UNCONVENTIONAL PROBLEMS OF RATIO AND PROPORTION
CONCERNING DISTRIBUTION OF THREE LIQUIDS AND THREE
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Each of the three glass jars contains three different liquids whose volume ratios and density ratios are given. These
liquids are poured into and blended in a bigger glass jar. The volume of the blended liquid in the bigger jar is measured.
This paper is aimed at finding the mass distribution of the three liquids in the three smaller jars, respectively. Another
problem of ratio and proportion is introduced: ratios of height, length and breadth of each of the three rooms and the
areas of their floors and walls are given. Aforementioned dimensions of the rooms are calculated.
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Introduction

Many problems on ratio and proportion, along
with their solutions or without solutions, have
appeared in X or Xl standard textbooks of
mathematics. In this article, two innovative
problems involving ratio and proportion are
introduced and solved.

Problem 1
This is depicted elaborately as follows:

e Jar 1 contains three different liquids,
viz., Liquid 1, Liquid 2 and Liquid 3 in
volume ratio a,:a,:a,,

e Jar 2 contains the above-mentioned

three liquids in volume ratio a,a,,:a,,.

e Jar 3 contains the above-mentioned

three liquids in volume ratio a, :a,,:a,..

The liquids from these jars are poured into a
larger jar and blended. Thereafter, the three
different liquids contained in the larger jar are
found in volume ratio a:b:c.

The total volume and mass of the mixture of
three different liquids in the bigger jar are
measured to be Vand M, respectively.

Additionally, the densities of the three
different liquids are given in the ratio p:q.r.

The objective is to calculate the mass of
each of the three different liquids in the
larger jar, as well as in Jar 1, Jar 2 and Jar 3,
respectively.

Solution to Problem 1

Letv,,v,andv,, be volumes of the three

different liquids in Jar 1. Then, as above —
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V. V. V. V.,+V.,, +V

11 12 13 1 12 13
_:_:_:T:k1 (Say) [1]
d, a, 4y ayta,ta,

Let Vo Vs, and Vys be the volumes of the three
different liquids in Jar 2. Then, as above—

Ya Yo _ Vs _ VntVa tVis

3

=k, (say) (2)

an Gy3 Gy tay tay
Let Vi, v32and Vas be the volumes of the three

different liquids in Jar 3. Then, as above—

%

Var _Vap _Vas _ Va1 tVap V5

=k, (say) (3)

831 a32 833 a31 + 832 + a33

If V., V,and V_be the volumes of the three
different liquids, respectively in the bigger jar,
in view of the above.

v
a
In consequence of (1), (2], (3) are obtained the
volumes of the Ligiud 1, Liquid 2 and Liquid 3

in the bigger jar, respectively as [k7, k2, k3 and
k are constant)

Va SVt VTV = k1 ant k2 ap* k3‘313 = ka
Vb SV VTV = kw ant k2 dy* ks Ay = kb
Vc SV Vg TV = k1 dgy k2 dg * k:a d33= ke (4]

Given that V. + V, + V_=Vand as such from (4):

kla+b+cl=V (5)
kia,+k, a72+k3a73=a+‘/§+c (6)
kia,+k,a,+k, 823:a+vif+c (7)
koa,+k,a,+k, 333=3+VZ+C (8)

We shall solve the equations (6], (7) and (8] to
find the values of k, k,and k,with the help of

22

determinants using Cramer’s rule.

dy 9 93
D=la, a, ay (9)
dy 93 9
v dp a3
k=———b a, a
i 22 93
(a+b+c)D
C 3y dy
v ay a
k,=—1a,, b a
2 21 23
(a +b+ C)D
dy € 3
v ay a, a
ky=——1a,, a,, b
3 21 9o 10
(a +b+ C)D (10]
33 dyp C

Now using equations (1), (2) and (3], we find
volumes of the three different liquids in Jar 1,
Jar 2 and Jar 3, respectively:

InJar1,
a ap ay
V.
Vi =an K = o d G (11.1)
(a+b+C)D :
C a3y dy
Va dp, ap
Vip =apk, = (a+blr2(:)D 9y 93 (11.2)
C 3y ay
Va djp dp
Vig =3k, =m 9y 9 (11.3)
C ayp dy
InJar 2,
ay @ ay
Vo =k, :L ay b ay (12.1)
(a+b+c)D :
dy € dgy



ay ad dy
Va,,
Vyy =ayK, (a+b+c)D ay b ay (12.2)
dy € dg
ay a dp
Va
Voy =K, = = ay b ay (12.3)
(a+b+c)D
dy € dy
InJar3
a a
. Va, 9
Va = dyfy (a+b+C)D 3y Ay (13.1)
33 93 C
ay ap
Va
V32=332k3=(3+b3+zc)0 Ay (13.2)
3y dy C
a, a
Va,, )
V33:a33k3:m821 a, b (13.3)
dy dyp C
|f da, db and dC be the densities of three
different liquids in the bigger jar, then—
d_a=$=i=h[say] (14)
p q r

Combining (14) with equations (6), (7) and (8),
the masses of the three different liquids are
obtained as

m,=d_ V =hp [k7 a,+kya,+kK, 373}
Va
a+b+c
m,=d,V, =hq lk
Vb
a+b+c

hp (15.1)

+k.a,

a 3723

1 27+k2822

=hg (15.2)

m.= dc Vc: hr [k7 dgt k? dgt k3 833}
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-hr (15.3)

a+b+c
M=m_ +m,+m_
gD €

a+b+c ‘a+b+c a+b+c

Or, M= a+qgb+rc 16
' a+b+c (P e ) e}
which gives the value of h:

M(a+b+c

V(pa+gb+rc)

Substituting (17) in (14), one gets the densities
of the three different liquids:

~ Mp(a+b+c)
_V(pa+qb+rc)
J - Mq(a+b+c)

b

V(pa+gb-+rc)
J - Mr(a+b+c)
_V(pa+qb+rc)

Combining (17) with (15.1), (15.2), (15.3) we get
masses of the three different liquids in the
bigger jar:

(18)

Map
(pa+gb+rc)

Mbg
(pa+gb+rc)

Mcr
(pa+gb+rc)
Combining (18] with relations (11.1) to (11.3),
(12.1) to (12.3), (13.1) to (13.3), the mass
distribution of Liquid 1, Liquid 2 and Liquid 3

in Jar 1, Jar 2 and Jar 3, respectively are
obtained —

m

a

m,

(19
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Injar1,
a ap a3
a Mp
m,=v,d=-"-1—""T  1p (20.1)
M 1N a D (pa+qb+r(;) 822 323
C 33 9y
a a, ay
i Mgq
= =—=—————1b
m,,=V,d, ) (pa+qb+rc) a,, ay| (20.2)
C a3 dy
a ap a3
a, Mr
= i S .
My =V,,d, D (pa+qb+rc) 3, ay| (20.3)
C 33 93
Injar 2,
a d dp
o 8 M
my,=V,d,= D (pa+qb+rc) ay a,l (21.1)
33 C dy
ay d s
a Mq
mZZ:VZZdbz ﬁm a, b ay; (21.2)
3 C dp
ay 4 ay
3y, Mr
= ==—— b
Mg = Vyed, D (pa+qb+rc) ay a,| (21.3)
3 C dp
Injar 3,
ay dp a
3z Mp
= == b
My, = Vy,d, D (pa+qb+rc) 3y Ay (22.1)
3y dyp C
ay gy a
33 Mq
mazzvazdb: FW a, a, bl(22.2)
3 dyp C
ay dp 4
a_ Mr Ly
M;=Vasd, = D ( a3+ b+l‘C) 2 92 (22.3)
petd dy dyp C
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Problem 2

There are three rooms, identified as Room 1,
Room 2 and Room 3 of different dimensions
that is, length, breadth and height.

Heights of Room 1, Room 2 and Room 3 are in
the ratio h7: hQ: h3: 122,27,

Lengths of Room 1, Room 2 and Room 3 are
intheratio (: L Lz :yy, ¥,

Breadths of Room 1, Room 2 and Room 3 are
intheratiob: b, b,::x;:X,:X,.

The surface areas of the walls built up on
the lengths, breadths and of the floors of the
three rooms are in the ratio

ZAM ! 2Ahb ! ZAM: :2a:2b:2c.

The total surface area of three rooms is
measured to be 2S.

The objective is to find the dimensions of each
of the three rooms.

Solution to Problem 2

Owing to the above given data, we have the
constants z, y, x:

b &:h_sz (1)
Zy Z, 23
[L—[L—[i= (2)
Yw Yo Vs
G )
Xy X X

Multiplying (1) by (2], (2] by (3) and (3] by (1)
to obtain the ratio distribution of the surface
areas of the rooms:

hw [1 hz [2 _h3 [3

LY 4, 43 s

:Zy



_ hb+hl+hil

2y, + 2}, +25Y;

. T (4)
Y1+ 25), ¥ 25Y5

b { =b2 b =b3 L = xy

XY XY, X3 s

A (5]
X1y1 +X2y2 +X3y3

h b1=h2 b, =h3 b, -

LXK 2y Xy 23Xy

e o

ZX, + ZyXy + 23X,

where 2 A, and 2A, are areas of the walls
built up on the lengths and breadths of the
three rooms respectively and 2A, the areas of
the floors and roofs.

From the above text, we can write:

%_ 2A, 2Ahb
2a. 2b 2
C2A 424,424, S
2l@+b+c) a+b+c 7
A - Sa
a+b+c
_Sh
" a+b+c
Sc
A = 8
' a+b+c 8)
Combining equation (8] with (4], (5) and (6],
respectively to obtain the relationship:
2= = =p(say) [9)
(Z1yw +t24,), +Zs)/3)(a+b+c)
Sb
Xy = =r(say) (0)

(x]y1 +X,Y, +x3y3)(a+b+c)
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7X = 5 =q(say) (1)
(2, + 2%, +2,%, ) (a+b+c)

In order to solve equations (%), (10) and (11), we
multiply them to obtain—

(xyz)’=pgr or, xyz=,[pgr (12)
Dividing (12) by (9], (11) and (10), we get
CE o eE

Combining the values of z, y and x from (13)
with (1), (2) and (3] to get the dimensions of the
three rooms —

h =z, B h, =z, Ly h, =z, B3 4
r r r

L=y, ﬂ L=y, ﬂ L=y, P (15)
q q q

b=x |2 b=x, [L, b=x, | (16]

p p p
By substituting the values of p, g, r from (9],

(10, (11) into equations (14), (15) and (16), we
obtain-

b SaC(X7y7+X2y2 +X3Y3)
Y (22,9, +23y5 )(2%, +2,%, + 2,5 )(a+b+c)b
(17)

Sac 7y +X2Y2+X3Y3)
(zy,+ 2,5, + 2,5 ) (2% + 2,%, + 2;x, )(a+b+c)b

(18)

(2, + 2,0, + 23y ) (2% + 2,%, + 2,x; ) (@ + b+ )b

(19

Sba(x,z,+X,2, + X;25)

\/ Sac 7}/ +X2Y2+X3)/3)

2y, 42,8, + 23y )XY+ X,¥, + x5y5 )(@a+bc)e
(20)
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\/ Sba(x,z, +X,2, + X,2;) b \/ Sbe(zy, +2,y, +25y5)
7)/ t2Y, % 25Y5 ( ,y7+x2yz+x3y3)(a+b+c)c ’ (X7y7+X2Y2+X3Y3)(27X7+22X2+23X3)(‘9+b+c)a
(21) (25)
Sba(x,z, +x,2, +x,2,) Thus, equations (17) to (25) represent
\/ (2, 42,9, + 2,9, ) (9, + %7, + x5y, (@ +b+c)c dimensions of the three_roo_ms eva[uqted with
(22) the knowledge and appllcatlon of 'Ratio and
Proportion’. If we consider each room as a
Sbe(z,y, +2,y,+2,5) cuboid of unit dimension leading to x=y,=2=1,
\/ (0, #5072 + 3573 )2+ 2,%, +2,%, )(a + b+ )a (i=1,2,3), thena=b=c=1, 5_:9. Subst_ituting
(23) thes_e values in the p_recedmg eq_uatlon_s_are
obtained h=[=b=1[i=1,2,3], which verifies the
Sbe(z,y,+2,y, +2,Y5) above results.
\/ XYy +X,), + XY (Z X, +2Z,X, +Z3X3)(a+b+c)a

(24)
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