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Before	giving	the	formal	definition	of	how	to	multiply	two	matrices,	we	will	discuss	an	example	from	a	real	life	situation.	Consider	a	city	with	two	types	of	population:	the	population	of	the	city	center	and	the	population	of	the	suburbs.	Suppose	that	each	year	40%	of	the	population	of	the	city	center	moves	to	the	suburbs,	while	30%	of	the	population	of
the	suburbs	moves	to	the	city	center.	Let	I	(respectively	S)	be	the	initial	population	of	the	city	center	(respectively	the	suburban	area).	Thus	after	one	year,	the	population	of	the	inner	part	is	0.6	I	+	0.3	S	while	the	population	of	the	suburbs	is	0.4	I	+	0.7	S	After	two	years,	the	population	of	the	inner	city	is	0.6	(0.6	I	+	0.3	S)	+	0.3	(0.4	I	+	0.7	S)	and	the
suburban	population	is	given	by	0.4	(0.6	I	+	0.3	S)	+	0.7	(0,	4	I	+	0.7	S).	S)	Is	there	a	nice	way	to	represent	the	two	populations	after	a	certain	number	of	years?	Let’s	show	how	matrices	can	be	helpful	in	answering	this	question.	We	represent	the	two	populations	in	a	table	(i.e.	a	column	object	with	two	entries):	So	after	one	year	the	table	giving	the
two	populations	is	If	we	consider	the	following	rule	(the	product	of	two	matrices)	then	the	populations	after	one	year	are	given	by	the	formula	After	two	years	the	populations	are	Combining	this	formula	with	the	above	result,	we	get	In	other	words,	we	don’t	need	to	have	two	matrices	of	the	same	size	to	multiply	them.	Above,	we	multiplied	a	matrix
(2x2)	by	a	matrix	(2x1)	(which	gave	a	matrix	(2x1)).	In	fact,	the	general	rule	is	that	to	do	the	multiplication	AB,	where	A	is	a	matrix	(mxn)	and	B	is	a	matrix	(kxl),	then	we	have	to	have	n=k.	The	result	will	be	a	matrix	(mxl).	For	example,	we	remember	that	even	though	we	were	able	to	perform	the	above	multiplication,	you	can’t	perform	the
multiplication	so	we	have	to	be	very	careful	to	multiply	the	matrices.	Phrases	like	“multiply	the	two	matrices	A	and	B”	don’t	make	sense.	You	need	to	know	which	of	the	two	matrices	will	be	to	the	right	(of	your	multiplication)	and	which	to	the	left;	in	other	words,	we	need	to	know	if	we	are	asked	to	run	or	.	Even	if	both	multiplication	makes	sense	(as	in
the	case	of	square	matrices	with	the	same	size),	we	still	have	to	be	very	careful.	In	fact,	consider	the	two	matrices	we	have	and	so	what’s	the	conclusion	behind	this	example?	Multiplication	of	matrices	is	not	commutative,	the	order	in	which	matrices	are	multiplied	is	important.	In	fact,	this	little	glitch	is	a	big	problem	when	playing	with	matrices.	This
is	something	you	should	always	be	careful	with.	We	show	you	another	setback	We	have	the	product	of	two	non-zero	matrices	can	be	equal	to	the	zero	matrix.	More	information	on	matrix	multiplication	can	be	found	on	the	next	page.	[Geometry]	[Algebra]	[Trigonometry]	[Differential	Equations]	[Matrix	Algebra]	S.O.S	MATH:	Home	Page	Need	more
help?	Send	your	question	to	our	S.O.S.	Mathematics	CyberBoard.	Author:	M.A.	Khamsi	Copyright	Copyright	1999-2021	MathMedics,	LLC.	All	rights	reserved.	Contact	us	Math	Medics,	LLC.	-	P.O.	Box	12	395	â	El	Paso	TX	79	913	â	Users	online	during	the	last	hour	April	24,	2019August	9,	2019	corbettmaths	Multiplication	of	matrices	Before	we	show
you	how	to	multiply	matrices,	let’s	see	how	to	multiply	a	matrix	by	a	scalar	or	a	real	number.	For	example,	to	multiply	4	by	a	2x2	matrix,	you	just	need	to	multiply	4	for	each	element	of	the	matrix.	This	technique	works	fine	if	you	don’t	want	to	write	the	matrix	4	times.	Instead	of	writing	the	matrix	above	4	times,	it	is	better	to	multiply	every	number	in
the	matrix	below	by	4.	After	multiplying,	we	get	the	following	matrix:	It	works	with	any	matrix.	No	matter	what	the	size	is,	just	multiply	the	scalar	by	each	element	of	the	matrix.	Here’s	the	technique	for	multiplying	matrices.	Multiply	the	elements	of	each	row	of	the	first	matrix	by	the	elements	of	each	column	of	the	second	matrix.	Then,	add	the
products.	Does	that	make	sense?	Probably	not!	Let’s	see	how	to	multiply	matrices	with	a	2x2	matrix.	Once	you	figure	out	how	to	multiply	with	a	2x2	matrix,	you	can	do	it	with	matrices	of	any	size.	If	you	didn’t	understand	the	previous	example,	keep	reading	while	we	break	down	the	multiplication	into	more	manageable	steps.	Observation	#1:	Have
you	noticed	this	pattern	to	follow	when	multiplying	matrices?	row	#1	ÃÂ	column	#1:	the	answer	goes	to	row	#1	column	#1.	row	#1	ÃÂ	column	#2:	the	answer	goes	to	row	#1	column	#2.	row	#2	ÃÂ	column	#1:	the	answer	goes	to	row	#2	column	#1.	row	#2	is	column	#2:	the	answer	goes	to	row	#2	column	#2.	Observation	#2:	Matrix	on	the	left
(called	Matrix	A):	The	number	of	items	in	the	first	row	determines	the	number	of	columns.	Matrix	on	the	right	(called	matrix	B):	The	number	of	elements	in	the	first	column	determines	the	number	of	rows.	Since	you	multiply	each	element	of	the	first	row	by	each	element	of	the	first	column,	multiplication	will	not	be	possible	if	the	number	of	columns	in
matrix	A	is	not	equal	to	the	number	of	rows	in	matrix	B.	The	following	multiplication	is	therefore	not	possible.	Call	the	matrix	on	the	left	A	and	the	matrix	on	the	right	B.	After	multiplying	-2	times	6,	you	don’t	have	a	number	to	multiply	by	7.	It	doesn’t	work	as	above	because	the	number	of	columns	in	matrix	A	is	not	equal	to	the	number	of	rows	in
matrix	B.	The	product	of	2	matrices	A	and	B	exists	only	if	the	number	of	columns	in	A	is	equal	to	the	number	of	rows	in	B.	For	example,	the	following	matrices	can	be	multiplied.	See	in	green	how	the	number	of	columns	equals	the	number	of	rows.	2x2	and	2x3	3x1	and	1x4	4x3	and	3x1	2x5	and	5x2	1x3	and	3x1	The	following	matrices	cannot	be
multiplied.	See	in	red	that	the	number	of	columns	of	matrix	A	is	not	equal	to	the	number	of	rows	of	matrix	B.	2x2	and	3x3	3x2	and	1x4	4x3	and	2x2	2x5	and	2x5	1x3	and	1x5	Dimensions	of	a	matrix	product	you	can	easily	find	the	size	of	a	matrix.	Let’s	take	another	look	at	the	matrices	below.	We	said	they	could	be	multiplied.	2x2	and	and	The	size	is
2x3	3x1	and	1x4.	The	size	is	3x4	4x3	and	3x1.	The	size	is	4x1	2x5	and	5x2.	The	size	is	2x2	1x3	and	3x1.	The	size	is	1x1	How	did	we	get	the	size?	The	number	of	rows	in	the	product	matrix	is	the	number	of	rows	in	the	matrix	on	the	left.	The	number	of	columns	of	the	product	matrix	is	the	number	of	columns	of	the	matrix	on	the	right.	Call	the	matrix	on
the	left	A	and	the	matrix	on	the	right	B.	Looking	at	A	and	B,	we	can	safely	say	a	couple	of	things.	The	dimensions	of	A	are	3x2	and	the	dimensions	of	B	are	2x4.	This	means	we	can	find	the	product	and	the	size	of	the	product	is	3x4.	There	will	be	12	multiplication	First	row	times	first	column:	1	Ã	4	+	4	Ã	0	=	4	+	0	=	4	First	row	times	second	column:	1	Ã
1	+	4	Ã	1	=	1	+	4	=	5	First	row	times	third	column:	1	Ã	2	+	4	Ã	-1	=	2	+	-4	=	-2	First	row	times	fourth	column:	1	Ã	1	+	4	Ã	3	=	1	+	12	=	13	Second	row	times	first	column:	0	Ã	4	+	1	Ã	0	=	0	+	0	=	0	second	row	times	second	column:	0	Ã	1	+	1	Ã	1	=	0	+	1	=	1	second	row	time	third	column:	0	Ã	2	+	1	Ã	-1	=	0	+	-1	=	-1	Seecond	rows	times	fourth
column:	0	Ã	1	+	1	Ã	3	=	0	+	3	=	3	Third	row	times	first	column:	-1	Ã	4	+	0	Ã	0	=	-4	+	0	=	-4	Third	row	times	second	column:	-1	Ã	1	+	0	Ã	1	=	-1	+	0	=	-1	Third	row	times	third	column:	-1	Ã	2	+	0	Ã	-1	=	-2	+	0	=	-2	Third	row	times	fourth	column:	-1	Ã	1	+	0	Ã	3	=	-1	+	0	=	-1	The	result	is	shown	below:	4	5	-2	13	0	1	-1	3	4	-1	-2	-1	Add	and	subtract
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