Checkpoint

1.

Sol.

Sol.

8

Quadrilaterals

(Page 103)

Check whether the following groups of four
angles represent the angles of a quadrilateral or
not.

(a) 80°,100°, 95°, 85°
(b) 47°,86°, 92°, 95°
(c) 31°,79°,118°,132°
We know that the sum of four angles of a
quadrilateral is 360°.
(a) We see that
80° + 100° + 95° + 85° = 180° + 180°
= 360°
Hence, the given angles are the angles of a
quadrilateral.
(b) We see that
47° + 86° + 92° + 95° = 320° < 360°
Hence, the given angles are not the angles of any
quadrilateral.
(c) We see that
31° +79° + 118° + 132° = 110° + 250°
= 360°
Hence, the given angles are the angles of a
quadrilateral.

. Three angles of quadrilateral are 57°, 120° and

73°. Find the measure of the fourth angle.
Let the fourth angle be x°.
57° +120° + 73° + x° = 360°
250° + x° = 360°
x° = 360° — 250°
=110°

Hence, the required angle is 110°.

U
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3.

Sol.

Sol.

Sol.

The angles of a quadrilateral are in the ratio
3:4:5:6. Find the measures of the angles of the
quadrilateral.
Let the angles of the quadrilateral be (3x)°, (4x)°,
(5x)° and (6x)°.

3x + 4x + 5x + 6x = 360

= 18x = 360
360

= — = 2

= by 13 0

Hence, the required angles are (3 x 20)° = 60°,
(4 x 20)° =80°, (5 x 20)° = 100° and (6 x 20)° = 120°.

. In a parallelogram ABCD, ZA =98°. Find ZB, ZC

and £D.
Let ABCD be a parallelogram and ZA = 98°.
D c
98°
A B
ZA=/C
i £C =98°
Also, ZA + /B =180°
= ZB =180° - ZA
= 180° - 98°
= 82°
ZD = /B =82°

Hence, /B = 82°, Z/C =98° and ZD = 82°.

. Find the measures of angles of a parallelogram

if one angle is 40° less than thrice the smallest
angle.

Let the smaller angle be x°. Then another angle
is (3x — 40)°.
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QUADRILATERALS

Sol.

5 (2x)° + 2(3x — 40)° = Sum of four angles of the
parallelogram

= 360°

x +3x-40=180
4x =180 + 40

4x =220

X = @z
4

(Bx —40)° = (3 x 55 -40)°
= (165 - 40)°
=125°
Hence, the required angles are 55° and 125°.

U

U

U

55

Also,

. In the given figure, ABCD is a parallelogram. If

AB =2AD and P is the mid-point of AB, then find
Z/CPD.

Given that ABCD is a parallelogram and P is a
point on AB such that AB = 2AD and P is a mid-
point of AB.

To find the measure of ZCPD.

Construction: We draw PQ || AD to cut DC at Q.

We see that APQD is a rhombus and we know
that the two diagonals AQ and PD of the
rhombus bisect each other at right angles.

. Z/PMQ = 90°
Let PAD =26 and ZADQ = 2¢.
260 + 2¢ = 180°
= o +0=90° (1)

/PAQ = Z/QAD =0

and ZAQD = ZAQP =6
Also, ZQPC = ZAQP =0
Also, ZADP = ZQDP = ¢
and ZAPD = /DPQ = ¢

Now, in APMQ, we have
/MQP + ZMPQ =06 + ¢

Sol.

Sol.

= ZQPC+ £ZMPQ =0+ ¢
= ZCPD =6+ ¢ =90° [From (1)]
Hence, the required measure of ZCPD is 90°.

. If an angle of a parallelogram is half of its adjacent

angle, find the angles of the parallelogram.

Let ABCD be a parallelogram with ZA = 0 and
ZB =26.

D c
0 26
A B
Now, ZA + /B =180°
= 20 + 6 =180°
= 30 = 180°
= 0= % — 60°

Hence, the required angles are 60°, 120°, 60° and
120°.

. In the given figure, ABCD is a parallelogram. If

/BCE = 50°, «BEC = 90° and ZCFD = 90°, then

find ZCBE, ZECF and £ZFDC.

A E B
[T

F

50°

D ¢

Given that ABCD is a parallelogram, CE 1 AB,
CF 1L AD and #BCE = 50°.

To find the measures of ZCBE, Z/ECF and ZFDC.
In AECB, we have
ZCBE =90° - 50° = 40°
[~ ZCBE + ZECB = 90°]
/FDC = ZCBE
[~ ABCD is a parallelogram]
= 40°
. In AFDC, ZFCD = 90° — ZFDC
=90° — 40° = 50°
Now, /DAB + ZADC = 180°
= ZDAB + 40° = 180°
Z/DAB = 180° - 40°
= 140°
/DCB = ZDAB
= 140°
= ZFCD + ZECF + ZECB = 140°

Also,



= 50° + ZECF + 50° = 140°
/ECF = 140° - 100°
= 40°
Hence, the required measures of ZCBE, ZECF
and ZFDC are 40°, 40° and 40° respectively.

U

Check Your Progress 1
(Page 107)

Multiple-Choice Questions

1.

Sol.

Sol.

Sol.

In a parallelogram ABCD, ZC = 110°. Find the
measure of ZB.

A D

110¢
B C

(a) 110° (b) 70°
(c) 60° (d) 50°
(b) 70°
In parallelogram ABCD,

ZB + £C = 180°
= ZB =180° -110°
= «/B =70°

. The quadrilateral formed by joining the mid-

points of the sides of a quadrilateral ABCD taken
in order, is a rectangle, if

(1) ABCD is a rectangle.

(b) ABCD is a parallelogram.

(c) diagonals of ABCD are equal

(d) diagonals of ABCD are perpendicular.
(d) diagonals of ABCD are perpendicular.

. The quadrilateral formed by joining the mid-

points of the sides of a quadrilateral ABCD, taken
in order is a rhombus, if

(a) ABCD is a parallelogram.

(b) ABCD is a rhombus.

(c) diagonals of ABCD are equal.

(d) diagonals of ABCD are perpendicular.
(c) diagonals of ABCD are equal.

. The given figure ABCD is a parallelogram. The

diagonals AC and BD intersect at O. Find all the
angles of the parallelogram.

Sol.

Sol.

(a) 60°,120°, 60°, 120°
(b) 80°, 100°, 80°, 100°
(c) 90°,90°, 90°, 90°
(d) 40°, 140°, 40°, 140°
(a) 60°, 120°, 60°, 120°
We have,

In AODC,

ZCOD = ZAOB = 3x
[Vertically opposite angles]

ZCOD + £0CD + £CDO = 180°
= 3x +4x + 2x = 180°
= 9x = 180°
= x =20°
ZDBC = ZADB
[Alternate angles, AD || BC]
= ZADB = x
£4D = ZADB + ZBDC
=x+2x
£D = 3x = 60° [ x=20°]
= ZB = 60° [Opposite angles of a
|| gm are equal]
ZA + £D = 180°
= ZA =180° - 60° = 120°
i ZC =120°
The angles of the parallelogram are 60°, 120°, 60°,
120°.

. If an angle of a parallelogram is one-third of

its adjacent angle, find all the angles of the
parallelogram.

(a) 45°,135°, 45° and 135°

(b) 60°,120°, 60° and 120°

(c) 70°,110°, 70° and 110°

(d) 80°,100°, 80° and 100°

(a) 45°,135°, 45° and 135°
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QUADRILATERALS

Let the adjacent angle = x
The other angle = % x
1 0
X+ gx= 180
4x o
= 3 = 1380
= x=7 x 180° = 135°

Therefore angles of the parallelogram are 45°,
135°, 45° and 135°.

Very Short Answer Type Questions

6.

Sol.

Sol.

In a parallelogram ABCD, determine the sum of
the angles of C and D.

Let ABCD is a parallelogram. Then AB || DC and
AD || BC.

To find the measure of ZC + ZD.
D . c

A B
- AD || BC and DC is their transversal,
. sum of the interior angles, i.e.
ZADC + ZBCD = 180°
= ZC + £D = 180°
Hence, the sum of the angles of C and D is 180°.

. In a parallelogram PQRS, the bisectors of /P and

/S intersect at M. What is the measure of /PMS?

Given that PQRS is a parallelogram. PM and SM,
the bisectors of ZSPQ and /PSR respectively
intersect each other at M.

To find the measure of Z/PMS.

S, R

P Q
We know that

Z/SPQ + /PSR = 180°
N % /SPQ + % /PSR = 90°
= Z/SPM + /PSM = 90°
In APMS, we have
Z/PMS = 180° - (/SPM + ~PSM)
= 180° - 90°

=90°
-. The required measure of ZPMS is 90°.

8.

Sol.

Sol.

Prove that the line segment joining the mid-
points of the opposite sides of a parallelogram is
parallel to the other pair of parallel sides.

Given that ABCD is a parallelogram and Q, S, P,
R are respectively the mid-points of AB, BC, CD
and DA. PQ and RS are joined.

To prove that PQ || AD and RS || AB.

D P o]
R s
A Q B

- ABCD is a parallelogram,

AB || DC
and AB =DC
AQ || DP
and 1as=1pc
2 2
= AQ =DP
. AQPD must be a parallelogram.
PQ || DA

Similarly, we can show that RS || AB.

Hence, proved.

. In a parallelogram ABCD, AB = 11 cm and

AD = 6 cm. The bisector of ZA meets DC at E. AE
and BC produced meet at the point F.

Find the ratio g .
CB

D E
GCmL/
A

11 cm

C
B

Given that ABCD is a parallelogram, AB =11 cm,
AD =6 cm and Eis a point on DC such that AE is
the bisector of ZDAB. AE and BC produced meet
each other at F.

D E
6 cm
0
6
A

11 cm

F

A/ej
0 C
B




10.

Sol.

. . CF
To find the ratio CB"

Let /DAE = ZEAB =6
Then /FEC = Z/BAE
[Corresponding angles]
=0

Also, ZEFC = ZDAE [Alternate angles]
=0

BF = AB=11cm

CF =BF - BC
=BF - AD
=(11-6) cm
=5cm

and CB =DA

=6cm

. Reauired ratio of CF = 3

. Required ratio of CE - ¢
In the given figure, ABCD and EFGB are both
parallelograms. If /D = 70°, find all the angles

of the parallelogram EBGF.

.. In AABF,

[- BC = AD]

A D
70°
E F
B G C
ZB= /D [Opposite angles of
a ||gm are equal]
A D
70°
E F
B G C
= ZB =70°
ZB + £G = 180°
= G =180° -70° = 110°
ZF=/B=70°
ZE = ZG =110°

The angles of the parallelogram BGFE are 70°,
110°, 70° and 110°.

11. In the given figure, ABCD is a parallelogram. The

bisector of /B also bisects AD at P. Prove that
BC = 2AB.

Sol. ZABP = ZPBC

A P ., D
B C

[BP bisects /B]
/PBC = Z/APB [Alternate angles, AD || BC]
ZAPB = ZABP

=
A P D
B C
AP = AB
[Sides opposite to equal angles]
2AP = 2AB

AD = 2AB
= BC = 2AB

[AD = BC]

Short Answer Type Questions
12. In the given figure, ABCD is a parallelogram and

ZA = 60°. If the bisectors of ZA and /B meet at
P, prove that AD = DP, PC = BC and DC = 2AD.

D P C

60°
A B

Sol. Given that ABCD is a parallelogram and

ZA =60°. P is a point on DC such that PA and PB
are respectively the bisectors of Z/DAB and ZABC.

To prove that AD = DP, PC = BC and DC = 2AD.

/DAP = /PAB

We have
_ 60°
2

Also, ZAPD = /PAB
[Alternate angles, -~ AB || DC]
ZAPD = 30°

=30° (1)
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13.

Sol.

ZAPD = ZDAP [From (1)]
AD = DP
Now, /A + /B =180°
/B =180°- ZA
=180° - 60° = 120°
/PBC = ZPBA
= alternate ZCPB
[~ AB || DC]
R PC =BC
Also, DC =DP + PC
= AD + BC
= AD + AD =2AD
DC =2AD

Hence, proved.

Two parallel lines [ and m are intersected by a
transversal p as shown in the figure. Show that
the quadrilateral formed by the bisectors of
interior angles is a rectangle. [CBSE SP 2013]

Given that PQ and RS denoted by [ and m
respectively are two parallel lines and AC
denoted by p is a transversal. AD and CD are
the bisectors of ZPAC and ZRCA respectively.

Also, AB and CB are the bisectors of ZQAC
and ZSCA respectively forming a quadrilateral
ABCD.

To prove that ABCD is a rectangle.

We have,
Z/PAC = ZSCA
[Alternate angles, "~ PQ || RS]
1 pace 1
= 5 Z/PAC = > Z/SCA

14.

Sol.

= /DAC = ZBCA
o AD || BC (1)
Also, ZQAC = ZRCA
[Alternate angles, -~ PQ || RS]

= % /QAC = % /RCA
= /BAC = ZDCA

AB || DC (2
. From (1) and (2), we see that ABCD is a
parallelogram.
Again, ZPAC + ZRCA = 180°

[Sum of interior angles between
two parallel lines]

1 180°

= 3 /PAC+ %LRCA: - =90°
= /DAC + /DCA = 90°
- In AADC,
ZADC = 180°— (/DAC + /DCA)
— 180° - 90°

=90°
. The parallelogram ABCD is a rectangle.
Hence, proved.
The angle between two altitudes of a
parallelogram through the vertex of an obtuse

angle of the parallelogram is 60°. Find the angles
of the parallelogram.

ZS and £Q are two obtuse angles. SA and SB are
two altitudes of the parallelogram PQRS from the
vertex of an obtuse angle.

S R
60°
B
[
P A Q
ZASB = 60° [Given]
ASBQ is a quadrilateral.

ZSAQ + ZASB + ZSBQ + £Q = 360°
= 90° + 60° + 90° + £Q = 360°
[SA and SB are altitudes]
ZQ = 360° — 240°
2Q = 120° (1)
£S5 = £Q [Opposite angles are
equal in a ||gm]

Uy



= /S =120° -(2)
/P + /Q =180°
[Sum of coint. angles is 180°]

Again,

= ZP =180° - 120°
= ZP =60° .(3)
/P = /R
[Opp. angles are equal in || gm]
= ZR = 60°

Therefore, the angles of the parallelogram are
ZP =60°, £Q =120°, ZR = 60°, £S =120°.

15. In the given figure, ABCD is a parallelogram.
E and F are two points on sides AB and CD such
that AE = CF. Prove that BD and EF bisect each

other.
D F C
X
A E B
Sol. AB=CD
[Opp. sides of a ||gm are equal]
AB = AE + BE
CD =DF + FC
AE = CF [Given]
= BE = DF (1)
A
In AEXB and AFXD
L1=2/2 [Alt. angles, DF || EB]
L3 =/4 [Alt. angles, DF || EB]
DF = BE [From (1)]
By ASA congruence criterion,
AEXB = AFXD
EX =XF [By CPCT]
DX = XB [By CPCT]

Hence, BD and EF bisect each other.

Long Answer Type Questions

16. In parallelogram PQRS, two points A and B are
taken on the diagonal PR such that RB = PA as
shown in the given figure. Show that

Sol.

(a) ASBR = AQAP (b) SB=QA
(c) ASAP = AQBR (d) SA = QB
(e) SBQA is a parallelogram
S R
— ¢
A
P Q
Given that PQRS is a parallelogram and PR is a

diagonal. A and B are two points on PR such that
PA =RB.

To prove that (1) ASBR = AQAP (b) SB = QA
(c) ASAP = AQBR (d) SA = QB (e¢) SBQA is a
parallelogram.

(a) In ASBR and AQAP, we have

RB = PA [Given]
SR = QP
[- PQRS is a parallelogram]

ZSRB = alternate ZQPA.
.. By SAS congruence criterion, we have

ASBR = AQAP
) .. SB = QA [By CPCT]
(c) In ASAP and AQBR, we have
PA =RB [Given]
SP = QR
[- PQRS is a parallelogram]

Z/SPA = alternate ZQRB
.. By SAS congruence criterion,
ASAP = AQBR
(a .. SA =QB
(e) = ASBR = AQAP,
ZSBR = ZQAP
= 180° - ZSBA = 180° - ZQAB
= ZSBA = ZQAB
But these are alternate angles.
s SB || AQ
Similarly, from the congruency of ASAP and
AQBR we can show that AS || QB
.. The figure SBQA is a parallelogram.

[By CPCT]
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17. In the given figure, ABCD is a parallelogram and E
is mid-point of AD. DL || BE meets AB produced
at F. Prove that B is the mid-point of AF and
EB = FL. [CBSE SP 2012]

Sol. Given that ABCD is a parallelogram and E is the
mid-point of AD. L is a point on BC such that
DL || BE. DL and AB produced meet each other
at the point F.
To prove that B is the mid-point of AF and
EB = FL.

A B F
- EBLD is a parallelogram,
ED = BL
Also, since E is the mid-point of AD,
AE = ED
AE = BL
Now, in AABE and ABFL, we have
AE = BL
ZEAB = corresponding ZLBF
[~ AD || BC]
ZEBA = ZLFB [~ EB || DF]
. By AAS congruence criterion,
AABE = ABFL
EB =LF = FL
and AB = BF
. Bis the mid-point of AF.

18. The median PS of a APQR is produced to
T so that PS = ST. Prove that the quadrilateral
PQTR is a parallelogram.

[By CPCT]

p

Sol. In APSQ and ATSR,

PS=TS [Given]
ZPSQ = LTSR [Vert. opp. Zs]
QS=RS [+ DPSisthe median]
P
o+ +—>r

By SAS congruence criterion,

APSQ = ATSR
PQ =RT [By CPCT] ...(1)
and ZPQS = LTRS [By CPCT]
= /PQR = ZTRQ [Same angles]

But ZPQR and £TRQ are alternate interior angles
formed when transversal QR intersects PQ and
RT at Q and R respectively.

PQ || RT (2)

Thus, in quadrilateral PQTR,
PQ =RT and PQ || RT [From (1) and (2)]

= PQTR s a parallelogram.

Check Your Progress 2
(Page 111)

Multiple-Choice Questions

1. In APQR, A and B are mid-points of sides PQ and
PR respectively. X is any point on side QR. X is
joined to P. If C and D are mid-points of QX and
XR respectively, then ABDC is a
(@) square. (b) rectangle.

(¢) rhombus. (d) parallelogram.

Sol. (d) parallelogram

We have, QR = QX + XR
=2CX + 2XD
[XC = CQ and XD = DR]
= 2[CX + XD]

QR = 2CD (1)



Sol.
. D, E and F are the mid-points of the sides BC,

Sol.

Qi— } H H—R

In APQR, by Mid-point Theorem,

AB || CD
and AB = %QR
or, AB =CD [From (1)] ...(2)
In APQX,

A is the mid-point of PQ and C is the mid-point
of QX

— AC|PX and AC-= % PX
[By Mid-point Theorem] ...(3)

In APXR,

B is the mid-point of PR and D is the mid-point
of XR.

— BD|PX and BD= %PX (4

From (3) and (4),
AC|BD and AC=BD .(5)
From (2) and (5), ABDC is a parallelogram.

. D and E are the mid-points of the sides AB and

AC respectively of AABC. DE is produce to F.
To prove that CF is equal and parallel to DA, we
need an additional information which

(1) ZADE = /ZECF  (b) £EFC = /DAE
(c) AE = EF (d) DE = EF
(d) DE = EF

CA and AB of AABC. If ZA =40°, /B = 80° and
£C =60°, find ZD, ZE and ZF of ADEF.

(a) 60°, 80°, 40° (b) 40°, 80°, 60°

(c) 80°, 60°, 40° (d) 40°, 60°, 80°

(b) 40°, 80°, 60°

In AABC and ADCE,

E is the mid-point of AC and D is the mid-point
of BC.

By mid-point theorem,

DE || AB and DE:%AB

Sol.

/B = ZEDC [Corresponding angles]
ZEDC = 80° (1)

Similarly, F is the mid-point of AB and D is the
mid-point of BC.

By mid-point theorem,
FD || AC and FD = % AC

/C = /FDB =60° [Corr. £s] ...(2)
ZFDB + £ZFDE + ZEDC = 180°

= ZFDE = 180° - 60° — 80°
= /FDE = 40°
or, /D =40° ..(3)

ZFED = ZEDC = 80° [Alt. angles] ...(4)
ZEFD = ZFDB = 60° [Alt. angles] ...(5)
From (3), (4) and (5)
/D =40°, Z/E = 80°, ZF = 60°.

. LMNT is a trapezium in which LM || TN. P and

Q are the mid-points of TL and NM respectively.
If LM =11 cm, PQ = 13 cm, then the length of TN
is

(a) 18 cm (b) 17 cm
(c) 16 cm (d) 15 cm
(d) 15 cm

Given that P and Q are respectively the mid-
points of non parallel sides TL and MN of a
trapezium LMNT, where LM || TN, LM =11 cm
and PQ =13 cm.

R L MMcm M

To prove that PQ|| TN or LM and PQ = % (IM+TN)

and hence to find the length of TN.

Construction: We join NP and produce it to cut
ML produced at the point R.
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In ATPN and ALPR, we have
TP =LP
ZTNP = alternate ZLRP
[~ RM || TN]
ZTPN = ZLPR

[Vertically opposite angles]

. By AAS congruence criterion, we have

ATPN = ALPR
= NP = RP [By CPCT]
and TN = LR (1)

i.e., P is the mid-point of RN.
Now, in ARNM, P and Q are the mid-points of
RN and MN respectively.

. By the mid-point theorem of a triangle,

PQ || RM or TN

and PQ = % « RM

_ %(RL + LM

= %(TN +LM) [From (1)]

- 13=%(TN+11)
- 26=TN + 11
- TN = 26 - 11

_ 15

Hence, the required length of TN is 15 cm.

. P is the mid-point of the side TZ of a
parallelogram XYZT. A line through Z parallel
to PX intersects XY at A and TX produced at B.
If TX = 4.2 cm, then the length of TB is

(a) 42 cm (b) 8.4 cm
(c) 12.6 cm (d) 6.3 cm
. (b) 84 cm

Given that P is the mid-point of the side TZ of the
parallelogram XYZT. A is a point on XY such that
ZA || PX. ZA produced intersects TX produced at
the point B.

os
,
w
X

To find the measure of TB if TX = 4.2 cm.
In ATBZ, P is the mid-point of TZ and PX | ZB.
. By the converse of mid-point theorem for a
triangle, X is the mid-point of TB.
TB=TX + XB
=TX+TX
= 2TX
=2x42
=8.4
. The required length of TB is 8.4 cm.

Very Short Answer Type Questions

6. LMNT is a parallelogram. X and Y are respectively
the mid-points of the sides LM and TN. TX
and MY meet the diagonal LN at P and Q
respectively. If the length of the diagonal LN of
the parallelogram is 15 cm, what is the length of
PQ?

Sol. Given that LMNT is a parallelogram, X and
Y are the mid-points of the sides LM and
TN respectively. LN is a diagonal of the
parallelogram. TX and YM cut LN at the points
P and Q respectively. It is also given that
LN =15 cm.

To find the length of PQ.

L X M
We see that XM = % LM = % TN
Also, XM || TY.
. The figure TXMY is a parallelogram.
X | MY
= TP | QY
Now, in ATNP, Y is the mid-point of TN and

TP || QY.
. Qs the mid-point of PN

[By mid-point theorem for a triangle]
PQ = %PN ()

Similarly, in ALMQ, . X is the mid-point of LM
and PX || QM,

PQ = %LQ ..2)



Sol.

Adding (1) and (2), we get
2PQ = % (PN + LQ)

- %(PQ+QN+PQ+LP)

_1 1
= 2(PQ+QN+LP)+ 2PQ

_1 1
= ZIN+ 2PQ
po_ 1
N (2—§)PQ_2LN
= 3PQ =LN
= po= N
3
15
3
=5

Hence, the required length of PQ is 5 cm.

. If there are three or more parallel lines and the

intercepts made by them on one transversal are
equal, then prove that the intercepts made on any
other transversal are also equal.

[CBSE SP 2011, 2012]

Given that [, m, n are three parallel lines cutting
the two transversals p and g at A, B, Cand D, E,
F respectively.

A A
o
I~
>
,
o}’
e
//
<« [
y Y
M J

It is given that intercept AB = intercept BC.
To prove that intercept DE = intercept EF.

Construction: We join AF to cut the line m or BE
at O.

In AACEF, B is the mid-point of AC and BO || CF.

. By converse of mid-point theorem for a
triangle, O is the mid-point of AF.

Now, in AAFD, O is the mid point of AF and
OE || AD.

. E is the mid-point of DF, i.e. DE = EF.

Hence, proved.

. In APQR, PL is the median through P and S is the

mid-point of PL. QS produced meets PR at T.
Prove that PT = % PR.

Sol.

Sol.

Given that PL is a median of a triangle PQR and
S is the mid-point of PL. QS produced meets PR
atT.

To prove that PT = % PR

Construction: We draw LM || QT where M is a
point on PR.

In ATQR, L is the mid-point of QR and LM || QT.
. By converse of mid-point theorem for a
triangle, M is the mid-point of TR.

ie. T™M = MR (1)
Again, in APLM, S is the mid-point of PL and
ST || LM.

. By converse of mid-point theorem for a
triangle, T is the mid-point of PM.

ie. ™ =PT ...(2)
.. From (1) and (2), we have
PT =TM = MR
i 1
ie. PT = 3 PR

Hence, proved.

. In the given figure, ABCD is a parallelogram. P is

the mid-point of the side DC and Q is a point on
AC such that CQ = i AC. If PQ produced meets
BC at R, prove that R is the mid-point of BC.

Given that ABCD is a parallelogram, P is the mid-
point of DC and Q is a point on the diagonal AC

such that CQ = % AC. BD is another diagonal of

the parallelogram and let the two diagonals meet
each other at the point O.

Let PQ produced meet BC at R.
To prove that R is the mid-point of BC.

Since diagonals of a parallelogram bisect each
other,

AC =20C
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i.e. Qis the mid-point of CO.
. By mid-point theorem for a triangle, PQ || DO
= PR || DB

Now, in ACOB, QR || OB and Q is the mid-point
of CO.

. By converse of mid-point theorem of a
triangle, R is the mid-point of BC.

Hence, proved.

Short Answer Type Questions
10. In the given figure, ABCD is a rectangle and L is

the mid-point of the diagonal AC. LM and LN are
respectively parallel to AB and AD. Prove that N
is the mid-point of DC. Also prove that

MN = lAC.
2
B M c
N
L
A D

. Given that ABCD is a rectangle and L is the
mid-point of the diagonal AC. LM and LN are
respectively parallel to AB and AD, where M and
N are points on BC and CD respectively.

To prove that N is the mid-point of DC and

1
MN = = AC.
2
B Mo c
2 2 2
L N
A " D

In AADC, since L is the mid-point of AC and
LN | AD, hence, by converse of mid-point
theorem, N is also the mid-point of DC.
Again, in AABC,

- Lis the mid-point of AC and LM || AB, hence,
by converse of mid-point theorem for a triangle,
M is also the mid-point of BC.

Now, since ML || CN and LN || MC,
. MLNC is a rectangle with diagonals LC = MN.
Since L is the mid-point of AC,

MN = LC = %AC

Hence, proved.

. Quadrilateral ABCD is a rhombus and P, Q, R

and S are the mid-points of AB, BC, CD and DA
respectively. Prove that PQRS is a rectangle.

. Given that ABCD is a rhombus and P, Q, R,

S are the mid-points of AB, BC, CD and DA
respectively.

To prove that the quadrilateral PQRS is a
rectangle.

D, R C
S S 0
A P B

Construction: We join the diagonals AC and BD
of the rhombus ABCD. Let them intersect each
other at the point O.

By mid-point theorem of a triangle, we have

In AADC or AABC, RS or QP || AC and

RS = %AC:QP

Similarly, in AADB or ADCB, SP or RQ || DB and
1

SP = 5 DB =RQ

Now, we know that in a rhombus two diagonals
are at right angles to each other and unequal in
length. Hence, in rhombus ABCD, AC L DB and
AC = DB.

.. In the quadrilateral PQRS, RS 1 RQ, RS # RQ,
but RQ || SP and RQ = SP.

. PQRS s a parallelogram and this parallelogram
is a rectangle, since RS L RQ and RS # RQ.

Long Answer Type Questions
12. In the given figure, ABCD is a rectangle and P, Q,

R and S are the mid-points of the sides AB, BC,
CD and DA respectively. Prove that quadrilateral
PQRS is a rhombus.




Sol.

13.

Sol.

Given that ABCD is a rectangle with AC and DB
as its two diagonals. P, Q, R, S are the mid-points
of the sides AB, BC, CD and DA respectively.
To prove that the quadrilateral PQRS is a
rhombus.

In AADC, since S and R are the mid-points of
AD and DC respectively, hence, by mid-point
theorem for a triangle, SR || AC

and SR = % AC (1)
Similarly, from AADB,
_1pg-1
SP = 2DB— 2AC ... (2)

[~ Two diagonals AC and DB of
a rectangle are equal]

. From (1) and (2),

SP = SR
Also, SP || RQ [ SPorRQ | DB]
and SR||PQ [+ SRorPQ | AC]

. The quadrilateral PQRS is a parallelogram
with adjacent sides SP and RS equal. Hence,
PQRS is either a rhombus or a square.

But since angle between two diagonals AC and
BD of a rectangle is not 90°, hence, angle between
SR (]| AC) and SP (|| DB) is not 90°. Hence, the
parallelogram PQRS must be a rhombus.

Prove that the line segment joining the mid-
points of the diagonals of a trapezium is parallel
to each of the parallel sides and is equal to half
the difference of these sides.

Given that AD and BC are two non parallel sides
of a trapezium ABCD where AB || DC. AC and
BD are its two diagonals. P and Q are the mid-
points of AC and BD respectively.

To prove that PQ | AB or DC and PQ = % (AB-DC).

1.

Sol.

Construction: We join DP and produce it to cut AB
at R.

In AAPR and ACPD, we have
AP =CP
[ Pis the mid-point of AC]
Z/PAR = alternate Z/PCD
[~ AB || DC and AC is a transversal]
ZAPR = ZCPD
[Vertically opposite angles]

. By ASA congruence criterion, we have

AAPR = ACPD ..(1)
AR =CD [By CPCT]
and RP = DP [By CPCT]

Now, in ADRB, P and Q are the mid-points of
DR and DB respectively. Hence, by mid-point
theorem for a triangle, PQ || AB or DC.

PQ= L RB

Al
S0, 5

- % (AB - AR)

- %(AB ~CD) [From (1)]

Hence, proved.

Higher Order Thinking
Skills (HOTS) Questions

(Page 113)

Prove that the line segment joining the mid-
points of two non parallel sides of a trapezium

(a) is parallel to each of the parallel sides of the
trapezium,

(b) is equal to half of their sum and

(c) bisects the two diagonals of the trapezium.

Given that ABCD is a trapezium, AD and BC
are its non parallel sides and AB || DC. P and
Q are the mid-points of the sides AD and BC
respectively. The line segment PQ intersects the
two diagonals AC and BD of the trapezium at the
points M and N respectively.
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To prove that
(a) PQ || AB and DC

(b) PQ = % (AB + DC)

(c) M and N are the mid-points of AC and BD
respectively.
Construction: We join CP and produce it to cut BA
produced at R.
(a) In ADPC and AAPR, we have
PD = PA [Given]
ZDCP = alternate ZARP
[~ AB || DC and RC is a transversal]
/DPC = ZAPR
[Vertically opposite angles]
. By AAS congruence criterion,

ADPC = AAPR
- CP=RP [By CPCT] ...(1)
and DC=AR [By CPCT]...(2)

Now, in ACRB, PQ || AB or DC by mid-point
theorem for a triangle, since P and Q are the
mid-points of CR and CB.

(b) Since, P and Q are the mid-points of the sides
CR and CB of ACRB, hence by mid-point
theorem for a triangle,

PQ= = RB

—_ N

= 5 (AR + AB)

- %(DC + AB)

[From (2)]
(c) In AADC, P is the mid-point of AD and
PM | DC.
. By converse of mid-point theorem for a
triangle, M is the mid-point of AC.
Again, in ABDC, Q is the mid-point of BC and
ON | DC.
. By converse of mid-point theorem for a
triangle, N is the mid-point of BD.

Hence, proved.

2. Ina AABC, BL and CM are drawn perpendiculars

to a line segment through A, from B and C
respectively. If P is the mid-point of BC, prove
that PL = PM.

. Given that ABC is a triangle and LM is a line
segment through the point A. BL and CM are
drawn perpendiculars to a line segment through

A, from B and C respectively. P is the mid-point
of BC.

To prove that PL = PM
Construction: Draw PE L LM

Since BL, PE and CM are perpendiculars to
the same line segment LM, they are parallel to
one another. Now, BC and LM are transversals
between these three parallel line segments. Since
intercepts BP and PC between these three parallel
line segments are equal, hence, intercepts LE
and ME on the other transversal LM will also be

equal.
Hence, LE = ME ...(1)
Now, in ALEP and AMEP, we have
LE = ME [From (1)]
ZLEP = ZMEP = 90°
[By construction]
PE =PE
. By SAS congruence criterion,
ALEP = AMEP
PL =PM [By CPCT]

Hence, proved.

. In the given figure, AP and BQ are both

perpendiculars to the line [. C is the mid-point
of line segment AB. Prove that CP = CQ.

A

< > |

P R Q

. Given that AB is a line segment and C is its mid-

point. P, R, Q are three points on a line / such that
AP, CR and BQ are perpendicular to the line [. CP
and CQ are joined.

To prove that CP = CQ

We see that AP || CR || BQ and PR, RQ are the
intercepts on / and AC and CB are intercepts on
AB.



AC =CB,
PR =RQ (1)

Now, in ACRP and ACRQ, we have

PR =RQ
CR=CR
ZCRP = ZCRQ
=90°
. By SAS congruence criterion, we have
ACRP = ACRQ
CP=CQ [By CPCT]
Hence, proved.

4. In the given figure, PQRS is a parallelogram. The
diagonal QS is trisected at M and N. Prove that
PM = RN, PM || RN and the line segment MN
is bisected by PR.

S R

P Q

Sol. Given that PQRS is a parallelogram. The
diagonals PR and QS bisect each other at O. N
and M are the points of trisection on SQ, so that

SN = NM = MQ = %SQ (1)

To prove that PM = RN, PM || RN and the line
segment MN is bisected by PR.

Construction: We join PM.

We have S0 =0Q = % 5Q (1)
and PO =RO ...(2)
since the diagonals of a parallelogram bisect each
other.

SN = NM = MQ = %SQ
[Given] ...(3)

S0 = %SQ:OQ

ON = OS - SN = %SQ— %SQ

[From (1) and (3)]

_SQ
G

OM = 0Q - MQ
_lgn 1
=927 35Q

- % [From (1) and (3)]

ON = OM ..(4)
Hence, MN is bisected by PR at O.
Now, in ARON and APOM, we have
RO =PO
ON = OM
Z/RON = ZPOM

[From (2)]
[From (4)]

[Vertically opposite angles]

. By SAS congruence criterion, we have

ARON = APOM
= RN = PM [By CPCT]
and ZMPO = alternate ZNRO
PM || RN

Hence, proved.

Self-Assessment

(Page 113)
Multiple-Choice Questions

1. In the given figure, ABCD is a rhombus whose
diagonals intersect at E. If ZEAB : ZEBA =2:3,
find the angles ZEAB, ZEBA and ZAEB of AAEB.
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D C (a) 36° (b) 80°
() 44° (d) 100°
Sol. (c) 44°

A B
(1) 36°,54°and 90°  (b) 54°, 36° and 90°
() 60°, 60°and 60°  (d) 90°, 36° and 54°

Sol. (a) 36°, 54° and 90° P Q
The diagonals of a rhombus are perpendicular to ZPOS = 180° - 80° = 100°
each other. [Linear pair]
ZAEB =90° In APOS,
D < ZSPO + £POS + £PSO = 180°
[Angle sum property]
ZPSO =180° — 36° — 100° = 44°
N /PSO = /RQS [Alt. s, PS || Q]
ZRQS = 44°
A B 4. Which of the following may not be true for any
In AAEB, parallelogram?
JEAB + /AEB + /EBA = 180° (a) Oppos%te sides are equal.
(b) Opposite angles are equal.
- #EAB + ZEBA =90° (c) Opposite angles are always bisected by the
But ZEAB: ZEBA=2:3 diagonals.
/EAB = % x 90° = 36° (d) Diagonals bisect each other.
3 Sol. (c) Opposite angles are always bisected by the
ZEBA = 5 X 90° = 54° diagonals.

We know that for any parallelogram, opposite
sides are always equal, opposite angles are also
always equal and the two diagonals always
bisect each other. The only property which does
not hold good for all parallelograms is that the
diagonals bisect opposite angles.

2. Find all the angles of a parallelogram, if one angle
is 18° more than twice the smaller angle.

(a) 54°,126°, 54°, 126°
(b) 60°,120°, 60°, 120°
(c) 40°, 140°, 40°, 140°
(d) 80°, 1007, 80%, 100° Only in the case of a square or a rhombus, the

Sol. (a) 54°, 126°, 54°, 126° diagonals bisect the opposite angles, but not in
Let the smaller angle be x. the case of a rectangle.

Then the obtuse angle = 18° + 2x Fill in the Blanks

5. Three angles of a quadrilateral are 60°, 86°, 110°,
then its fourth angle is 104°.

The adjacent angles of a ||gm are supplementary,
x + 18° + 2x = 180°

= 3x = 162° Sol. 60° + 86° + 110° + x = 360° [ £s of a quadrilateral]
= X = 54° x =360° - 256° 104°
Therefore, the angles of the parallelogram are, 6. In a parallelogram ABCD, if ZA = 60°, then /D
54°,126°, 54°, 126°. is equal to 120°.

3. The diagonals PR and QS of a parallelogram Sol.  ZA+ /D =180° [Coint. Zs, AB || CD]
PQRS intersect at O. If ZPOQ = 80° and ZRPS = = 60°+ £D =180°

36°, then ZRQS is equal to — /D = 180° — 60° = 120°



7. If four angles of a quadrilateral are (2x + 20)°,
(Bx — 30)°, (x + 10)° and (2x)°, then value of x is

45°.

Sol. (2x + 20)° + (3x — 30)° + (x + 10)° + (2x)° = 360°
= 8x = 360
= x =45

8. If the diagonals of a rhombus are 18 cm and
24 cm respectively, then its side is equal to 15 cm.

Sol. ABCD is a rhombus.
. Its diagonal bisects at right angles. 2
. In ACOD, OC =12 cm AL
and OD =9 cm
. Using Pythagoras' Theorem

B
DC = v12%2 + 92 = 144 + 81 = /225 = 15cm

Assertion-Reason Type Questions

Directions (Q. Nos. 9 to 14): Each of these questions
contains an assertion followed by reason. Read them
carefully, and answer the question on the basis of the
following options, select the one that best describes the
two statements.

(a) Both Assertion (A) and Reason (R) are true and
Reason (R) is the correct explanation of Assertion
(A).

(b) Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

(c) Assertion (A) is true but Reason (R) is false.
(d) Assertion (A) is false but Reason (R) is true.

9. Assertion (A): A parallelogram has only one pair
of parallel sides.

Reason (R): A trapezium has only one pair of
parallel sides.

Sol. (d)

A parallelogram has two pair of parallel sides
whereas a trapezium has only one pair of parallel
sides.

. Assertion is false but reason is true.
10. Assertion (A): All rectangles are squares.

Reason (R): Squares are rectangles with equal
sides.

Sol. (d)

All rectangles are not squares whereas squares
are rectangles with equal sides.

*. Assertion is false but reason is true.

N

11. Assertion (A): Two opposite angles of a
parallelogram are (2x + 8)° and (5x — 82)°. The
measure of one of the angle is 68°.

Reason (R): The adjacent angles of a parallelogram
are supplementary.

Sol. (d)
5x - 82 =68
= 5x =150
= x =230

Therefore, the other opposite angle

=2x+38

= 68°
Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

12. Assertion (A): The diagonals AC and BD of a
rhombus ABCD intersect at a point O and are
perpendicular to each other.

Reason (R): AAOD = ACOD.

Sol. (1) Both Assertion (A) and Reason (R) are true
and Reason (R) is the correct explanation of
Assertion (A).

13. Assertion (A): If an angle of a parallelogram is
two-thirds of its adjacent angle, then one of the
angle is 108°.

Reason (R): The adjacent angles of a parallelogram
are supplementary.

Sol. (a)
Let one angle of the ||gm = x
Adjacent angle = % x
Since adjacent angles of a [|gm are supplementary,
2 0
X+ gx= 180
5 0
= 3= 180
180°x 3
= x=—p5 = 108°

Therefore, both Assertion (A) and Reason (R) are
true and Reason (R) is the correct explanation of
Assertion (A).

14. Assertion (A): If the diagonals of a rhombus are
6 cm and 8 cm respectively, then its side is equal
to 5 cm.

Reason (R): The diagonals of a rhombus bisect
each other at right angle.

Sol. (a)
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T4 cm

3clm u 3clm

+4 cm

In ACOD,
CD? = OC? + OD?
CD? =9 cm? + 16 cm?
CD? = 25 cm?
CD =5cm
[Diagonals of a rhombus bisect
each other at right angles]
Both Assertion (A) and Reason (R) are true

and Reason (R) is the correct explanation of
Assertion (A).

Case Study Based Questions

15. Ankur and Shubham are two friends and live in
the same city. To help out the senior citizens, they
go to the old age home every Saturday which is
located at point O. Ankur's home is located at
point A and Shubham's house is located at point
B. ABCD is a rhombus in which ZABC = 110°.

A B

D\ ~e

Based on the above situation, answer the
following questions.

(a) Find the measure of ZAOB.
Ans. 90°
(b) Find the measure of ZAOD.
Ans. 90°
(¢) (i) Find the measure of ZOAB.
or

(if) If Ankur and Shubham go along AO and
BO respectively to help out the senior
citizens living in that old age home,
then which of them has to cover shorter
distance to reach there?

Ans. (i) 35°
or
(ii) Shubham

16. Biscuit that is in the form of quadrilateral with
sides 8 cm, 6 cm, 8 cm and 6 cm as shown in
the given figure. A mother divides it into two
parts on one of it's diagonal. She gives part I to
her daughter and part II to her son. It is given
that one of the angles of this quadrilateral is a
right angle. She asks following questions from
her children.

8 cm

A B
6 cm 6 om
1
D 8 cm ©

(1) Find the sum of all the angles of a
quadrilateral.
Ans. 360°
(b) Which type of quadrilateral is formed in the
given figure?
Ans. Rectangle
(c) (i) What is the length of the diagonal BD?
or
(if) Find the measure of each angle of the
rectangle.
Ans. (i) 10 cm
or
(ii) equal to 90°

Very Short Answer Type Questions

17. PQRS is a parallelogram. If the two diagonals
PR and QS are of equal length, what will be the
measure of each angle of the parallelogram?

Sol. Given that PQRS is a parallelogram and PR, QS

are its diagonals such that PR = QS.
To find each angle of the parallelogram.

S R

P Q

In APQR and AQPS, we have




18.

Sol.

PR =QS [Given]
QR =PS
[ Opposite sides of a parallelogram]
PQ =QP [Common]
.. By SSS congruence criterion, APQR = AQPS.
= ZRQP = ZSPQ  [By CPCT] ...(1)

Also, since PS || OR,
ZRQP + ZSPQ = 180°

- From (1), ZRQP = £ZSPQ = 90°

s /PSR = ZRQP = 90°
and ZSRQ = ZSPQ =90°

. Each angle of the parallelogram is 90°.
Let P and Q be the mid-point of the sides AB and
AC of AABC and O be any point on the side BC.
O s joined to A. If S and R are the mid-points of
OB and OC respectively, then what special name
of the quadrilateral PQRS will you give so that
the statement is always true?
Given that P, Q are the mid-points of the sides AB
and AC respectively of AABC. O is any point on

BC. BO and CO are bisected by the points S and
R respectively on BC. PQ, QR and PS are joined.

To find the special name of the quadrilateral
PQRS.

B #HS :HO R c

Since, P and Q are the mid-points of the sides AB
and AC of AABC, respectively, hence by mid-
point theorem for a triangle, PQ || BC

and PQ = % BC (1)
Now, SR = SO + OR
_ 1 1
=5 OB + 5 oC
[ Sand R are the mid-points of
OB and OC respectively]
- % (OB + OC)
= SR = % BC (2)

. From (1) and (2),
PQ = SR and PQ || SR
Hence, the quadrilateral PQRS is a parallelogram.

19. In the given figure, ABCD is a parallelogram
and P is the mid-point of BC. DP and AB meet
in E when produced. Prove that BECD is a
parallelogram.

A D
VC
E
A D
P C

Sol.
B
Iz
In ABPE and ACPD
BP = CP [Given]
ZBPE = ZCPD [Vert. opp. Zs]
£BEP = ZCDP [Alt. Zs, BE || DC]
By AAS congruence criterion,
ABPE = ACPD
BE = CD [By CPCT]
and BE || CD [Given]

Therefore, BECD is a parallelogram as one pair
of opposite sides is equal and parallel.
20. ABCD is a trapezium such that AB = 16 cm,
CD =12 cm, BC = AD =10 cm, £DCB = 140° and
AB || DC. Find the measure of ZBAD.
Sol. Given that ABCD is a trapezium in which
AB || DC, ZDCB = 140°, AB = 16 cm, CD =12 cm,
BC = AD =10 cm.

To find the measure of ZBAD.

Construction: We draw DM 1 AB and CN 1L AB
where M and N are points on AB.

} 16 cm |
A A R N B
H 4 |
10 cm 140° 10 cm
D 12em C
In AAMD and ABNC, we have

ZAMD = ZBNC = 90°
AD=BC=10cm
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DM = CN
[- AB || CD, DM L AB and CN L AB]

. By RHS congruence criterion, we have

AAMD = ABNC
= ZADM = ZBCN [By CPCT] ...(1)
and /DAM = ZCBN [By CPCT]
Now, Z/BCN = #/BCD - ZNCD
= 140° - 90°
= 50°

. From (1), ZADM = ZBCN = 50°
ZDAM = 90° - 50°
= 40°
= ZBAD = 40°
which is the required measure of the angle.

. A diagonal BD of a rhombus ABCD makes angle
of measure x° and y° respectively with the sides
BA and BC. If ZBCD = 80°, then what is the value
of x° + 2y°?

. Given that ABCD is a rhombus, BD and AC are
its two diagonals and ZBCD = 80°, ZABD = x°
and ZCBD = y°.

To find the value of x° + 2y°.

A
80°
YA D
Y
802
c
In AABD,
AB = AD
ZABD = ZADB
ZADB = x°
.. From AABD,

ZABD + ZADB + ZBAD = 180°
[Angle sum property of a triangle]

= x° + x° + 80° = 180°
= 2x° = 100°
x° = 50°

Similarly, from ABCD, we can show that
2y° + 80° = 180°
y° =50°
x° + 2y° = 50° + 2 x 50°

= 150°

which is the required value.

Short Answer Type Questions

22. Prove that if each pair of opposite angles of a

quadrilateral is equal, then it is a parallelogram.

. Given that ABCD is a quadrilateral in which

ZA =2/Cand ZB = £D.
To prove that ABCD is a parallelogram.

D C

A B

We have Z/A = ZC and /B = /D.
. Adding, we get
A+ /B=/C+ /D ...(1)
Also, ZA + ZB + ZC + £D = 360°
[Angle sum property of a quadrilateral]

—  2(ZA+ /B)=360° [From (1)]
- A+ /B = @’:1800 Q)

Now, AB intersects AD and BC at A and B
respectively such that the sum of the consecutive
interior angles ZA and /B is 180°.

AD | BC ...(3)

Again, from (2), we have
ZC + /B = 180° [ 2ZA = «(C]
Now, BC intersects DC and AB at C and B

respectively such that the sum of the consecutive
interior angles /B and ZC is 180°.

AB || DC ..(4)

From (3) and (4), we conclude that the opposite
sides of a quadrilateral ABCD are parallel. Hence,
ABCD is a parallelogram.

. In the given figure, ABC is a triangle in which D

is the mid-point of BC. E is the mid-point of AD.
BE when produced meets AC in F. Prove that

AF= L AC,
3




Sol.

Draw DG || BF to cut AC at G.

In ABCEF,
D is the mid-point of BC. [Given]
DG || BF [By construction]
G is the mid-point of FC.
s CG=GF (1)
In AADG,
E is the mid-point of AD. [Given]
EF || DG [By construction]
F is the mid-point of AG.
AF = FG .(2)

From (1) and (2)
AF = FG = GC

AF:%(AF+FG+GC):%AC

Long Answer Type Questions

24.

Sol.

Show that the line segments joining the mid-
points of the opposite sides of a quadrilateral
bisect each other. [CBSE SP 2012]

Given that ABCD is a quadrilateral and P, Q, R,
S are the mid-point of the sides AD, BC, AB and
DC respectively. PQ and RS are joined.

To prove that PQ and RS bisect each other at a
point O.

Construction: We join PS, SQ, RQ and PR to form
a quadrilateral PSQR with diagonals PQ and RS.
We also join AC and DB.

We first prove that the quadrilateral PSQR is a
parallelogram.

In AABD, P and R are the mid-points of AD and
AB respectively.

. By mid-point theorem for a triangle, PR || DB

PR= LDB (1)

and >

25.

Sol.

Similarly, in ADCB, S and Q are the mid-points
of DC and CB respectively.

-. By mid-point theorem for a triangle, SQ || DB

and 5Q = %DB 2

From (1) and (2), we see that PR || SQ and
PR =5Q), i.e. one pair of opposite sides of PRQS is
equal and parallel and so PRQS is a parallelogram
with PQ and SR as two diagonals. Since two
diagonals of a parallelogram bisect each other,
hence, it follows that PQ and RS bisect each other
at a point O.

In the given figure, A, B and C are respectively
the mid-points of sides QR, RP and PQ of APQR.
AC and QB meet at X. RC and AB meet at Y.

Prove that XY = iQR.

Given that A, B and C are the mid-points of
the sides QR, RP and PQ of a triangle PQR,
respectively. QB and AC meet at a point X and
RC and AB meet at a point Y. XY is joined.

To prove that XY = % OR

In APQR, C is the mid-point of PQ and B is the
mid-point of PR.

. CB || QR and CB = %QR:QA (1)

[By mid-point theorem for a triangle]
From (1), we see that CB || QA and CB = QA.

. The quadrilateral QABC is a parallelogram.
Since the diagonals of a parallelogram bisect each
other, hence X is the mid-point of the diagonal
AC of the parallelogram QABC.

Similarly, Y is the mid-point of the diagonal AB
of the parallelogram ARBC.

. In AABC, X is the mid-point of AC and Y is the
mid-point of AB.
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=1
XY = > BC
[By mid-point theorem for a triangle]
- 11
=5 2QR [From (1)]
-1
=1 QR

Hence, proved.

Let’s Compete

(Page 115)

Multiple-Choice Questions

1. ABCD is a rhombus in which the altitude from
D to side AB bisects AB. Then the angles of the
rhombus are
(a) 100°, 80°, 100°, 80°
(b) 110°,70°, 110°, 70°
(c) 120°, 60°, 120°, 60°
(d) 130°, 50°, 130°, 50°

Sol. (c) 120°, 60°, 120°, 60°
Given that ABCD is a rhombus, DM L AB where
M is a point on AB and AM = MB.

D c
A—o—lo—
M B

To find the angles of the rhombus.
Construction: We join DM.

In AMAD and AMBD, we have
MA = MB [Given]
MD = MD [Common]

ZDMA = ZDMB = 90° [Given]
. By SAS congruence criterion,
AMAD = AMBD
= BD = AD
= AB
[*- ABCD is a rhombus]
. AABD is an equilateral triangle.
ZDAB = 60°
i ZBCD = ZDAB = 60°
Also, ZABC = 180° - ZDAB
= 180° - 60°
=120°

[By CPCT]

ZADC = ZABC
=120°

Hence, the required angles of the rhombus are
120°, 60°, 120° and 60°.

. PQRS is a parallelogram and M is the mid-point

of the side QR and ZSPM = ZQPM. If PS = 14 cm,

then the length of SR is

(@) 7 cm (b) 14 cm

(c) 6 cm (d) 15 cm
. (@) 7 cm

Given that PQRS is a parallelogram and M is the
mid-point of the side QR. Also, ZSPM = ZQPM
and PS = 14 cm.

To find the length of SR.
P =14 cm s
Q # > R
«—7 cm—>
We have

ZPMQ = alternate ZSPM
[- PS || QR and PM is a transversal]
= ZQPM [Given]
. In APQM, /PMQ = ZQPM

PQ = QM

-1
- QR

PS

x 14 cm

N[~ N[+~

=7cm
But PQ =SR
SR=7cm

. XYZM is a parallelogram. A and B are respectively

the mid-points of MZ and XY respectively. If the
diagonal XZ intersect AB at P and if PZ =5 cm
then the length of XZ is

(@) 5cm (b) 10 cm
(c) 6cm (d) 12 cm
. (b) 10 cm

Given that XYZM is a parallelogram, A and B are
the mid-points of MZ and XY respectively. XZ is
a diagonal of the parallelogram. The line segment
AB intersects XZ at P. Also, PZ =5 c¢m.



Sol.

X B Y
To find the length of XZ.

In AMZX, A and B are the mid-points of MZ and
XY respectively.

1 1
MA = -MZ = = XY =BX
2 2

. MABX is a parallelogram.
b AB || MX
= AP || MX

. In AMZX, AP || MX and A is the mid-point of
the side MZ.

. By the converse of mid-point theorem for a
triangle, P is the mid-point of XZ.

XZ = 2PZ
=2x5cm

=10 cm

. Two diagonals PR and QS of a parallelogram

PQRS intersect each other at A. If ZSPA = 25°
and ZPAQ = 68°, then ZSQR is equal to

(a) 40° (b) 68°
(c) 25° (d) 43°
(d) 43°

Given that PQRS is a parallelogram and the two
diagonals PR and QS intersect each other at a
point A. Also, ZSPA = 25° and ZPAQ = 68°.

To find the measure of ZSQR.

We have
Z/SQR = alternate ZPSQ ...(1)
[~ PS || QR and SQ is a transversal]
Now, ZPAQ + £PAS =180°
= 68° + LPAS = 180°
= ZPAS = 180° - 68° = 112° ...(2)
.. From APAS,
/PAS + ZSPA + /PSA = 180°
[Angle sum property of a triangle]
= 112° + 25° + /PSA = 180°

= /PSA = 180° - 112° - 25°

= 180° - 137°

= 43°
= /PSQ = 43° ...(3)
.. From (1), ZSQR = /PSQ = 43° [From (3)]

5. In parallelogram PQRS, the side PQ is produced

to the point T. If the bisector of ZRQT meets
SR produced and SP produced at U and V
respectively and if SV = 30 cm, then the length
of SU is

(a) 30 cm (b) 15 cm
(¢) 7.5 cm (d) 25 cm
. (@) 30 cm

Given that PQRS is a parallelogram. The side PQ
is produced to a point T. The bisector of ZRQT
meets SR produced and SP produced at the
points U and V respectively.

It is given that SV = 30 cm.
To find the length of SU.
Construction: We produce RQ to M.
We have
ZRQU = £UQT
= alternate ZRUQ
[*- PT || SR and UV is a transversal]
. In ARQU, we have
ZRQU = ZRUQ
RU =RQ ="PS (1)
SU =SR + RU
= SR + RQ
= SR + SP ..(2)
/PVQ = alternate ZVQM
[ SV || RM]

[Given]

Now,

= /PQV
. In APQV,
PV=PQ=SR
SV =SP + PV
=RQ + SR =SU [From (2)]
30 cm = SU
. Required length of SU is 30 cm.
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6. The angles of a triangle ABC are 50°, 60° and 70°.
Let the triangle formed by joining the mid-points
of the sides of AABC be called AA,B,C;. Then the
angles of the triangle formed by joining the mid-
points of the sides of AA,B,C; are

(a) 70°,70° and 40°

(b) 60°,40° and 80°

(c) 50°, 60° and 70°

(d) 40°,90° and 50°

. (¢) 50°, 60° and 70°

Given that in AABC, A,, B, and C;, are the mid-
points of the sides AB, BC and CA respectively.
Also, A,, B, and C, are the mid-points of the
sides A;B,, B;C, and C,A, respectively.

To find the angles of A A,B,C, if ZA = 50°,
/B =60°and £C = 70°.

Since A,, B;, C; are the mid-points of the sides
AB, BC and CA of AABC,

. By mid-point theorem, we have

AB; | AC, B,C; || ABand C;A, || BC ..(1)
Again, since A,, B,, C, are the mid-points of the
sides A;B,, B,C;, and C;A, of AA;B,C,

. By mid-point theorem, we have

AsB, | A;Cy, B,C, | AjByand G, A, || B,C, ...(2)
. From (1) and (2), we have

A,B, || BC, B,C, || AC and C,A, || AB

. Angle between A,B, and A,C, will be the
same as that between BC and AB, i.e. 60°, the
angle between A,B, and B,C, will be the same as
that between BC and AC, i.e. 70° and the angle

between B,C, and C,A, will be the same as that
between AC and AB, i.e. 50°.

Hence, the angles of AA2B2C2 will be 50°, 60° and
70°.

. PQRS is a trapezium with PQ || SR and M,
N are the mid-points of the sides PS and QR
respectively. If PQ = 5 cm and SR = 11 c¢m, then
the length of MN is

(@) 9 cm (b) 10 cm

(¢) 7cm (d) 8 cm

Sol. (d) 8 cm

Given that PQRS is a trapezium with
PQ || SR; M and N are the mid-points of SP and
RQ respectively. PQ = 5 cm and SR = 11 cm.

To find the length of MN.
S 11; cm R
N
T P 5om  Q

Construction: We join RM and produce it to cut
QP produced at T.

In ASMR and APMT, we have
SM = PM [Given]
Z/SRM = alternate ZPTM
[*- SR || PQ and TR is a transversal]
ZSMR = /PMT
[Vertically opposite angles]

. By AAS congruence criterion,

ASMR = APMT
- TM=RM  [By CPCT]...(1)
and SR = PT [By CPCT] ...(2)

Now, in ARTQ, M and N are the mid-points of
the sides RT and RQ respectively.

. By mid-point theorem for a triangle, MN || TQ

and MN = %TQ e
Now, TQ =PQ + PT
=PQ + SR [From (2)]
=(5+11) cm
=16 cm

- From (3), MN = %TQ

=%x16cm

=8 cm

. The mid-points A, B, C and D of the sides MQ, QP,

PN and NM respectively of a rhombus MNPQ
whose diagonals MP and NQ are of lengths
6 cm and 8 cm respectively are the vertices of a
parallelogram ABCD whose two diagonals are
of length

(@) 5cm and 5 cm

(b) 6 cm and 5 cm

(¢) 6 cm and 6 cm

(d) 8 cm and 6 cm



Sol. (@) 5 cm and 5 cm

Given that MNPQ is a rhombus and A, B, C, D
are the mid-points of the sides MQ, QP, PN and
NM respectively. MP and NQ are the diagonals
of the rhombus, intersecting each other at a
point O. AB, BC, CD and DA are joined to form
a parallelogram ABCD. The diagonals AC and
DB of this parallelogram pass through O.

To find the length of AC and DB.

We shall first prove that the parallelogram ABCD
is a rectangle.

N C P

M A Q

Since, C and D are the mid-points of the sides NP
and NM respectively of ANMP, hence by mid-
point theorem for a triangle,

DC |[MP and DC = %MP (1)
Similarly, from AQMP,
AB || MP and AB = %MP .2

From (1) and (2), we see that
DC = AB and DC || AB.
. ABCD is a parallelogram.
Now, AB || MP and BC || NQ.
. Angle between AB and BC will be the same
as that between MP and NQ.

But we know that angle between two diagonals
MP and NQ of a rhombus is 90°.

s AB 1 BC
". The parallelogram ABCD is a rectangle.
. From (1) and (2),

DC = AB

- Lomp

5 [From 2]

%x6cm

=3 cm
and AD = BC
% x NQ

%x8cm

=4 cm

Sol.

. By Pythagoras’ theorem, we get
AC? = AD? + DC?
[From right-angled AADC]

=42 +32
=25
AC=5
Also, AC =BD
[~ For a rectangle, two diagonals are
of equal length]
BD=5

Hence, the required lengths of two diagonals of
the rectangle ABCD are 5 cm and 5 cm.

. The two diagonals of a quadrilateral ABCD are

equal and perpendicular to each other. Another
quadrilateral PQRS is formed by joining the mid-
points of the sides of the former quadrilateral
ABCD. Then the diagonals of the quadrilateral
PQRS are

(a) equal but not perpendicular to each other.
(b) equal and perpendicular to each other.

(c) neither equal nor perpendicular to each other.
(d) not equal but perpendicular to each other.
(b) equal and perpendicular to each other.

Given that ABCD is a quadrilateral such that the
two diagonals AC and BD are of equal length
and perpendicular to each other. Hence, the
quadrilateral ABCD is a square. Let the two
diagonals meet together at O. P, Q, R, S are the
mid-points of the sides AB, BC, CD and DA of
the square ABCD. We join PQ, QR, RS and SP to
form a quadrilateral PQRS. We shall first prove
that PQRS is another square.

D, R, C

S Q
o L

A ' P ' B

- P,Q, R, S are the mid-points of the sides AB,
BC, CD and DA of the square ABCD, hence by
mid-point theorem for a triangle, we get

SR = % AC and SR || AC from AADC,
SP || BD and SP = % BD from AADB,
PQ = % AC and PQ || AC from AABC

and QR = % BD and QR || BD from ABCD.
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Also, angle between SR and SP is equal to that
between AC and BD, i.e. 90°.

Hence, the quadrilateral PQRS is such that

PQ = SR = %AC,SPzQRz %BD.
PQ = SP [-- AC = BD]
and /RSP = /DOA = 90°

. The figure PQRS is also a square. Now, we
know that the two diagonals of a square are
perpendicular to each other. Also, they are equal
to each other.

. The quadrilateral PQRS formed by joining the
mid-points P, Q, R and S of sides AB, BC, CD
and DA respectively of another quadrilateral
ABCD such that PR L QS, PR = 8 am and QS
= 6 cm. Then the two diagonals of the original
quadrilateral ABCD are always

(a) equal and perpendicular to each other.

(b) equal but not perpendicular to each other.
(c) not equal but perpendicular to each other.
(d) neither equal nor perpendicular to each other.
. (b) equal but not perpendicular to each other.

Given that P, Q, R, S are the mid-points of the
sides AB, BC, CD and DA respectively of the
original quadrilateral ABCD. We join PQ, QR,
RS, SP, PR and QS to form a quadrilateral PQRS
with diagonals PR and QS, where PR = 8 cm,
QS = 6 cm and PR L QS. Since PR # QS and
PR 1L QS, hence, the second quadrilateral PQRS
must be a rhombus.

B, Q |, cC
T T
P R
=0 o o g
1 1
A ! S ! D

We join AC and BD. We shall now determine the
special name of the quadrilateral ABCD.

Since P, Q, R, S are the mid-points of AB, BC, CD
and DA respectively of the quadrilateral ABCD,
hence by mid-point theorem for a triangle, we
have

PQ = % AC and PQ || AC from AABC,
QR = % BD and QR || BD from ABCD,
RS = % AC and RS || AC from AADC,

and PS = % BD and PS || BD from ABAD.

.. AC = 2PQ = 2RS and BD = 2QR = 2PS,
PQ || RS and QR | PS.

Now, since PQRS is a rhombus, hence RS = PS
and so AC = BD.

. The quadrilateral ABCD is a parallelogram
with diagonals AC and BD such that AC = BD.

. ABCD may be either a rectangle or a square.
Now, we see in ABCD where ZBCD = 90°, that
BC? = BD? - CD?
[By Pythagoras’ theorem]

= BD? - QS? ...(D)
and in AABD, AB? =BD?- AD?
= BD? — PR? ...(2)
. PR =8 cm
and QS=6anm
PR = QS

. From (1) and (2), we see that AB = BC.

. ABCD is not a square. So, finally we see that
ABCD is a rectangle. Since two diagonals of a
rectangle are equal but not perpendicular to each
other, hence choice (b) is correct.

Life Skills
(Page 116)

. The sports teacher of a school drew an equilateral

triangle ABC by putting white powder on the
school grassy field. A few students were asked to
stand along the sides of this triangle. He suggested
all students to draw another equilateral triangle
within AABC such that the vertices P, Q and R of
this triangle lie in the mid-points of sides AB, AC
and BC respectively and then join PQ, QR and PR.
Was the suggestion of the sports teacher right?
Justify your answer.

. Yes, the suggestion of the sports teacher was

correct. This is due to the reasons as follows:

Since P, Q, R are the mid-points of AB, AC and

BC.
A



2.

Sol.

. By mid-point theorem for a triangle,

PQ = %BC,QR= %ABandPR= %AC.

AB =BC = AC,
PQ=QR=PR
-.APQR is also an equilateral triangle.

ABCD is a rhombus in which ZABC = 100°.
Arvinda’s house is at A and Parimal’s house is
at B. There is an old age home at O, the point
of intersection of two diagonals of the rhombus
ABCD. Both the men have to come to the old age
home at O from their respective houses everyday
to help the old people there. They have to walk
along AO and BO respectively. Who used to
cover the shorter distance to reach to old age
home?

We shall determine whether AO > BO or
AO < BO.

It is given that ABCD is a rhombus and its two
diagonals AC and BD bisect each other at a point
O and ZAOB = 90°, ZABC = 100°.

ZDAB + ZABC = 180°
ZDAB = 180° - ZABC
= 180° — 100° = 80°

Also, since  ZOAB = % /DAB

- % x 80° = 40°
and ZOBA = % « /ABC
= 2 x100°
— 50°
ZOBA > ZOAB
AO > BO

[By triangular inequality]
Hence, Parimal whose house is at B used to
cover the shorter distance to reach the old age
home at O.
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