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Share	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,
and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	You	may	not	apply	legal	terms	or
technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for
your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	In	order	to	understand	this	concept,	we	must	first	define	a	force	vector.	A	force	vector	is	an	arrow	that	represents	a	force	by	indicating	both	magnitude	and	direction.	The	length	of	the	vector	represents	the	magnitude	and	it
points	in	the	direction	of	the	force.	If	more	than	one	force	vector	is	drawn	on	a	single	sketch,	the	vectors	should	be	drawn	at	an	appropriate	scale	so	as	to	indicate	relative	magnitudes.	That	is,	if	two	vectors	are	drawn	and	one	represents	1000	pounds	(vector	"A")	and	the	other	represents	500	pounds	(vector	"B")	then	the	vector	"A"	should	be	twice	as
long	as	vector	"B".	Now	for	the	Parallelogram	Law:	If	we	have	two	force	vectors	acting	on	a	body	and	we	wish	to	replace	these	two	vectors	with	a	single	vector	that	has	the	same	effect	on	the	body,	we	can	use	the	parallelogram	law	for	the	addition	of	force	vectors.	First,	draw	the	two	vectors	tail	to	tail.	Next,	draw	lines	parallel	to	each	vector	to	create
a	parallelogram.	The	resultant	force	(or	the	force	that	can	replace	the	two	vectors	and	still	have	the	same	effect	of	the	body	as	the	original	two)	is	the	diagonal	of	the	parallelogram	(vector	"R").	Measure	"R"	to	find	its	magnitude.	Back	to	the	Engineering	Timeline	In	order	to	continue	enjoying	our	site,	we	ask	that	you	confirm	your	identity	as	a	human.
Thank	you	very	much	for	your	cooperation.	Share	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You	must	give
appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No
additional	restrictions	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license
may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	The	parallelogram	law	of	forces	is	a	fundamental	principle	in	physics	that	describes	how	two	forces	acting	at	a	point	can	be	combined	to	create	a	resultant	force.	This	law	is
essential	for	understanding	the	mechanics	of	structures	and	machines,	as	well	as	for	analyzing	the	forces	acting	on	objects	in	motion.	The	parallelogram	law	of	forces	states	that	if	two	forces	acting	on	a	point	are	represented	by	two	adjacent	sides	of	a	parallelogram,	then	their	resultant	force	is	represented	by	the	diagonal	passing	through	the	point.
This	means	that	the	resultant	force	is	equal	in	magnitude	and	direction	to	the	diagonal	of	the	parallelogram	formed	by	the	two	forces.	In	other	words,	the	parallelogram	law	of	forces	formula	allows	us	to	calculate	the	magnitude	and	direction	of	the	resultant	force	when	two	forces	acting	at	an	angle	to	each	other	are	combined.	The	parallelogram	law
of	forces	formula	can	be	derived	using	the	principles	of	vector	addition.	Consider	two	forces	F1	and	F2	acting	at	a	point	O	as	shown	in	the	figure	below.	Parallelogram	law	of	forces	To	calculate	the	resultant	force,	we	draw	the	vectors	F1	and	F2	as	adjacent	sides	of	a	parallelogram	OABC.	The	diagonal	OC	passing	through	point	O	represents	the
resultant	force	both	in	magnitude	and	direction.	The	vector	OC	can	be	calculated	using	the	following	formula:	OC	=	(OA	+	AC	+	2OA.AC	cos)	where	OA	and	AC	are	the	magnitudes	of	F1	and	F2,	respectively,	is	the	angle	between	the	two	forces,	and	cos	is	the	cosine	of	the	angle	between	the	two	forces.	The	direction	of	the	resultant	force	can	be
determined	using	the	following	formula:	tan	=	(AC	sin)/(OA	+	AC	cos)	where	is	the	angle	between	the	resultant	force	and	the	force	F1.	**Examples	of	Application	of	the	Parallelogram	Law	of	Forces	Formula**	Lets	consider	some	examples	to	see	how	the	parallelogram	law	of	forces	formula	is	applied	in	practice.	Example	1:	Two	forces	F1	and	F2	of
magnitudes	10	N	and	8	N,	respectively,	act	on	a	point	O	at	an	angle	of	60	degrees	to	each	other.	Calculate	the	magnitude	and	direction	of	the	resultant	force.	Using	the	parallelogram	law	of	forces	formula,	we	can	calculate	the	magnitude	of	the	resultant	force	as	follows:	OC	=	(OA	+	AC	+	2OA.AC	cos)	=	(10	+	8	+	2x10x8xcos60)	=	(100	+	64	+	80)	=
(244)	=	15.62	N	The	direction	of	the	resultant	force	can	be	calculated	as	follows:	tan	=	(AC	sin)/(OA	+	AC	cos)	=	(8	sin60)/(10	+	8	cos60)	=	0.83	Therefore,	=	tan(0.83)	=	39.33	degrees.	Hence,	the	magnitude	and	direction	of	the	resultant	force	are	15.62	N	and	39.33	degrees,	respectively.	The	parallelogram	law	of	forces	has	numerous	applications	in
various	fields	of	science	and	engineering.	Some	of	these	applications	are	discussed	below.	1.	Structural	Engineering	In	structural	engineering,	the	parallelogram	law	of	forces	is	used	to	calculate	the	forces	acting	on	a	structure,	such	as	a	bridge	or	a	building.	By	analyzing	the	forces	acting	on	each	component	of	the	structure,	engineers	can	determine
the	stresses	and	strains	that	the	structure	can	withstand.	2.	Mechanical	Engineering	In	mechanical	engineering,	the	parallelogram	law	of	forces	is	used	to	calculate	the	forces	acting	on	machines	and	mechanical	systems.	By	understanding	the	forces	acting	on	each	component	of	a	machine,	engineers	can	design	machines	that	are	efficient	and	safe	to
use.	3.	Physics	In	physics,	the	parallelogram	law	of	forces	is	used	to	analyze	the	motion	of	objects	under	the	influence	of	multiple	forces.	By	understanding	the	resultant	force	acting	on	an	object,	physicists	can	predict	its	motion	and	calculate	its	velocity	and	acceleration.	4.	Aviation	In	aviation,	the	parallelogram	law	of	forces	is	used	to	calculate	the
forces	acting	on	an	aircraft.	By	analyzing	the	forces	acting	on	the	wings	and	other	components	of	an	aircraft,	engineers	can	design	planes	that	are	aerodynamically	stable	and	safe	to	fly.	Also,	read	the	hardness	test	The	comparison	of	empirical	with	direct	methods	of	teaching	must	be	analyzed	during	the	acquisition	of	technique.	Practice	will	be
unprofitable,	unless	the	practice	tends	towards	the	acquisition	of	variety	in	touch	and	through	the	formation	of	correct	habits.	Only	by	a	preliminary	practical	understanding	of	the	"Laws	of	Tone-production"	can	this	be	ensured.	Such	understanding	is	insufficient	by	itself	and	the	rules	of	procedure	must	be	transformed	into	mental-muscular	habits.	In
addition,	the	form	of	attention	a	fully-trained	artist	gives	during	the	act	of	performance,	must	hence	widely	differ	from	that	required	from	someone	who	is	in	the	process	of	learning.	A	talented	individual	may	happen	to	discover	the	correct	forms	of	tone-production,	and	the	less-talented	will	probably	fail.	Tone	productlon	discovered	by	accident	is
easily	forgotten.	On	the	other	hand,	this	is	not	likely	to	occur,	once	the	facts	of	tone	production	are	understood.	The	rational	method	of	acquiring	tone-production	is	based	on	the	knowledge	of	the	laws	that	govern	it.	The	formation	of	correct	habits	of	touch	is	ensured,	when	we	understand	what	treatment	the	key	requires	for	each	different	kind	of
sound,	and	the	nature	of	the	muscular-conditions	by	means	of	which	such	key-treatment	can	be	fulfilled.	Three	stages	of	acquaintanceship	which	are	possible	with	regard	to	tone-production:	Ability	to	obtain	the	effects	from	the	instrument,	while	ignorant	of	the	processes	adopted;	Understanding	the	nature	of	these	processes,	how	key	and	limb	have	to
be	treated	for	each	effect	;	Perception	of	the	reason	for	such	treatment.	It	has	been	said	that	if	some	of	this	discipline	and	persistence	were	transformed	into	the	intellectual	and	mechanical	processes	of	technique,	a	great	deal	of	time	would	be	saved	and	the	crusade	for	first	class	pianism	might	be	greatly	advanced.	One	needs	to	understand	the	basic
laws	of	physiology,	mechanical	operation,	motion,	and	gravity	in	order	to	play	the	piano	efficiently.	Anyone	with	the	desire	to	play	the	piano	can	do	so.	If	that	person	also	has	musical	talent,	the	process	will	be	quicker,	for	then	a	good	eye	hand	coordination	more	than	likely	exists.	With	thoughtful	practicing	and	a	basic	understanding	of	mechanical
principles,	all	pianistic	demands	can	be	met.	Hello	friends,	Today	I	am	going	to	discuss	the	law	of	parallelogram	of	forces	in	which	you	will	be	aware	of	all	the	aspects	related	to	the	law	of	parallelogram	of	forces	such	as	their	definition,	magnitude,	and	direction	with	derivative	proof,	along	with	also	discuss	some	special	cases.So	without	wasting	time
let's	get	started.According	to	this	Law	"If	two	coplanar	forces,	acting	simultaneously	on	a	point	of	the	body,	be	represented	in	magnitude	and	direction	by	the	two	adjacent	sides	of	a	parallelogram	then	their	resultant	can	be	represented	in	magnitude	and	direction	parallelogram."	by	the	diagonal	of	the	parallelogram".This	method	is	only	useful	for
finding	the	resultant	of	only	two	coplanar	concurrent	forces.Also	Read:	Law	of	GearingSee	in	the	figure,OA	=P	&	OB	=	QNow	from	the	figure	(Corresponding	angles)AOB	=	DAC	=	Now	in	ADCAs	we	knowsin	=	perpendicular/hypotenusecos	=	base/hypotenuseSo,sin	=	CD/ACCD	=	AC	sinAndcos	=	AD/ACAD	=	AC	cosNow,Now	in	ODC,OC	=	OD	+	CD	=
(OA+	AD)+	CD(	since	OD	=	OA	+	AD,	from	figure)	=	OA	+	AD	+	2	OA	AD	+	CD	=	OA	+	(AC	cos	)	+	2	OA	AC	cos	+(ACsin)	=	OA	+	AC	cos	+	2	OA	AC	cos	+	(ACsin)=	OA	+	AC	(sin	+	cos	)	+	2	OA	ACcos	As	We	know,sin	+	cos	=	1ThenOC	=	OA	+	AC	(1)	+	2	OA	ACcos	OC	=	OA	+	AC	+	2	OA	ACcos	Since,OA	=	PAC	=	AB	=	QOC	=	RSo,R=	P	+	Q	+	2P	Q
cosThen,ResultantR	=	(P	+	Q	+	2P	Q	cos)Now	for	finding	the	direction	of	R,	let	the	resultant	make	angle	with	force	P.Now	in	ODC,tan	=	CD/ODtan	=	CD/(OA+AD)CD	=	AC	sinAD	=	AC	costan	=	AC	sin/(OA	+	AC	cos)tan	=	(Q	sin)/(P	+	Q	cos)	=	tan-1{(Q	sin)/(P	+	Q	cos)}See	various	case	studies	in	the	figure	which	will	be	discussed	in	detail	below.R	=
(P	+	Q	+	2P	Q	cos)R	=	(P	+	Q	+	2P	Q	cos0)As	we	know,Cos0	=	1R	=	(P	+	Q	+	2P	Q	)As	we	know,(a	+	b)	=	a	+	b	+	2abSo,R	=	(P	+	Q	)R	=	P	+	QR	=	(P	+	Q	+	2P	Q	cos180)R	=	(P	+	Q	+	2P	-Q	)As	we	know,Cos180	=	-1So,R	=	(P	+	Q	-	2P	Q	)As	we	know,(a-b)	=	(a	+	b	-	2ab)So,R	=	(P	-	Q	)R	=	(P	-	Q)R	=	(P	+	Q	+	2P	Q	cos)R	=	(P	+	Q	+	2P	Q	cos90)As	we
know,cos90	=	0So,R	=	(P	+	Q	)R	=	(P	+	Q	+	2P	Q	cos)R	=	(P	+	P	+	2P	P	cos180)R	=	(P	+	Q	-	2P	P)Since,cos180	=	-1Hence,R	=	(P	+	P	-	2P	P)R	=	(2P	-	2P	)R	=	0Previous	Related	Article:.Varignon's	Theorem.Moment	of	Force.Theories	of	Failure.Maximum	Principle	Stress	Theory.Principal	StressSo	here	I	discussed	the	law	of	parallelogram	of	forces
and	their	magnitude	and	direction.I	hope	you	all	enjoy	this	topic.Thank	You.AnswerVerifiedHint:A	force	is	a	vector	quantity.	It	has	both	magnitude	and	direction.	We	know	parallelogram	is	an	enclosed	figure	with	four	sides;	opposite	sides	being	parallel	and	equal	to	each	other.	Let	us	assume	that	two	adjacent	sides	of	a	parallelogram	represent	two
forces	acting	on	a	point	particle	and	calculate	the	resultant	of	the	forces.	Complete	step	by	step	answer:	The	law	of	parallelogram	of	two	forces	states	that	if	two	vectors	acting	on	a	particle	at	the	same	time	are	represented	in	magnitude	and	direction	by	two	adjacent	sides	of	a	parallelogram	drawn	from	point	their	resultant	is	represented	by	the
diagonal	of	the	parallelogram	drawn	from	the	same	point.	Draw	a	perpendicular	$QR$	to	$OR$	produced.	And	let	us	assume	that	$OS	=	\overrightarrow	B	$,	$QS	=	OP	=	\overrightarrow	A	$	$OQ	=	\overrightarrow	R	$and	$\angle	OPQ	=	\angle	QSR	=	\theta	$	Now	considering	this	if	we	proceed	further,	in	the	case	of	triangle	law	of	vector	addition,
the	magnitude	and	direction	of	resultant	vector	will	be	given	by$\left|	{\overrightarrow	R	}	\right|	=	\sqrt	{{{\left|	{\overrightarrow	A	}	\right|}^2}	+	{{\left|	{\overrightarrow	B	}	\right|}^2}	+	2\left|	{\overrightarrow	A	}	\right|	\bullet	\left|	{\overrightarrow	B	}	\right|\cos	\theta	}	$Special	cases:	-1.When	two	vectors	are	acting	in	the	same
direction,	then	$\theta	=	0$and	$\cos	\theta	=	1$.$\left|	{\overrightarrow	R	}	\right|	=	\sqrt	{{A^{^2}}	+	{B^2}	+	2AB}	\\\Rightarrow	\left|	{\overrightarrow	R	}	\right|	=	\sqrt	{{{(A	+	B)}^2}}	\\\Rightarrow	\left|	{\overrightarrow	R	}	\right|	=	A	+	B	\\	$Thus,	for	two	vectors	acting	in	the	same	direction	the	magnitude	of	the	resultant	vector	is	equal
to	the	sum	of	the	magnitudes	of	two	vectors	and	act	along	the	direction	of	$\overrightarrow	A	$	and	$B$.2.	When	two	vectors	are	acting	in	opposite	directions,	then	$\theta	=	180$	and	$\cos	\theta	=	-	1$.$\left|	{\overrightarrow	R	}	\right|	=	\sqrt	{{A^{^2}}	+	{B^2}	-	2AB}	\\\Rightarrow	\left|	{\overrightarrow	R	}	\right|	=	\sqrt	{{{(A	-	B)}^2}}
\\\therefore	\left|	{\overrightarrow	R	}	\right|	=	A	-	B	\\	$Thus,	for	two	vectors	acting	in	opposite	directions,	the	magnitude	of	the	resultant	vector	is	equal	to	the	difference	of	the	magnitudes	of	the	two	vectors	and	acts	in	the	direction	of	the	bigger	vector.Note:It	is	to	be	noted	that	the	magnitude	of	the	resultant	of	two	vectors	is	maximum,	when	the
vectors	act	in	the	same	direction	and	is	minimum	when	they	act	in	opposite	directions.	It	should	be	noted	that	while	finding	the	resultant	vector	of	two	vectors	by	the	parallelogram	law	of	vector	addition,	the	two	vectors	A	and	B	should	either	act	towards	the	point	or	away	from	the	point.	An	Indispensable	Tool	in	Rigid	Body	Statics	The	axiom	of	the
parallelogram	of	forces	is	an	important	principle	in	rigid	body	statics,	which	states	that	the	resultant	force	of	a	system	of	two	forces	can	be	represented	as	an	equivalent	parallelogram	of	forces.	This	means	that	the	resultant	force	has	the	same	effect	as	if	two	arbitrary,	non-parallel	forces	were	acting	on	the	body.	To	understand	the	axiom	of	the
parallelogram	of	forces,	let's	consider	a	simple	example:	A	body	is	pulled	by	two	forces	F1	and	F2	in	different	directions:	Fig.	2.4.9:	Example	of	Parallelogram	of	Forces	The	resultant	force	Fres	or	R	can	be	represented	as	the	diagonal	of	a	parallelogram,	whose	sides	are	formed	by	the	forces	F1	and	F2.	The	magnitude	and	direction	of	the	resultant
force	can	be	determined	by	the	side	lengths	and	angles	of	the	parallelogram.	In	practice,	the	axiom	of	the	parallelogram	of	forces	is	often	used	to	calculate	the	resultant	forces	in	complex	static	systems.	By	representing	the	individual	forces	as	vectors	and	adding	them	according	to	the	parallelogram	law,	one	can	determine	the	resultant	force	and	its
effect	on	the	body.	Whether	you're	an	engineer,	a	physicist,	or	just	curious:	The	parallelogram	of	forces	is	an	important	principle	in	mechanics	that	helps	you	solve	complex	static	problems	and	accurately	analyze	the	distribution	of	forces	in	a	system.	Okay,	okay,	I	know	math	can	be	really	boring	sometimes.	But	don't	worry!	The	parallelogram	of	forces
is	actually	quite	easy.	You	just	need	a	little	bit	of	vector	calculus	and	the	parallelogram	law.	In	vector	calculus,	forces	are	represented	as	vectors,	which	have	both	a	magnitude	and	a	direction.	The	parallelogram	law	states	that	the	resultant	force	of	two	non-parallel	forces	can	be	represented	as	the	diagonal	of	a	parallelogram,	whose	sides	are	formed
by	the	two	forces.	Mathematically,	the	axiom	of	the	parallelogram	of	forces	can	be	represented	as	follows:	Let	F1	and	F2	be	two	forces	acting	on	a	body.	To	calculate	the	resultant	force	R,	the	forces	are	represented	as	vectors.	The	resultant	force	R	then	corresponds	to	the	vector	sum	of	F1	and	F2:	$$	\begin{aligned}	\vec{R}	=	\vec{F}_1	+	\vec{F}_2
=	\vec{F}_2	+	\vec{F}_1	\end{aligned}	$$	To	construct	the	parallelogram,	the	vectors	F1	and	F2	are	placed	with	their	origin	at	the	same	point.	The	resultant	force	R	then	corresponds	to	the	diagonal	of	the	parallelogram,	which	runs	from	the	origin	of	the	vectors	to	their	intersection	point.	Fig.	2.4.10:	Construction	of	Parallelogram	of	Forces	The
magnitude	of	the	resultant	force	R	can	be	calculated	using	the	law	of	cosines.	The	law	of	cosines	states	that	in	a	triangle	with	side	lengths	a,	b,	and	c	Fig.	2.4.11:	Cosine	Law	the	angles	\(\alpha\),	\(\beta\)	and	\(\gamma\)	opposite	the	sides	a,	b,	and	c	can	be	calculated	as	follows:	The	Law	of	Cosines:	$$	\begin{aligned}	a^2	&=	b^2	+	c^2	-	2bc\cdot
\cos(\alpha)	\\[7pt]	b^2	&=	a^2	+	c^2	-	2ac\cdot	\cos(\beta)	\\[7pt]	c^2	&=	a^2	+	b^2	-	2ab\cdot	\cos(\gamma)	\end{aligned}	$$	By	applying	the	law	of	cosines	to	the	parallelogram,	where	a	and	b	are	the	side	lengths	of	the	forces	F2	and	F1	and	c	is	the	length	of	the	resultant	force	R,	Fig.	2.4.12:	Cosine	Law	for	the	Triangle	of	Forces	the	magnitude
of	the	resultant	force	can	be	calculated	exactly:	$$	\begin{align}	\tag{1}	R	&=	\sqrt{{F_2}^2	+	{F_1}^2	-	2F_2F_1\cdot	\cos(180-\alpha)}	\end{align}	$$	With	\(\cos(\pi-\alpha)=	-\cos(\alpha)\)	or	\(\cos(180-\alpha)	=	-\cos(\alpha)\),	it	follows:	$$	\begin{aligned}	R	&=	\sqrt{{F_1}^2	+	{F_2}^2	+	2F_1F_2\cdot	\cos(\alpha)}	\end{aligned}	$$	where	\
(\alpha\)	is	the	angle	between	\(F_1\)	and	\(F_2\)	Thanks	to	the	mathematical	foundations	of	vector	calculus	and	the	parallelogram	law,	the	axiom	of	the	parallelogram	of	forces	can	be	applied	precisely	and	serves	engineers	and	physicists	as	an	important	basis	for	the	calculation	and	analysis	of	forces	in	static	systems.	The	parallelogram	of	forces	is
important	in	many	areas,	for	example:	Civil	engineering:	Analyzing	structures	and	constructions	Mechanical	engineering:	Calculating	the	distribution	of	forces	in	machines	Vehicle	technology:	Optimizing	the	handling	of	cars	The	parallelogram	of	forces	is	a	brilliant	tool	for	understanding	forces	in	static	systems.	It's	easy	to	learn	and	has	many
practical	applications.	So,	what	are	you	waiting	for?	Try	it	out!	RESULTANT	FORCE:When	two	or	more	forces	acting	on	a	body	are	replaced	by	a	single	force,	the	effected	produced	by	the	force	is	same	as	that	of	the	forces.	Then	that	single	for	is	called	resultant	force	of	the	forces.	A	resultant	force	is	a	single	force	which	can	replace	two	or	more
forces	and	produce	same	effect	on	the	body	as	the	forces.	METHODS	OF	FINDING	THE	RESULTANT	FORCE:Parallelogram	law	of	forces	PARALLELOGRAM	LAW	OF	FORCES:It	states	that	if	two	concurrent	forces,	acting	simultaneously	on	a	body	be	represented	in	magnitude	and	direction	by	the	two	sides	of	a	parallelogram	then	their	resultant	force
may	be	represented	in	magnitude	and	direction	by	the	diagonal	of	the	parallelogram,	drawn	from	the	same	point.	The	value	of	R	can	be	determined	either	graphically	or	analytically.	GRAPHICAL	METHOD:First	choose	a	convenient	scale	to	convert	force	unit	into	length	unit.	Then	draw	vector	OA	and	OD	to	represent	P	and	Q	in	magnitude	and
directions.	Complete	the	parallelogram	OABD	by	drawing	DB	parallel	to	OA	and	AB	parallel	to	OD.	Join	OB	and	measure	the	length.	Convert	the	length	into	force	by	suing	the	same	scale	to	get	the	value	of	R.	ANALYTICAL	METHOD:Drop	perpendicular	BC	to	OA	producedNow	from	the	figure,AOD	=	CABConsider	the	right	angled	triangle	ACBThen,
CB	=	AB	sin	=	Q	sin	AC	=	AB	cos	=	P	cos	Now	from	right	angled	triangle	OCBOB	=	CB	+	OCOB	=	CB	+	(OA	+	AC)OB	=	CB	+	OA	+AC	+	2	x	OA	x	OCR	=	Q	sin	+	P	+	Q	cos	+	2	x	P	x	Q	x	cos	R	=	P	+	Q	(sin	+	cos	)	+	2.P.Q.cos	R	=	P	+	Q	+	2.P.Q.cos	R	=	(P	+	Q	+	2.P.Q.cos	)Above	equation	gives	the	magnitude	of	R.Let	BOA	=	i.e.	R	makes	an	angle	with
Ptan	=	[frac	up=CB	down=OC]	=	[frac	up=CB	down=(OA	+	OC)]tan	=	[frac	up=Q	sin	down=(P	+	Q	cos	)]	=	tan1	[frac	up=Q	sin	down=(P	+	Q	cos	)]The	value	of	gives	the	direction	which	the	resultant	R	makes	with	the	force	P.	SPECIAL	CASES:Case	1:	If	=	0	i.e.	when	P	and	Q	are	acting	on	the	same	straight	line	and	in	the	same	direction.	Then
equation	becomesR	=	(P	+	Q	+	2.P.Q.cos	)R	=	(P	+	Q	+	2.P.Q)	(	cos	0	=	1)R	=	P	+	Qi.e.	when	two	forces	are	acting	in	the	same	line	and	in	the	same	direction	then	the	resultant	of	the	two	forces	can	be	obtained	by	adding	the	two	forces.	Case	2:	If	=	90	i.e.	when	P	and	Q	are	acting	at	right	angles,	thenR	=	(P	+	Q	+	2.P.Q.cos	)R	=	(P	+	Q)	(	cos	90	=	0)
Case	3:	If	=	180	i.e.	when	P	and	Q	are	acting	on	the	same	straight	line	but	in	the	opposite	direction,	thenR	=	(P	+	Q	+	2.P.Q.cos	)R	=	(P	+	Q	2.P.Q)	(	cos	180	=	-1)R	=	P	Qi.e.	when	two	forces	are	acting	in	the	same	line	but	in	the	opposite	direction	then	the	resultant	of	the	two	forces	can	be	obtained	by	subtracting	minor	force	with	the	major	force	and
the	resultant	will	act	in	the	direction	of	the	major	force.	RELATED	VIDEOS:	For	More	Information:-	CLICK	HERE	If	a	material	point	is	acted	upon	by	two	forces	represented	by	straight	lines,	both	in	magnitude	and	direction,	the	resultant	will	be	exactly	represented	by	the	diagonal	of	the	parallelogram	of	which	the	two	lines	are	sides.	Figure	3	Figure	4
Let	A	B	and	AC	be	the	two	forces,	acting	upon	point	A.	Their	combined	action	will	be	represented	in	direction	by	the	direction	of	the	diagonal	AD,	and	in	intensity[1]	by	the	length	of	this	diagonal.	The	principle	of	the	parallelogram	of	forces	may	be	applied	to	the	composition	of	any	number	of	co-planar	forces,	by	taking	each	two	forces	in	turn	and
finding	their	resultant,	which	is	then	combined	with	one	of	the	remaining	forces	to	find	a	further	partial	resultant	[2].	.	When	the	last	partial	resultant	has	been	combined	on	the	parallelogram	principle	with	the	last	single	force,	the	resulting	diagonal	will	be	the	total	resultant	of	all	forces.	Let	A	be	a	point	acted	upon	by	four	forces	in	one	plane,	their
magnitudes	and	directions	being	represented	by	the	lines	AB,	AC,	AD,	and	AE	respectively.	The	partial	resultant	of	the	forces	AB	and	AC	will	be	An	;	that	of	the	forces	An	and	AD	will	be	Ao.	Finally,	that	of	the	forces	Ao	and	A	E	will	be	AF.	The	total	result	of	the	action	of	the	four	original	forces	is	therefore	represented	by	a	force	of	the	magnitude	and
direction	of	AF	.	And	a	single	force	of	this	magnitude	and	direction	acting	upon	A	would	produce	exactly	the	same	effect	upon	A	as	the	combined	action	of	the	four	given	forces.	[1]intensity:	Within	the	context	of	vector	analysis,	intensity	means	force.	[2]partial	resultant:	The	parallelogram	law,	and	this	partial	resultant	can	then	be	combined	with	F,	in
a	similar	manner	to	find	the	resultant	of	all	three	forces.	Physics	Problem	Solver	Parallelogram	Law	of	Vector	Addition	also	known	as	Parallelogram	Law	in	Vector	Algebra	is	a	fundamental	concept	in	vector	algebra	that	provides	a	geometric	approach	to	understanding	how	two	vectors	combine	to	form	a	resultant	vector.	By	representing	vectors	as
adjacent	sides	of	a	parallelogram,	the	law	visually	and	mathematically	demonstrates	how	their	sum	is	represented	by	the	diagonal	of	the	parallelogram.Parallelogram	Law	of	Vector	Addition	states	that	that	when	two	vectors	represented	as	the	two	adjacent	sides	of	a	parallelogram	with	their	tails	meeting	at	the	common	point,	then	the	diagonal	of	the
parallelogram	originating	from	the	common	point	will	be	the	resultant	vector.	In	this	article	we	will	learn	in	detail,	the	Parallelogram	Law	of	Vector	Addition	along	with	a	brief	introduction	to	vector	addition.	We	will	also	learn	Parallelogram	Law	of	Vector	Addition	Formula	and	its	Derivation	,	different	cases,	and	its	application.What	is	Vector
AdditionVector	Addition	is	a	mathematical	operation	that	combines	two	or	more	vectors	to	produce	a	new	vector	called	Resultant	Vector.	While	we	can	simply	add	any	two	scalar	quantities	but	while	adding	the	two	vectors	we	need	to	be	careful	about	their	direction	which	are	given	by	their	unit	vectors.	Vector	Addition	is	very	useful	and	important
method	in	Mathematics	and	Physics	for	analyzing	and	solving	problems	involving	forces,	velocities,	displacements,	and	many	other	physical	quantities.	It	is	also	applicable	for	the	combination	of	multiple	forces,	velocities,	or	displacements	to	determine	their	net	effect	or	resultant.What	is	Parallelogram	Law	of	Vector	Addition?Parallelogram	Law	of
Vector	Addition	states	when	two	vectors	represented	by	the	adjacent	sides	of	a	parallelogram	are	added	together	then	their	sum	is	represented	by	the	diagonal	of	the	parallelogram	from	the	point	of	contact	of	the	two	vectors	It	is	a	mathematical	principle	that	tells	about	how	to	add	two	vectors	geometrically	to	find	their	resultant	vector.Parallelogram
Law	of	Vector	Addition	is	a	fundamental	principle	in	vector	mathematics	that	explains	how	to	add	two	vectors.	It	describe	that	when	two	vectors	are	added	together,	their	sum	is	represented	by	the	diagonal	of	the	parallelogram	that	starts	from	the	same	point	as	the	two	vectors	which	is	called	resultant	vector.Parallelogram	Law	of	Vector	Addition
FormulaMagnitude	of	Resultant	Vector	R|R|	=	(P2	+	Q2	+	2PQcos)Where,A	and	B	are	the	magnitudes	(lengths)	of	vectors	P	and	Q,	respectively.	is	the	angle	between	vectors	P	and	Q.In	these	formulas,	P2	and	Q2	represent	the	squares	of	the	magnitudes	of	vectors	P	and	Q,	and	cos	is	the	cosine	of	the	angle	between	the	vectors.Direction	of	Resultant
Vector	RLet	the	Resultant	Vector	R	make	angle	with	vector	P	then	the	direction	of	resultant	vector	is	given	as	followstan	=	[(	Qsin	)	/	(P	+	Qcos	)]Where,	is	the	angle	between	the	resultant	vector	and	vector	\vec{P}Derivation	of	Parallelogram	Law	of	Vector	AdditionConsider	two	vectors,	P	and	Q	respectively	represented	by	arrows	with	directions	and
magnitudes.Let	be	the	angle	between	P	and	Q	and	R	be	the	resultant	vector.	Then	according	to	Parallelogram	Law	of	Vector	Addition,	diagonal	OC	represent	the	resultant	vector	of	P	and	Q.	So	we	have,R	=	P	+	QNow	expand	A	to	D	and	draw	a	perpendicular	CD	to	OD.From	triangle	ODC,(OC)2=	(OD)2	+	(CD)2	[By	Pythagoras	theorem]	(OC)2=	(OA	+
AD)2	+	(CD)2	.	.	.	(1)In	triangle	ADCCos	=	AD/AC	or	AD	=	AC	Cos	or	AD	=	OB	Cos	=	Q	CosAlso,Sin	=	CD/AC	or	CD	=	AC	Sin	or	CD	=	OB	Sin	=	Q	SinMagnitude	of	resultant-Substituting	the	value	of	AD	and	CD	in	equation-1(OC)2=	(OA	+	AD)2	+	(CD)2	(R)2	=	(P	+	QCos)2	+	(QSin)2	R2	=	P2	+	2PQCos	+	Q2Cos2	+	QSin2	|R|	=	(P2	+	Q2	+
2PQCOs)Cases	for	Parallelogram	Law	of	Vector	AdditionThere	are	some	special	cases	for	the	Parallelogram	Law	of	Vector	Addition	:Angle	between	the	VectorsFormula	for	Resultant	Vector	\vec{R}	=	0	(Parallel	Vectors	in	same	direction)|\vec{R}|	=	|\vec{A}|	+	|\vec{B}|	=	90	(Perpendicular	Vectors)|\vec{R}|	=	\sqrt{|\vec{A}|^2	+	|\vec{B}|^2}	=
180	(Parallel	Vectors	in	same	direction)|\vec{R}|	=	|\vec{A}|	-	|\vec{B}|Vectors	are	Parallel	(	=	0)When	two	vectors	are	parallel	and	have	the	same	direction,	the	law	simplifies	to	simple	addition	then	the	resultant	vector	will	have	the	same	direction	as	the	original	vectors	and	a	magnitude	equal	to	the	sum	of	their	magnitudes.	|R|	=	(P2+	Q2+
2PQcos)Since,	=	0	|R|	=	(P2	+	Q2+	2PQcos0)	|R|	=	(P2	+	Q2+	2PQ)	|R|	=	(P	+	Q)2	|R|	=	P	+	QWhen	two	vectors	are	in	the	same	direction,	the	resultant	vector	is	their	algebraic	sum	given	by	using	R	=	P	+	Q	where	R	is	the	resultant	vector,	P	and	Q	are	the	parallel	vectors.	Vectors	are	in	Opposite	Direction	(	=	180)When	two	vectors	are	in	opposite
directions,	the	resultant	vector	will	have	a	magnitude	of	zero	because	the	vectors	cancel	each	other	out.	|R|	=	(P2+	Q2+	2PQcos)Since,	=	180|R|	=	(P2+	Q2+	2PQcos180)	|R|	=	(P2+	Q2-	2PQ)	|R|	=	(P	-	Q)2	|R|	=	P	-	QBy	using	parallelogram	law	of	vector	addition	R	=	P	-	Q,	where	R	is	the	resultant	vector,	P	is	the	first	vector,	and	Q	is	the	second
vector.	When	the	vectors	are	in	opposite	directions,	the	value	of	=	180	degree.Vectors	are	Perpendicular	(	=	90)When	two	vectors	are	perpendicular	to	each	other,	by	using	the	Pythagorean	theorem,	we	can	find	magnitude	of	the	resultant	vector	is	equal	to	the	square	root	of	the	sum	of	the	squares	of	the	magnitudes	of	the	two	vectors.|R|	=	(P2+	Q2+
2PQcos)Since,	=	90	|R|	=	(P2+	Q2+	2PQcos90)	|R|	=	(P2+	Q2-	0)	|R|	=	(P2	+	Q2)When	vectors	are	perpendicular,	their	angles	()	between	them	are	typically	90	degrees.	Using	the	Parallelogram	Law	of	Vector	Addition	R	=	(P2	+	Q2	+	2PQcos)	since	(	=	90	degree)	so,	the	formula	is	R	=	(P2	+	Q2).Application	of	Parallelogram	Law	of	Vector
AdditionThe	various	applications	of	Parallelogram	Law	of	Vector	Addition	is	listed	below:In	physics,	this	law	is	used	to	calculate	the	resultant	of	two	forces	acting	at	an	angle	to	each	other.It	is	applied	in	navigation	and	aviation	to	determine	the	resultant	velocity	or	displacement	when	an	object	has	both	horizontal	and	vertical	components	of	motion.	It
is	crucial	for	flight	planning	and	navigation.It	helps	calculate	the	resultant	motion	or	direction	of	an	object	when	multiple	forces	or	transformations	are	applied	simultaneously.It	helps	the	students	to	find	the	resultant	of	two	vectors	very	easily.Astronomers	use	parallelogram	law	of	vector	addition	to	analyze	the	motion	of	celestial	bodies	like	planets
and	stars.	It	also	helps	to	determine	its	resulting	path	or	orbit	when	multiple	gravitational	forces	are	acting	on	an	object.	Must	ReadTriangle	law	of	vectorDot	and	Cross	Product	of	VectorMagnitude	of	VectorsSolved	Examples	on	Parallelogram	Law	of	Vector	AdditionExample	1:	Two	forces	of	6	N	and	8	N	are	acting	at	a	point	such	that	the	angle
between	them	is	60	degrees.	Find	the	resultant	force.Solution:	Magnitude	R	of	the	resultant	force	is	given	by:[(6)2	+	(8)2	+	2	x	6	x	8	Cos	60}(36	+	64	+	48)	=	(148	=	12.16	NHence,	the	magnitude	R	of	the	resultant	force	is	12.16	N.Example	2:	A	truck	goes	6	km	east	3	km	south,	2	km	west	and	1	km	north.	Find	the	resultant	displacement.Solution:O
to	A	6	km	EastA	to	B	3	km	SouthB	to	C	2	km	WestC	to	D	1	km	NorthNet	displacement	=	OD	Along	the	horizontal	direction:	6	km	East	-	2	km	West	=	4	km	EastAlong	the	vertical	direction:	3	km	south	-	1	km	north	=	2	km	South	OD	=	(42	+	22	+	2	x	3	x	4	x	Cos	90	deg)	OD	=	(42+	22)	OD	=	4.47	Km	Tan	p	=	2/3	p	=	34Hence,	the	resultant	displacement
is	4.47	km,	34	South	of	East.Example	3:	If	we	have	two	forces	10	N	and	20	N	are	acting	at	an	angle	of	120	between	them,	then	for	calculating	the	resultant	we	do	the	following.Solution:	Let	one	force	be	A	and	other	force	be	B	and	be	the	angle	between	A	and	B.A	=	10N,	B	=	20N,	=	120	|R|	=	[(A)2	+	(B)2	+	2	x	A	x	B	Cos	120]	|R|	=	[(10)2+	(20)2	+	2	x
10	x	20	Cos	120]	|R|	=	[100	+	400	+	200]	|R|	=	700	=	26.45Hence,	the	required	resultant	is	26.45N.Example	4:	Given	two	vectors	10i	3j	+	k	and	20	i	8	j	+	20	k	which	are	parallel,	find	the	resultant	vector	for	them.Solution:Let,	A	vector	=	10i	3j	+	k	and	B	vector	=	20i	8j	+	20kWe	know	that	if	two	vectors	are	parallel,	then	the	angle	between	them	is
zero	and	the	resultant	is	just	the	sum	of	given	vectors.R	vector	=	A	vector	+	B	vector	[=0]So,	=	(10i	3j	+	k)	+	(20i	-	8j	+	20k)=	30i	11j	+	21kHence,	R	is	the	resultant	addition	for	the	two	given	vectors	in	the	same	direction.Practice	Questions	on	Parallelogram	Law	of	Vector	AdditionQ1.	If	two	vectors	A	and	B	have	magnitudes	of	6	units	and	8	units,
respectively.	The	angle	between	them	is	120	degrees.	Find	the	magnitude	and	direction	of	their	resultant	vector	using	the	Parallelogram	Law	of	Vector	Addition.Q2.	Vector	R1	has	a	magnitude	of	10	units,	directed	at	an	angle	of	60	degrees	above	the	x-axis.	Vector	V2	has	a	magnitude	of	15	units,	directed	at	an	angle	of	30	degrees	above	the	x-axis.
Find	the	resultant	vector	R	using	the	Parallelogram	Law.Q3.	There	are	two	vector	of	magnitudes	10	and	20	units,	and	the	angle	between	then	is	120	degree.	Calculate	the	direction	and	the	magnitude	of	their	resultant	vector	using	the	Parallelogram	Law	of	vector	addition.Q4.	If	you	have	two	vectors	V1	and	V2	of	magnitudes	15	N	and	20	N,
respectively.	If	the	angle	between	them	is	120	degrees	then	calculate	the	direction	and	the	magnitude	of	the	resultant	force	using	the	Parallelogram	Law	of	Vector	Addition.Q5.	State	and	Prove	Parallelogram	Law	of	Vector	Addition.ConclusionParallelogram	Law	of	Vector	Addition	is	a	powerful	tool	providing	a	geometric	method	to	understand	and
calculate	the	resultant	of	two	vectors.	Its	is	used	for	various	purposes	such	as	analyzing	forces	in	mechanical	systems,	solving	problems	in	navigation	and	astronomy.	By	mastering	this	fundamental	principle,	students	can	simplify	complex	vector	operations	and	gain	deeper	insights	into	the	behavior	of	physical	systems.	

Explain	parallelogram	law	of	forces.	What	is	parallelogram	law	of	forces.	State	and	explain	parallelogram	law	of	forces.	Parallelogram	law	of	vector	addition.	Define	the	law	of	parallelogram	of	forces	what	is	the
use	of	this	law.
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