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CBSE NCERT Solutions for Class 9 Mathematics Chapter 8

Back of Chapter Questions

1. The angles of a quadrilateral are in the ratio 3: 5: 9: 13. Find all the angles of the
quadrilateral.

Solution:
The ratio of the angles = 3:5:9:13
Let the angles be 3x, 5x, 9x and 13x

3x + 5x + 9x + 13x = 360° (- sum of all the angles of a quadrilateral equals
3607)

30x = 360°
x=12°
=~ 3x=3x12° = 36°
5x =5 x12% = 60°
9x =9 x 12° = 108"
13x = 13 x 12° = 156°
Therefore, the angles of a quadnilateral are 36°, 60°, 108° and 156°
2. If the diagonals of a parallelogram are equal. then show that it is a rectangle.
Solution:
ABCD is a parallelogram in which AC = BD in AABC and ABCD
AC = BD (given)
BC = BC (common side)
AB = DC (opposite sides of a parallelogram are equal)
= AABC = ABCD (SSS criteria)
= Their corresponding parts are equal.
= £ABC = £DCB...(1)
= AB |l DC, this implies BC is a transversal. [~ ABCD is a parallelogram]
=~ £ABC+ £DCB = 180°..(2)

From (1) and (2), we have
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£ABC = £DCB = 90°
i.e. ABCD is a parallelogram having an angle equal to 90°.
Therefore, ABCD is a rectangle

Show that if the diagonals of a quadrilateral bisect each other at right angles, then
it 1s a rhombus.

Solution:

In Quadrilateral ABCD, diagonals AC and BD bisect each other at right angles at O
~ In AAOB and AAOD, we have

AO = A0 (Common)

OB = 0D (since O is the midpoint of BD)

£AOB = £AOD (right angles, i.¢.,90°]

A AOB = A AOD (SAS criteria)

=» Their corresponding parts are equal.

AB = AD..(1)
Similarly, AB = BC...(2)
BC = CD...(3)
CD = AD...(4)

~ From (1), (2), (3) and (4), we get AB = BC = CD = DA
Therefore, the quadrilateral ABCD is a rhombus.
Show that the diagonals of a square are equal and bisect each other at right angles.
Solution:
ABCD is a square with its diagonals AC and BD intersecting at 0.
(a)  To prove that the diagonals are equal, i.e. AC = BD

In AABC and ABAD, AB = BA (common side)

BC = AD (opposite sides of the square ABCD]

£ABC = £BAD (angles of a square are equal to 90°]

~ AABC = A BAD (SAS criteria)

=» Their corresponding parts are equal.

= AC=BD..(1)
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(b)  To prove that ‘0" is the midpoint of AC and BD.

* AD || BC and AC is a transversal. (- opposite sides of a square are
parallel)

~ 21 = £3 (interior alternate angles)

Similarly, £2 = 24 (interior alternate angles)

Now, in AOAD and AOCB, AD = CB (opposite sides of the square)
21 = £3 (proved)

£2 = £4 (proved)

ADAD = A OCB [ASA criteria]

= Their corresponding parts are equal.

= 0A = 0C and OD = OB

=» 0 1s the midpoint of AC and BD, i.e. the diagonals AC and BD bisect
cach other at 0....(2)

(c) To prove that AC L BD
In A OBA and A ODA, OB = 0D (proved)
BA = DA (opposite sides of the square)
0OA = OA (common)
~ AOBA = A ODA (888 criteria)
=» Their corresponding parts are equal.
= £AOB = £A0D
And £AOB and £AOD form a linear pair.
£AOB + £A0D = 180°
£AOB = £AOD = 90°
= AC 1 BD...(3)

Therefore, from (1), (2) and (3), we get AC and BD are equal and bisect
each other at right angles.

5. Show that if the diagonals of a quadrilateral are equal and bisect each other at
right angles, then it is a square.

Solution:
Quadrilateral ABCD has O as the midpoint of AC and BD.
= AC L BD
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In AAOD and AAOB, AO = AO (Common)

OD = OB (* 0 is the midpoint of BD)

£AOD = £AOB (right angles)

~ AADD = A AOB (SAS criteria)

= Their corresponding parts are equal

= AD = AB..(1)

Similarly, AB = BC...(2)

BC = CD...(3)

CD = DA...(4)

From (1), (2), (3) and (4) we have: AB = BC = CD = DA
Therefore, Quadrilateral ABCD has all sides equal.
In AAOD and ACOB, AO = CO (given)

OD = OB (given)

£AQOD = £COB (vertically opposite angles)

~ AAOD = A COB (SAS criteria)

=» Their corresponding parts are equal.

= £1 = £2 (form a pair of interior alternate angles)
~ AD || BC

Similarly, AB || DC . ABCD is a parallelogram.

We know that parallelogram with all sides equal is a rhombus.
-~ ABCD is a rhombus.

In AABC and ABAD, AC = BD (Given)

BC = AD ( as proved)

AB = BA (Common)

~ A ABC = A BAD (SSS criteria)

=» Their corresponding angles are equal.

£ABC = £BAD

Now that AD || BC and AB is a transversal.

£ABC + £BAD = 180" (interior opposite angles are supplementary)

Call: +91- 9686 - 083 - 421 Page 4 of 21 www.vikrantacademy.org




VIKRANTADAD=MY"

i.e. The rhombus ABCD has an angle equal to 90°.
Therefore, ABCD is a square.
6. Diagonal AC of a parallelogram ABCD bisects £A (see Fig). Show that

D C

A B

(i) it bisects 2C also,

(ii) ABCD is a rhombus.

Solution:

In parallelogram ABCD, diagonal AC bisects £ZA.
= £DAC = £BAC

(1) To prove that AC bisects £C.

D (&

A B
ABCD is a parallelogram,

=» AB || DC and AC is a transversal.

= £1 = £3 (interior alternate angles) ...(1)
= BC || AD and AC is a transversal.

~ 22 = 24 (interior alternate angles) ...(2)

We know, AC bisects £A. (given)

21 = 22..0(3)
From (1), (2) and (3), we get
23 =24
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Therefore, this proves AC bisects £C.

(i1)  To prove ABCD is a rhombus.
InAABC, 21 = 24 [+ 21 = £2 = £4]
=» BC = AB (sides opposite to equal angles) ...(4)
Similarly, AD = DC...(5)
Since it is given that ABCD is a parallelogram
AB = DC (opposite sides of a parallelogram]....(0)
From (4), (5) and (6), we get AB = BC = CD = DA
Therefore, ABCD is a rhombus.

7. ABCD is a rhombus. Show that diagonal AC bisects £A as well as £C and diagonal
BD bisects 2B as well as 2D

Solution:

ABCD is a rhombus.

~AB=BC=CD=AD

Then AB || CD and AD || BC

Now, AD = CD

= 21 = £2....(1)(angles opposite to equal sides are equal]
Also, CD || AB (opposite sides of the parallelogram]

W 21=1243.......(2)

And AC is transversal.

Ll =24.......(3)

From (1), (2) and (3), we have

£2=¢s3and £1 = £4

This shows that AC bisects 2C as well as £A.
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Similarly, it is proved that BD bisects £B as well as £D.
8. ABCD is a rectangle in which diagonal AC bisects £A as well as £C. Show that:
(i) ABCD is a square
(i1) Diagonal BD bisects £B as well as £D.
Solution:
In rectangle ABCD, AC bisects £A and £C.

= s1=s4and £2 = 23..(1)

D C
28

-
-

L g
Rt
A

B
(i) ABCD is a parallelogram.(rectangle is a parallelogram)
= AB || CD and AC is a transversal.
o L2 = 243403 (alternate interior angles)
From (1) and (2), we get £3 = 24
= AB = BC (sides opposite to equal angles in AABC are equal.)
AB=BC=CD=AD
=» ABCD is a rectangle having with all sides equal.
Therefore it is proved that ABCD is a square.
(1)  ABCD is a square, and diagonals of a square bisect the opposite angles.
=~ BD bisects £B as well as £D

9, In parallelogram ABCD, two points P and Q are taken on diagonal BD such that
DP = BQ

(see fig) Show that:
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A D
0
B C
(i)  AAPD = ACQB
(i) AP=cCQ
(iii) AAQB = ACPD
(iv) AQ=CP

(v)  APCQ is a parallelogram
Solution:
(i) To prove that A APD = A CQB
AD || BC and BD is a transversal. (- ABCD is a parallelogram)
= £ADB = «CBD (interior alternate angles)
= 2/ADP = £CBQ
In AAPD and ACQ,
AD = CB (opposite sides of the parallelogram)
DP = BQ (given)
£CBQ = £ADP (already proved)
Therefore, AAPD = ACQB (SAS criteria)
(11) To prove that AP = CQ
Since AAPD = A CQB (as proved)
= Their corresponding parts are equal.
Therefore AP = CQ
(ii1)  To prove that AAQB = ACPD.
BD is a transversal
= AB || CD (= ABCD is a parallelogram)
=~ £ABD = £CDB
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= £ABQ = £CDP
So, in AAQB and ACPD, QB = PD (given)
£ABQ = £CDP (as proved)
AB = CD (opposite sides of parallelogram ABCD)
Therefore AAQB = ACPD (SAS criteria)
(iv)  To prove that AQ = CP.
Now we have proved that AAQB = ACPD
= Their corresponding parts are equal.
= this proves that AQ = CP.
(v)  To prove that APCQ is a parallelogram.

A D

C

By joining AC, the diagonals of a parallelogram bisect each other
= A0 =CO

And BO = DO

= (BO — BQ) = (DO — DP) ( BQ = DP)

=Q0=P0

Now, in quadrilateral APCQ, we get

A0 =COand Q0 = PO

= AC and QP bisect each other at 0.

Therefore, APCQ is a parallelogram.

10.  ABCD is a parallelogram and AP and CQ are perpendiculars from vertices A and C
on diagonal BD (see Fig.). Show that
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A B
(i) AAPB = ACQD

(i1) AP =CQ

Solution:

(i) To prove AAPB = ACQD
In AAPB and ACQD, ZAPB = 2CQD (90° each)
AB = CD (opposite sides of parallelogram ABCD)
£ABP = £CDQ
Therefore, AAPB = ACQD (AAS criteria)
(i1)  To prove AP = CQ
Now that AAPB = ACQD
= Their corresponding parts are equal.
Therefore, AP = CQ

11. In AABC and ADEF, AB = DE, AB || DE, BC = EF and BC || EE. Vertices A, B and
C are joined to vertices D, E and F respectively (see Fig.) Show that

(i) quadrilateral ABED is a parallelogram
(i1)  quadrilateral BEFC is a parallelogram
(iti) AD |l CF and AD = CF
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(iv)  quadrilateral ACFD is a parallelogram
(v) AC=DF

(vi) AABC = ADEF.

Solution:

(i) To prove that ABED is a parallelogram.

We know that *A quadrilateral is a parallelogram if a pair of opposite
sides are of equal length.”

Here, AB = DE (given)
AB || DE (given)

Therefore, a pair of opposite sides of quadrilateral ABED is of equal
length.

And this proves that ABED is a parallelogram.
To prove that ABED is a parallelogram.
(i)  To prove that BEFC is a parallelogram.
BC = EF (given)
And BC || EF (given)

Therefore, BECF is a quadrilateral in which a pair of opposite sides (BC
and EF) is parallel and of equal length.

This proves that BECF is a parallelogram.
(iif)  To prove that AD || CF and AD = CF

ABED is a parallelogram. (proved)

= Its opposite sides are parallel and equal.

= AD || BE and AD = BE ...(1)

Also BEFC is a parallelogram. (proved)

=~ BE || CF and BE = CF...(2) (opposite sides of a parallelogram are
parallel and equal)

From (1) and (2), it is proved AD || CF and AD = CF
(iv)  To prove that ACFD is a parallelogram.

AD || CF (proved)

and AD = CF (proved)
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Therefore, ACFD is aquadrilateral which has one pair of opposite sides
(AD and CF) parallel and of equal length.
This proves that Quadrilateral ACFD is a parallelogram.
(v)  To prove that AC = DF.
ACFD is a parallelogram(proved)
= Its opposite sides are parallel and of equal length.
Therefore AC = DF
(vi)  To prove that AABC = ADEF
In AABC and ADEF, AB = DE (opposite sides of a parallelogram)
BC = EF (opposite sides of a parallelogram)
AC = DF (proved)
Therefore AABC = ADEF. (SSS criteria)
ABCD is a trapezium in which AB || CD and AD = BC (see Fig.) Show that

- = =L
D C
i) LA=+B
i) 2C=4D

i) AABC = ABAD

iv)  diagonal AC = diagonal BD

Solution:

Given that AB || CD and AD = BC

(1) To prove that £A = £B.

Extend AB to E and draw CE || AD.

~ AB || DC

= AE || DC (given)

And AD || CE

This shows that AECD is a parallelogram.
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=» AD = CE (opposite sides of the parallelogram AECD)
But we know that AD = BC (given)

~ BC=CE

In ABCE,BC = CE

= £CBE = £CEB ...(1) (angles opposite to equal sides of a triangle are
equal)

Also, £ABC + £CBE = 180°...(2) (linear pair)

and £A + 2£CEB = 180°...(3)(adjacent angles of a parallelogram are
supplementary)

From (2) and (3), we get
£ABC + £CBE = £A + £CEB
We know, 2CBE = 2CEB

~ ZABC = 2£A
or £B= £A
e, A= 20

To prove that £C = £D.

AB || CD and AD is a transversal.

£A + 2D = 180° (sum of interior opposite angles is 180°)
Similarly, £B + £C = 180°

=> LA+ £D=£B+ £C

We know, £A = £B (as proved in (1)
Therefore £C = £D

To prove AABC = ABAD

In AABC and ABAD, AB = BA (common side)
BC = AD (given)

£ABC = £BAD (proved)

Therefore AABC = ABAD (SAS criteria)

To prove that diagonal AC = diagonal BD
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L

b ¢

AABC = ABAD (as proved in (ii1))

= Their corresponding parts are equal.

This proves that diagonal AC = diagonal BD.

Hint: Extend AB and draw a line through C parallel to DA intersecting AB
produced at E.

Exercise: 8.2

13. ABCD is a quadrilateral in which P, Q, R and S are mid-points of the sides AB, BC, CD
and DA (see Fig.) AC 1s a diagonal. Show that:

() SR ACand SR =-AC
(i) PQ=SR

(1)  PQRS is a parallelogram.
Solution:

P is the midpoint of AB, Q is the midpoint of BC
(1) To prove that SR || AC and SR = %AE and SR || AC

ABCD is a quadrilateral with R as the midpoint of CD, S as the mid-point of
DA, and AC as the diagonal of a quadrilateral ABCD.

In AACD, S is the midpoint of AD,
R is the midpoint of CD.

=» The line segment joining the mid-point of any two sides of a triangle is
parallel to the third side and half of it.
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SR =-AC and SR || AC
(i1)  To prove that PQ = SR.
In AABC, we have

P is the midpoint of AB
Q is the midpoint of BC.

And, SR = %ac. cre(2)  (as proved in (i)
Therefore From (1) and (2), it is proved
PQ = SR
(i)  To prove that PQRS is a parallelogram.
In AABC, P is the midpoint of AB and Q is the midpoint of BC.
~PQ = %ﬁc and PQ Il AC......(3)
In AACD, S is the midpoint of DA and R is the midpoint of CD
~SR= gmz and SR I| AC.......(4)
From (3) and (4), we get
PQ=SR = %AC and PQ || AC II SR
= PQ =SRand PQ || SR

We know that one pair of opposite sides in a quadrilateral PQRS is equal
and parallel.

Therefore, PQRS is a parallelogram.

14. ABCD is a rhombus and P, Q, R and S are the midpoints of the sides AB, BC, CD and
DA respectively. Show that the quadrilateral PQRS is a rectangle.

Solution:

To prove that PQRS is a rectangle
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C
R 3 bt
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D ' B
SNCF b
A

In Rhombus ABCD, P, Q, R, and S are the mid points of AB, BC, CD, and DA.
By joining AC, In A ABC, P and Q are the mid-points of AB and BC.

~PQ= %P.C and PQ || AC......(1)

In AADC, R and S are the mid-points of CD and DA.
5 SR = ;Ac and SR || AC......(2)

From (1) and (2), we get

PQ = gm‘: = SR and PQ || AC |l SR

= PQ =SRand PQ || SR

We know that, one pair of opposite sides of quadrilateral PQRS is equal and
parallel.

Therefore PQRS is a parallelogram.
Now, in AERC and AEQC,
21 = £2 (the diagonal of a rhombus bisects the opposite angles)

CR = CQ (each is equal to % of a side of rhombus)

CE = CE (common)

= AERC = AEQC (SAS criteria)

So we have £3 = £4 (corresponding parts of congruent triangles)
But £3 + £4 = 180° (linear pair)

= £3 = £4=90°

But £5 = £3 (vertically opposite angles)

£5 =90°
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This gives PQ || AC = PQ || EF

~ PQEF is a quadrilateral having a pair of opposite sides parallel and one of the
angles is 90°.

Therefore PQEF is a rectangle.

= £RQP = 90°

Now that one angle of parallelogram PQRS is 90°.
It is proved that 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.

Solution:

ABCD is a rectangle which has P, Q, R and S as the midpoints of AB, BC, CD and
DA, AC is the diagonal.

. =

To prove that PQRS is a thombus

By joining AC, in AABC,PQ = %ﬂﬂ and PQ || AC...(1) (midpoint theorem)
And in AACD, SR = %EC and SR || AC...(2) (midpoint theorem)

From (1) and (2), we get

PQ =SRand PQ || SR

Similarly, by joining BD, we’ll get

PS=QRand PS || QR

= Both pairs of opposite sides of quadrilateral PQRS are equal and parallel.
~ PQRS is a parallelogram.

Now, in APAS and APBQ,

£A = £B (each angle = 90°)

AP = BP (each side = %ﬁB}
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AS = BQ (each side = %-:-f opposite sides of a rectangle)

= APAS = APBQ (SAS criteria)

= Their corresponding parts are equal.

= P5S=P(Q

PS = QR (proved already)

And PQ = SR (proved already)

So,PQ=0QR =R5=5P

L.e., PQRS is a parallelogram having all sides equal.
This proves that PQRS is a rhombus.

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

Solution:

In trapezium ABCD, AB || DC.E is the midpoint of AD. EF is drawn parallel to AB.
To prove that F is the midpoint of BC.

Joining BD, In ADAB, E is the midpoint of AD

EG || AB

So we get that G is the midpoint BD (converse of midpoint theorem)

Now in ABDC, since G is the midpoint of BD (as proved already)

GF || DC(~ AB || DC and EF || AB and GF is a part of EF)

Therefore, by the converse of the mid-point theorem,

It is proved that F is the midpoint of BC

In a parallelogram ABCD,E and F are the mid-points of sides AB and CD
respectively (see Fig) Show that the line segments AF and EC trisect the diagonal
BD.
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A E B

Solution:

ABCD is a parallelogram with E and F as the midpoints of AB and CD.

To prove that the line segments AF and EC trisect the diagonal BD.

By joining the opposite vertices B and D.

We know that the opposite sides of a parallelogram are parallel and equal.
~ AB || DC = AE || FC...(1)

And also AB = DC

i.e..%&B = %[}c = AE = FC..(2)

From (1) and (2), we get that AECF is a quadrilateral with a pair of opposite sides
parallel and equal.

~ we can say AEFC is a parallelogram.

= AE || CF

Now, in ADBC, F is the midpoint of DC (given)

FP || CQ (since AF || CE)

= P is the mid-point of DQ (converse of midpoint theorem)

= DP = PQ...(3)

Similarly, in ABAP,BQ = PQ ...(4)

Therefore from (3) and (4), we have DP = PQ = BQ

This proves that the line segments AF and EC trisect the diagonal BD.

Show that the line segments joining the midpoints of the opposite sides of a
quadrilateral bisect each other.

Solution:

ABCD is a quadrilateral with P,Q, R and S as the midpoints of AB, BC, CD and DA
respectively,
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To prove that the diagonals of PQRS bisect the sides at O.
By joining PQ, QR, RS, SP and also PR and 5Q,
In A ABC, P and Q are the midpoints of its sides AB and BC respectively.

» PQ Il AC and PQ = ~AC
Similarly, RS || ACand RS = ~AC

=» PQRS is a quadrilateral with PQ = RS

and PQ || RS

~ PQRS is a parallelogram.

Now we know that the diagonals of a parallelogram bisect each other.
i.e., PR and SQ bisect each other.

Therefore, it is proved that the line segments joining the mid-points of opposite
sides of a quadrilateral ABCD bisect each other.

ABC is a triangle right angled at C. A line through the midpoint M of hypotenuse
AB and parallel to BC intersects AC at D. Show that

(1) D is the midpoint of AC

(i1) MD 1L AC

(iv) CM=MA= %AB

Solution:

ABC is a triangle, such that 2C = 90°
M is the mid-point of AB and MD || BC.
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C

(1) To prove that D is the midpoint of AC.
In AABC, M is the midpoint of AB (given)
MD || BC (given)

Therefore, it is proved that D is the midpoint of AC. (by converse of
midpoint theorem)

(1)  To prove that MD L AC.
MD || BC (given)
and AC is a transversal.
£MDA = £BCA (corresponding angles)
We know that £BCA = 90° (given)
= +MDA = 90°
Therefore, it is proved MD L AC.
(iii)  To prove that CM = MA = ZAB
In AADM and ACDM, £ADM = 2CDM (each angle = 90°)
MD = MD (common)
AD = CD (v it is proved that M is the midpoint of AC)
-~ AADM = ACDM (SAS criteria)
= Their corresponding parts are equal
= MA = MC..(1)
> M is the midpoint AB. (given)
-~ we get MA = gma...{:]
Therefore, from (1) and (2)

It is proved that CM = MA = %ﬂB
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