congruent parts.

Solution

Mathematics

A _C

Construction:

(i) Draw a line segment AB of length 5 cm.

(i) Draw an acute angle ZBAX .

[ii) On AX with the help of compass take five points P, Q, R, 5, T such that 4p =
PO= OR= RS=ST.
(IV) Join T *o B,

(v) braw lines SF, RE. OD, PC parallel to TB.

The points C, D, E, F divide the line Segment 4B into five congruent parts.
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Mathematics

REVIEW EXERCISE 11

Q1. Fill in the blanks

(i) In a parallelogram opposite sides are

(ii) In a parallelogram opposite angles are .............

(i)} Diagonals of a parallelogram each other at a point.
(iv) Medians of a triangle are

(v) Diagonal of a parallelogram divides the parallelogram into two

triangles
Answers:
(i) oarallel/congruent (i) equal/ congruent  (iii) Intersect

(iv) concurrent (v) congruent

Q2. In parallelogram ABCD

()mAB...mDC (iymBC...mAD (ii)m £1=...
Answers:

(i) = (i) = (i) m 23  (iv) m 21

Q3. Find the unknowns in the given figure.

Solution:

Mathematics

opposite angles are congruent

Alternate angles

x° '+ y°= 180° suppletory angles
x+y = IR0

x+~ 75= 180

x =180-75 = 105

m® = x° opposite angles

m =x =105
m® = 105°

Q4. If the given figure ABCD is a parallelogram, then find x, m.

Solution

Mathematics

11z = 55"
llx = 55
= 5"

(3m +10)°+ 55°= 180°

Sum of interior angles of Il lines

Sm + 10 + 55 = 180
Sm +65 = 180

m = 23°
Q5. The given figure LMNP is a parallelogram. Find the value of m, n.
Solution:

As opposite sides of a parallelogram are congruent

P

8m — 4n = B
Or2m-n =

And 4m + n=10
Adding (i) and [ii)
6m = 12

orm= 2

Putting m = 2 in (i)

We have
hMathematics

Or n

m =

Qé. In the question 5. sum of the opposite angles of the parallelogram is 110°,
find the remaining angles.

Solution:

Opposite angles of a parallelogram are congruent

Y

/

LL=2N
But it is given that

mLL + msN = 110
2imsLy= 110 msLL = 55
msL = msN = 55°

mZL + mZP = 180°
Sum of interior angles between parallel lines

55 + mZP = 180°
mZP = 180° — 55° = 125°

Angles of the parallelogram are

55°, 125°, 55° and 125°
msM = msP = 125°
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