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M ld- Pomt and Intercept Theorems.;; -----

POINTS TO REMEMBER

Theorems.

i
1. Mid-point Theorem : The line joining the mid-points of any two sides of a triangle is parallel to %
the third side and equal to half of it. ' 5

2. The straight line drawn through the mid-point of one side of a triangle and parallel to the other
side, bisects the third side.
%

3. Intercept Theorem : If a transversal makes equal intercepts on three or more parallel lines, then =
any other line cutting them will also make equal intercepts. §

EXERCISE 11 (i1) DF =3-8 cm,

Q. 1. In the given figure, D, E, F are the mid- gl z
points of the sides BC, CA and AB But DF = ZAC = AC=2DF

respectively. ~ AC=2x38=76cm
(i) If AB =62 cm, find DE. (#ii). If perimeter of AABC = 21 cm
(ii) If DF = 3-8 cm, find AC. e ARG BC £ CA =71 cm
(iit) If perimeter of AABC is 21 cm, find FE. — 62 +BC+76=21cm
A = BC+13:8=21 =>BC=21-13-8
' "= BC=72cm
; 7 But FE = ~ BC
2
RN R =%~x7-2=3-6{:m ik

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

BC, CA and AB respectively. Q. 2. In the given figure, LMN is a right

~ triangle in which ZM =90°, P and Q are
mid-points of LM and LN respectively.

IfLM=9cm,MN=12cmand LN= 15

| 1
EF || BC and EF = ~BC

1 cm, find :

Similarly DE || AB and DE = ZAB “Ii
I

and FD || AC and FD = —AC
2 P Q

(/) Now if AB = 6-2 cm, then i
DE=%AB=%—K6-2#341Cm_ _ M N
208
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(i) the perimeter of tfapezium MNQP, o
(if) the area of trapezium MNQP.

s i i

~ Sol. In right angled ALMN, ZM = 90°

P and Q are the mid-points of sides LM / \
and LN respectively.
| 1 B E C
- PQ|| MN and PQ =—MN Const. Join DE, EF and FD.
Proof : - E and F are the mid-points of

Now LM =9 cm, MN = 12 cm
and LN=15cm

sides BC and CA respectively.
EF || AB 40)

PQ = -I—MN 2 Y b cin Similarly D and E are the mid-points of
2 2 sides AB and BC respectively.
1 e « BDE AL )
PM==—LM ==x9=45
S e From (i) and (i7)
1 ] ADEF is a parallelogram.
QN=—LN =—x15=7-5cm
2 2 Hence proved.

Perimeter of trapezium MNQP

. IfD, E, F are respectively the mid-points

of the sides AB, BC and CA of an

=PQ + QN + MN + PM equilateral triangle ABC, prove that
=6+75+12+45=30cm. ADEF is also an equilateral triangle.
(ii) Area of trapezium MNQP 5
1
= —2—_(PQ +MN) x PM (.- ZM = 90°)
| _ D F
= %(6 +12) x 4-5cm?
1 2 : B E C
o 5 x 18 x 4-5cm* =40-Scm®, Ans. Sol. Given : AABC is an equilateral triangle
. : D, E and F are the mid-points of sides
Q. 3. In the given figure, D, E, F are AB BC and CA respectively. DE, EF and

Sol.

respectively the mid-points of the sides
AB, BC and CA of AABC. Prove that
ADEF is a parallelogram.

FD are joined.

To prove : ADEF is also an equilateral
triangle.

A Proof : - D and E are the mid-point of
AB. and BC respectively.
| 1
: + DE||AC and DE=ZAC ..
Similarly E and F are the mid-points of
B E C BC and CA respectively.

Given : Inthe AABC, D, E and F are the
mid-points of sides AB, BC and CA
respectively.

To prove : ADEF is a parallelogram.

1
* EF|AB and EF=-AB ..(i)

and F and D are the mid-points of AC
and AB respectively.
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Q. 5.

Sol.

. DF||BC and DF'—'%BC ...(ii)
From (7), (#7) and (iii)
DE = EF = DF
(- AB=BC=CA)
. ADEF is an equilateral triangle.
Hence proved.

In the adjoining figure, ABCD 1s a
quadrilateral in which AD = BC and P,
Q. R, S are the mid-points of AB, BD,
CD and AC respectively. Prove that
PQRS i1s a rhombus.

b ek - 0

W

A B B

Given : In quadrilateral ABCD, AD =
BC and P, Q, R and S are the mid-points
of AB, BD, CD and AC respectively. PQ,
QR, RS and SP are joined.

To prove : PQRS is a rhombus.
Const : Join AC and BD.
Proof : In AABD,

P and Q are the mid-points of AB and
AD

. PQ || AD and PQ=—;-AD -0)

In AACD,

S and R are the mld-pomts of AC and
CD

1
-. SR|| AD and SR = EAD ...(i1)

In ABCD,

Q and R are the mid-points of BD and
B '

1
. QR ||BC and QR=“2“BC

and in AABC,
P and S are the mld—pmnts of AB and

(i)

21AC
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Q. 6.

Sol.

1
. apoint on AC such that CF = ZAC' EF &

1 .
PS||BC and PS= EBC ..()
From (i), (i7) and (iif) and (iv)
PS=QR=RS=SP  (-AD=BC)
. PQRS is a rhombus. "
Hence proved. g |

In the adjoining figure, ABCD is a%
parallelogram in which E is the mid-point

of DC and F is a point on AC such thnt 1

1
CF= —AC If EF is produced to meet -

B(C in G, prove that G 1s the n:ud-pnmt
of BC.

=g Tl ln;._..!-m-d_l.e T Hgies 8

Y

Given : In parallelogram ABCD, in
which E is the mid-point of DC and Fis

is produced to meet BC at G.
D E L

G

A B

To prove : G is the mid-point of BC.

Const : Join BD which intersects AC at
0. '

Proof : - E is the mid-point of DC and

) 1
F s the point on AC such that CF = ZAC.
-+ Diagonals of a prallelogram bisects _
each other. '

ke O
CF=LloC
2
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(7)
(i7)

| Sol.

(i)

= F is the mid-point of OC.
Now in ADOC,
"EF||DO or BD

We know that any line drawn from the
mid-point of one side of a triangle,
parallel to the other side, bisects the third
side.

.. G is mid-point of BC of ABCD.
Q.E.D.

. In the adjoining figure, ABCD is a kite

in which AB = AD and CB=CD. If E,
F, G are respectively the mid-points of
AB, AD and CD, prove that :

ZEFG =9(°,
If GH || FE, then H bisects CB.

In kite shaped quadrilateral ABCD, AB
= AD and CB=CD. E, F and D are the
mid-points of AB, AD and CD
respectively.

To prove : (i) LEFG = 90°

If GH || FE, then H bisects CB.

Const : Join AC and BD.

Proof : (7) In AABD, |

E and F are mid-points of AB and AD.
& oL 1B,

Similarly F and G are mid-points of AD
and CD.

. FG || AC.

- Diagonals of a kite intersect each other
at right angles.

. AC and BD are perpendicular to each

- other. |
. LEFG =90°.

(if) In ABCD,

- Q. 8.

Sol.

(#7)

. G is mid-point of DC and GH || EF or
GH || BD.

.. It bisects the third side.
.. It 1s the mid-point of BC.
Hence proved.

In the adjoining figure, ABCD is a
parallelogram, E is the mid-point of CD
and through D, a line is drawn parallel
to EB to meet CB produced at G and
intersecting AB at F.

1
Prove that ; () AD = EGC
(i) DG = 2 EB.

Given : In parallelogram ABCD, E 1s
mid-point of CD and through D, a line 1s
drawn parallel to EB to meet CB
produced at G and intersects AB at F.

1
To prove : (/) AD =_-2—GC

(i1) DG = 2 EB.
Proof : (7) In ACDG, E 1s mid-point of
DC and EB || GD.

. B 1s mid-point of CG.
L BC = LGC
2
F4H)
5 AD = 3 GC

(. AD = BC, Opposite sides of
the parallelogram)

2 EB=%DG
— 2EB=DG = . DG=2EB

Hence proved.
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Q. 9. In the adjoining figure, in AABC, AD is

Sol.

Q. 10.

Sol.
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the median through A and E is the mid-
point of AD. If BE produced meets AC

1
in F, prove that AF = SACi

Given : In AABC, AD is the median
through A and E is the mid-point of AD.

BE is produced which meets AC in F.

]
To prove : AF = EAC'

Const : Draw DG || BF which meets AC
at G.

Proof : In AADG, E is mid-point of AD
and BEF || DG.

. F is mid-point of AG

or AF = FG i)
Again in ABCF,

D is mid-point of BC and DG || BEF

. G is mid-point of FC

or FG =GC (i)
From (7) and (#7)
AF =FG=GC

ButAF + FG + GC = AC
— AF+ AF+ AF= AC
= 3AF=AC

AFw=AG
g%
Hence proved.
In the adjoining figure, AABC 1s a right-
angled at B and P is the mid-point of AC.
Show that PA = PB = PC.

Given : In AABC, ZB = 90°
P is mid-point of AC. PB is joined.

212

Q. 11.

Sol.

To prove : PA = PB = PC.
Const : Through P, draw PQ || BC.

Proof : ‘. P is mid-point of AC and
PQ || BC.

. Q is mid-point of AB.

In APAQ and APBQ,
PQ =PQ (common)
AQ=BQ (. Q 1s mid-point
of AB)
ZPQA = ZPQB (each =90°)
.. APAQ = APBQ
(SAS axiom of congruency)
PA = PB
But - TA =
(. P is mid-point of AC)
PA=PB=PC

Hence proved.

Show that the quadrilateral formed by
joining the mid-points of the pairs of
adjacent sides of a rectangle 1s a
rhombus.

Given : In rectangle ABCD, 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.

A P B.
To prove : PQRS is a rhombus.
. Const : Join AC.
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Q. 12.

Sol.

Proof : In AABC, g
P and Q are the mid-points of 51des AB
and BC respectively.

- PQ||AC and PQ =%AC -0

Similarly S and R are the mid-points of
sides AD and DC respectively.

1
~. SR ||AC and SR=EAC ()

From (7) and (i7)
PQ || SR and PQ = SR
. PQRS is a parallelogram.

Now in AASP and ABQP,
AS =BQ (Half of equal sides)
- AP=BP  (Pismid-point of AB)
ZSAP = ZQBP (Each = 90°)
. AASP = ABQP |
(SAS axiom of congruency)
PS =PQ (c.p.c.t)

PQ=QR=RS=SP
Hence PQRS is a rhombus.
Hence proved.

Show that the quadrilateral formed by
joining the mid-points of the pairs of
adjacent sides of a rhombus is a
rectangle

Given : In thombus ABCD, P, Q, R and
S are the mid-points of its sides AB, BC,
CD and DA respectively and PQ, QR,
RS and SP are joined.

L [irnve : PQRS 1is a rectangle.
~ Const : Join AC and BD which intersect

each other at O.

Q. 13.

Sol.

Proof : . The diagonals of a rhombus
bisect each other at right angles.

.. AO=0C,BO=0D and AC and BD
bisect each other at right angles.

Now in AABC,

P and Q are the mid-points of AB and
BC respectively.

- PQ|IAC and PQ=%AC )

Similarly, In AADC,

S and R are the mid-points of CD and
DA respectively.

1
~RS|AC and RS=—AC (i)

From (7) and (77)
PQ || RS and PQ =
Similarly we can prove that
QR = SP and QR || SP
. PQRS 1s a parallelogram.
PQ || AR and QR || BD
and AC L BD
. PQRS is arectangle.
Hence proved.

Show that the quadrilateral formed by
joining the mid-points of the pairs of
adjacent sides of a square 1s a square.

Given : In square ABCD, 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 1s a square.

Construction : Join AC and BD.

Proof : In AABC,

P and Q are the mid-points of sides AB
and BC respectively.

PQ || AC

PQ=%AC ()

and
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Similarly in AADC, .
S and'R are the mid-points of AD and
CD respectively

1
To prove : MN = E(AB —-CD).

Const : Join CN and produce it to meet
AB at E.

1 Proof : In ACDN and AEBN

'SR || AC andrSReSESAC () DN=NB (N ismid-point of BD)
From (7) and (77), ZCND = 4ZBNE

PQ = SR and PQ || SR (Vertically opposite angles)
. PQRS is a parallelogram. Z/CDN = /NBE (Alternate angles)
Now, in AAPS and ABPQ - ACDN = AEBN

AP-=-R13 ~ (ASA axiom of congruency)

(.- P, Q, S are the mid-points of the sides) o0 Pp= FR (C.P..C.T.)

AS = BQ and CN=NE (C.PC.T)

and LA = 4B (Each = 90°) In AACE,
AAPS= ABET e sxionts) M and N are mid-points of AC and CE
PS = PQ (c.p.c.t.)

. PQ = QR = RS = SP
. PQRS is a rhombus or a square.
PQ || AC : QR and PS || BD || QR

(Proved)

But, diagonals AC and BD of a square
bisect each other at right angles.

.. Each angle of PQRS is a right angle
Hence, PQRS i1s square.

Hence proved.

In the adjoining figure, ABCD i1s a
trapezium in which AB || DC. If M and

Q. 14.

N are the mid-points of AC and BD _

respectively, prove that

) -, :'-—-(AB CD)

Sol.

- MN =%AE =—;—(AB—EB)

5 %(AB -CD) [+EB=CD]

Hence proved.

. In the adjoining figure, ABCD is a trape-

zium in which AB || DC and E is the mid-
point of AD. If EF || AB meets BC at F,
show that F is the mid-point of BC.

Given : In trapezium ABCD, AB || DC.
E is the mid-point of AD and EF || AB is
drawn which meets BC at E.

Sol. Biven In trapezium ABCD, AB | DC
- M and N are the mid-points of AC and-

FD respe:ctwelymxd?oﬂﬁ" are joined.
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Q. 16.

Sol.

e e

To prove : F is the mid-point of BC.

Proof : .- AB || EF || DC, CB and AD
are its transversals.

gi = gg (Intercept Theorem)
But DE=EA = % =1

% — = CE=FB

Hence F is the mid-point of BC.
Hence proved.

Two points of A and B lie on the same

side of aline XY. If AD L XY and BE L
XY, meet XY in D and E respectively
and C is the mid-point of AB, show that
CD = CE.

Given : Two points A and B which lie
on the same side of aline XY. AD L XY
and BE 1 XY. C is mid-point of AB. CD

and CE are joined.

A

D K E

~ To prove : CD = CE.

Const : Through C, draw CF L XY.

Proof : ' AD, CF and BE are
perpendiculars drawn on the line XY.

ERDLCF || BE,:

DE and AB are its transversals.
DF AC
FE CB

.+ C is the mid-point of AB.
AC=CB = -y

CB
DF

o = DR=FE
Now in ACDF and ACEF,

Q. 17.

~Sol.

CF=CF (Common)
ZCFD = ZCFE (Each 90°)
DF =FE (Proved)

.. ACDF = ACEF
(SAS axiom of congruency)
CD=CE (R CET)

Hence proved.

Prove that the straight lines joining the
mid-points of the opposite sides of a
quadrilateral bisect each other.

Given : In quadrilateral ABCD, P, Q. R

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

A B B

PR and QS are joined to intersect each
other at O.

To prove : QO = OS and PO = OR.

Const : Join PQ, QR, RS and SP, AC
and BD.
Proof : In AABC,

P and Q are the mid-points of AB and
BC respectively.

.. PQ||AC and PQ=—;-AC )

Similarly in AADC,
S and R are the mid-points of AD and
CD respectively.

1
:.SR||AC and SR = EAC (1)
From (7) and (i7)
PQ || SR and PQ = SR

. PQRS 1s a parallelogram.

But the diagonals of a parallelogram
bisect each other.

. PR and QS bisect each other at O.
Hence PO =0OR and QO = OS.

Hence proved.
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