
Factorisation of quadratics 
Here	Jeremy	Pickles	describes	the	Vedic	method	for	factorising	quadratic	expressions.	This	article	has	been	taken	from	one	of	the	
sessions	on	our	Time-Saving	Techniques	For	A	Level	Maths	seminar	held	last	year.	

Multiplication	of	 two	 factors	 to	 find	 their	product	 is	 a	 straightforward	process.	 Factorisation	 is	 the	 reverse	process	which	
starts	 with	 the	 product	 and	 discovers	 the	 original	 factors.	 In	 general,	 factorisation	 is	 a	 more	 difficult	 process	 than	
multiplication.	The	public-key	 cryptographic	 system	relies	 for	 its	 secrecy	on	 the	difficulty	of	 factorising	a	 large	number	of	
perhaps	40	or	50	digits	which	is	the	public	key.	 	Only	those	who	know	the	factors	can	crack	the	code,	though	it	would	be	a	
simple	matter	to	calculate	the	key,	given	the	factors.	

Similarly,	algebraic	factorisation	is	more	difficult	than	algebraic	multiplication.	The	sutra	Vertically	and	Crosswise	deals	with	
multiplication,	and	in	the	simplest	case	two	linear	factors	give	a	quadratic	product.	In	Vedic	Mathematics	Tirthaji	also	gives	
the	sutras	which	are	needed	for	factorisation.	These	are	Anurupyena,	or	Proportionately	and	Adyamadyenantyamantyena,	The	
first	by	the	first	and	the	last	by	the	last.		

Example 1 
Consider	the	factorisation	of	the	quadratic	x2	+	7x	+	10.	Knowing	that	the	general	expression	x2	+	(a+b)x	+	ab	has	two	linear	
factors		(x	+	a)	and	(x	+	b),	we	wish	to	find	two	numbers	a	and	b	such	that	a	+	b	=	7	and	ab	=	10.	This	is	a	very	simple	case	and	
there	is	little	difficulty	in	seeing	that	a	=	2	and	b	=	5.			

Example 2 
Factorisation	is	more	difficult	when	the	coefficient	of	x2	in	the	quadratic	is	not	unity.	Consider	3x2		+	10x	+	8.	The	factors	must	
be	of	the	form	(3x	+	a)(x	+	b),	and	we	see	that	the	independent	terms	a	and	b	multiply	to	make	8.	Maybe	a	=	1	and	b	=	8,	or	a	=	
2	and	b	=	4,	but	it	becomes	a	matter	of	trial	and	error	to	see	which	of	these	combinations	applies	and	to	find	which	of	a	and	b	
belongs	to	the	3x	and	which	to	the	x.		

This	is	where	the	sutras	offer	a	systematic	process	in	which	the	mind	can	come	to	rest.	Like	a	jeweller	shaping	a	gemstone,	
we	are	 looking	 for	 the	natural	angle	at	which	 the	stone	will	 split.	The	crucial	 first	step	 is	 to	 focus	on	 the	coefficient	of	 the	
middle	term.	This	should	split	into	two	parts	such	that	the	ratio	of	the	coefficient	of	x2	to	the	first	part	is	the	same	as	the	ratio	
of	the	second	part	to	the	independent	term.	For	our	example,	3x2	+	10x	+	8,	the	middle	coefficient	10	splits	as	10	=	6	+	4,	so	
that	

3x2	+	10x	+	8	=	3x2	+	6x	+	4x	+	8	

The	ratio	3:6	is	the	same	as	the	ratio	4:8.	In	its	simplest	terms	the	common	ratio	is	1:2	and	this	shows	that	(x	+	2)	is	one	of	the	
factors	we	are	looking	for.	

Once	Proportionately	 has	 done	 its	work,	we	 use	The	 first	by	 the	 first	and	 the	 last	 by	 the	 last	 to	 find	 the	 remaining	 factor.	
Dividing	the	first	term	x	of	the	newly	found	factor	(x+2)	into	the	first	term	3x2	of	the	original	quadratic	we	find	the	first	term	
3x	of	the	second	factor.	And	dividing	the	last	term	2	of	the	(x	+	2)	into	the	last	term	8	of	the	quadratic	we	get	the	last	term	4	of	
the	second	factor.	

So	we	say	3x2	+	10x	+	8	=	(x	+	2)(3x	+	4)	

Another	way	to	arrive	at	the	same	set	of	 factors	is	via	the	split	10	=	4	+	6.	This	gives	ratios	3:4	and	6:8,	which	though	less	
obvious	are	perfectly	valid.	Working	from	this	split	we	get	the	(3x	+	4)	factor	first	and	then	derive	the	(x	+	2)	factor	via	The	
first	by	the	first	and	the	last	by	the	last.	

We	may	notice	that	whichever	route	we	follow	we	need	pay	no	further	attention	to	the	middle	term	of	the	quadratic	once	the	
first	linear	factor	is	found.	

Negative coefficients 
The same principles apply when the quadratic contains negative coefficients but the procedure may be adapted to retain 
maximum simplicity, using the sutra Paravartya Yojayet or Transpose and adjust. 

Example 3 



Suppose the quadratic to be factorised is 2x2 – 11x + 15, where the term in x is negative but the independent term 
remains positive. Mentally, we first transpose the term –11x to +11x, and consider the quadratic 2x2 + 11x + 15.  Splitting 
the middle term coefficient as as 11 = 6 + 5  gives ratios 2:6 and 5:15 and indicates a factor (x + 3). The second factor of 
the modified quadratic is then (2x + 5). 

The last step is to adjust these two factors, putting minus signs in place of plus, to give the factors of the original 
quadratic. So finally 2x2 – 11x + 15 = (x - 3)(2x - 5). 

Example 4 
Another situation which is just a little different from the point of view of mental working is when the independent term is 
negative, as with 3x2 + 2x – 8.  

Here we anticipate that of the two linear factors, one will have a plus sign and the other a minus. Accordingly, when we 
split the coefficient term, one of the parts will be negative. In this example, 2 = 6 – 4, giving ratios 3:6 and – 4 : - 8. The 
first factor is (x + 2) and so the second must be (3x – 4).  

So  3x2 + 2x – 8 = (x + 2)(3x - 4). 

Example 5 
The same process applies when both the linear and the independent terms are negative, as with 3x2 –13x – 10. Splitting 
the middle term as –13 = -15 + 2 gives the ratios 3: -15 and 2: -10, leading to 

3x2 – 13x – 10 = (x – 5)(3x + 2) 

Alternatively, it may be found easier to use Transpose and adjust and work with a positive middle term. Looking for the 
factors of 3x2 +13x – 10, we then split 13 = 15 – 2, so that 

3x2 + 13x – 10 = (x + 5)(3x - 2) 

Reversing the signs in these linear factors gives the factorisation  3x2 –13x – 10 =        (x – 5)(3x + 2) as found above. 

Example 6 
Of course, when the x2 coefficient is negative it is easiest to reverse all the signs and use one of the methods above.  So 
we treat -3x2 +13x – 10 as – (3x2 -13x + 10) giving the factorisation  – (x - 5)(3x + 2). This is another instance of 
Transpose and adjust.  

Alternative splitting method 
Going back to Example 2, 3x2 + 10x + 8, another way to arrive at the split for the middle term is to multiply together the 
first coefficient and the last, 3 × 8 = 24, and then find two factors of 24 which when added make the middle coefficient.  
So 24 = 4 × 6 and 4 + 6 = 10.  

Checking 
A sub-sutra which is of great use in verifying the correctness of multiplications and factorisations is Gunitasamuccaya 
samuccayagunita or The product of the sum of the coefficients in the factors is equal to the sum of the coefficients in the 
product.  For example, in the factorisation 

3x2 + 10x + 8 = (x + 2)(3x + 4) 

the sums of the coefficients in the factors are respectively  1 + 2 = 3 and 3 + 4 = 7. The product of the sums is 3 × 7 = 21, 
and this is equal to the sum 3 + 10 + 8 of the coefficients in the product, confirming the factorisation.   

This can also be used as a method to help find the factors. With the quadratic 

3x2 + 50x + 32 

the individual coefficients 3, 50, 32 offer an unhelpfully large range of possible ratios. But the sum of the factors is 85, 
with prime factors 5 and 17, pointing strongly to the factor (x+16) and the factorisation (3x + 2)(x + 16). 

The Discriminant 
It is well known that the quadratic equation  



ax2 + bx + c = 0 

has solutions provided that the discriminant b2 - 4ac is greater than or equal to zero. But what is the rationale behind this 
formula?  

To see how the discriminant arises naturally, suppose we are trying to factorise the quadratic expression. Then we seek 
to split the middle coefficient b into two parts b1 and b2 such that a : b1:: b2 : c, or equivalently b1b2 = ac. When b splits 
into two equal parts, b1 = b2 = b, we have the largest possible product b1b2 = b2/4. If ac exceeds this value, no 
factorisation (even in surd form) will be possible. So b2/4 ≥ ac, or b2 - 4ac ≥ 0, is a condition which must be satisfied if the 
quadratic ax2 + bx + c  factorises, or if the equation ax2 + bx + c = 0 has real roots.  
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