Algebraic Fractions

By studying this lesson you will be able to;

o identify algebraic fractions,

e add and subtract algebraic fractions with integral denominators (equal/ unequal
denominators)

¢ add and subtract algebraic fractions with equal algebraic denominators.

We have already learnt to add and subtract numerical fractions and simplify, expand
and factorize algebraic expressions.

Do the following review exercise to recall what has been learnt earlier.

(Review Exercise )

1. Simplify.
L 2,1 i 5.2 w1 7.,4 o 12 2 1
L §+5 1. 77 1118 9 9+9 1v. 13713 13
2. Fill in each box with the appropriate number.
1_1 3_2 4_3_1
271 473 M 571073
_1x0O 1 _3x[] _[Ix4 _4x0_3x[0_1x10
2x2 4 4x3  3x4 5%6 10x3 3x0O
O -1 _0-0O _O-0-10
4 12 30
4 2 30
o - _ 0 =5
30+5
- U
9
| 65 |
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3. Simplify the algebraic expressions given below.

a. 2x+3x b. 3y—y

¢c. Sat4da+a d. 5x+3y+x+3y
e. 3y+2—y-2 f. 4n—-1+5-2n

g. 3y+2—-y—3+2 h. S5xy—6xy+3x+y

4. Expand and simplify.

a. 2(x+y)+3x b. 3(2x—4y)+ 12y
c. (4—-3x)—1 d. 2(Bx—2)+3(x+2)
e. 3(m+1)—-22m—1) f. x(x—y)+2xy

5. For each of the statements given below, if it is true, mark a “*v" and if it is false,
mark a %"’ in the box to the right of the statement.

2 1. 2+ 1
The value of 3 I 418 the same as the value of 344 |:|

b. To obtain the sum or the difference of two fractions, their
numerators should be equal; if they are not equal, then they should
be made equal. |:|

c. The numerator of the sum of two unit fractions is the sum of the
denominators of the original two fractions and the denominator is
the product of the denominators of the original two fractions. |:|

d. When adding or subtracting two fractions with unequal
denominators, the common denominator that should be used is the
L. C. M. of the denominators of the original two fractions. []

e. By multiplying the numerator and the denominator of a fraction
by the same number, we can convert it into its simplest equivalent ]
form.

f. By dividing the numerator and the denominator of a fraction by the |:|
same number, we can convert it into its simplest equivalent form.

g. —3x—2x can be considered as (— 3x) + (— 2x) .
h. Toexpand —3(2x — 5), the terms 2x and — 5 need to be multiplied |:|
by 3.
i.  When — x — x is simplified we obtain 2x . |:|
jo  When 3x + 4y is simplified we obtain 7xy. I:I
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((Introduction to algebraic fractions

If the numerator or denominator or both the numerator and the denominator of a
fraction contain an algebraic term or expression, then that fraction is known as an
algebraic fraction.

Example 1

Write 5 algebraic fractions that have an algebraic term only in the numerator.

x 3x Ty 6mn 2¢
2’ 57200 3 °5
Example 2

Write 5 algebraic fractions that have an algebraic expression only in the numerator.

x+1 2x-1 x+y m—-—n 3m—2n-1
5 3 27 7 > 10

Example 3

Write 5 algebraic fractions that have an algebraic term only in the denominator.

3

3 2 5 4 5
x’ 3m’ 2y’ 3xy’ m?

Example 4

Write 5 algebraic fractions that have an algebraic expression only in the denominator.

3 2 5 4 1
2x+ 1" a+b’ 2m—n’ 3x—2y° 3x+cy+2

Example 5

Write 5 algebraic fractions which have an algebraic term in both the numerator and
the denominator.

a 2a 2m 4x 2xy 2x°

c’d >3n’5y° 3pqg’ 57
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Example 6

Write 5 algebraic fractions that have an algebraic expression in the numerator and
an algebraic term in the denominator.

x+1 2a+b 3a+d 2x—1 4Py—a
2x ¢ 4a > c b

Example 7

Write 5 algebraic fractions that have an algebraic term in the numerator and an
algebraic expression in the denominator.

X a 3c 4xy a’

2x+5 5b+d’ a+b’ 5x—3 a—b

Example 8

Write 5 algebraic fractions that have algebraic expressions in both the numerator
and the denominator.

x+t1l x+y 3x—4 4m—3n 4x—y
2x=1 3x+2y°> x+l1 > 5m+2n’ 2x+3y—4

(26.1 Adding and subtracting algebraic fractions with equal
integral denominators

\

We can add and subtract algebraic fractions in the same way that we added and
subtracted fractions with whole numbers in the numerator and denominator.

Example 1
E Sx . 2x : :
Xpress 5~ + 5 asa single fraction.
% + 2—3 = X ; 2X  (since the denominators of both fractions are equal)
= E
9
[ 68 |
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Example 2

Simplify 3¥ — 3.

%X - %Z = 2%31 (since the denominators of both fractions are equal)

[l
RS

Example 3

Simplify T3 +7% — 2L

ax  Tx _2x  1lx—2x (since the denominators of both fractions are equal)
15 15 15 15

= 19_gc = 35_x (by dividing by 3, the highest common factor of 9 and 15)
Example 4
Simplify ¥ 1 +x+2
5 5
X ;— 1 x ;L 2 _xtl 5+ x+2 (since the denominators of both fractions are equal)
_ xtx+1+2
5
_ 2x+3
5
Example 5
Simplify 26 +3 _b+2
plify . .
2b7+ 3_0 ;L 2_ 2 +73 —(b+2) (the algebraic expression to be subtracted
must be written within brackets)
_ 2b+3-b-2
7
_2b—b+3-2
7
_b+1
7
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Example 6

Simplify /¢ t1 _2¢+1 _¢—=2
plity 3 3 3 )

Te+1 _2¢+ 1 _¢—=2 _ Tc+t1-Q2c+1)—- (c—2)
8 8 8 8

_ Tc+t1=-2c=-1—-c+2
8

_ 4c+?2
8

_ 2Q2c+1)
8

2c+1

@ Exercise 26.1) 4

1. Simplify and write the answer in the simplest form.

a. ‘5’—-1-‘5’— b. ?1’—‘51+% c.%—g—

0 Tk 3k T
2. Simplify and write the answer in the simplest form.

a.3)/5+1 Jr2)/;r2 b. 4m7—1+3m7—2 c.5115;1-3+2118—1

d. 56162 i 301-54 e 6%81 _ 2d16 3

3x+1  2x—3 , x+ 4
f. 5 ¢ + 6

integral denominators

\

[26.2 Adding and subtracting algebraic fractions with unequal

Now let us consider how to simplify expressions of algebraic fractions with unequal

integral denominators such as % + %Tx . These types of fractions can be simplified

in the same way that numerical fractions are simplified. A common multiple
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of the denominators of the fractions can be taken as the common denominator.
However simplification is made easier by taking the least common multiple of the
denominators.

For example, the denominators of the above two fractions are 6 and 4. Their least
common multiple is 12. Therefore, initially, the above fractions need to be converted

into fractions with denominator 12. To convert = c X into a fraction with denominator

12, the denominator and numerator of = c need to be multiplied by 2. (Observe that

2 is obtained from 12 G ) Similarly, to convert ?ZC

12, we need to multiply the numerator and denominator of

into a fraction with denominator

% by 3. (Observe that

3 is obtained from 14—2). Accordingly, we may write the following to simplify the
given expression.

X ¢3x _2,x 3, 3x

6 4 2 6 3 4
When we simplify the numerator and the denominator of these fractions we obtain
the following.

2x 9%

21
Now since both fractions have a common denominator, we can write the above as

follows.

2x + 9x
12
1lx
By simplifying this we get -
X 3x _ 1lx
Accordingly, 3 t =1

Example 1

Simplify 252 v 2

%.Z + % = 1225)} + g : Z (Since the L. C. M. of 5 and 4 is 20, equivalent
fractions with 20 as the denominator are obtained.)

_ 8 5
20 7 20
_ 8y+5y_ 13y

20 20
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Example 2

. o 2t t
Slmphfy3— 5
23—t 5— = 22>;23t - g’ : ; (since the L.C.M. of 3 and 2 is 6, equivalent
fractions with 6 as the denominator are obtained)
_ 4 3t
6 6
_ 43¢
6
-1
6
Example 3
o pa 3y Av 3y
Simplify > s + 1

(since the L.C.M. of 2, 4
32_V _ A Z_V - ll%xxév - i;“‘" + 5;(431‘} and 5 is 20, equivalent
5 3 > fractions with 20 as the

_ 30v _ 16v , 15v denominator are obtained)
20 20 20
29v
20

You may have observed in the above examples that when the denominators are not
equal, it is easy to simplify by taking the L.C.M. of the unequal denominators as
the common denominator.

Now let us consider instances where we have to multiply an algebraic expression
by a number. Here it is important to remember to write the algebraic expression
within brackets.

Example 4
. L~ x+1 2x +1
Simplify 5 + 3T
X ; Iy 2x3+ I_3 g’cj? + 2 (22’; ;1) (writing the algebraic expression

within brackets; L.C.M. of 2 and
31is 6)
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= 3x+3 | Axt2 (expanding)
6 6
_ Ix+5
6
Example 5
Sy—1 3y—2
6 4
Sy—1_ 3y=2 _2(y-1)_ 3Q@y—2) -
6 7 > %6 3% 4 (L.C.M. of4 and 6 1s 12)
—_20Gy-1) _ 3By=2)
12 12
_2Gy-1H-306y=-2)
12
- 1y-2 1_ 5 v+ 6 (expanding by multiplying by 2 and
by —3)
_yt4
12
Example 6
3m+2n  2m—n_ 3m-—2n
5 10 15
_60@Bm+2n) _ 3Q2m-—-n) _ 203Bm—2n) .
6 %35 3% 10 5% 15 (L.C.M. of 5, 10 and 15 is 30)
_60Bm+2n) _ 32m—n) _ 2(Bm—2n)
30 30 30
_ 18m+12n— 6m+ 3n—6m + 4n
30
_ 6m+ 19n
30
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@ Exercise 26.2)

1. Simplify and give the answer in the simplest form.

a . a b . b Sx _x
a3 T b T 12 ¢ 3 "%
vy _ Sy a ,a o = d
d 4 ~ 16 e 3 *3 B,
3n . n 3d , 2d . dm__ 3m
&7 t3 h- 10 © 15 L e T 10
2. Simplify and give the answer in the simplest form.
a L a,a € 43¢, 2
a5 T37y b S * 107 15
3 , x _2x 3n_3n _n
5 te 1 d 7% 2
3. Simplify and write in the simplest form.
2a . 3a-2 2b6—1 . 3b
a. = I ¢ b. B +ﬁ
3¢+2 |, 2¢—1 5t-3 3t
"% T 79 d "o 15
2m—n _ 3m+n 3y+1 . 2y—-1, 4—-y
& 12 9 L= " 5 "%
3x—y+2x+y_5x—2y h 3y+2 _y—-1_2y-3
4 6 3 "3 4 8

26.3 Adding and subtracting algebraic fractions with the same
[ algebraic denominator

As an example of this type of algebraic fraction we have % + % Although the
denominators of these fractions are algebraic terms, since they are equal, we can
simplify this in the same way that we simplify numerical fractions.
Accordingly, we can simplify the above as,

2 1_2+1

Sx Sx S5x

= i

Sx
[ 74 |
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Example 2

Example 1
42 imolify o — L
Simplify T +7—m. Simplify 6n  6n
4 2 _4+2 S 1 _5-1
Tm  Tm Tm 6n  6n 6n
7m 6n  (simplifying by
— _ 2 dividing by the
~ 3n  common factor 2)
Example 3
..~ 3a 1 a
Slmphny + a5 b
3a + 1l _a _3atl-a (common denominator is 4b)
4b 4b 4D 4b
_ 2a+1
4b
Example 4
3 2

o N
Simplify ey Rl B
Although the denominators are algebraic expressions, since they are equal, this can
be simplified in the same manner as above.

3 2 _3+2
x+1 x+1 x+1

_ 5
x+1
Example 5
. . 7 4

Simplify =3 1-3°

" z 373 f 3= ’;:g (common denominator is x — 3)
_ 3

x—3
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Q Exercise 26.3)

1. Simplify and give the answer in the simplest form.

a. i—}—; b. i —|—; C. i—l

a a X X y oy

4 _ 2 3 42 | 5h
LN R ¢ 5 'y L 25 " %

7 3 _ 1 8 _ 4 _ 1 24241
g'ﬂ+§ 2n . 3v. 3v 3y l'm-i_m-i_m
. 8 8 8
. - +
] Txy  TIxy  Ixy
2. Simplify and give the answer in the simplest form.

5 2 8 3 4 6

& w3 m+3 b. st a5 C 4+b  a+b
d 4x xty 9  Th—=2 ¢ 3x+y  2xtdy
tx+2y x+2y € x+y x+y tx—3y x—3y

(26.4 Simplifying algebraic fractions with algebraic expressions in
Y the numerator and the denominator
Example 1
. 5x 3x
Simplify 7% 11 +2er I
S5x 3x _ 5x+3x . )
%rT T a1 (the common denominator is 2x + 1)
_ &
2x + 1
Example 2
implify — Y — 2y
Simplify -1 o1
Ty 2y _ Ty=2 : .
-1 -1 -1 (the common denominator is 3y — 1)
-
3y—1
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Example 3

e 2x— 1 3x+2
Simplify 5§+1 +5;C+1 .

Zx— 1 3x+2 2x- 14+3x+2 (the common denominator is 5x + 1)

Sx+1 5x+1 Sx+1
_ S+l
Sx+1
=1
Example 4

e 9Im— 1 3m  2m+1
Simplify 5 —7 Y5m=1 3m=1"

Im—=1, 3m 2m+1 _ 9m— 1+3m=(2m+1) (algebraic expressions
Sm—1 5m=1 5Sm—1 sm =1 to be subtracted need
to be written within
brackets)
~ 9m— 1+3m—=2m—1 (multiplying by the —
Sm =1 sign and expanding)
_ 10m—-2

 Sm—1

= i%’_\ll (separating out the common factor in

Gm 1) the numerator and simplifying)
=2

Q Exercise 26.4)

1. Simplify and write the answer in the simplest form.

k 2 ok
Ly . v b. =7 " -2

. 3t _ 1 d 261 k=2
©o3r—1 3r—1 * Sk+1 Sk+1
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vy oy 41 g 2a+1 _ _ 3a 3
3y+2  3y+2 3y+2 " Sa-2 5a—2 Sa—-2

g 8m+10  4m+1 I 2m m _ m—n _ m-—n
* 2m+3 2m+3 2m+3 " m+n m+n m+n
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