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UNIT 14:
RATIO & PROPORTION

When we divide two similar quantities on each other then it is called ratio of the quanti-
ties. For example,

4B _4B:TD and 2-TH:4C
D AC
The quantity between the two ratios of the sides of a triangle is called proportion i.e.
48D
cD  AC A
This represents proportion.
Ifin AABC
mAD _mAE
mbDiE mEC HE‘E \IC
v mAB _ mAC
Ihen ———= = —— {Componendo property)
mbDB  mEC 4 e
And mfl_) = mf ~ (Componendo and invertendo property)
mAB  mAC ’

If in a correspondence-Ad BC «—>ADEF , the correspondence-angles-are eongruent then
the triangles are similari.e. AABC ~ ADEF.
Correspondence in this case is called sumilarity.

|  THEOREM 14.1 ]

A line parallel to one side of a triangle, intersecting ‘the other two sides, divides
them proportionally.
Given:

A triangle ABC in which KL || AB. KL meets CA and CB at distinct points K and L
respectively. ”
To Prove:

mCK — mCL

H!@ HIZE
Construction:
Suppose the unit of length is taken such that
mCK =p and mK4 =g units (where p and ¢ are

ST 2

whaole numbers, ¢ # 0) ff \,L
wE _p p 5
KA g A e

divide 'K into p congruent segments and K4 into ¢ congruent segments. From each
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dividing point, draw lines parallel to K7.

Proof:

Statement

Reasons

The parallel lines divides C4 into

(p +g) congruent segments

CB is another transverse which cuts
these parallel lines.

. These parallel lines divide CB

also into (p+g¢) congruent seg-

ments.

ie. CL is divided into p congruent

and LB is divided into ¢ congruent

segments.

Suppose the length of each congru-

ent segments is ‘¢’ unit,

mCL _axp
" mLB axgq
e P o=f s
mLB-.g
B PE=2L))
mK4 ¢
LR P oo By
mKA m(CB

Construction

Same number of congruent segments are inter-
cepted on any other transversal.

Construction

From (1) and (1)

THEOREM 12._2 ]l

If a line segment intersects the two sides of a triangle in the same ratio then it is

parallel to the third side.

Given:
KL intersects two sides AR

And. AC of the triangle A4BC
At K and L such that

ﬂ?z—‘i}-{_ _ JIIE

mK8 mLC
To Prove:

KL 1 BC
Proof:

"“-":.h:\/‘]

Statement

|

Reasons

Suppose KL is not parallel to BC,then let BM be drawn through B, parallel KL. .
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meeting AC at M.

mAK mAL ‘ Proportional segments are cut by line || to one

mKB  mLM > () side of the triangle.

J
AK Wra Given

But mf_ff = mﬁ > (i)

mKB mLC

mAL mAL From (i) and (ii)
Thus—=—=

mLM mLC
Or mLM =mLC Denominators of equal fraction

This is possible if C and M coincide.

[ THEOREM 143 | '

The internal bisector of an angle of a trinngle divides the side opposite to it In the
ratio of the lengths of the sides containing the anles.

Given: T
In AABC, CL is the bisector of LC, D

which meets the opposite side AB at L.

To Prove:
mAL  mAC
mBL (‘mBC
Construction:
Through B, draw BD||LC which intersects AC at D.
Proof:
Statement Reasons
LC| BD Construction
£2=/L3—— (i) Alternate angle <
And £l = /Z4——(ii) Corresponding angles
But Z1=24£2 Given
Z3=24 Transitive property
Hence BC = DC Opposite sides of congruent angles
Now in AABD Construction
CL| DB
mAL mAC Proportional segments are cut by line || to one
mBL = aDC side of the triangles.
mAL mAC
Or —_— =
mBL mBC
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| THEOREM 14.4 Il

If two triangles are similar, then the measures of their corresponding sides are
proportional.

Given:
AABC ~ADEF
i.e. 4A =D /B=sF

And /C=/F g
To Prove:
mAB _ mBC mAC A B D

mDE mEF mDF
Construction:
Take point G and Hon DF and DE such that AC = DG and 4B = DH. Join G to H.

Proof:
Statement Reasons
In AABC+«+—>ADHG GD
AB=DH Construction
AC = DG Construction
LA= 2D Given
'.  AABC xADHG (S.A.S=S.A.S)
Hence ZC =41 Corresponding (.£) of congruent triangle
But LC=ZF Given
Zl=£F Transitive property
But corresponding angles
GH || FE
. mDG mOB Remaining sides proportional
Hence ——==—=—
mDF  mDE :
mAC mAB ) -+ AC=DG and AB=DH
Or — = > (i)
mDF mDE
Similarly it can be proved that
mAC _mBC ’
—_—= > (ii)
mDF  mEF
mAB mBC mAC From (i) and (ii)
Hence —= =
~ mDE mEF mDF
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. > EXERCISE 14.1

Q1: The three angles of a triangle are in the ratio 1:2:6. What is the measure of the
smallest angle?
Solution:
l.et e be the smallest angle then other tvw o angles are 2a and 6a.
1= Za+ 06 =180"

o
= %%u=180" = u= ig—['":2{)"'

Henee a =207 is the smallest angle.

Q2: The measure of the three angles of a triangle are in the ratio 2:3:4. Find the
measure of the largest angle of the triangle.

Solution:
Let the largest angle =4« then other two angles are 3a and 2«
Since 2a+3a+4a=180"
= 9% =180" = a=20"
Hence measure of the largest angle is
da = 4(20) = 80"

Q3: In the given figure, show that A QRS and A TUS are similar.
Solutions:

Given-&QRS-and ATUS

Q

To Prove:
AQRS and ATUS are similar.

Proof: T u
Statement Reasons
mLl=msL2 Vertical angles
TU «——0OR One — one correspondence
f TS ¢—38R One — one correspondence
! SU S0 One — one correspondence
mLU =mZLQ Opposite angles
msLT =mZR
Hence AQRS and ATUS are simi-
lar triangles.

Q4: In the given figure show that AMNO ~ APQOR.

Solution:
Statement Reasons
10— PR Corresponding sides

AN «—— PQ
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Hence AMNO<— APQOR

Q5: In AABC, DE is parallel to BC. If mAD = 1.5cm, mBD = 3cm, mAE = 1.3cm,

then find mCE.

Solution:
Given DE is parallel to BC
: mAD =1.5¢cm
mDC =3cm
mBE =1.5¢m
Required: Length of 4C

l.5cm E  3em

Statement

Reasons

DE || BC
In  AABC

mA__C _ HIE
m_D? - mﬂ
iy g
Hf_lf . ?H_E/_&
mAC 1 S+3

3 - 3

{5

m% =4.5¢m

Given

wmAB = BE + EA

mEA = m‘D—C =30m

Q6: In the given figure, find the value of x.

~ As ABCD is aright triangle so by Pythagoras theorem,

(BC)* +(DCY* +(BDY
(15)* +(13)* +(BD)*
225-169 =(BD)’
(BD)y =56

Now in A4BD, again
(AB)* = (4D)* +(BDY’
(12)* =ec* +56

144 ShoadoloBRes o =88 =5 [ =04
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Q7: In AABC,AD is the bisector of ZA. If mAB = 9¢m, mAC =10 cm and mBC

=12¢m. Find the measure of DC and BD.

Solution:
Given in AABC Zl= /2, AB=9%9cm

AC =10cm and BC =12cm
To find: DC=? and BD =?
Proof: In AABC, AD is the bisector of /A.

~ BD AB
" DC AC
BC =12¢m
22 (Dividing 12¢m in 9:10)
DC 10
568 9
632 10

BD =5.68cm and DC =6.32cm

Q8: PS-is the bisector of ZP in APQR/If mQS =3cm,mSR=7and mPQ +

m PR = 20ch1, find the measure of P@ and-PR.

Solution:
Given in APQOR, PS is the bisector of /P and OS =3cm and SR =7Tcm, PQ +PR
=20cm.
To Find: PQ and PR
Proof:
In APOR, RS is the bisector of ZP.
Therefore o fg?r 1=P0: PR
SR PR
3" PO 3 2
R P Mt L Bty = 6
7 PR 3620
0SS PO 7 2
=2 oS- —x =14
SR PR MW Al
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Q9: ABC is a triangle in which mBC = mCA = 2m AB. Internal bisector of A meets
BC at D and DE is drawn parallel to ameeting AB at E.Find mDE : m AB.
Solution:
Given: In AABC
mBC =mCA=2mAB
m/1=ms2 and DC || AC

C

To Prove: mOE :mAB A
Proof: )
Statement Reasons
As AD is the internal bisector of A
then,
mCD  mCA o As DEHCA
= > (i
mDC  2mAB
L Y
mOB  mEB
From equation (i) and (ii)
-mCA4 _ mAE Transitive property
2mAB | mEB
2mOF B mALE 8. DU || Ex=ss B CR=2 [N
2mAB mEB
mDE g O Because E is the midpoint of AB
mAB )ﬂZE‘I 2
=% mﬁ:mﬁz 1:1

Q10: Measures of the sides of a triangle are 6.5cm, 7.8cm and 9.1cm. Find the
lengths of the segments into which the smallest side is divided by the internal bisec-
tor of the opposite angle.

Solution:
Given AB=6.5cm
AC =9.1cm
BC =7.8cm
We find AD and BD 7.8cm
mBC _mdD | M
mAC mBD
Since AB=AD+ BD or EzE—A_D—>(2) B

Put equation (2) in equation (1), we gets
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mBC _ mAB—mBD B mAB 0
mAC mBD mBD
Putting the values
18_ 65
9.1 mBD
or Put this value in equation (2) -
AD=AB—-BD =6.5-3.5=3cm

Ans.

Q11: The given triangles are similar, find x.

::>L8+l:m-B_D
0.1

Solution:
From two similar triangle their ratio is
16:x=22:33
2 3 72 33
16 22 W x4
= —=— D X=—
¥ 3 2%
' 2% RE )
= Ans.

Q12: If AABC ~ADEF and mAC =12¢m, mAD = 4em,mBC =10cm  and
mDF = 9¢m, then find the measure of DE and EF.

Solution:
AABC ~ ADEF

To Find: mDE =? and mEF =29
Proof: We know that,

AABC ~ ADEF

| AB_BC_AC

. DE EF DF

Let —‘ﬂ'—zizE :Dizg-——ﬁﬂfz:‘}c}??
DE EF 9 DE #,
10 E.’L_O/..,:J/z/ DEF:E = EF =9.5¢m

So DE=3cm and EF =7.5¢m
Q13: Diagonals of a trapezoid ABCD intersect each other at O. If A A0B~ A COD,
then prove that 4B I CD.

Solutien:
Taking C' and D’ on AC and BD diagonals such that
OC'=0C and OD' = 0D
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Proof
Statement Reasons
In  A4O0B ~ AOCD
AB 04 OB Find the property of similar triangles
¢D oC 0D
041 _ OB
oc 0D

F+c*'o_ﬁ+ﬁ

Cc0 Co oD op

A ; BD 4
+1= +

C'O 1 oD’ J

AC' _BD'

c'o op

C'D' || AD and CD || AB

Q14: In the accompanying figure, the line segment, KL, is drawn parallel to ST,

intersecting RS at K and RT at L in RST If\PK 25, KS =10, and RT =18, then
find RL.

Solution:

Using ratio theorem,

i . R
mLR_mLT

mKR  mLR

% 18—= 18
510 K S
RS ya N
= X—= —_—

raa'sms ; T

2x=18-x = 2x+x=18
=53 =18 = [x =6 Ans.
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REVIEW EXERCISE 14

Q1: Select the correct answers:
i} In the given figure compute x:
(a)7
(b)9
(c)y2
()3
il) Which of the following 1s not valid for proving triangles similarity?
(a) SSS (b) AA v (¢) SSA (d) SAS
i11) In a mathematics class with 32 students, the ratio of girls to boys is 5 to 3. How many
more girls are there than boys?
(a)2 (b) 12 v(c)8 (d) 20

iv) The measure of a line segment joining the midpoints of AB and AC of AABC is
3.5cm. Find mBC=.....

(a) 4.5cm (b) 5.5¢cm (c) 6cm < (d) 7em

v) In the figure AB||CD. If AD and BC intersects at O. Then AAOB and ADOC
are. A B
(a) Congruent
¥ (b) Similar

(¢) Not similar
(d) None of these

Q2: Prove that a line passing through the midpoint of one side of a triangle and
parallel to a second side bisects the third side of the triangle.
Solution:

Given:

In AABC, DE| BC bisect 4B at point D

And AC at point £ respectively

Teo Prove:

AE=EC

Proof:

Statement Reasons
Since BFED is a parallelogram Given

EF=BD=A4D Opposite sides of parallelogram alternate angles
mLl=m2L2
msZ3=ms2
mZl=mA3 Transitive property
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In AADE«— AEFC
AD = EF mZ1=m/3 proved
AADE = AEFC mZl=m/2 proved
Hence 4E = EC

Q3: In the figure AB || DE.1f mBE =4.1cm, mEC =12.3cm and mDC =16.5cm,

find the measure of AC.

Solution:
41 E 12.3
Proof:
Statement . Reasons
E”ﬁ Given
In AA4BC )
mAC o MBC As AB| DE (Given)
mDC J??F
WAC _mBE + mEC + mBC = mBE + mEC
mDC mEC
mAC 4.1+12.3 Putting values
16.5 123
164
123
mE:M=22 Ans.
123
P
Q4: Let PO and RS intersect O and PO _mRO e that AOPR - AOQS.
mOQ mOS
Solution:
Given: @ and RS intersect each other at O
mPO mRO
And —

mOQ moS
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To Prove:
AOPR ~ AOQS

Proof:

Statement Reasons

In  APOS«—>AROQ
mPO _ mRO ' Given

mOQ  mOS
mLl = mL2 Vertical angles
PS||RQ.

mOP mOR mRS

Hence ——mmnr = ey 15 —cepemes

mOQ mOS mRQ
APOS ~ AROQ

w%k%
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(a) Equally (b) Proportionally (c) Linearly (d) none
v Ans. (b) Proportionally

2. If a line segment intersects the two sides of a triangle in the same ratio then it is

........... to third side,
(a) Equal (b) Perpendicular (c) Parallel .(d) none
v Ans, (c) Parallel
3. Iftwo triangles are similar then the measure of their........... sides are proportional,
(a) Opposite (b) Corresponding (c) Similar (d) none

v Ans. (b) Corresponding

4, If area of AABC' is 18¢m” and ADEF is 24¢m” then the ratio between their areas

(a) 2:3 (b) 4:5 (c) 3:4 (d) 5:6
v Ans. (c) 3:4
5. Ifthe ratio between q, b and ¢, d is same then the quantities are said to be...........
(a) Equal {b) Proportion (c) Parallel (d)Unegqual
v Ans. (b) Proportion
" 6. a:bic:d meansthat..........
(a) % == (b) ab=cd () %:{'; (d) none
a_c
JAns. (¢) ===
ns. (¢) T
7. If the corresponding angles of two triangles are congruent then the triangles are said
tohave.....&£%,
(a) Concurrency  (b) Similarity (c) Proportional  (d) none
v Ans. (b) Similarity
8. To prove the similarity of two triangles which is impossible in the following:
(a) SS (b) SSS (c) SSA (d) SAS
v Ans. (a) SS
9. In aschool 40 students are admitted the ratio of boys to girls is 6 to 2 then the boys
. S——
(a) 30 (b) 20 (c) 32 (d) 28

v Ans. (a) 30
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