VARIATIONS

» Weightage = 6%

Student Learning Outcomes (SLOs)
After completing this unit, students will be able to:
»#  Define ratios, proportions and variations (direct and inverse).

# Find 3" 4" proportionals in proportion and mean proportional in a eontinued proportion.
= Apply theorems of?

%* invertendo,

%+ alternando,

#* componendo,

-

&
*

dividendo and componendo

e

*

dividendo to find proportions.

# Define joint variations.

#  Solve problems related to joint variations.

Use k- Method to prove conditional equalities involving proportions.
#  Solve real life problems based on variations.

Y




18.1: Ratio, Proportions and variations
18.1.1 Define ratio, proportion and variations (direct and inverse)

(a) Ratio:
Ratio is a comparison of two quantities having same units. It is the relation between two
quantities of the same kind. In other words, ratio means what part of one quantity is of the
other. If a and b are two quantities of the same kind and b is not zero, then the ratio of a and b

: 5 a
is written as a a:bh or —
7

For example: If in a class there are 13 boys and 8 girls, then the ratio of the number of boys

to the number of girls can be expressed as 13:8 or in fraction % 3

Notes: (i) The order of the elements in a ratio is 1mponan
(i1) A ratio has no unit.

(i) In a:b the first term a is called an ec@d the second term b
called consequent. ﬁ\’

Example 1: Find the ratio
(1) 400m to 900m (i)  700gmto 2kg
(iii)  30sec to 2min (iv)  Rs 200 to 300gm
Solution:
(i): Ratio of 400m to 900m

400: 900—@ i
900 9

4 : 9 is the simplest (lowest) form of the ratio 400 : 900
(i)  Ratio of 700gm to 2 kg
Since, lkg= 1000gm
2kg  =2000gm
therefore,

700: 2000 = X0 _ 7 —=7:20
200{] 20

(1i1)  Ratio of 30 sec to 2 min
Since, | min = 60sec
2 min = 120sec
therefore,

30: I2{]—£ l:1
120 4

(iv)  Ratio of Rs 200 to 300gm
Since, the quantities are not of same kind, so ratio between Rs 200 to 300gm cannot
be found.




Example 2: Find the ratio 5a+2b:4a+3bif a:b=4:5

Solution: Giventhat a:b=4:5 or % = i

5
Néw Sz i 25 ¢ 44 » 35 = 2+ 20
da +3b
Sa+2b a b
__ b _ S{EHZ(E) (Dividing numerator and
da+3h 4{§.)+3(é.) denominator by “b™)
b b b
) 5{3)*’2 442 6 30 ) (ﬂ]:(ﬂ)
) i "33 7 WS
sbyez B4y 33 ’
5 5 5

Hence. 5a + 2b: 4a +3b =30: 31

Example 3: Find the value of m,when the | Example 4: What number must be added to
ratios 3m +5 : 4m + 3 and 2 :3 are equal. each term of the ratio 4:15 to make it equal
Solution: According to the given condition
1o —.
- 3m+5 _ 2 3
4m+3 3 Solution: Let the required number be a.
= 3(Bm+5)=2(4m+3) According to the given condition
=5 9m+15=8m+6 4+a 2
= 9m—8m=6-15 = 15+a 3
=  m=-9 =\ =  34+a)=2(5+a)
Thus the required value of m is —9. . 12430 =30+ 24
= Ja—-2a=30-12
= a=18
Thus the required number is 1 8.

(b) Proportion:
The equality of two ratios is called proportion or a proportion is a statement, which is
f . a c . .
expressed as an equivalence of two ratios. If 5 = 7 then a, b, ¢ and d are in proportion and
h ¢
we can write it as a:b::¢:d where quantities @ and d are called extremes where b and ¢ are
called means. The proportion of @, b, ¢ and d is written as

abe:d

or a:b=c:d
a ¢
or s
h d
ad = bc

Note: Product of Extremes = Product of Means




Example 5:  Find the value of x , if 40:60=50:x

Solution:
Given that 40:60=50:x
Product of extremes = product of means
40x = 60x50
_ 60x50 _ 75
40
ie, x =175
Exercise 18.1 <) N
1. Find the ratio of the following.
i)  70kgand 28kg (i) 60cmand Im (iii %ﬁﬂmm
iv) 200 ml and 2/ (v)  135%and 360° (vi)  3.5kg, Skg 200gm
2. In a factory, there are 120 workers in which 45 are women and remaining are men.
Find the ratio of %
(1) men to women (i)  women l;% men
(iii)  women to total worker (iv)  men 0 tal workers

;s W

.

m

If 5(4x—-2y)=3x—-4y, find x:y
Find the value of ‘a’ if the ratios 3a+4: 2a¢+5 and 4
What number must be added to antecedent and o onsequent of the ratio 5:27 to makeit equal to 1:3?

If a:b=75:8,find the value of 3a+ @ _

Find the value of x in the fol la\}&

(i) 2x+5:5:3x-2:7 e
( 473 2

) X—3 5 ~I y

(ii1) — : M

2
(v) 1l1—x: 8—)({ 2\ :16—x

3\ 3
(iv) (.r:.'z-n::!‘:-+:‘}2):;rz:-:'fI ) (a+b)
a—b

(e) Variation:

Variation is defined as the change in one quantity due to change in other quantity.

There are two types of variations.

» Direct variation » Inverse variation
Direct Variation:
If two quantities A and B are so related that when A increases (or decreases) in given

ratio, B also increases (or decreases) in the same ratio then this variation is called direct
variation. If a quantity y varies directly with regard to a quantity x , we say that y is directly
proportional to x and is written as ) ot x

or v=k x where k=0
The sign o is called the sign of proportionality or variation and & is called
constant of proportionality or variation.




For example:
(1) Length of side of square and its area are in direct proportion.
(ii)  The speed of cycle and covered distance are in direct variation.
Example 1: If y varies directly as x, find
(a) the equation connecting x and .
(b) the relation between x and y when x=3 and y=7
(c) the value of ¥ when x=24 (d) the value of x when y=21
Solution: (a) -y is directly proportional to x

yeC x
ie. y=hx (1)

where k is constant of variation
(b) By putting x=3 and y=7 in equation (i),

we get 7=3k = k= L
3
By putting the value of k in equation (i), we get y= ;.r (1)

(¢) By putting x =24 in equation (ii), we get y= %(24} =56

(d) By putting y = 21, in equation (ii),

:3x2l=9

7
we get, 21=;x = X

Example 2: If y varies directly to the square root of x, y=10 when x=16 , then find y
when x=36
Solution: Given that y varies directly as square root of x

i.e. y o \E
or _y=kx .. (1)
where k is constant of variation
By putting x =16 and y =10 in equation (i)

we get 10=kJ16 = ,(—:E=§

By putting A’z% in eq (1)

5
_1-’=5«/; (1)
By putting x =36 in eq (ii) we get

5 5
j=2u 36 = P=(6) = 15
y=,N36=} 2()




. ' . i 792
Example 3: Given that V varies directly as a cube of » and V = = when r=3.
Find the value of Vwhenr=7.

Solution:  Since V varies directly as cube of r.
Var’
V=’ () (where k is constant of variation)
By putting r=3 and V= 2?2 in eq (1)
we get E=A'(3)-‘ St BB
7 4 Tx27 21
Hence V= Er"‘ (i1)
By putting =7 in eq: (ii)
88 .1 4312
we get V=—wi(7) = ——
g 91 (7 3

Inverse Variation:

If two variables (quantities) are related to each other in such a way that increase in
one variable causes decrease in another variable and vice versa then the variables are in
inverse variation to each other, If a quantity y varies mversely with regard to quantity x, we
say that y is inversely proportional to x and we write it as

k
ye—ory=—
X X
= w=k
Example 1: If y varies inversely as ¥ and
y=T when x=2.Find y when x =126

Solution: Here y varies inversely as x

By puting y=7 and x= 2
we get

in eq (1)

k=(2)(7)=14
equation (i) becomes

xv=14 .. (ii)
By putting x = 126 in eq (ii)
we get

(126)y=14

14
}.‘ -

'V:

o |

where k£ # 0 (constant of variation)

Example 2: If y varies inversely as the cube
root of x and y =27 when x=8. Find x
when v= 36

Selution: Here y varies inversely as i/x
I

) Ix

or y—;/; = _'.(vq)—ﬁ. = (1)
By putting x=8 and y=27 ineq (i)
we get k= (27)(/8) =54

Now by putting & =54 in eq (i)

we gcl_vi/._:s«il .. (1)

Now, by putting y =36 in ¢q (ii)

we get (36)(%/_?) =54

Le. p

s
5
I
|ux
B
|
(RSN




Exercise 18.2

If y varies directly as x , and y =10 when x=3, find

(i) yinterms of x (i) y when x=6 (iii) x wheny=15
2. If VeeT and V=15 when T= 24, find
(i) The equation connecting V and T. (i1) V when T=30

(iii) T when V=10

3. Ifuex {f\_! and =4 when v==64, find the value of u when v= 216 and the value of v

when u=5

4. IfF varies directly as m’ when m =3 and F = 81, find F when mzs.Q%

5. Ify varies inversely as x and y=10 when x=3, findy when x=10

\

.

V=12 when P=9, find P when V =4

6. The volume V of a gas varies inversely as square root of the @\f the gas, if

7. £ F =

2

L nd' P whon =2 thion find:
=
(i)  Fwhenr=5 (i) rwhenF=24 ”%

8. The cube root of x varies as the square of y if gx@»giw}gen y=13 find x when y =%

9. The force F between two bodies is inversrja/l?' ;

ional to the square of the distance

between their centers. If F=2 and d=3 then find d when F=72

10. If y varies inversely as (x—5) whk =

6andx=8, find y when x=10

18.1(ii) Find 3™, 4", proportionals of propertion and mean proportional in a continued

proportion

We are already familiar with proportion that if @, b, ¢ and d are in proportion then

a:b:e:d

Here a, b, ¢, and d are called first, second, third and fourth proportional respectively

(a) Third proportional

Example 1:

If4,7 and 14 are the first, second and
fourth proportional in a proportion
respectively then find its third

proportional.
Solution: let x be the third
proportional
then,
4:7::x:14
= Tx=56
= x=38

Example 2:
If (a—b),(a" +ab+b*)and (a'—b’)are the
first, second and fourth proportional
respectively then find the third proportional.
Solution: let x be the third proportional
then,

(a=b):(a*+ab+b*):x:a’ =b
= (@ +ab+b )x=(a-b)(a -b")
(@ +ab+b)x=(a-b)(a" +ab+b")

_(a- b)Y (a® +ab+b*)

(a*+ab+b%)
= x= (a-b)




(b) fourth proportional

Example 1:

Solution:

Find the fourth proportional if first three proportional are
a+b,a-banda’ —ab+ b’
let x be the fourth proportional
then @’ +b' :a—b (@ —ab+b*):x
x (@ +b)=(a-b)a’—ab+b?)
(a—b)a*—ab+h)
(a+b)a’—ab+b")
a—b
a+b

xX=

Continued Proportion and mean proportional

or

The quantities a, b, ¢, are said to be in continued proportion if
a:b=b:c

ab:b:c = b =ac

Here b is called mean proportional

Example 1:

Solution:

Example 2:

Solution:

(-]

Juuu

- : 5 g X—¥
Find a mean proportional of x"—y* and -
XHy

Let z be the mean proportional

then
9 x—¥
s L
X+
5 = o
e z‘:(.\“—yz)( y):( -y
xX+y

= z=(x=y)
Find the value of @ if 7,a4—3 and 28 are in continued proportion
Since 7,a~3 and 28 are in continued proportion.

Tra=3"%g—3:28
(@=3)"=Tx28
(a=3)" = 196
a-3 = 14

a =14+3

a =17

Exercise 18.3

1. Find the third proportional if first, second and fourth proportional are

0
(i)

a—b*,a+b and a-b
a+b' @ —ab+b
a—b

6, 18 and 54 (ii)

(iv)

and a+b

(x+y),x"+y" and x+y

a1“b2 L




2. Find the fourth proportional to
@i 8,42 (iiy d+b',a -b.a’—ab+¥
(i) @’ —8a+12, a2, 24’ —124°
(iv) (=P Na*—ab+b),d* +b,a' - b
3. Find the mean proportional to
(i 818 (ii)  Sab*,20a’b

3 i
Gy al-pti-L2 (v o820
o

2 4Bt a+ab+b Q@

4. Find the value of x in the following con'hnucd proportions.
(i) 45.x.5 (i) 16, x ,9
Gii)  12,3x-6,27 (iv) 7, x-3,112

18.2 Theorems on proportions
18.2.1: Apply theorems of invertendo, alternando, componendo, dividendo to solve the
problem of proportions.
(i). Theorem of invertendo:
If a:b=c:d thenb:a=d:c
The above statement is called theorem of invertendo.
Proof: Since a:b=c:d

a_c
b d
h d . . .
—=— ( Taking reciprocal of both sides)
a ¢
ie. b:a=d:c¢ Hence proved.
For example: (i) If 2:3 = 4:6 then by theorem of invertendo
3:2=6:4
(i1) If 4p:5¢=2r:5s then by theorem of invertendo
5q:4p=35s:2r

(ii). Theorem of alternando:
If a:b=c:d thena:c=b:d
This statement is called theorem of alternando.
Proof: Since a:b=c:d

a_c
or —=—
b d
= ad =bc
Dividing both sides by ¢d
we get
we gt a b
s pe L
¢ d
ie. a:c=bh:d Hence proved.




Example:
(1) If 2:5=6:15 then by theorem of alternando
2:6=5:15

(iii)

(iv).

(1) I 4p-1:2-3¢g=5+2r:2s5+1 then by theorem of alternando
4p—1:542r=2-3q:2s+1

Theorem of componendo:

If a:b=c:d then according to theorem of componendo
(i) a+b:b=c+d:d (i) a:a+b=c:e+d

Since a:b=c:d
7 G
or ==
h d
Adding 1 to both sides
£ =543
b d
a+b c+d
— —3
b d

or a+b:b=c+d:d

Hence proved

» a ¢
i =g
(i1 b d
b d .
= —=— (By invertendo theorem)
a c¢
By adding 1 to both sides
E+ 1 =£+1
a ¢
b+a d+c
a ¢
a ¢
— =
b+a c+d
or aa+b=c:c+d

Hence proved
If p+2:g=r:5-3 then by theorem of componendo (i)
p+2+gig=r+5-3:5-3
Similarly by theorem of componendo (ii)
p+2:p+24g=r:r+s5-3

Theorem of Dividendo:
If @a:b=c:d then according to theorem of dividendo
(1) a—-b:b=c—d:d (ii) aa-b=c:c—d




Proof: (i) Since g:bh=c :d (ii) Since a:b=c «d

a c a c
or —=— or —=—
b d b d
Subtracting 1 from both sides. 5 b_d
a_1-5£_4 a ¢
5 4 Subtracting 1 from both sides.
a-b c—d Eu]_ﬂ_
b d a ¢
or a—-b:b=c—d:d b—a d-c
Hence proved. it c
a ¢
p- =
b—a d-c
or arb—a=icid—=e

Hence proved.

Example:

If m+5:n—3=4p+7:3g+2 then show that m—n+8:n—3=4p—-3g+5:3g+2

Solution: Since

or

(v).

Example 1: If m:n= p ¢ then show that 3m—2n:3m+2n=3p-2¢g:3p+2¢

m+5:n=3=4p+7:3g+2

m+5 4p+7

n-3 3q+2

By dividendo theorem

(m+5)—(n—=3) (Ap+7)-(3¢q+2)
n—73 - 3g+2

m-n+8 4p-3q+5
n-3 3g+2

i.e. m—n+8:n—-3=4p-3g+5:3¢g+2
Hence shown.
Theorem of componendo and dividendo:

If a:b=c:d then according to theorem of componendo and dividendo

(i) atb:a—b=c+d c—d
(ii) a-b:a+b=c—d:c+d

Solution: Since m:n=p g

m
or —:ﬁ

noq
Multiplying both sides by%

= ( By invertendo theorem)
&

(By invertendo theorem)



3m_3p

2n  2q

By using componendo and dividendo theorem (i1)
3m-2n 3p-2q

In+2n Ip+2¢q

or 3m—2n:3m+2n=3p-2q:3p+2¢q
Hence shown.
Example 2: If 3p+4q:3p—4g=3r+4s:3r—4s then show that p:g=r:s
Solution: Since 3p+4q:3p—4g=3r+4s:3r—4s
By using componendo and dividendo theorem (i)
(Bp+4g)+(Bp—4g)  (Br+4s)+3r—4s
(Bp+49)—(Bp—4q) (3r+4s)—(3r—4s)
3p+4q+3p—4q 3r+4s+3r—4s

3p+4¢g-3p+4g 3r+4s—3r+4s

6 6r 6
o°p _ OF (by cancelling—)from both side)
8qg 8s 8
. p_r
g &
or pig=r:s

Hence shown,
Example 3: Using theorem of componendo and dividend theorem find the value of x

==
+ || +
o ||
|
-
|
L=}
| 12

Solution: We have M:E

X+6++x—-6 5
By componendo and dividendo theorem squaring (1) both sides
(Vx+6—x=6)+(Jx+6+yx—6) 2+5 ¥+6 49
{\/_T-F(]—-J.Y—ﬁ}—(\jx-I"6-!-\/_1'—()) 2-5 ©=6 = 9
Vr+6—fx=6+x+6+yx—6 7 9x+354=49x—-294
Vx+6=afx—6-x+6-yx-6 =3 9x—49x=-294-54
26 7 Axt6 7 i —40x =-348
2Jx-6 -3 k-6 3 7 =38 _ 87

40 10

As (1) is a radical equation, so verification of root is necessary. On verification it is

found that x= - satisfies the original equation. Therefore,S.S :: ?—;—}

10




Example 4: Solve the equation: -

theorem.

Solution: We have

(x+3)Y +(x=1)

(x+3) —(x=1)°

x+3)+(x-1)° 5
x+ P =(x-1)* 4

By componendo and dividendo theorem

=

=%

-

4

by using componendo and dividendo

(x+3) +(x=D)+(x+3) = (x=1)" _5+4

3+ (e=D - E+3 w(x-1) 54

2(x+3)° 9
20x-1" 1
[.\:+3 } _g
¥=1
x+3 B
x—1
):+3=3 - x+3=_3
x—1 x—1
x+3=3x-3 X+3=-3x+3
—2x=-6 4x=0
x=13 x=0
The solution set is {0,3}
2 # .5 .3
Example 5: Prove that a:b=c:d-if GC, bd, :C3 d}
ac-+bd- ¢ +d

Solution:

Since

ac” —bd” B i

ac +bd®> S +d°

By componendo and dividendo theorem

e -d*++d’

> 2 2 il
ac” =bd™ +ac” +bd”

Ly, 2 )
ac® — bd® — ac® — bd?

2ac®  2¢°

-2bd* -24°
a c
= "
b d

or a:b=c:d

Hence Proved.

-3 3 3 3
¢ —d’ —-c —-d’




Exercise 18.4

1. If x:y=z w then prove that
@) 4x+3y 4z +3w (i) 5x-3y 5z-3w
4x—3y 4z 3w Sx+3y 5z+43w
(i) _xj+ y:_ _ z‘j +wz (i) 3x42y ___Eiz +2w
X—y z-w 3x-2y 3z-2w
) 2x+3y+2z+3w  2x-3y+2z-3w

2x+3y—2z-3w 2x-3y—2z+3w
2. Prove that a:b=c:d if
(i) a' —b':a’ +b' =ac—bd :ac+bd
(ii) a+b+o+d _ q-—b-+c-d_
: atb—c—d a—b—c+d )
3. Solve the following equation by using componendo — dividend
R ) ) . iy T 1
(+3 +(x=5) 5 G 2
o Nx+5—x=5 1 ) Q/ x—4) —(x=3) 63
(i) —T———— (iv 3_ =
Jx+5+4x=5 10 < ) (x—4) +(x-3) 65
=\

18.3 Joint variation
18.3(i) Define joint variation

When a variable depends on the product or quotient of two or more variables is called
the joint variation. In other words, joint variation occurs when a variable varies directly or
inversely with multiple variables.
For example

(i) If x varies directly with both y and z we have xx yz = x=kyz

I

(i) If x varies directly with y and inversely with z we have xoc Lyy=E

(8] |

18.3 (ii) Solve preblem related to joint variation.
Example 1:

If 'y varies directly as xz’and v=4 when x=6 and z=3. Find the value of
v when x=—81 and z=:

Solution Since y varies directly as xz°

yoc xz°
i.e. y=kxzt (@)
By putting, y=4, x=6 andz=3ineq (i)

2

4=k (6) (3) = k= 8

54 27




; 2 ., ;
By putting, & = 57 in eq (i)

weget y= 23 xz* (1)
27
Now by putting x = —8landz=5 in eq (ii)
2 s
; (-81) (5)" = 2(-3)(25)=-150

Example 2. If s varies directly as v’ and inversely as 7 uand s = 16 when v=4, t= 9 and
u = 24; find the value of s whenu =25, t=36 and v=>75.
Solution. Since s varies clirectly as v’ and inversely as \ﬁ u.

S ult = 5=k u«f_ By putting k =18 in eq (i)
By putting s=16,v=4,t=9 and g 18 v .. (i)
=24 ineq (i) u
k(4)’ By putting L1—25.1—36 and v =5 in eq (ii)
_J§(24) we get ‘
_ k(64) _ 72 . S I8 (5) _ 18xI25 15
I()" ) = k“‘l(‘)'(a —18 M(:S] f)x 25

g A4
}%rcise 18.5
1. Ify varies directly as x° @ a d ziand y=6 when x=4,z=9. Write y as a function of x
: u@ﬁ)fy when x=-8and z=12

2. Ify varies dﬂectly/\@}{x and inversely asv and t. y=40 when x=8, u=5,v=3
and t =2 find y in terms of x,%,v and t. Also find the value of y when x=-2, u=4,

v =3, t=—/lxc
3, 1fwx§ irectl

yas u® and inversely as cubic root of v and w =216 when u=6
and y=27. Find the value of wwhen u =10 and v =125,

the time period T of simple pendulum is directly proportional to the square root of
L and inversely proportional to the square root of acceleration due to

C?@w ¢ if T =2sec L=100cm and g =9.8m/s. Find time period of simple pendulum

when L =200m and g =7.6 at a particular height.

5. The volume V of a particular gas is directly proportional to the temperature T and
inversely proportional to the square root of pressure. If V=100, T =30 and P =64.
Find the value of V when T=60 and P=81.




18.4 k—Method
When two or more ratios are equal many useful proportion may be proved by introducing

a single symbol ‘k’ to denote each of the equal ratios. This method of using symbol k to each
ratio is called k-method, the k method is a very useful method in solving many problems.
18.4 (i) Use k-method to prove conditional equalities involving proportions
If a:b::c:d is a proportion.
Then by k — method

e 2=2% =k
b d
= L -k and S =k
b d .
a=bk ..(1) and c=d k ... (ii)
By using these equations, we can solve problem relating to proportion,
8a-5b 8¢-5d

8a+5h  8c+5d

Examplel. If a:b::c:d then show that

Solution: Since a : b =c : d
a el

et — = — =k
b d
Then a=hbk andc =dk.
NowL LS = 8a-5b _ 8bk -5b _ b(Bk -3) _ 8k -5
8a+5bh 8bk+5b b(Bk+5) Bk+5
RHS = 8c—5d _ 8dk —5d _ d(8k—35) Va 8hk—35
8c+5d  8dk+5d d(8k+5) 8k+5
LHS=RHS
8a—5b 8c-35d

8a+5bh 8e+5d

Hence shown.
(a+c+e) ace

Example 2: lfﬂzizitluen prove then e,
o (b+d+[f) bdf
Proof: we have N £ - E
b d f
» BB 2 g
b d f
Then Ezk.izk,i_:k
b d f
= a=bk c=dk and e= fk
4 o) Y [kb+d+ )]
Lis - @tete)  (Bk+dk+ fk) _[ko+d+ D],

S (b+d+ £} (b+d+f) (b+d+f)




_ (b)) _ Kbdf s

RHS§= %€
baf bdf bdf
LHS= RHS

(a+c+e)’ _ace
(b+d+ ) bdf
Hence proved.
Example 3:

If £ = £ - £ then show that(a® +¢* + &
b d f
Peauliict 2 = & = i,Zk
b d o
= a=bk, c=dkande= [k
LHS = (&’ +c*+€) (B +d’+ )

= (K +d K+ 7 K) (B +d*+ )
=B +d>+ ) B +d*+ )
= kb +d*+ )

Wb +d*+ [P)=(ab+cd+ef )

| RH.S =(ab+cd+ef )V

=[(b k)b +(d k>d +(f k) /T
=k b7 % ka*+ ks ]
=[k(p+ a*+ 1 ]

=KW +d + 1)
LHS=RHS

@+ +&)b +d" + [7)=(ab+cd+ef )’

1. Ifp:g=r:s m@g hat
@) 8p-3q _ _45;'—33 _
_ 8p+3q @35

. T " 3
(iif) (p% NP 2 gy L
P+q r+s
(v, N g‘% . Ji._L‘?: &
ptq F o f ol w1

2. a:b=c:d=e: f thenshow that

a' b+a'e-e'f a

@ b°+ b’ fz .-fs T

ac ce ea a ¢ &
i S R S e L e
S A s S

Hence shown.

V Exercise 18.6

S
’_p +r' _p
(i) 3 P e =g
(iv) p+rig+s=p g §
(i) a b+ cdd+e’f atcte

ab’ +ed’ +ef?  b+d+f




18.4 (ii) Solve real life problems based on variations:
Example 1.
The potential energy of a body varies jointly as the mass “m” of the body and the

height “h” If potential energy is 1960 joules when m=2kg and h=100

then determine

potential energy of the body having mass Skg and height 300m.
Solution: Since potential energy “p” varies jointly as the mass m and the height h

i.e. pc mh

p =kmh ... (i) when k is constant of proportionality
By putting m= 2, h =100 and p= 1960 in equation (i)

1960

We get 1960 =k (2) (100) => k=——= 9.8
g (2) (100) 200

By putting the value of k in equal (i),

p=9.8mh ... (ii)

Now by putting m=5 and h = 300 in eq: (ii)
We get p= 9.8 (5) (300) = 14700 joules.

Example 2.
According to Hook’s law the force F applied
to stretch a spring varies directly as the
amount of elongation S when F=64 /band
S=3.2 inches.

Find. (i) S when F=100 /b

(i1) F when S=0.4 inches.

Solution: Since Foc §
F=kS... (1)
By Putting F=64 & S=3.2
we get
64=3.2 k
=% = ﬁ =20
32

By putting k=20 in eq (i)
we get F=20S ... (i)

By putting F=100 in eq (ii)
we get 100=20 S

=5 S=5 inch

By putting S=0.4 in eq (ii)

We get F=20(0.4)=8 /b

(i)

(i1)

Example 3:
Labour cost C varies jointly as the number of
workers “»n” and the average number of days
d, if the cost of 200 workers for 10 days is
Rs.450,000. Find the labour cost of 300
workers for 16 days.
Solution: Since cost varies directly as the
number of workers and the days.
ie, Cond

C=knd (i)
By putting C = 450,000,7 = 200 and d = 10
in eq (i)

450,000 = k(200)(10)
_ 450,000

2000

By putting & =225 in eq (i)
we get C=225-nd (i)

=225

= k

By putting 7=300 and d =16 in eq (ii)
we get C=225x300x16
C=1080000
Hence the cost for 300 workers for 16 days is
Rs. 1080000.




Example 4:

The expenses of a hostel are partly constant and partly vary according to the number
of students. When the number of students are 140 the expenditure is Rs 19300 and for 200
students the expenditure is Rs 26500. Find the expenses when number of students are 300.
Solution: Let the constant expenses be denoted as C, Q denotes partly expense, x is the number

of students and P denotes the total expense.
Since the expenses varies directly to number of students.

Qorx
Q = nx where n is constant
P—C+Q
P=C+ where # is constant
According to glven condition
Hence 19300=C+140n (1)
and 26500=C+200n .(11)
also P=C+300n  ..(iii)

From (i) and (ii), we get n=120 and C=2500
Now, equation (iii) becomes
P =2500+300(120) = 38500
The total expense for 300 students is 38500.
= —

Exercise I‘SW
The current in a wire is dii'c%l ional to the potential difference and
inversely proportional to thiﬁ(tsgyhﬁe R. IfI=6 amperes, when V=220 volts and

R=5 ohms. Find I when V=180 volts and R=8 ohms

The intensity of light m __a.&red\iytoot candles varies inversly with the square of the
distance from the light source: Suppose the intensity of a high bulb is 0.08 foot
candles at a dis %3 ters .find the intensity level at 8 meters.

The strength rectangular beam can varies directly as the breadth b and the
square of the depth . if a bean 9 em wide a 12 cm deep with support 1200 pound.
What wegghi; bean of 12 em wide and 9em deep will support.

Lab@m varies jointly as the number of worker n and the average number of
i

f the cost of 100 workers for 15 days is 9000, then find the labour cost of
rs for 20 days.

\%:sales tax on the purchase of a new car varies dn‘ectly as the price of a car. If a
@‘ car is purchased in Rs 2000000, then the sale tax is Rs 40000. How much sale
&tax is charged if the new car is priced at Rs 2800000.

Review Exercise 18

1. Multiple Choice Question
Select the correct option in the following
In a proportion p:g:r:s, pis called
(a) third proportional (b) mean (c) fourth proportional  (d)first proportional
Inaratio/:m , | iscalled :
(a) consequent (b) antecedent (c) relation (d) none of these




(iif)
(iv)

(v)

(vi)

(vit)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

(xiv)

In a ratio w:v, v is called

(a) antecedent (b) consequent (c) relation (d) none of these
If a,b,c are in continued proportion then b is called proportion between
a&ke
(a) 1% (b) mean (c) 3 (d) None of these
The mean proportional between a* and b is
(a) ab (b) ab (c) % (d) —ab
If x-+5:x4+7=5:7 thenx is equal to
(a) 2 (b) -1 (c) 0 (d) 1
If 1.9, x and 45 are in proportion, then x =
(a) 27 (0 < ©) 5 (d) 405

If p:g=rws then p:r= q:s this property is called
(a) compodendo  (b) invertendo (c) dividendo. (d) alternando
If x:y=z:w then according to componendo

X Z (b) X < >

Xty z+w X—=W z-w

(a)

X—y z—w X=y z—w

(c) d)
X+ z4w ¥V w
If a:h=c :d then according to altetnando property
a ¢ a+b sc+d b d a
a_c¢ b b, | b_d
@ ;=7 © @ —=-

The fourth proportiﬁﬁéii 103.5,12 s
(a) 20 (b)y 15 (c) 60 (d) 36
If 2x, 3y and 6z are in continued proportion then

@ y=l29) 0 ) Wl=w () 9=12z (@) HP=4e

It e WWen according to dividendo property is
NG
@ X—y w-—z Xty _wtz

= (b)

Z ¥ 3

(c) x ¥ (d) None of these

X+y w+z
Force and acceleration are in
(a) direct proportion (b) joint proportion
(c) inverse proportion (d) None of these




(xv)

2.

If g:4::15:5 thena =

(a) 20 (b) 15 (c) 12 (d) 10
Find the ratios of the

(1) 100m and 500cm (i) 50kg and 300g

Find the value of x in the following

(i) S:x—3=x+11:3 (i) 9:x—10=x+13:12

If y varies directly as x and y = 25 when x = 75 then find » when x = 144.
1 .
If y varies inversely as x and y= 100 when x = 2 then find y when x = 4.

Ix+5y Tz +5w
Tx=5y Tz +5w
x=3)(x=5) (x-6)(x-2 . £ G

Solve ( )( ) = ( X ) by componendo — dividendo theorem,

(x=7)(x=2) (x=1)(x-8)
If x varies directly as y and inversely as z. If x =30 When‘_v;.,: 15 and z = 2. Find x if
=30 whenz=12.
The current in a circuit varies inversely with its resistance measured in ohms. When
the current in a circuit is 40 ampere, the resistance in 10ohms. Find the current if
resistance is 12 ohm.

If x:y=z: w then prove that

Summary
The comparison between two quantities of the same kind is called ratio

If two ratio a: b and ¢ :d are equal then we can write.
a:bic:d
Equality of two ratios is called proportion.
If two quantities are related in such a way that increase (decrease) in one quantity
causes increase (decrease) respectively in the other quantity is called direct variation.
If two quantities are related in such a way that when one quantity increase, then the
other decreases and vice versa is called the quantities are in direct variation.
Theorems on proportion
(1) Theorems invertando If a:b=c:dthen b:a =d:c
(i) Theorems of alternendo If a:b=c:d then a:¢c $:d
(ifi)  Theorems of componendo
S If a:b=c:d then (a) a+b:b=c+d:d (b) a:a+b=c:c+d

(iv)  Theorem of dividend

If a:b=c:dthen a—b:b=c—d:d and a:a—b=c:c—d
(v) Theorem componendo and dividendo

If a:b=c:d then

a+b:a-b=c—d:.c—d

~ If one variable varies directly or inversely with two or more than two variables then it

is called joint variation
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