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NCERT QUESTIONS WITH SOLUTIONS

EXERCISE : 8.1

. Given: ABCD is a square.

1. If the diagonals of a parallelogram are To Prove : (i) AC = BD (ii) AC and BD
equal, then show that it is a rectangle. bisect each other at right angles.
A D D C
0
B C B
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Sol. Given : ABCD is a parallelogram with Proof: In AABC and ABAD,
diagonal AC = diagonal BD AB = BA [Common]
To prove : ABCD is a rectangle. BC=AD  [Opp. sides of square ABCD]

] ZABC=/BAD [Each=90° (- ABCDisasquare)]
Proof: In triangle ABC and ABD,
AB = AB [Common] AABC = ABAD [SAS Rule]
_ AC=BD .. (1) [C.P.C.T]
AC=BD [Given]
In AAOD and ABOC
AD =BC Opp. Sides of a
[Opp. Si Igm] AD =CB [Opp. sides of square ABCD]
. AABC = ABAD [By SSS congruency] ~OAD = ~OCB
= «ZDAB=ZCBA[ByCP.CT.] ..(i) [Alternate angles as AD||BC and
[+ AD|[BC and AB cuts them, the sum of transversal AC intersects them]
Z0DA = Z0BC
the interior angle of the same side of [Alternate angles as AD||BC and
transversal is 180°] transversal BD intersects them]
/DAB + ZCBA = 180° .. (i) AAOD = ACOB [ASA Rule]
From eq. (i) and (ii), ZDAB = ZCBA = 90° OA=0Cand OB =0D ..(ii)[C.P.C.T\]
So, ABCD is a parallelogram with one of 50, 0 is the midpoint of AC and BD.
Now, In AAOB and ACOB
the angles equal to 90°,
AB =BC [Given]
Hence, ABCD is a rectangle. .
0A=0C [from (ii)]

2.  Show that the diagonals of a square are OB = OB [Common]
equal and bisect each other at right - AAOB = ACOB [By SSS Rule]
angles. . ZAOB = Z/BOC [C.P.C.T]
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Mathematics

Sol.

But ZAOB + ZBOC = 180° [Linear pair]
ZAOB + ZAOB = 180°
[£AOB = ZBOC proved earlier]
= 2/A0B=180°
180°

= ZAOB= =90°

ZAOB = ZBOC =90°
AC and BD bisect each other at right
angles.
Diagonal AC of a parallelogram ABCD
bisects ZA. Show that
(i) itbisects ZCalso

(ii) ABCD is arhombus.
D C

/A of the

AC Dbisects
parallelogram ABCD.

Diagonal

To prove:

(i) ACbisects ZC

(ii) ABCD is arhombus

Proof:

(i) Since AB||DC and AC intersects them.
Z1=/3

Similarly, £2 = /4

But £1=/2 [Given]
/3=/4

[Using eq. (i), (ii) and (iii)]

Thus, AC bisects ZC.

[Alternate angles] ...(i)
..(ii)
...(iii)

Sol.

(ii) since £2 = /3 (using (i) and (iii))
= AD=CD
[Sides opposite to equal angles]
Also, ABCD is a parallelogram.
= AD=BCand AB=CD
AB=CD=AD=BC
Hence, ABCD is a rhombus.
ABCD is a rectangle in which diagonal AC
bisects ZA as well as ZC. Show that
(i) ABCDisasquare
(ii) diagonal BD bisects /B as well as £/D.
Given : ABCD is a rectangle in which
diagonal AC bisects ZA as well as ZC.

D C
A B
To prove:

(i) ABCDisasquare

(ii) diagonal BD bisects /B as well as £/D.
Proof:

(i) -~ AB I DC and transversal AC

intersects them.

So, ZBAC=ZDCA [ Alternate angles]

But Z/BAC=ZDAC [ ACbisects ZA]
2/ DCA = ZDAC

= DA=CD

[Sides opposite to equal angles of a
triangle are equal]
But AB =CD and DA =BC
[Opposite side of a rectangle]
AB=BC=CD=DA
Also, ZA=/B=/C=/D=90°
[~ ABCD is a rectangle]

Hence, ABCD is a square.

(i) InABAD and A BCD,
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BA=BC [ ABCD is asquare] 6. ABCD is a parallelogram and AP and CQ
AD=CD [~ ABCD is a square] are perpendiculars from vertices A and C
on diagonal BD. Show that
BD=BD [Common]
ABAD = ABCD (i) AAPB = ACQD (i) AP =CQ
[By SSS congruence rule]
< ABD = 2 CBD [By C.P.C.T\]
ZADB = ~ZCDB [ByC.P.C.T\]
Hence, diagonal BD bisects /B as well as ZD
5. In parallelogram ABCD, two points P and
Q are taken on diagonal BD such that DP = | Sol. Given : ABCD is a parallelogram and AP
BQ. Show that: and CQ are perpendiculars from vertices
(i) AAPD=ACQB A and C on diagonal BD respectively.
() AP=CQ To prove : (i) AAPB=ACQD (ii) AP = CQ
(iii) AAQB = ACPD Proof :
(iv) AQ=CP
(v) APCQis a parallelogram (i) InAAPBand ACQD,
AB=CD [Opposite side of I gm
ABCD]
ZABP = ZCDQ
[~ AB || DC and transversal BD intersect
B ¢ them]
Sol. (i) InAAPD and ACQB, we have /APB = /CQD [Each = 90°]
EE Z ig [Given] AAPB = ACQD [AAS Rule]
[Opposite sides of parallelogram ABCD] (i) AP=CQ [CP.CT.]
ZADP = ZCBQ [Pair of alternate angles] 7. ABCD is a trapezium in which ABICD and
— AAPD=ACQB AD = BC. Show that (figure)
[SAS congruence criteria] (i) «ZA=/B
(ii) Then, by CPCT, we have AP = CQ (i) £C=/D
(iii) We can prove
AAQB = ACPD (iii) AABC = ABAD
[as we have done in (i)] (iv) diagonal AC = diagonal BD
(iv) By CPCT, we have AQ = CP A B
(v) Now, we have AP = CQ and AQ = CP
Hence, APCQ is a parallelogram.
D C
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Sol. Given: (iii) In AABC and ABAD,
A B _E AB = AB [Common]
>4 /=22 [Proved]
AD =BC [Given]
D C .. AABC=ABAD  [By SAS congruency]
ABCD is a trapezium. = AC=BD [By C.P.C.T.]
AB || CD and AD = BC 8. Theangles of quadrilateral are in the ratio
To Prove: 3 :5:9:13. Find all the angles of the
(i) ZA=4B quadrilateral.
(ii) «C=4D Sol. Let the four angles of the quadrilateral be
(iii) A ABC=A BAD 3%, 5%, 9x and 13x.
(iv) Diagonal AC = Diagonal BD 3x + 5x + 9x + 13x = 360° [Sum of all the
Construction : Draw CE || AD and extend angles of quadrilateral is 360°]
AB to intersect CE at E. —  30x=360°
Proof: —  x=12°

(1) AsAECD is a parallelogram. Hence, the angles of the quadrilateral are

[By construction] 3x12°=36° 5 x 12° = 60°,

AD=EC 9 x 12°=108° and 13 x 12° = 156°.
But AD = BC [Given] ) _
BC < BC 9. Show that if the diagonals of a
B quadrilateral bisect each other at right
= 4L3=/4

_ ) angles, then it is a rhombus.
[Angles oppositeto  equal sides are

Sol. Given : ABCD is a quadrilateral where
equal]

Now, Z1 + /4 =180° [Co-Interior angles]
And £2 + £3 =180° [Linear pair]

= L1+/4=/2+/3

diagonals AC and BD meet at O, such that
AO=0C,0B=0Dand AC L BD
To Prove: Quadrilateral ABCD is a

hombus,
= /1=/2 [ £3 = /4] rHOMBUS
i.e, AB=BC=CD=DA

= ZA=/B Proof : In AAOB and AAOD,
(i) £3=<£BCD OB =0D [Given]

[Alternate interior angles] AO = AO [Common]
ZADC= /4 [Oppositeangles ofa parallelogram] AOB = ZAOD [Each = 90°]
But /3 = Z4 [A BCE is an isosceles triangle] AAOB=AAOD  [SAS Rule]

= ule
ZBCD = ZADC
AB=AD [CP.CT] ..(1)
ZC=2/D
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10.

Sol.

7
LN

Similarly, we can prove that

B

AB=BC ... (i)
BC=CD ... (iiil)
CD = AD ... (iv)

From (i), (ii), (iii) and (iv), we obtain,
AB =BC =CD =DA

Quadrilateral ABCD is a rhombus.
Show that if the diagonals of a
quadrilateral are equal and bisect each
other at right angles, then it is a square.
Given : The diagonals AC and BD of a
quadrilateral ABCD are equal and bisect

each other at right angles.

To prove : Quadrilateral ABCD is a
square.
Proof:
D C
0
A
In AAOD and ABOC,
0A=0C [Given]
OD=0B [Given]
ZAOD = ZCOB [Vertically Opposite Angles]
AAOD = ACOB  [SAS Rule]
AD =BC [C.P.C.T.]
Z/ODA=/0BC [C.P.C.T]
AD||BC

Now, AD = CB and AD||CB
Quadrilateral ABCD is a ||gm.

11.

Sol

) ) Lot 1
uicualuotuuy. CUlTI

In AAOB and AAOD,

AO=AO [Common]
OB=0D [Given]
ZAOB = ZAOD [Each =90° (Given)]
AAOB = AAOD [SAS Rule]
AB =AD

Now,

ABCD is a parallelogram and AB = AD
Again, in AABC and ABAD,

AC=BD [Given]
BC=AD [- ABCDisa||gm]
AB =BA [Common]
AABC = ABAD [SSS rule]
ZABC = /BAD [C.P.C.T.]

AD||BC [Opposite sides of ||gm ABCD]

and transversal AB intersects them.
ZABC + ZBAD = 180°
[Sum of consecutive interior angles on the
same side of the transversal is 180°]
ZABC = ZBAD =90°
Similarly, ZBCD = ZADC =90°
ABCD is a square.
ABCD is a rhombus. Show that diagonal
AC bisects ZA as well as ZC and diagonal
BD bisects /B as well as ZD.
Given : ABCD is arhombus and AC and BD
are its diagonals.
To prove :
(i) Diagonal AC bisects ZA as well as ZC.
(i) Diagonal BD bisects /B as well as ZD.
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D

AN &

X,

A B
Proof:
(i) InAABC
AB=BC (sides of Rhombus)
So, /2 =/4

(Angle opposite to equal sides are equal)
But £2 = /3 (Alternate angles as AB 11 CD)
So,/2=/3=/4
But £1 = Z4(Alternate angles as AD Il BC)
So,/1=/2=/3=/4 - (1)
Z1=/2by (1)
So, AC bisect ZA
/3=/4by (1)
So, AC bisect ZC
(ii) In AABD

D C

—
Y

12. In AABC and ADEF, AB = DE, AB || DE, BC =

Sol.

EF and BC || EF. Vertices A, B and C are

joined to vertices D, E and F respectively.

Show that:

(i) quadrilateral ABED is a
parallelogram

(ii) quadrilateral BEFCis a

parallelogram

AD || CF and AD = CF

quadrilateral ACFD is a

(iii)

(iv)
parallelogram

(v) AC=DF

(vi) AABC=ADEF

Given: AB = DE, AB || DE, BC=EF & BC || EF
To Prove

(i) ABED is a parallelogram.

(ii) BEFCis a parallelogram.

A B (iii) AD || CF and AD = CF
(iv) ACFD is a parallelogram
AB=AD (Sides of Rhombus) (v) AC=DF
50’415 =<7 - 1 (vi) AABC= ADEF
A ite t i
(Angle opposi (j o equal si les are equal) Proof
But £7 = /6 (Alt t AD1I1BC
u (Alternate angles as ) () Inquad. ABED
So,/5=/6=/7 ,
AB =DE [Given]
Z5=/8 (Alternate angles as AB Il CD) _
And AB || DE [Given]
So,/5=/6=/7=/8 . (2)
.. ABED is a parallelogram
/5= /6Dby(2) y
(ii) In quad. BEFC
So, BD bisect /B
BC = EF [Given]
/7 =/8by (2) ,
And BC||EF [Given]
So, BD bisect ZD
BEFC is a parallelogram.
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(iii) As ABED is a parallelogram.
AD || BE and AD = BE (i)
Also, BEFC is a parallelogram
CF || BE and CF = BE .(i1)
From (i) and (ii), we get

.. AD| CFand AD = CF

(iv) As AD || CF and AD =CF

= ACFD is a parallelogram.

(v) As ACFD is a parallelogram.

AC=DF

(vi) In A ABC and A DEF,
AB =DE [Given]
BC = EF [Given]
AC =DF [Proved]

AABC = ADEF [By SSS congruency]

EXERCISE : 8.2

To prove:
(i) SRJACand SR = %AC

(ii) PQ=SR
(iii) PQRSis a parallelogram.
Proof:

(i) InADAC,

S is the mid-point of DA and R is the
mid-point of DC

SR||ACand SR = % AC

[By Mid-point theorem]

(i) InABAC,

P is the mid-point of AB and Q is the

mid-point of BC

PQ || AC and PQ = % AC

1. ABCD is a quadrilateral in which P, Q, R
and S are mid points of the sides AB, BC, [By Mid-point theorem]
D DA (fig. AC i ' 1.
CD and (fig.) and AC is a diagona But from (i) SR = 1 AC & (ii)
Show that 2
(i) SR||AC and PQ = % AC
1
SR= EAC — PQ=SR
(i) PQ=SR (iii) PQ|AC [From (ii)]
(iii) PQRS is a parallelogram. SR|AC [From (i)]
D R PQ I SR
C
' V [Two lines parallel to the same line are
S k Q parallel to each other]
. ‘ Also, PQ=SR  [From (ii)]
A p B
. ] _ _ _ PQRS is a parallelogram.
Sol. Given : ABCD is a quadrilateral in which
_ ) [A quadrilateral is a parallelogram if a
P, Q, R and S are mid-points of
_ _ pair of opposite sides is parallel and is of
AB, BC, CD and DA. AC is a diagonal.
equal length]
[106]
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2. ABCDis arhombus and P, Q, R and S are
the mid points of sides AB, BC, CD and DA
respectively. Show that the quadrilateral

PQRS is a rectangle.
Sol.
D
S R
N N ] C
3 4
PN1 20
\/)/
B

Given: P, Q, R and S are the mid-points of
respective sides AB, BC, CD and DA of
rhombus. PQ, QR, RS and SP are joined.
To prove : PQRS is a rectangle.
Construction : Join A and C.

Proof : In AABC, P is the mid-point of AB
and Q is the mid-point of BC.

PQ || AC and PQ = %AC ..... (i)

(By midpoint theorem)
In AADC, R is the mid-point of CD and S is
the mid-point of AD.

SR || AC and SR = %AC ..(ii)

(By midpoint theorem)
From eq. (i) and (ii), PQ || SR and PQ = SR
PQRS is a parallelogram.
Now ABCD is a rhombus
AB =BC

= %AB=%BC:>PB=BQ

[Given]

Z1=/2

Sol.

[Angles opposite to equal sides are equal]
Now in triangles APS and CQR, we have,
AP =CQ
[P and Q are the mid-points of AB and BC
and AB = B(]
Similarly, AS = CR and PS = QR
[Opposite sides of a parallelogram]
AAPS = ACQR [By SSS congruency]
= Z3=/4 |[ByC.P.CT]
Now, we have £1 + ZSPQ + £3 =180°
And £2 + ZPQR + £4 = 180°
L1+ /ZSPQ+ £3=/2+ /ZPQR + £4
Since Z/1=/2and £3=/4 [Proved above]
/SPQ=2/PQR ... (iii)
Now PQRS is a parallelogram [Proved above]
. ZSPQ+ ZPQR=180° ... (iv)
[Co-Interior angles]
Using eq. (iii) and (iv),
ZSPQ + ZSPQ =180°
= 2/SPQ=180°
= ZSPQ=90°
Hence, PQRS is a rectangle.
ABCD is a rectangle and P,Q,R and S are
mid-points of the sides AB, BC, CD and DA
respectively. Show that the quadrilateral
PQRS is a rhombus.
Given : A rectangle ABCD in which P, Q, R
and S are the mid-points of the sides AB,
BC, CD and DA respectively. PQ, QR, RS
and SP are joined.

To prove : PQRS is a rhombus.

>
av]
os]
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Construction : Join AC.
Proof : In A ABC, P and Q are the mid-

points of sides AB, BC respectively.
PQ||ACand PQ = %AC (i)
[Mid- Point Theorem]

In A ADC, R and S are the mid-points of

sides CD, AD respectively.

SR||ACand SR = % AC .(ii)

[Mid- Point Theorem]

From eq.(i) and (ii), PQ || SR and
PQ=SR ..(iii)
PQRS is a parallelogram.

Now ABCD is a rectangle. [Given]
AD =BC

= %AD = %BC

= AS=BQ .(iv)

In triangles APS and BPQ,

AP =BP [P is the mid-point of AB]

/PAS = /PBQ [Each 90°]

And AS = BQ [From eq. (iv)]
AAPS = ABPQ
[By SAS congruency]
= PS=PQ [ByC.P.C.T.] (V)

From eq.(iii) and (v), we get that PQRS is
a parallelogram.

= PS=PQ

= Two adjacent sides are equal.

Hence, PQRS is a rhombus.

Sol.

ABCD is a trapezium in which ABJ||DC, BD
is a diagonal and E is the mid-point of AD.
A line is drawn through E parallel to AB
intersecting BC at F (fig.). Show that F is
the mid-point of BC.

Line ¢ meets BC at F and BD atG.

In AABD, E is mid-point of AD and EG || AB.
= G is mid-point of BD.

[Converse of Mid Point Theorem]

Also, ¢/ 1AB and AB || CD

= [(1CD

=  Fismid-point of BC.

[ Gis mid-point of BD]

[Converse of Mid Point Theorem]
In a parallelogram ABCD, E and F are the
AB and CD
respectively (fig.). Show that the line

mid-points of sides

segments AF and EC trisect the diagonal BD.
D F C

N\
/\

A E B
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Sol. Given : ABCD is a parallelogram. E and F

are midpoints of AB and DC respectively.
D F C

A E B
theboardstudy.com
To prove : DP =PQ =QB
Proof : Since E and F are the mid-points

of AB and CD respectively.
AE = %AB and CF = %CD (1)

But ABCD is a parallelogram.
AB =CD and AB || DC
= %AB = %CD and AB || DC

— AE=FCand AE ||FC [From eq. (i)]

AECF is a parallelogram.
= FA|CE
= FPJ|CQ

[FPis a part of FA and CQ is a part of CE] ... (ii)
Since the line segment drawn through the
mid-point of one side of a triangle and
parallel to the other side bisects the third
side.
In ADCQ, F is the mid-point of CD and
= FP|CQ

P is the mid-point of DQ.
— DP=PQ ... (iii)
Similarly, In AABP, E is the mid-point of
AB and

= EQ]J AP
Q is the mid-point of BP.
= BQ=PQ .. (iv)

Sol.

From eq.(iii) and (iv),

DP =PQ =BQ e (V)

Now,

BD=BQ +PQ+ DP=BQ+BQ+BQ=3BQ
= BQ-= %BD o (Vi)

From eq (v) and (vi),
DP=PQ=BQ= %BD

= Points P and Q trisects BD. So, AF and
CE trisects BD.

Hence, AF and CE trisect the diagonal BO.

ABC is a triangle right angled at C. A line

through the mid-point M of hypotenuse

AB and parallel to BC intersects AC at D.

Show that

(i) D isthe mid-point of AC

(i) MD LAC

(iii) 1

CM=MA-= EAB

(i) Through M, we draw line /7 || BC. /¢

intersects AC at D.
M is a midpoint of AB
= D is mid-point of AC.

[By converse of mid-point theorem]

A

AN
N
A
I\

ZADM = ZACB =90°
[Corresponding angles]
= ZADM =90°

MD L AC.

(ii)

U
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(iii) In ACMD and AAMD;
CD =AD,MD =MD
and CDM = ZADM
[Each =90°]
Therefore, ACMD = AAMD

[SAS congruence rule]

= CM=AM; Also AM = %AB
1
SO, CM = EAB

AM =CM = %AB

Show that the line segments joining the
mid-points of the opposite sides of a

quadrilateral bisect each other.

i yuvdarvuoltuu

Sol. P,Q,Rand S are the mid-points of the sides

AB, BC, CD and AD of the quadrilateral
ABCD.

We have to prove that, PR and QS bisects
each other. Now, join PQ, QR, RS and PS.
Here, we can prove that PQRS is a
parallelogram (as in solution 1).
Now, PR and QS are the diagonals of the
parallelogram PQRS.

PR and QS bisect each other as
diagonals of parallelogram bisect each

other.
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