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A6  Identities 

A6.1 The Difference Between an Equation and an Identity 

Consider the equation 
2x + 4 = x + 6 …… (A) 

 
We can solve the equation and find that x = 2 is the solution of the equation. 
 
If we substitute x = 2 into (A), 

86(2)R.H.S.
842(2)L.H.S.

=+=
=+=

 

R.H.SL.H.S. =∴  
 
If we substitute x = 0 into (A), 

66(0)R.H.S.
442(0)L.H.S.

=+=
=+=

 

R.H.SL.H.S. ≠∴  
 
How about other values of x? 
 
In fact, equation (A) can only be satisfied when x = 2, it is not satisfied when any other value of x is 
used. 
 
Consider another equation 

6x – 3 = 3(2x – 1) …… (B) 
 
If we solve the equation, we have 

00
63366336

)12(336

=
−+−=−+−

−=−
xxxx

xx
 

 
We cannot find the value of x in an usual way. 
 
If we substitute x = 2 into (B), 

9]1(2)2[3R.H.S.
936(2)L.H.S.
=−=

=−=
 

R.H.SL.H.S. =∴  
This shows that x = 2 is a solution of equation (B). 
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If we substitute x = 0 into (B), 

3]1)0(2[3R.H.S.
33)0(6L.H.S.
−=−=

−=−=
 

R.H.SL.H.S. =∴  
This shows that x = 0 is a solution of equation (B). 
 
How about other values of x? 
 
In fact, equation (B) is satisfied by ALL values of x. Such an equation is called an identity. 
 
Definition: 
An identity in x is an equation in x which is satisfied by ALL values of x. 
 
We write equation (B) as  

)12(336 −≡− xx  
The symbol ‘≡’ means “identical to” or “identically equal to”. 

To determine whether an equation is an identity, we can simplify both sides of the equation to see 
whether they are the same. 
 
Example 1 
For each of the following equations, determine whether it is an identity. 
(a) )63(2)42(3 2 xxxx −=−  
(b) xxxx −=+−+ 232)23)(1(  
 
Solution 
(a)  

 

 

 
∴ 

RHS
)63(2

126
)42(3LHS

2

2

=
−=

−=

−=

xx
xx

xx

 

)63(2)42(3 2 xxxx −≡−  

(b)  
 
 

 

 
∴ 

RHS
xx
xx
xx

xx

=
−≠

+=

+−+=

+−+=

2

2

2

3
3

2)23(
2)23)(1(LHS

 

xxxx −=+−+ 232)23)(1(  is not an identity. 
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Alternative Solution 
(a)  

 
 
 
∴ 
∴ 

RHSLHS
126

)63(2RHS
126

)42(3LHS

2

2

2

=
−=

−=

−=

−=

xx
xx

xx
xx

 

)63(2)42(3 2 xxxx −≡−  
 

(b)  
 
 
∴ 
∴ RHSLHS

3RHS
3

2)23(
2)23)(1(LHS

2

2

2

≠
−=

+=

+−+=

+−+=

xx
xx
xx

xx

 

 
 
Checkpoint 1 
For each of the following equations, determine whether it is an identity. 
(a) )63(2)42(3 −=− xx  
(b) 12)1)(12( 2 −+=+− xxxx  
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Checkpoint 2 
Determine whether 22)2( 22 ++=+ xxx  is an identity. 
 
 
 
 
 
 
 
 
 
 
 
When an identity holds, the left hand side of the identity is the same as the right hand side. So if  

2x – 1 = Ax + B, 
then A = 2 and B = –1. 
 
Example 2 
In each of the following, find the values of the unknowns. 
(a) )2(33 BxAx +≡+  
(b) 3)2)(3( 2 ++≡−− CxBxAxx  
 
Solution 
(a)  

 
∴ 
 
∴ 1

33
6

363
)2(33

=
=
=

+≡+
+≡+

B
B
A

BxAx
BxAx

 

 
(b)  

 
∴ 
 
∴ 
∴ 

7
61
6

1
33
2

33)6(2
3)2)(3(

22

2

−=
−−=
−−=

=
=
=

++≡+−−+

++≡−−

AC
A
A
B

CxBxAxAx
CxBxAxx
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Checkpoint 3 
In each of the following, find the value(s) of the unknown(s). 
(a) )(336 BAxx +≡−  
(b) CBxAxxx ++=+− 2)32)(3(  
(c) )2)(2(22 yxyxRxQxyPy −+≡−−  
(d) DxxACxBxxAx +++++≡++ 5)6()1)(3( 2342  
 
Solution 
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A6.2 Difference of Two Squares 

When we expand the expression ))(( baba −+ , we have 

22

22))((
ba

bbaabababa
−=

−+−=−+  

 
Thus, for all values of a and b, 

a2 – b2 ≡ (a + b)(a – b) 
 
 
Example 3 
Expand )32)(32( −+ xx . 
 
Solution 

94
3)2(

)32)(32(

2

22

−=

−=

−+

x
x

xx
 

 
 
Checkpoint 4 
Expand  
(a) )3)(3( abcbca −+ . 
(b) ))()(( 22 yxyxyx +−+  
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Example 4 
Factorize 
(a) 162 −a  
(b) 22 64169 ba −  
(c) 2222 25121 mlba −  
(d) 22 16)(9 kkh −+  
(e) 22 28 ab −  
(f) 44 ab −  
 
Solution 

(a) 

)4)(4(
4

16
22

2

−+=
−=

−

aa
a

a
 

 

(b) 

)813)(813(
)8()13(

64169
22

22

baba
ba

ba

−+=
−=

−

 

 

(c) 

)511)(511(
)5()11(

25121
22

2222

lmablmab
lmab
mlba

−+=
−=

−

 

 

(d) 

)3)(73(
)433)(433(
]4)(3][4)(3[

)4()](3[
16)(9

22

22

khkh
kkhkkh
kkhkkh

kkh
kkh

−+=
−+++=
−+++=

−+=

−+

 

 

(e) 

)2)(2(2
])2[(2

)4(2
28

22

22

22

abab
ab

ab
ab

−+=
−=

−=

−

 

 

(f) 

))()((
))((

)()(

22

2222

2222

44

ababab
abab

ab
ab

−++=

−+=

−=

−
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Checkpoint 5 
Factorize 
(a) 42 −x  
(b) 22 49 yx −  
(c) 2)(25 ba +−  
(d) 22 )()( dcba +−−  
(e) 222222 )2()2( qpqp +−+  
(f) 22 7512 yx −  
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A6.3 The Perfect Square Expression 

When we expand the expression 2)( ba + , we have 

22

22

2

2

))(()(

baba
bbaaba

bababa

++=

+++=

++=+

 

 
Thus, for all values of a and b, 

(a + b)2 ≡ a2 + 2ab + b2 
 
Also when we expand the expression 2)( ba − , we have 

22

22

2

2

))(()(

baba
bbaaba

bababa

+−=

+−−=

−−=−

 

 
Thus, for all values of a and b, 

(a – b)2 ≡ a2 – 2ab + b2 
 
 
Example 5 
Expand 
(a) 2)53( yx −  
(b) 2)( cba ++  
 
Solution 

(a) 

22

22

2

25309
)5()5)(3(2)3(

)53(

yxyx
yyxx

yx

+−=

+−=

−

 

(b) 

acbcabcba
cbcacbaba

ccbaba
cba

cba

222
22)2(

)(2)(
])[(

)(

222

222

22

2

2

+++++=

+++++=

++++=

++=

++
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Checkpoint 6 
Expand 
(a) 2)32( yx +  
(b) 2)( cba +−  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example 6 
Factorize 
(a) 1682 +− yy  
(b) 29124 bb ++  
(c) 288 2 +− mm  
 
Solution 

(a) 

2

22

2

)4(
4)4)((2

168

−=

+−=

+−

y
yy

yy
 

(b) 

2

22

2

)32(
)3()3)(2(22

9124

b
bb

bb

+=

++=

++

 

(c) 

2

22

2

2

)12(2
]1)1)(2(2)2[(2

)144(2
288

+=

+−=

+−=

+−

m
mm

mm
mm
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Example 7 
Factorize 
(a) 223 98282 abbaa +−  
(b) 22 )(2)( bbbaba +−−−  
(c) 22224 )(44 yxyyxx −−++  
 
Solution 

(a) 

2

22

22

223

)7(2
])7()7)((2[2

)4914(2
98282

baa
bbaaa

babaa
abbaa

−=

+−=

+−=

+−

 

(b) 

2

2

22

])[(
)(2)(

a
bba

bbbaba

=

+−=

+−−−

 

(c) 

)2(3
)]()2)][(()2[(

)()2(
)()2()2)((2)(

)(44

2

2222

2222

222222

22224

yxy
yxyxyxyx

yxyx
yxyyxx

yxyyxx

+=

−−+−++=

−−+=

−−++=

−−++

 

 
 
Checkpoint 7 
Factorize 
(a) 22 44 baba +−  
(b) 22 1449 yxyx ++  
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Checkpoint 8 
Factorize 
(a) 22 31212 mkmk +−  
(b) 9)(6)( 2 +−+− abba  
(c) 4224 2 yyxx +−  
(d) 22 )32()23)(13(2)13( mmmm −+−+−+  
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A6.4 Sum and Difference of Two Cubes 
Below are two important algebraic identities: 

(a3 + b3) ≡ (a + b)(a2 – ab + b2) 

and 

(a3 – b3) ≡ (a – b)(a2 + ab – b2) 
 

These two identities are very useful and should be committed in memory. 
 
 
Example 8 
Factorize 
(a) 33 8ax +  
(b) 66 1282 yx −  
 
Solution 

(a) 

)42)(2(
])2()2()[2(

)2(
8

22

22

33

33

aaxxax
aaxxax

ax
ax

+−+=

+−+=

+=

+

 

(b) 

)164)(2)(2(2
)164]()2([2

])4()4)(())[(4(2
])4()[(2

)64(2
1282

4224

422422

22222222

3232

66

66

yyxxyxyx
yyxxyx

yyxxyx
yx

yx
yx

++−+=

++−=

++−=

−=

−=

−

 

 Alternatively, 

)42)(42)(2)(2(2
])2(2)[2]()2(2)[2(2

])2(][)2([2
)8)(8(2

])8()[(2
)64(2

1282

2222

2222

3333

3333

2323

66

66

yxyxyxyxyxyx
yxyxyxyxyxyx

yxyx
yxyx

yx
yx

yx

+−+++−=

+−+++−=

+−=

+−=

−=

−=

−
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Checkpoint 9 
Factorize 
(a) 364 s+  
(b) baab 4−  

(c) 34
2
1 x−  

(d) baba −−+ 33  
 
 



 15

Exercise A6 
Identities 
 
 
A6.1 
1. For each of the following, state whether it is an identity. 

(a) xx 63
2
16 =+





 −  (b) 

2
14

4
132 −=





 − xx  

(c) )13(2)1(24 −=−− yyy  (d) 6)2)(3( 2 −−=−+ ssss  

(e) 16)4( 22 −=− uu  (f) 0)()()( =−+−+− bacacbcba  
 
2. Prove the following identities: 

(a) 1)1(2)1( 22 ++≡++ xxxx  (b) 
16

921
8

198
16

97
4

53 +
≡

+
+

+
−

− rrrr  

 
 
 
A6.2 
3. Expand the following products: 

(a) )5)(5( −+ aa  (b) )7)(7( yxyx −+  
(c) )38)(38( xx −+  (d) )5)(5( 22 −+ xx  

(e) 





 +





 − 2

2
2

2
xx  (f) )31)(13( cc −−−  

 
4. Factorize the following expressions: 

(a) 12 −y  (b) 1625 2 −y  

(c) 24121 m−  (d) 22 3625 nm −  
(e) 3622 −yx  (f) 22281 cba −  
(g) 2222100 bayx −  (h) 144)( 2 −+ qp  

(i) 9)1( 2 −+ x  (j) 22)(4 nnm −+  

(k) 2)(41 yx −−  (l) 22 )1()1( −−+ xx  

(m) 22 )32()23( −−− aa  (n) 22 )3(16)2( dcba −−−  

(g) 753 2 −x  (h) 222 273 knm −  

(i) 22 bcba −  (j) yxyx −−− 22  

(k) acbcba −+− 22  (l) stts 392 22 −−  

(m) kmknnm 34169 22 −+−  (n) xyxxxy −−+ 32 7262  
(o) 41681 x+−  (p) aRarrR ++− 22 ππ  
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A6.3 
5. Expand the following expressions: 

(a) 2)4( +x  (b) 2)32( +p  

(c) 2)15( −y  (d) 2)3( yx +  

(e) 2)56( qp −  (f) 2)73( yx +  

(g) 2)2( abx −  (h) 2)34( axy −  

(i) 2)32(4 ba −  (j) 22 )( pa −  

(k) 22 )21( x−  (l) 
2

4
1






 +x  

(m) 
2

2
12 





 −y  (n) 

2

3






 + ba  

 
6. Factorize the following expressions: 

(a) 25102 ++ gg  (b) 21236 aa +−  

(c) 9124 2 +− xx  (d) 292416 nn ++  
(e) 31827 2 ++ yy  (f) 22 16249 zyzy +−  

(g) 22 164025 nmnm +−  (h) 22 54080 srsr ++  
(i) 222 69 rqpqrp +−  (j) 16)2(8)2( 2 ++++ yxyx  

(k) 1)3(6)3(9 2 ++++ aa  (l) 25)2(60)2(36 2 +−+− dcdc  

(m) 22 3)23(24)32(16 +−+− xyyx  (n) 22 )168( baa −++  

(o) )12( 22 ++− hhe  (p) )2( 35 aaa +−  
 
 
A6.4 
7. Factorize the following expressions. 

(a) 273 −a  (b) 133 −yx  

(c) 33 1355 zy −  (d) 
8

33
3x

+  

(e) 34
2
1 x−  (f) 33 )4( −− aa  

(g) 22 164025 nmnm +−  (h) 33 )()( baba −++  

(i) 66 yx +  (j) 36 )1()1( xx −−−  
 


