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1. Intriangle ABC, M is mid-point of AB and a straight line through M and parallel to BC
cuts AC at N. Find the lengths of AN and MN, if BC = 7cm and AC = 5cm.

Solution:
The triangle is shown below,

Lo

Fom

M

B Tcm

Since M is the midpoint of AB and MN||BC hence N is the midpoint of AC.Therefore

Mfﬁf:lﬂif,':lx?:}ﬂcm
2 2

AN = l_,qc =l><5= 2. 5cm
And 2 2
2. Prove that the figure obtained by joining the mid-points of the adjacent sides of a rectangle
is a rhombus.
Solution:
The figure is shown below,
A § D
i R
E
0 C

Let ABCD be a rectangle where P,Q,R,S are the midpoint of AB,BC, CD, DA.We need to show
that PQRS is a rhombus

For help we draw two diagonal BD and AC as shown in figure

Where BD=AC(Since diagonal of rectangle are equal)

Proof:

From £&48D and 48CL
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FS= %B.D =R and PE||ED||QF

2P5=20R =BD and P3||CE. (1)
Similarly 2PQ=2SR=AC and PQ||SR----- (@)
From (1) and (2) we get

PQ=QR=RS=PS

Therefore PQRS is a rhombus.

Hence proved

3. D, E and F are the mid-points of the sides AB, BC and CA of an isosceles triangle ABC in
which AB=BC. Prove that triangle DEF is also isosceles.

Solution:
The figure is shown below

=

Given that ABC is an isosceles triangle where AB=AC.
Since D,E,F are midpoint of AB,BC,CA therefore
2DE=AC and 2EF=AB this means DE=EF

Therefore DEF is an isosceles triangle an DE=EF.
Hence proved

4. The following figure shows a trapezium ABCD in which AB||DC. P is the mis-point of AD and
PRJ|AB. Prove that:

PR=={AB+CD)

1
2

Solution:
Here from triangle ABD P is the midpoint of AD and PR||AB, therefore Q is the midpoint of BD

Similarly R is the midpoint of BC as PR||CD||AB
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From triangle ABD 2PQ=AB ....... (1)
From triangle BCD 2QR=CD .....(2)
Now (1)+(2)=>

2(PQ+QR)=AB+CD

1

PR={4B+CD)

Hence proved
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5. The figure given below, shows a trapezium ABCD. M and N are the mid-points of the non-

parallel sides AD and BC respectively. Find:

()
(i)
(iii)

Solution:

v

C

MN, if AB=11cmand DC =8 cm
AB, if DC =20 cm and MN =27 cm
DC, if MN =15 cm and AB =23 cm

Let we draw a diagonal AC as shown in the figure below,

(i)

A _'i/"’

M E —

Given that AB=11cm,CD=8cm

From triangle ABC

ON =

1 1

— A8 =—xll="55cm
2 2

From triangle ACD

OM =

lCD =l><8=4cm
2 2

Hence MN=OM+0ON=(4+5.5)=9.5cm

(i)

Given that CD=20cm,MN=27cm

From triangle ACD

OM =

lCD: leD: 106w
2 2

Therefore ON=27-10=17cm

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

'
BYJ U S Concise Selina Solutions for Class 9 Maths Chapter 12-
The Learning App Mid-Point and Its Converse

From triangle ABC

AB = 20N =2%17=34cm

(i) Given that AB=23cm,MN=15cm
From triangle ABC

O = %_fﬂﬂ = %x23= 11.5¢m

Therefore OM=15-11.5=3.5cm

From triangle ACD

D =20M =2x35="Tcm

6. The diagonals of a quadrilateral intersect at right angles. Prove that the figure obtained by

joining the mid-points of the adjacent sides of the quadrilateral is a rectangle.
Solution:

The figure is shown below

D R &
- -
. %
% \.\
\\\ y
e
4 P B

Let ABCD be a quadrilateral where P,Q,R,S are the midpoint of AB,BC,CD,DA. Diagonal AC

and BD intersects at right angle at point O. We need to show that PQRS is a rectangle

Proof:

From 445C gnd 440C

2PQ=AC and PQ||AC .....(1)

2RS=AC and RSJ||AC .....(2)

From (1) and (2) we get,

PQ=RS and PQ||RS

Similarly we can show that PS=RQ and PS||RQ

Therefore PQRS is a parallelogram.

Now PQJIAC, therefore SAQD = ZAPXED =530 [C’ﬂrrespﬂndmg cmgfe?]

Again BD||RQ, therefore SPXO = RO =590 [Cc:-rreapc:'mimg angfe]

Similarly LORE = ZRSFP = Z5P0 = 90°

Therefore PQRS is a rectangle.

Hence proved
7. L and M are the mid-points of sides AB and DC respectively of parallelogram ABCD.

Prove that segments DL and BM trisect diagonal AC.
Solution:

The required figure is shown below
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D

\\‘\ x//,—
\\ // I
" \
//%f X

L

From figure,

BL=DM and BL||DM and BLMD is a parallelogram, therefore BM||DL

From triangle ABY

L is the midpoint of AB and XL||BY, therefore x is the midpoint of AY.ie AX=XY .....(1)
Similarly for triangle CDX

CY=XY .....(2)

From (1) and (2)

AX=XY=CY and AC=AX+XY+CY

Hence proved

8. ABCD is a quadrilateral in which AD = BC. E, F, G and H are the mid-points of AB, BD,
CD and AC respectively. Prove that EFGH isca rhombus.

Solution:
Given that AD=BC .....(1)
From the figure,
For triangle ADC and triangle ABD
2GH=AD and 2EF=AD, therefore 2GH=2EF=AD .....(2)
For triangle BCD and triangle ABC
2GF=BC and 2EH=BC, therefore 2GF=2EH=BC .....(3)
From (1),(2),(3) we get,
2GH=2EF=2GF=2EH
GH=EF=GF=EH
Therefore EFGH is a rhombus.
Hence proved

9. A parallelogram ABCD has P the mid-point of DC and Q a point of AC such that CQ =

%AC. PQ produced meets BC at R.

Prove that:
Q) R is the mid-point of BC,
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.. 1
(i) PR=EDB

Solution:

10.

For help we draw the diagonal BD as shown below

The diagonal AC and BD cuts at point X.

We know that the diagonal of a parallelogram intersects equally each other. Therefore
AX=CX and BX=DX

Given,

1
CO=—AC
“=3

CQ:ixzax

CQ = % Cy

Therefore Q is the midpoint of CX.

Q) For triangle CDX PQ||DX or PR||BD

Since for triangle CBX

Q is the midpoint of CX and QR||BX. Therefore R is the midpoint of BC
(i) For triangle BCD

PR:lDB

As P and R are the midpoint of CD and BC, therefore 2

D, E and F are the mid-points of the sides AB, BC and CA respectively of triangle ABC. AE
meets DF at O. P and Q are the mid-points of OB and OC respectively. Prove that DPQF is
a parallelogram.

Solution:

The required figure is shown below
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B C

For triangle ABC and OBC

2DE=BC and 2PQ=BC, therefore DE=PQ .....(1)
For triangle ABO and ACO

2PD=AO0 and 2FQ=AO0, therefore PD=FQ .....(2)
From (1),(2) we get that PQFD is a parallelogram.
Hence proved

11. In a triangle ABC, P is the mid-point of side BC. A line through P and parallel to CA meets
AB at point Q; and a line through Q and parallel to BC meets median AP at point R. Prove
that:

Q) AP =2AR
(i)  BC=4QR

Solution:

The required figure is shown below

i

B C
P
From the figure it is seen that P is the midpoint of BC and PQ||AC and QR||BC
Therefore Q is the midpoint of AB and R is the midpoint of AP
Q) Therefore AP=2AR
(i)  Here we increase QR so that it cuts AC at S as shown in the figure.
(iii))  From triangle PQR and triangle ARS
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SPOR = ZARN (Dpp-:?.’:‘-‘iﬁé‘ .:mgfe]
FPR=AR

PO=AS {PQ:ﬂS:%ﬂC}

APOR = AARSY (545 Postulate)
Therefore QR=RS

Now

BCO =205

BO=2x20R

BC=40R

Hence proved

In trapezium ABCD, AB is parallel to DC; P and Q are the mid-points of AD and BC
respectively. BP produced meets CD produced at point E. Prove that:

Q) Point P bisects BE,

(i) PQ is parallel to AB.

Solution:

(i)

(i)

13.

The required figure is shown below

E D C

N,

From APED and AABF
Fh=AF [P 1z the midpoint ofﬁD]
SOFE =7 AFPR [Dppasz’.ﬁe .:;t?zgfe]
LPED = ZFRA [HE [|CE ]

APED = ©NABP [ AS4 postulate]

. BEF=L8F
For tiangle ECB PQ)||CE
Again CE||AB
Therefore PQ||AB
Hence proved

In a triangle ABC, AD is a median and E is mid-point of median AD. A line through B and

E meets AC at poin F.
Prove that: AC = 3AF
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Solution:
The required figure is shown below

B

For help we draw a line DG||BF

Now from triangle ADG, DG||BF and E is the midpoint of AD
Therefore F is the midpoint of AG,ie AF=GF .....(1)

From triangle BCF, DG||BF and D is the midpoint of BC
Therefore G is the midpoint of CF,ie GF=CF ...(2)
AC=AF+GF+CF

AC=3AF(From (1) and (2))

Hence proved

14. D and F are mid-points of sides AB and AC of a triangle ABC. A line through F and
parallel to AB meets BC at point E.
Q) Prove that BDFE is a parallelogram.
(i) Find AB, if EF =4.8 cm.
Solution:
The required figure is shown below

B C
E

() Since F is the midpoint and EF||AB.
Therefore E is the midpoint of BC

BE=lBC EF=lﬂB

So 2 and 2 (D
Since D and F are the midpoint of AB and AC
Therefore DE||BC
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DF=lBC DB=1£L5’

So 2 and 2.2
From (1),(2) we get

BE=DF and BD=EF

Hence BDEF is a parallelogram.

(i) Since

AB=2EF
=2xd 8
=9 6em

15. In triangle ABC, AD is the median and DE, drawn parallel to side BA, meets AC at point
E. Show that BE is also a median.
Solution:

In AABC,

ADis the median of BC

= Dis the mid - point of BC.,

Given that DE PBA

By the Converse of the Mid - point theorem,
= DE bisects A

= Eis the mid -point of AC

= BEis the median of AC,

thati=BE is alzoa median.

16. In triangle ABC, AD is the median and DE, drawn parallel to side BA, meets AC at point

E. Show that BE is also a median.
Solution:
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Constructon : DrawDy || BQ

In ABCQ and ADCY,

LBCQ = 2DCY (Common)

ZBQC = 2DYC (Corresponding angles)

So, ABCO ~ ADCY (A8 Similarity criterion )

BQ BC ':Q (CDFFES[]DFI ding sides are proportional )

DY DC
:}ES 2l:D(IZ:usthemlc:I point of BC)
BQ |
= _— =2
o (i)
Similarly, AAEQ ~ ALDY
jE:E——[EISﬂ‘IemId point of AD)
Oy ED 2
EQ y
that —=— ......
aISDY 5 (i}
Dividing (i Jby (il ), we get
BQ
:}__
ECQ
= BE + EQ) =4EQ
= BE =ZEQ
EBE_3
EQ 1

17. In the given figure, M is mid-point of AB and DE, whereas N is mid-point of BC and DF.
A

Show that: EF = AC.
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Solution:
In AEDF,

Mis the mid- point of AB and Mis the mid- point of DE.
= MM = %EF(Mid -point theorem)

In AABC,
M is the mid-point of AB andMis the mid - point of BC,

= MM = %;&C (Mid - point theorem )

= AC = 2MN......(i)
From (i Jand(ii), we get
=EF =AC
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1.

Use the following figure to find:
(1) BC,ifAB=7.2cm.

(i) GE,ifFE=4cm.

(i)  AE,ifBD=4.1cm.

(iv) DF,ifCG=11cm.

ST
[N

/A E

\
N

Vv

A4

Solution:

According to equal intercept theorem since CD=DE
Therefore AB=BC and EF=GF

(i BC=AB=7.2cm

(i)  GE=EF+GF=2EF=2x4=8cm

Since B,D,F are the midpoint and AE||BF||CG
Therefore AE=2BD and CG=2DF

(iii) AE=2BD=2%4.1=8.2
(iv)
1 1
DF = —(CG==x11=55m
2 2

In the figure, given below, 2AD = AB, P is mid-point of AB, Q is mid-point of DR and
PR||BS. Prove that:

()  AQIIBS,

(i) DS =3RS

S
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Solution:

Given that AD=AP=PB as 2AD=AB and p is the midpoint of AB

Q) From triangle DPR, A and Q are the midpoint of DP and DR.
Therefore AQ||PR

Since PR||BS ,hence AQ||BS

(i) From triangle ABC, P is the midpoint and PR||BS

Therefore R is the midpoint of BC

Fram ABRS and MORC

LBRE = Z0RC

BR =R

LRES = ZRC0

L ABRS = AQRC

LR =RS
DS=DQ+QR+RS=QR+QR+RS=3RS

. The side AC of a triangle ABC is produced to point E so that CE= % AC. D is the mid-point

of BC and ED produced meets AB at F. Lines through D and C are drawn parallel to AB
which meet AC at point P and EF at point R respectively. Prove that:

Q) 3DF =EF

(i) 4CR=AB

Solution:

Given that D is the midpoint of BC and DP is parallel to AB, therefore P is the midpoint of AC

1
FD = —-AB
2

1
AP = —AE
Q) Again from the triangle AEF we have AE ||PD||CR and 3
1
DF = =EF
Therefore 3 or we can say that 3DF = EF .

Hence it is shown.

1
CR==PD
(i) From the triangle PED we have PD||CR and C is the midpoint of PE therefore 2
Now
_1
PD = =-AB
1o 1
SPD= A8
_1
CR= —-AB
4CR = AB

Hence it is shown.

In triangle ABC, the medians BP and CQ are produced upto points M and N respectively
such that BP = PM and CQ = QN. Prove that:

Q) M, A and N are collinear.

(i)  Ais the mid-point of MN.
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Solution:

(i)

The figure is shown below

M

From triangle BPC and triangle APN
SEBPC = ZAPN  [Opposite angle]

BF=AF

FPU=FN

LABPC = AAFPN [SAS postulate]

- LPRC=/PAN (13
And BC=AN ......(3)

Similarly €95 =20AN o)
And BC=AM ......(4)

Now
SABC + ZACE + A BAC =180"

LPAN+/QAM + ZBAC =130° [(10,(2) we get]

Therefore M,A,N are collinear

(i)

From (3) and (4) MA=NA
Hence A is the midpoint of MN

5.

In triangle ABC, angle B is obtuse. D and E are mid-points of sides AB and BC respectively

and F is a point on side AC such that EF is parallel to AB. Show that BEFD is a
parallelogram.

Solution:
The figure is shown below
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B C
E

From the figure EF||AB and E is the midpoint of BC.
Therefore F is the midpoint of AC.

Here EF||BD, EF=BD as D is the midpoint of AB
BE||DF, BE=DF as E is the midpoint of BC.
Therefore BEFD is a parallelogram.

6. In parallelogram ABCD, E and F are mid-points of the sides AB and CD respectively. The
line segments AF and BF meet the line segments ED and EC at points G and H
respectively.

Prove that:
0] Triangles HEB and FHC are congruent;
(i)  GEHF is a parallelogram.
Solution:
The figure is shown below

i

0 From NAEE and ANFHT
BE=FC
LERE=FHC [Opposite angle]
LHOEE = HFC
LAHER = AFHT
LBH =CH BH=FH

(ii)
Similarly AG=GF and EG=DG .....(1)
For triangle ECD, F and H are the midpoint of CD and EC.
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HF=lDE

Therefore HF||DE and 202
(1),(2) we get, HF=EG and HF||[EG

Similarly we can show that EH=GF and EH||GF
Therefore GEHF is a parallelogram.

7. Intriangle ABC, D and E are points on side AB such that AD = DE = EB. Through D and
E, lines are drawn parallel to BC which meet side AC at points F and G respectively.
Through F and G, lines are drawn parallel to AB which meet side BC at points M and N
respectively. Prove that: BM = MN = NC.

Solution:

The figure is shown below

M N
For triangle AEG
D is the midpoint of AE and DF||[EG||BC
Therefore F is the midpoint of AG.
AF=GF .....(1)
Again DF||[EG|BC DE=BE, therefore GF=GC .....(2)
(1),(2) we get AF=GF=GC.
Similarly GN||FM||AB and AF=GF,
therefore BM=MN=NC
Hence proved

8. Intriangle ABC; M is mid-point of AB, N is mid-point of AC and D is any point in base
BC. Use Intercept Theorem to show that MN bisects AD.

Solution:
The figure is shown below

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

9.

So

10.

'
BYJ U S Concise Selina Solutions for Class 9 Maths Chapter 12-
The Learning App Mid-Point and Its Converse

Since M and N are the midpoint of AB and AC, MN||BC
According to intercept theorem Since MN||BC and AM=BM,
Therefore AX=DX. Hence proved

If the quadrilateral formed by joining the mid-points of the adjacent sides of quadrilateral
ABCD is a rectangle, show that the diagonals AC and BD intersect at right angle.

lution:
The figure is shown below

S
4 P B

Let ABCD be a quadrilateral where P, Q, R, S are the midpoint of AB, BC, CD, DA. PQRS is a
rectangle. Diagonal AC and BD intersect at point O. We need to show that AC and BD intersect
at right angle.

Proof:

PQIIAC, therefore LAQD = ZAPEO [Carrespc:-mdmg cz?zg.-:’e] (D)

llAgain BD||RQ,

therefore SPXO = AR =90 [Correspondmg angle and angle ofreu:tangle] @

From (1) and (2) we get,

A0 =190°

Similarly LAO8 =£BOC = £LDOC =307

Therefore diagonals AC and BD intersect at right angle
Hence proved

In triangle ABC; D and E are mid-points of the sides AB and AC respectively. Through E,
a straight line is drawn parallel to AB to meet BC at F. Prove that BDEF is a
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parallelogram.
If AB =16 cm, AC =12 cm and BC =18 cm, find the perimeter of the parallelogram
BDEF.
Solution:
The figure is shown below

B C
F

From figure since E is the midpoint of AC and EF||AB
Therefore F is the midpoint of BC and 2DE=BC or DE=BF
Again D and E are midpoint, therefore DE||BF and EF=BD
Hence BDEF is a parallelogram.

Now

BD=EF=%HB=%X16=8C‘.W

BF=DE=%BC=%><18=9.:M

Therefore perimeter of BDEF=2(BF+EF) = 2(9+8) = 34cm

11. In the given figure, AD and CE are medians and DF||CE. Prove that: FB = 2 pB.

A

4

B D

Solution:
Given AD and CE are medians and DF || CE.
We know that from the midpoint theorem, if two lines are parallel and the starting point of
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segment is at the midpoint on one side, then the other point meets at the midpoint of the other
side.

Consider triangle BEC. Given DF || CE and D is midpoint of BC. So F must be the midpoint of
BE.

So FB = lE-E but BE = l.-’-‘-.E-
2 2

Substitute value of BE in first equation, we get

Fe= L ap
4

Hence Proved

In parallelogram ABCD, E is the mid-point of AB and AP is parallel to EC which meets
DC at point O and BC produced at P. Prove that:

0) BP =2AD

(i) O is mid-point of AP.

A

E

Solution:

13.

Given ABCD is parallelogram, so AD = BC, AB = CD.

Consider triangle APB, given EC is parallel to AP and E is midpoint of side AB. So by midpoint
theorem, C has to be the midpoint of BP.

So BP = 2BC, but BC = AD as ABCD is a parallelogram.

Hence BP = 2AD

Consider triangle APB, AB || OC as ABCD is a parallelogram. So by midpoint theorem, O has to
be the midpoint of AP.

Hence Proved

In trapezium ABCD, sides AB and DC are parallel to each other. E is mid-point of AD and
F is the mid-point of BC.
Prove that: AB + DC = 2EF

Solution:

Consider trapezium ABCD.
Given E and F are midpoints on sides AD and BC, respectively.

https://byjus.com



https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

'
m BYJ U S Concise Selina Solutions for Class 9 Maths Chapter 12-

The Learning App Mid-Point and Its Converse

We know that AB =GH =1J
From midpoint theorem,
EG = lm, HF= EJu:
2 2
Consider LHS,
AB+CD=AB+CJ+JI+ID=AB+2HF + AB + 2EG
So AB +CD =2(AB + HF + EG) = 2(EG + GH + HF) = 2EF
AB + CD = 2EF
Hence Proved

14. In triangle ABC, AD is the median and DE is parallel to BA, where E is a point in AC.
Prove that BE is also a median.

Solution:
Given A ABC
AD is the median. So D is the midpoint of side BC.
Given DE || AB. By the midpoint theorem, E has to be midpoint of AC.
So line joining the vertex and midpoint of the opposite side is always known as median. So BE is
also median of A ABC.

15. Adjacent sides of a parallelogram are equal and one of the diagonals is equal to any one of
the sides of this parallelogram. Show that its diagonals are in the ratiov/3: 1.
Solution:
If adjacent sides of a parallelogram are equal, then it is rhombus.
Now, the diagonals of a rhombus bisect each other and are perpendicular to each other.
Let the lengths of the diagonals be x and y.
Diagonal of length y be equal to the sides of rhombus.
Thus, each side of rhombus =y

B C

D

Now, in right-angles ABOC, by Pythagoras theorem
OB? + OC? = BC?
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Thus, the diagonals are in the ratio 43 : 1.
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