




ABOUT	THE	MODULES.......

The	series	of	Six	Modules	of	physics	at	the	Higher	Secondary	Stage	has	been	developedwith	a	view	that
the	school	education	is	crucial	and	challenging	as	it	is	a	transition	fromgeneral	science	to	discipline-based
curriculum.	The	 recommendations	of	National	CurriculumFramework-2005	have	been	 followed,	keeping
the	disciplinary	approach	with	rigour	and	depth,appropriate	to	 the	comprehension	 level	of	 learners.It	 is
expected	that,	these	six	modules	will	help	teachers	teaching	XI	and	XIIth	classes	willdevelop	an	interest	in
the	 learners	 to	 study	 Physics	 as	 a	 discipline	 and	 inculcate	 in	 learnersthe	 abilities,	 useful	 concepts	 of
Physics	 in	 real-life	 situations	 for	 making	 learning	 of	 Physicsrelevant,	 meaningful	 and	 interesting.	 The
learner	is	expected	to	realize	and	appreciate	theinterface	of	Physics	with	other	disciplines.

RATIONALE

Physics	 is	being	offered	as	an	elective	subject	at	 the	higher	secondary	stage	of	school	education.At	 this
stage,	 the	 students	 take	 up	 Physics,	 as	 a	 discipline,	 To	 achieve	 the	 primary	 aim	 of	 theCurriculum	 -	 to
create	 interest	 in	 the	 learmer,	 to	 pursue	 their	 future	 careers	 in	 basic	 sciences-physics.	 This	 demands
sufficient	 conceptual	 background	 of	 Physics	 which	 would	 eventuallymake	 them	 competent	 to	meet	 the
challenges	of	academic	and	professional	courses	after	the	higher	secondary	stage.

The	 six	 modules	 is	 an	 effort	 in	 reforming	 and	 updating	 the	 Physics	 curriculum	 based	 on	 thefeedback
received	 from	 the	 teachers	 during	 earlier	 INSET	 programmes	 organised	 by	 SCERTtime	 to	 time.	 The
educational	and	curricular	concerns	and	 issues	provided	 in	 the	NationalCurriculum	Framework-2005,	 is
addressed	to	a	greater	extent.

SALIENT	FEATURES

•	Emphasis	on	basic	conceptual	understanding	of	content.



•	Promoting	process-skills,	problem-solving	abilities	and	applications	of	Physicsconcepts/content,	useful	in
real-life	situations	for	making	Physics	learning	morerelevant,	meaningful	and	interesting.

•	Emphasis	on	Numerical	analysis.

•	Emphasis	on	Technical	Educational	Movie	–	Analysis	from	Physics	and	scientificapproach

•	Emphasis	on	Physics-related	technological/industrial	aspects	to	cope	up	with	changingdemand	of	society
committed	to	the	use	of	Physics,	technology	and	informatics.

•	 Providing	 logical	 sequencing	 of	 the	 concepts	 and	 their	 linkages	 for	 better	 learning	 andmatching	 the
concepts/content	with	comprehension	level	of	the	learners.

•	 Reducing	 the	 curriculum	 load	 by	 eliminating	 overlapping	 of	 concepts/content	 withinthe	 discipline	 of
Physics	or	with	other	disciplines;	reducing	the	descriptive	portion	andproviding	suitable	formulation/depth
of	 treatment	 appropriate	 to	 the	 comprehensionlevel	 of	 learners,	making	 room	 for	 contemporary	 core	 -
topics	and	emerging	curricularareas	in	Physics.iv

•	The	content	are	so	sequenced	as	to	provide	different	dimensions	of	Physics	as	adiscipline.	Each	Module
has	been	arranged	with	a	topic,	content	related	practical	work(one	core	experiment,	two	activities	to	be
evaluated)•	 There	 is	 an	 imperative	 need	 for	 evaluating	 the	 learners	 through	 Continuous
andComprehensive	Evaluation	of	various	concepts	covered	in	a	Unit.

With	this	background,	the	Physics	curriculum	at	the	higher	secondary	stage				attempts	to:

•	Strengthen	the	concepts	developed	at	the	secondary	stage	to	provide	firm	ground	workand	foundation
for	further	learning	Physics	at	the	tertiary	level	more	effectively	andlearning	the	relationship	with	daily-
life	situations;

•	Develop	conceptual	competence	 in	 the	 learners	and	make	them	realize	and	appreciatethe	 interface	of
Physics	with	other	disciplines;

•	 Expose	 the	 learners	 to	 different	 processes	 used	 in	 Physics-related	 industrial	 andtechnological
applications;

•	Develop	process-skills	and	experimental,	observational,	manipulative,	decision-making	and	investigatory
skills	in	the	learners;

•	Promote	problem-solving	abilities	and	creative	thinking	to	develop	interest	in	thelearners	in	the	study	of
Physics	as	a	discipline;

•	Understand	the	 relationship	 between	 nature	 and	matter	 on	 scientific	 basis,	 developpositive	 scientific
attitude,	and	appreciate	the	contribution	of	Physics	towards	theimprovement	of	quality	of	life	and	human
welfare;

•	 Physics	 teaching-learning	 at	 the	 higher	 secondary	 stage	 enables	 the	 learners	 tocomprehend	 the
contemporary	knowledge	and	develop	aesthetic	sensibilities	andprocess	skills.	The	experimental	skills	and
process-skills	 developed	 together	 withconceptual	 Physics	 knowledge	 prepare	 the	 learners	 for	 more
meaningful	 learningexperiences	 and	 contribute	 to	 the	 significant	 improvement	 of	 quality	 of	 life.
Thelearners	would	also	appreciate	the	role	and	impact	of	Physics	and	technology,	andtheir	linkages	with
overall	national	development.

PGT-PHYSICS

S.No. TITLE

Module-

Micro	Level	Understanding	of	Physics	in	Macroscopic	View
•	 	Free	Body	Diagram	and	Resolution	of	Vector
•	 	Electrostatic	Properties	of	Dielectrics/Conductors



1 •	 	Potentiometer
•	 	Open	Ended	Questions
•	 	Marking	Scheme	and	Question	Paper

Module-
2

Physics	of	Spherical	and	Circular	Surfaces
•	 	Rolling	Friction
•	 	Concept	of	COG	and	COM
•	 	Experiment	to	find	Focal	Length	of	Mirror
•	 	Experiment	to	find	Focal	Length	of	a	Convex	Lens
•	 	Open	Ended	Questions
•	 	Marking	Scheme	and	Question	Paper.

Module-
3

Study	of	Interaction	among	Particles	and	Waves
•	 	Superposition	of	Waves
•	 	Magnetism	in	Action
•	 	Fun	with	Pendulum
•	 	Open	Ended	Questions
•	 	Marking	Scheme	and	Question	Paper

Module-
4

Energy	Transport	with	and	without	Molecules
•	 	Heat	Transfer
•	 	Thermodynamics
•	 	Communication	Systems
•	 	Resonance	of	Air	Columns
•	 	Use	of	Media	in	Enhancing	Physics	Teaching-Learning	Strategies
•	 	Learning	Outcome	-	How	Teachers	can	Educate	their	Students	on		the	Science	of
‘Interstellar’
•	 	Marking	Scheme	and	Question	Paper

Module-
5

Study	and	Application	of	Matter	and	Electricity
•	 	Fluids	in	Motion	and	Energy	Conservation
•	 	Electrical	Capacitance
•	 	Sonometer	(Experiment)
•	 	Use	of	Media	in	Enhancing	Physics	Teaching
•	 	Marking	Scheme	and	Question	Paper

Module-
6

Particle	Motion	to	Wave	Motion
•	 	Projectile	Motion
•	 	Qualitative	Analysis	of	Wave	Optics
•	 	Capillary	Rise	Method
•	 	Use	of	Media	in	Enhancing	Physics	Teaching-Learning	Strategies
•	 	Marking	Scheme	and	Question	Paper

Abstract	of	the	six	Modules

Module:	1	–	Micro	Level	Understanding	of	Physics	in	Macroscopic	View

Mathematics	 as	 a	 field	 influences	 Physics	 to	 a	 greater	 extent.	 On	 the	 contrary,	 one	 can	 alsosay	 that
Physics	 adds	 meaning	 to	 Mathematics.	 This	 module	 requires	 a	 greater	 mathematicalstrength	 to
understand	and	 impart	 in	a	classroom	situation.	 It	covers	 the	 free	body	diagramwhere	many	 forces	are
involved,	resolution	of	vectors-force,	 indication	of	electric	field	 indielectric	and	conductors.	These	topics
demand	utmost	dedication	and	will	to	learn	and	applyin	the	situations	that	evolve	in	due	course.	Activity
on	potentiometer	is	taken	for	in	depthstudy	with	hands-on-tools	to	overrule	the	practical	problems	faced	in
the	 laboratory.	Thissegment	will	enhance	your	skills	 in	 the	experimentation	and	thereby	 the	 theory	also
will	getstrengthened.	Applications	and	computational	skills	for	problem	solving	have	been	stressedin	the



question	papers	now-a-days.	Rather	 than	 solving	a	 single	question	with	 values	 if	 onecan	generalize	 the
problem	the	student	can	in	fact	do	a	lot	of	numerical	questions	and	willenhance	his	confidence	in	Physics.
This	will	also	encourage	the	student	to	take	up	Physicsas	a	subject	in	higher	classes.	You	also	stand	out	to
gain	a	greater	insight	into	physics	bylearning	to	analyse	and	interpret	the	data.

Happy	using	the	module	and	Learning	the	content	the	way	it	is	said.

Module	2	–	Physics	of	Spherical	and	Circular	Surfaces

This	module	attempts	to	help	teachers	to	integrate	scientific	practices	into	the	learning	of	Physics.A	sound
knowledge	 and	understanding	 of	 the	 core	 observations,	 concepts	 and	 quantitativetheoretical	 structures
that	constitute	our	contemporary	understanding	of	the	concept	is	aimedat	here.	This	module	emphasize	on
problem	 solving	 skills	 with	 nuances	 and	 generalization.Care	 has	 been	 taken	 to	 cover	 all	 areas	 in	 the
numerical	 practice	 across	 the	 modules.Here	 an	 introduction	 to	 magnetic	 effect	 of	 current,	 Ampers’
circuital	 law,	 its	applicationare	discussed	 in	detail	besides	the	most	 important	aspect	of	 transportation	 -
rolling	 motion.The	 simple	 way	 by	 which	 Rolling	 can	 be	 introduced	 within	 the	 limitations	 of	 CBSE
BoardSyllabus	is	followed.	The	activities	of	optics	and	optical	benches	are	taken	from	the	practicalside	as
many	 students	 fail	 to	 make	 an	 image	 without	 Parallax.	 The	 methods	 that	 will	 beshown	 hands-on	 will
facilitate	the	teacher	and	in-turn	he	student	in	their	care.

Happy	using	the	module	and	Learning	the	content	the	way	it	is	said.

Module	3	–	Study	of	Interaction	among	Particles	and	Waves

Magnetism	and	Waves	are	two	topics	that	fail	to	induce	any	interest	in	the	student	becauseof	the	way	it	is
introduced.	 So	 a	 lucid	 style	 and	 a	 comparative	 approach	 on	 the	 interactionof	waves	 is	 done	 efficiently.
Numerical	questions	are	open	ended	and	are	to	be	solved	withcare	such	that	a	similar	twisted	questions
are	done	with	ease.	The	numerical	session	 ingroups	will	enhance	the	teaching	ability	as	the	teachers	 in
the	group	may	provide	multipleapproach	to	the	same	query	or	situation.	In	a	way	one	may	also	understand
the	defect	in	ourorgans	like	the	eye	and	ear.

A	normal	ear	retains	the	sound	for	about	1/10	of	a	second.

A	human	eye	can	observe	an	event	if	24	frames	are	shown	per	second.

A	simple	experiment	which	may	provide	a	lot	of	scope	for	the	guided	projects	is	a	Simplependulum.	This	is
dealt	 with	 in	 detail	 so	 that	 the	 many	 students	 can	 be	 given	 one	 aspect	 ofthe	 experiment	 for	 the
investigatory	project.

Happy	using	the	module	and	Learning	the	content	the	way	it	is	said.

Module	4	–	Energy	Transport	with	and	without	Molecules

A	great	philosopher	has	said	“Change	is	a	constant	in	life”.	Keeping	these	words	in	mind,we	as	 teachers
keep	learning	and	implementing	in	the	classes	the	best	of	 the	 teachingpractices	and	the	simplified	ways
and	means	to	understand	any	topic.	The	topics	of	Heat	andThermodynamics,	Communication	systems	and
some	experiments	on	Resonance	are	onthe	neglected	list	over	a	period	of	time.	The	student	tries	to	do	the
minimum	work	on	 theseareas	and	 the	absence	of	 intent	hinders	 the	 learning	process.	The	 fundamental
aspects	 ofthe	 topics	 transfer	 of	 Heat	 and	 Thermodynamics	 is	 dealt	 with	 in	 a	 manner	 that	 will	 ease
thedifficulty	 in	 learning.	The	degrees	of	 freedom	in	different	molecular	 formation	can	be	donewith	ease
with	 idea	 incorporated	 here.	 The	 experiment	 on	 the	 Resonance	 tube	 apparatus	 istaken	 for	 a	 complete
demonstration	and	this	will	ease	the	difficulty	in	performing	them	inthe	school.	The	content	of	the	chapter
–	Communication	Systems	is	available	in	plenty.	Buthow	to	make	the	student	to	understand	the	same	is	a
difficult	 task	which	was	 expressed	bythe	 teachers	 in	 the	previous	 INSET	programme.	The	 content	may
look	the	same	way	as	therest	but	as	you	attend	the	session	you	may	feel	the	way	the	content	be	used	for
the	 student	 toscore	 full	 marks	 allotted	 for	 the	 chapter.	 Following	 a	 regular	 pattern	 may	 make	 a
boredom.To	avoid	there	should	be	certain	traits	we	need	to	imbibe	as	teachers	from	time	to	time.For	the
first	time	incorporating	Movie	Session	for	learning	new	traits	to	be	used	in	class,learn	the	scientific	ways



of	 improving	 Observation	 and	 Interpretation	 skills	 and	 the	 waytechnological	 tools	 can	 be	 used	 in	 the
teacher	training	programme	is	done.	The	movie	that	isto	be	shown	here	partly	is	to	bring	certain	changes
in	your	classroom	so	that	the	good	traitsfrom	the	reel	world	is	a	reality	and	helps	the	student	community.
The	attempt	by	SCERT	inproviding	Freedom	for	the	content	developers	in	bringing	necessary	variations	in
the	regulartopics	that	has	been	provided	will	make	this	module	a	unique	one.

Happy	using	the	module	and	Learning	the	content	the	way	it	is	said.

Module	5	–	Study	and	Application	of	Matter	and	Electricity

Time	and	again	there	has	been	a	difficulty	 felt	 in	 the	classroom	in	dealing	with	someinteresting	but	 felt
hard	topics	in	the	class	XI	and	XII	Physics	syllabus.	Some	of	theseareas	include	Bernoulli’s	theorem	and
Capacitance.	They	play	a	great	role	 in	 the	scoringpattern	of	 the	student	and	 to	a	greater	extent	 induce
interest	in	our	subject.	An	attempt	ismade	here	to	simplify	and	apply	to	a	greater	extent	in	the	classroom.
Why	 a	 ball	 spinnedaround	 rises	 up	 in	 the	 sky	 when	 the	 student	 is	 playing	 cricket	 is	 an	 unanswered
questionin	his	mind.	The	module	here	with	you	is	an	answer	to	bring	the	spinning	ball	into	theclassroom.
Various	other	examples	like	the	quantifying	the	volume	of	water	that	is	beingreceived	from	a	canal	outside
Delhi	will	bring	reality	to	classrooms.	The	capacitors	as	aenergy	storage	device	and	their	combinations	in
various	circuits	have	revolutionised	the	fieldof	communication.	Unless	and	until	the	student	is	informed	of
the	daily	use	of	capacitor	six	while	doing	the	 topic	of	Electrostatics	 -	Capacitance	 it	 is	difficult	 to	make
them	mentallyprepared	 for	 conceptualisation.	 The	 numerical	 questions	 given	 as	 practice	 questions	 are
toprepare	 the	 student	 through	 the	 teachers	 for	 the	 board	 examination.	 In	 the	 practical	 partthere	 is
apprehension	in	the	handling	of	Sonometer.	This	induced	us	to	build	a	sessionon	Sonometer.	The	session
will	 be	 hands-on	 on	 the	 stage	 with	 the	 recording	 of	 resultshighlighting	 the	 intricacies	 of	 the	 practical
handling	 of	 Sonometer.	 One	 may	 understandthat	 simple	 recording	 is	 not	 doing	 experiment	 but	 to
understand	the	nuances	of	the	topic	isof	prime	focus.	Following	a	regular	pattern	in	the	teaching	–learning
process	may	make	aboredom.	To	avoid	there	should	be	certain	traits	we	need	to	imbibe	as	teachers	from
timeto	time.	For	the	first	time	incorporating	Movie	Session	for	learning	new	traits	to	be	used	inclass,	learn
the	scientific	ways	of	improving	Observation	and	Interpretation	skills	and	theway	technological	tools	can
be	used	in	the	teacher	training	programme	is	done.	The	moviethat	is	to	be	shown	here	partly	is	to	bring
certain	 changes	 in	 your	 classroom	so	 that	 thegood	 traits	 from	 the	 reel	world	 is	 a	 reality	 and	helps	 the
student	 community.	The	attempt	bySCERT	 in	providing	Freedom	 for	 the	content	developers	 in	bringing
necessary	variations	inthe	regular	topics	that	has	been	provided	will	make	this	module	a	unique	one.

Happy	using	the	module	and	Learning	the	content	the	way	it	is	said.

Module	6	–	Particle	Motion	to	Wave	Motion

To	take	 interest,	 identify,	acknowledge	 ,unfolding	curiosities	 ,seeking	 for	explanationsand	reasons	 is	 the
real	fun	of	Science.	Bringing	down	the	observations	to	find	theoreticaljustification	and	explanations	to	the
observations	makes	 the	 difficult	 part	 of	 the	 subject.Perception	 is	 the	 key	 reference	 of	 interpreting	 the
world	 around	 .	 Inculcating	 the	 ability	 ofqualitative	 understanding	 and	 idea	 is	 another	 bless	 that	 the
students	deserve	to	be	served.Throwing	a	ball	while	playing	a	simple	game	makes	it	move	along	a	curved
path	 that	mostpeople	know,	 the	purpose	 is	 to	create	 fascination	and	curiosity	of	 the	 level	 that	 the	child
feelsto	 interrogate	 every	 specification	 that	 the	 child	 observes	 and	 seeks	 for	 a	 theory	 that	 supportsthe
same.	The	projectile	motion	 faces	 lack	of	 connect	 of	 how	 the	 various	parameters	 likehorizontal	 range	 ,
maximum	height	serves	 to	make	student’s	 life	easy.The	 topic	aims	 toextend	and	connect	 the	 theoretical
findings	with	 its	 applications	 in	 the	 real	world	 to	enablestudents	 to	appreciate	 the	value	of	 the	various
derivations	 ,their	 findings	 and	 understandingfrom	 the	 same.	 To	make	 someone	 realize	 the	 existence	 of
something	 for	which	 first	 handexperience	 is	 difficult	 to	 attain	 is	 a	 task,which	 if	 accomplished	 is	 a	 real
achievement.Waveoptics	 being	 one	 of	 the	 most	 mind	 opening	 experience	 to	 realize	 the	 possibilities	 of
whatyou	observe	 in	nature,	 the	qualitative	description	of	 the	same	has	been	taken	up	 in	 themodule.The
purpose	 stays	 as	 basic	 as	 to	widen	 the	 vision	 and	possibilities	 that	 a	 studentcan	 incorporate	 to	 extract
understanding	 and	 knowledge	 from	 nature.For	 the	 things	 there	 inbooks	 and	 theories	 are	 hard	 to
experience	and	trust	in	real	life	,	experiencing	that	perceptionbeing	existing	for	real	people	gives	a	better
idea	of	authentic	existence	of	the	same	.	Moviesbased	on	Scientific	ideology	to	avail	critical	thinking	to	the



learners	,	so	as	to	go	downthe	the	line	to	the	thought	process	of	the	person	who	had	thought	about	this
edge	of	theScientific	development	and	progress	is	another	concern	of	the	module.

Happy	using	the	module	and	Learning	the	content	the	way	it	is	said.





































ROLLING	FRICTION

For	a	moving	solid	body,	there	are	two	types	of	friction:

The	 force	 resisting	 the	 motion	 of	 a	 rolling	 body	 on	 a	 surface	 is	 known	 as	 Rolling	 friction	 orrolling
resistance.	This	type	of	friction	is	experienced	by	a	wheel	or	a	bal	rolling	on	the	ground.

•	There	is	another	type	of	friction	known	as	Sliding	friction,	which	resists	the	movement	ofa	body	which	is
pushed	in	such	a	way	that	only	one	surface	of	the	body	is	in	contact	withthe	surface	it	is	moving	on.	It	wil
be	experienced	when,	for	example,	a	box	is	pushedacross	a	table.

Rolling	friction	is	considerably	weaker	than	Sliding	friction.



Cause	of	rolling	friction

When	an	object	is	rolled	on	a	surface,	certain	things	happen:

1.	The	object	is	deformed	at	the	point	of	contact	with	the	surface.

2.	The	surface	is	deformed	at	the	point	of	contact	with	the	object.

3.	Motion	is	created	below	the	surface	as	a	result	of	the	above	mentioned	points.

The	primary	cause	of	this	friction	is	that	the	energy	of	deformation	is	greater	than	the	energyof	recovery.
Also,	 there	 is	 an	 adhesive	 force	 between	 the	 two	 surfaces	which	 needs	 to	 beovercome	 constantly.	 The
amount	of	friction	is	based	on	a	variety	of	factors,	such	as,

•The	quality	of	the	sliding	body

•The	quality	of	the	surface,

•Load

•Diameter	of	the	rolling	object

•Surface	area	of	the	body

Coefficient	of	rolling	friction

Determining	 the	 coefficient	 of	 this	 friction	 is	 considerably	 more	 complex	 than	 that	 of	 sliding	 friction.
“Coefficient	of	Rolling	Friction	is	the	ratio	of	the	force	of	rolling	friction	to	thetotal	weight	of
the	object.”

In	empirical	terms,	the	coefficient	of	rolling	resistance	can	be	expressed	as:

Fr	=	μrW,

where,

Fr	is	the	resistive	force	of	rolling	resistance,

μr	is	the	coefficient	of	rolling	resistance,	and

W	is	the	weight	of	the	rolling	body

Examples	of	rolling	friction	in	everyday	life

•	A	basketbal	rolled	on	the	court	wil	eventual	y	come	to	a	halt	because	of	rolling	friction.•

A	bike	with	a	broad	tire	wil	burn	more	fuel	because	of	the	increased	rolling	friction.•

A	ball	rolled	on	a	field	wil	go	lesser	distance	than	a	bal	rol	ed	on	a	concrete	floor	because	it	wil	experience
greater	rolling	friction	on	the	former	surface.



ROLLING	MOTION	OF	A	RIGID	OBJECT

In	this	topic	we	treat	the	motion	of	a	rigid	object	rotating	about	a	moving	axis.	In	general,such	motion	is
very	 complex.	 However,	 we	 can	 simplify	 mat	 ers	 by	 restricting	 our	 discussionto	 a	 homogeneous	 rigid
object	having	a	high	degree	of	symmetry,	such	as	a	cylinder,	sphere,or	hoop.	Furthermore,	we	assume	that
the	object	undergoes	rolling	motion	along	a	flat	surface.	We	shal	see	that	 if	an	object	such	as	a	cylinder
rolls	 without	 slipping	 on	 the	 surface(we	 cal	 this	 pure	 rolling	 motion),	 a	 simple	 relationship	 exists
between	its	rotational	and	translational	motions.

Suppose	a	cylinder	is	rolling	on	a	straight	path.	As	the	following	Figure	shows,	the	center	ofmass	moves	in
a	straight	line,	but	a	point	on	the	rim	moves	in	a	more	complex	path	cal	eda	cycloid.	This	means	that	the
axis	of	rotation	remains	paral	el	to	its	initial	orientation	inspace.	Consider	a	uniform	cylinder	of	radius	R
rolling	without	slipping	on	a	horizontalsurface	(Fig.	11.2).	As	the	cylinder	rotates	through	an	angle	θ,	its
center	of	mass	moves	alinear	distance	s	=	Rθ.	Therefore,	the	linear	speed	of	the	center	of	mass	 for	pure
rolling	motion	is	given

by	where	ω	is	the	angular	velocity	of	the	cylinder.	This	equation	holds	whenever	a	cylinderor	sphere	rolls
without	slipping	and	is	the	condition	 for	pure	rolling	motion.	Themagnitude	of	 the	 linear	acceleration	of
the	center	of	mass	for	pure	rolling	motion	is

One	 light	 source	 at	 the	 center	 of	 a	 rolling	 cylinder	 and	 another	 at	 one	 point	 on	 the	 rimil	 ustrate	 the
different	paths	these	two	points	take.	The	center	moves	in	a	straight	line	(greenline),	whereas	the	point	on
the	rim	moves	in	the	path	cal	ed	a	cycloid	(red	curve).



where	α	is	the	angular	acceleration	of	the	cylinder.

The	linear	velocities	of	the	center	of	mass	and	of	various	points	on	and	within	the	cylinderare	il	ustrated	in
Figure	 below.	 A	 short	 time	 after	 the	moment	 shown	 in	 the	 drawing,	 the	 rim	 point	 labeled	 P	will	 have
rotated	from	the	six	o’clock	position	to,	say,	the	seven	o’clock	position,	the	point	Q	wil	have	rotated	from
the	ten	o’clock	position	to	the	eleven	o’clock	position,	and	so	on.	Note	that	the	linear	velocity	of	any	point
is	in	a	direction	perpendicular	to	the	line	from	that	point	to	the	contact	point	P.	At	any	instant,	the	part	of
the	rim	that	is	at	point	P	is	at	rest	relative	to	the	surface	because	slipping	does	not	occur.

Figure:All	 points	 on	 a	 rolling	 object	 move	 in	 a	 direction	 perpendicular	 to	 an	 axis	 through
theinstantaneous	 point	 of	 contact	 P.	 In	 other	words,	 al	 points	 rotate	 about	 P.	 The	 center	 of	massof	 the
object	moves	with	a	velocity	vCM,	and	the	point	P'	moves	with	a	velocity	2vCM.

All	points	on	 the	cylinder	have	 the	 same	angular	 speed.	Therefore,	because	 the	distance	 fromP'	 to	P	 is
twice	 the	 distance	 from	P	 to	 the	 center	 of	mass,	 P'	 has	 a	 speed	 2vCM	=	2Rω.	One	 canalso	model	 the
rolling	motion	of	the	cylinder	as	a	combination	of	translational	(linear)	motion	and	rotational	motion.	For
the	pure	translational	motion	shown	in	imagine	that	the	cylinder	does	not	rotate,	so	that	each	point	on	it
moves	to	the	right	with	speed	vCM.	For	thepure	rotational	motion	imagine	that	a	rotation	axis	through	the
center	 of	 mass	 is	 stationary,	 sothat	 each	 point	 on	 the	 cylinder	 has	 the	 same	 rotational	 speed	 ω.	 The
combination	of	 thesetwo	motions	 represents	 the	 rolling	motion.The	 top	of	 the	cylinder	has	 linear	 speed
vCM	 +	 Rω=	 vCM	 +	 vCM	 =	 2vCM,	 which	 is	 greater	 than	 the	 linear	 speed	 of	 any	 other	 point	 on	 the
cylinder.As	noted	earlier,	the	center	of	mass	moves	with	linear	speed	vCM	while	the	contact	point	between



the	surface	and	cylinder	has	a	linear	speed	of	zero.	We	can	express	the	total	kinetic	energy	of	the	rolling
cylinder	as

where	IP	is	the	moment	of	inertia	about	a	rotation	axis	through	P.	Applying	the	paral	el-axistheorem,	we
can	substitute	IP	=	ICM	+	MR2

The	term	½	ICMω2	represents	the	rotational	kinetic	energy	of	the	cylinder	about	its	center	of	mass,	and
the	 term	 ½	 M2CM	 represents	 the	 kinetic	 energy	 the	 cylinder	 would	 have	 if	 it	 were	 just	 translating
through	space	without	rotating.	Thus,	we	can	say	that	the	total	kinetic	energy	of	a	rolling	object	 is
the	sum	of	the	rotational	kinetic	energy	about	the	center	ofmass	and	the	translational	kinetic
energy	of	the	center	of	mass.

We	can	use	energy	methods	to	treat	a	class	of	problems	concerning	the	rolling	motion	of	asphere	down	a
rough	 incline.	 Assume	 that	 a	 sphere	 rolls	 without	 slipping	 and	 is	 released	 from	 rest	 at	 the	 top	 of	 the
incline.	Note	 that	 accelerated	 rolling	motion	 is	 possible	 only	 if	 africtional	 force	 is	 present	 between	 the
sphere	and	the	incline	to	produce	a	net	torque	aboutthe	center	of	mass.	Despite	the	presence	of	 friction,
no	 loss	of	mechanical	energy	occurs	 because	 the	 contact	 point	 is	 at	 rest	 relative	 to	 the	 surface	 at	 any
instant.	 On	 the	 other	 hand,	 ifthe	 sphere	 were	 to	 slip,	 mechanical	 energy	 would	 be	 lost	 as	 motion
progressed.



A	sphere	rolling	down	an	incline.	Mechanical	energy	is	conserved	if	no	slipping	occurs.Using	the	fact	that
vCM	=	Rω	for	pure	rolling	motion,	we	can	express	Kinetic	energy	as

By	the	time	the	sphere	reaches	the	bottom	of	the	incline,	work	equal	to	Mgh	has	been	doneon	it	by	the
gravitational	field,	where	h	is	the	height	of	the	incline.	Because	the	sphere	startsfrom	rest	at	the	top,	its
kinetic	energy	at	the	bottom,	must	equal	this	work	done.	Therefore,the	speed	of	the	center	of	mass	at	the
bottom	can	be	obtained	by	equating	these	two	quantities:

Examples	of	Rolling	Friction



The	term	rolling	friction	refers	to	the	resistance	created	by	an	object	rolling	across	a	surface.Synonymous
terms	include	rolling	drag	and	rolling	resistance.	It	is	dramatical	y	less	thanother	types	of	friction,	such	as
sliding	friction.

There	are	various	factors	that	can	affect	rolling	friction	such	as:	•

•Shape	of	wheel

•	The	type	of	surface	on	which	the	wheel	is	rolling

•	Any	movement	of	the	surface	or	below	the	surface

•	Original	speed	of	the	wheel

•	Diameter	of	the	wheel•	Amount	of	pressure	on	the	wheel

•	Adhesion	of	the	surface

•	Any	amount	of	sliding	that	occurs	in	addition	to	the	rolling	motion

•	Deformation	of	object	or	of	surface

•	Over	inflation	of	tires•	Micro-sliding

•	Thickness	of	tread	on	tires

•	Shape	of	tread	on	tires

•	Material	that	wheel	or	bal	is	made	of

Any	bal	or	wheel	has	rolling	friction	when	rolled	on	a	surface.	Some	examples	of	items	that	have	rolling
friction	are:

•	Truck	tires

•	Bal	bearings

•	Bike	wheels

•	Soccer	bal	,	basketbal	,	or	basebal



•	Car	tires

•	Skateboard	tires

•	Railroad	steel	wheels

•	Bowling	ball

Everyday	Examples	of	rolling	Friction

•	A	car	wil	eventual	y	come	to	a	stop	if	just	al	owed	to	roll	as	the	friction	between	theroad	surface	and	the
wheels	causes	friction	that	causes	the	vehicle	to	stop.

•	Bike	wheels	that	are	thicker	wil	lessen	the	potential	speed	of	the	bike	because	there	is	agreater	wheel
surface	to	create	friction	against	the	surface	which	wil	slow	the	bike.

•	Heavy	duty	trucks	get	greater	gas	mileage	when	tread	begins	to	wear	on	the	tires	becausethere	is	less
rolling	friction,	al	owing	the	truck	to	move	more	quickly	with	lessresistance.

•	A	skateboard	set	on	a	slight	decline	will	eventual	y	stop	 itself	because	of	 the	resistancecaused	by	the
friction	between	the	wheels	and	the	surface.

•	A	soccer	bal	kicked	across	a	grassy	field	wil	slow	more	quickly	 than	one	kicked	acrossa	smooth,	hard
surface	because	the	rolling	friction	is	far	greater	on	the	field.

•	When	a	train	goes	around	a	curve	there	is	greater	rolling	friction.

•	 Roller	 skates	 have	 greater	 rolling	 friction	 than	 Rol	 erblades	 because	 there	 is	 moresurface-to-wheel
contact	on	roller	skates.

•	A	duckpin	bowling	bal	is	likely	to	have	less	rolling	friction	than	a	full	size	bowling	bal	because	of	its	size
and	weight	which	create	less	rolling	friction.

•	A	dump	truck	wil	have	greater	rolling	friction	than	a	smal	car	because	the	dump	truckis	a	heavier	load
bearing	down	on	the	wheel	and	therefore	causing	greater	rolling	friction.

Practice	Questions:

1.	Derive	an	expression	for	the	velocity	of	an	object	rolling	down	an	inclined	planestarting	from	rest.	Also
find	the	acceleration.

2.	Does	the	time	take	by	the	body	rolling	down	the	plane	vary	with	the	moment	ofinertia?	How?

3.	If	a	mass	m	and	radius	r	is	shaped	as	a	sphere,	shel	,	ring,	disc,	Hollow	cylinder	or	asolid	cylinder	and	al
owed	to	rol	down	an	inclined	plane	without	slipping,	with	ofthem	wil	reach	the	lower-most	point	first.

Conclusive	Remarks:

The	learner	is	expected	to	appreciate	the	combination	of	motion	in	the	rolling	objects	andas	a	result	of	the
same	 feels	 good	 for	 the	 help	 it	 gives	 for	 the	 field	 of	 transportation.	 Theway	 the	 velocity	 is	 found	 for
different	position,	picturises	the	change	in	the	angle	theradius	vector	makes	about	the	given	axis.	It	is	for
the	learner	to	apply	this	idea	for	al	structures	with	are	capable	of	rolling.

CONCEPT	OF	COG	AND	COM

Introduction

Mass	is	an	intrinsic	property	of	every	body	which	is	unaffected	by	external	factors(Newtonianmechanics).
The	weight	of	a	body	however	is	the	force	it	exerts	on	its	support	keeping	it	upright	against	gravity.



Now	 the	 center	 of	 mass	 of	 a	 body	 is	 the	 point	 at	 which	 the	 whole	 mass	 of	 the	 body	 is	 taken	 to
beconcentrated.	That	is	if	we	assume	the	body	to	be	a	point	mass	at	this	place	then	it	wil	exhibit

Since	weight	is	mass	time	acceleration	due	to	gravity	and	the	gravitational	field	due	to	mostobjects	which
exert	significant	gravitational	force	like	the	earth	may	be	 taken	constant,	 thisacceleration	 factor	cancels
out	 and	 the	 center	 of	 gravity	 and	 center	 of	 mass	 coincide.However	 this	 is	 only	 true	 for	 uniform
gravitational	fields.	If	the	field	is	non	uniform	the	to	pointsare	different.

Learning	Outcome:

The	learner	:-

-wil	have	a	conceptual	understanding	of	centre	of	mass	and	centre	of	gravity.

-wil	understand	the	basic	concept	of	centre	of	mass	and	centre	of	gravity.

-	wil	understand	the	difference	between	concept	of	centre	of	mass	and	centre	of	gravity.

Conceptual	Understanding:

Understand	the	meaning	of	the	center	of	gravity	(CG)	and	its	effect	on	the	stability	of	an	object.Learn	how
to	calculate	the	CG	of	different	systems	of	objects	with	a	series	of	examples.

Centre	of	Gravity	(C.G)

Consider	a	body	of	mass	m	 consisting	 of	 a	 number	 ofparticles	 of	masses	m1,	m2,....,	 mn.	 Forces	m1g,
m2g.....mngact	on	different	particles	 in	a	direction	vertical	ydownward.	Thus,	 the	resultant	 ‘W’	of	 these
paral	el	forcesact	at	a	single	point	‘G’	which	is	called	the	center	ofgravity	(C.G)	of	the	body.

Center	of	gravity	of	a	body	is	a	point,	through	which	theresultant	of	al	the	forces	experienced	the	various
particlesof	the	body,	due	to	at	raction	of	earth,	passes	irrespective	of	the	orientation	of	the	body.

For	regular	bodies	the	position	of	the	center	of	gravity	can	be	easily	located.	In	case	of	a	thin	rodit	lies	at
the	center	of	rod	while	 in	case	of	a	rectangular	or	a	square	 lamina	 it	 lies	on	 the	point	ofintersection	of
their	diagonals.

A	body	when	suspended	freely	by	a	string	must	have	its	center	of	gravity	lying	on	a	vertical	 linepassing
through	its	point	of	suspension.	It	is	only	in	that	case	the	condition	of	equilibrium	arefulfilled.	So,	to	locate
the	C.G.	of	an	irregular	body,	suspend	it	by	any	point	and	draw	a	verticalline	passing	through	the	point	of
suspension.	Now	suspend	it	form	another	point	and	again	drawa	vertical	line	passing	through	the	point	of
suspension.	The	point	of	intersection	of	these	twolines	gives	the	center	of	gravity	of	the	body.

Centre	of	Mass



Let be	the	position	vectors	of	the	different	particles	of	the	body	with	respect	toan	arbitrary
origin	Q	as	shown	in	the	figure.

The	center	of	mass	of	the	system	is	defined	as	the	point	in	space,	so	that	moment	of	the	mass	ofthe	system
about	a	reference	point	(origin),	when	whole	of	the	system	is	supposed	to	beconcentrated	at	it	(center	of
mass)	is	equal	to	the	vector	sum	of	the	momenta	of	the	masses,	ofindividual	particles	around	the	reference
point.

If is	the	position	vector	of	the	center	of	mass,

Or,

Here,	M	=	mass	of	the	body.

If	the	force	acting	on	the	body	are	al	in	the	downward	direction	center	of	mass	coincides	with	the	center
of	gravity.

Position	vector	of	COG	can	be	written	as



The	Centre	of	Mass	After	Removal	of	a	Part	of	a	Body



Indicates	centre	of	mass

If	a	portion	of	a	body	is	taken	out,	the	remaining	portion	may	be	considered	as,	original	mass(M)	-mass	of
the	removed	part	(m)

=	{Original	mass	(M)}	+	{-	mass	of	the	removed	part	(m)}

The	formula	changes	to:

Xcm	=	(Mx-mx')/(M-m)	and	Ycm	=	(My-my')/(M-m)

where	primed	ones	represent	the	coordinate	of	the	C.M.	of	the	removed	part.

Centre	of	Mass	for	a	Continuous	Distribution

For	a	continuous	distribution	of	mass,	we	can	treat	an	element	of	mass	dm	at	any	position	as	apoint	mass
and	replace	the	summation	by	integration	as	shown	below:

Rcm	=	1/M	∫	x	dm

So,	we	get	Xcm	=	1/M	∫	x	dm

Ycm	=	1/M	∫	y	dm

Zcm	=	1/M	∫	z	dm,

Note:For	centre	of	mass	the	following	are	self-explanatory.

(1)	There	may	or	may	not	be	any	mass	present	at	the	centre	of	mass	as	can	be	seen	in	the	figuresbelow.	In
the	first	body	there	is	mass	present	at	the	centre	of	mass	but	in	the	second	example	of	aring	there	is	no
mass	at	the	centre	of	mass.

(2)	 Its	 position	 depends	 on	 the	 shape	 of	 the	 body.	 It	 is	 nearer	 to	 the	 region	 where	 more	 mass
isconcentrated	(because	of	vector	r).



(3)	 For	 symmetrical	 bodies	 having	 homogeneous	 distribution	 of	 mass	 coincides	 with	 the	 centreof
symmetry	(again	think	in	terms	of	vector	r).

(4)	Centre	of	mass	and	centre	of	gravity	need	not	be	at	the	same	points	(consider	a	very	highmountain	and
apply	the	concept	of	variation	of	g	with	height).

Motion	of	Centre	of	Mass

Now	that	we	have	the	position,	we	extend	the	concept	of	the	center	of	mass	to	velocity	and	acceleration,
and	 thus	give	 ourselves	 the	 tools	 to	describe	 the	motion	of	 a	 system	of	 particles.	 Taking	a	 simple	 time
derivative	of	our	expression	for	x	cm	we	see	that:

Vcm	=	m1v1+m2v2/m1+m2

Thus	we	have	a	very	similar	expression	for	the	velocity	of	the	center	of	mass.	Differentiating

again,	we	can	generate	an	expression	for	acceleration:

acm	=	m1a1+m2a2/m1+m2

With	this	set	of	three	equations	we	have	generated	the	necessary	elements	of	the	kinematics	of	as	ystem
of	particles.

So,	(m1+m2)	acm	=	m1a1+m2a2

Fcm	=	F1+	F2	+	….

Here,	Fcm	=	M	(acm)

Here	M	is	the	total	mass	of	the	system.

Hence	the	total	mass	of	the	system	times	the	acceleration	of	its	centre	of	mass	is	equal	to	vector	sum	of	al
the	forces	acting	on	the	group	of	particles.

Equilibrium

A	 rigid	 body	 is	 said	 to	 be	 in	 equilibrium	 if	 the	 forces	 actingon	 it	 do	 not	 change	 its	 state	 of	 rest	 or	 of
uniform	motion(linear	or	rotational).



This	means	if	a	body	is	at	rest	it	should	remain	at	rest.	If	thebody	is	in	motion,	it	should	keep	on	moving
with	uniformvelocity	 (may	be	 linear	 or	 angular).	Accordingly	 the	 equilibrium	 is	 classified	 into	 following
two	categories:

(a)	Translatory	equilibrium

A	body	 is	 said	 to	be	 in	 translatory	 equilibrium	 if	 its	 centre	of	mass	possess	no	 linear	 accelerationin	an
inertial	frame	of	reference.	For	a	body	to	be	in	translatory	equilibrium	the	basic	condition	isthat	the	vector
sum	of	al	the	external	forces	acting	on	the	body	should	be	zero.	In	such	case	abody	at	rest	wil	remain	at
rest.	This	equilibrium	is	static	equilibrium.	A	body	moving	withuniform	velocity,	along	a	straight	 line,	wil
keep	on	doing	so.	This	equilibrium	is	termed	asdynamic	translatory	equilibrium.

(b)	Rotatory	equilibrium

A	body	 is	 said	 to	be	 in	 rotatory	 equilibrium	 if	 it	 possesses	no	 angular	 acceleration	about	 any	 axisin	 an
inertial	 frame.For	the	body	to	be	 in	rotatory	equilibrium	the	basic	condition	 is	that	the	vector	sum	of	al
theexternal	 torques	 acting	 on	 the	body	 is	 zero.For	 a	 body	 to	 be	 in	 equilibrium	 is	must	 satisfy	 both	 the
conditions	stated	above	simultaneously,i.e.,

(a)	the	vector	sum	of	al	the	external	forces	acting	on	the	body	should	vanish.

(b)	the	vector	sum	of	al	the	external	torque	acting	on	the	body	should	vanish.

State	of	Equilibrium



Equilibrium	can	be	classified	into	three	categories

(a)	Stable	equilibrium

The	 equilibrium	 of	 a	 body	 is	 said	 to	 stable	 if,	 on	 being	 slightly	 disturbed,	 it	 tends	 to	 come	 back	 toits
original	position.

(b)	Unstable	equilibrium

The	body	is	said	to	be	in	unstable	equilibrium	if	on	being	slightly	disturbed,	it	shows	no	tendency	to	come
back	to	its	original	position	and	moves	away	from	it.

(c)	Neutral	equilibrium

A	body	is	said	to	be	in	neutral	equilibrium	if	on	being	slightly	displaced,	it	remains	in	the	new	position.

Condition	for	Stable	Equilibrium

The	degree	of	stability	of	the	depends	upon	the	height	of	the	centre	of	gravity	of	the	body	fromthe	surface
of	support.	Smal	er	the	height	of	centre	of	gravity,	greater	is	its	stability.

(a)	The	vertical	drawn	from	center	of	gravity	should	pass	through	the	base.

(b)	The	center	of	gravity	should	be	as	low	as	possible.

(c)	The	base	should	be	as	wide	as	possible.

Example	1

Follow	me	through	a	quick	experiment.	You'l	need	the	following:

•	A	#2	pencil

•	A	fine	edge	like	a	ruler	or	a	credit	card

•	A	permanent	marker

•	A	ruler	(if	you	don't	have	one,	you	may	be	able	to	eyebal	it)

Step	1:	Attempt	to	balance	the	pencil	on	the	edge	you	have	selected.

Balancing	 the	 pencil	may	 take	 some	 trial	 and	 error.	 The	 point	 at	which	 the	 pencil	 balances	maynot	 be
where	you	 first	 thought.	 If	 it	begins	 to	 tip	 in	one	direction,	move	 the	pencil	back	 slowly	 inthe	opposite
direction	until	it	wil	stay	there	on	its	own.

Step	2:	Once	the	pencil	is	balanced,	mark	the	location	of	the	balancing	point	with	apermanent
marker.

Step	3:	Measure	the	distance	between	the	ends	of	the	pencil	and	the	balancing	point	youhave
marked.	Are	the	two	lengths	equal?	On	my	pencil,	the	length	from	the	eraser	 to	 thebalancing	point	was
actual	y	1.25	inches	less	than	the	length	from	the	pencil	tip	to	the	balancingpoint.	Why	would	this	be	the
case?

In	our	experiment,	the	balancing	point	was	another	word	for	the	center	of	gravity	of	this	pencil.	In	other
words,	if	we	cut	the	pencil	in	two	at	the	mark	we	made	in	the	experiment,	the	two	partswould	be	equal	in
weight.	However,	they	are	not	equal	in	length.	As	you	may	have	alreadyfigured	out,	 the	metal	piece	 that
houses	 the	 eraser	 contributes	more	 to	 the	weight	 of	 the	 pencil,	 sothe	 CG	 is	 closer	 to	 that	 side	 of	 the
pencil.



Example	2

Keeping	Up	with	that	Center

The	center	of	gravity	is	an	important	concept	in	determining	the	stability	of	a	structure.	It's	thereason	why
a	good	homeowner	wil	keep	the	top	branches	of	his	trees	trimmed.	It's	also	thereason	why	a	pick-up	truck
might	not	be	the	best	vehicle	choice	for	a	first	time	driver.	Stability	ismaximized	in	objects	with	a	lower
center	of	gravity	and	a	wide	base.	The	tal	er	and	more	top-heavy	an	object,	the	more	likely	it	is	to	tip	over
when	it	is	tilted	by	a	force.	This	figuredemonstrates	a	bus	driving	on	two	different	grades;	the	second	one
is	steep	enough	to	cause	thecenter	of	gravity	to	fal	outside	of	the	base	of	the	vehicle,	which	wil	cause	it	to
topple	over.

Example	3

One	Dimensional	Example

To	make	more	sense	of	our	CG	equation,	let's	see	it	applied	in	a	simple	one-dimensional	example	that	I	like
to	cal	the	Confused	Weightlifter.

Jack	 goes	 to	 the	 gym	 and	 loads	 a	 bar	 for	 his	 workout.	 The	 bar	 is	 60	 inches	 long,	 with	 a	 weight	 of45
pounds.	He	picks	out	a	35	pound	weight	to	load	onto	the	left	side	of	the	bar	but	accidental	ygrabs	a	25
pound	weight	for	the	right	side	of	the	bar.	Before	he	realizes	his	mistake,	he	hasalready	lifted	the	bar	over
his	head	with	one	hand.	Where	does	Jack	have	to	hold	his	hand	toprevent	the	bar	from	tipping?

What	 is	 the	center	of	mass	and	how	 is	 it	calculated?	 Is	 it	 the	same	as	 the	centroid	or	center	ofgravity?
Learn	how	to	find	the	center	of	mass	of	objects	in	one,	two,	even	three	dimensional	space!



Example	4	-	Two	Objects	in	a	Line

Let's	say	you	have	a	one-yard	rod	of	negligible	weight	with	one	bal	at	each	end.	If	one	of	theballs	weighs	6
pounds	and	the	other	weighs	2	pounds,	where	along	the	rod	would	it	be	possibleto	balance	the	system?
This	situation	reduces	the	three-dimensional	concept	of	center	of	massdown	to	a	single	dimension.	Crazy,
right?

Wait,	how	can	we	proceed	with	a	center	of	mass	calculations	if	we	have	weights	instead	ofmasses?	Since
the	force	of	gravity	is	the	same	for	both	objects	here,	the	center	of	mass	and	thecenter	of	gravity	is	the
same.	 There	 are	 some	 systems	 where	 this	 is	 not	 the	 case,	 such	 as	 satel	 itesor	 planetary	 bodies	 with
eccentric	 orbits,	 but	 it	 works	 perfectly	 fine	 in	 this	 instance.Using	 our	 equation	 and	 taking	 x=0	 as	 the
center	of	the	heavier	bal	,	we	get:

x	=	(6	lb)(0	ft)+(2	lb)(3	ft)/(6	lb+2	lb)	=	(0	+	6)ft	lb	/	8	lb	=	0.75	ft

Example	5	-	Three	Objects	on	a	Plane

Let's	try	another.	Determine	the	center	of	mass	for	3	objects	on	a	flat	board	with	the	followingmasses	and
locations	on	the	coordinate	plane,	in	meters:

A:	2	kg,	(0,	10)

B:	3	kg,	(10,	1)

C:	7	kg,	(2,	2)

This	example	steps	up	the	complexity	one	notch.	We	now	have	to	consider	two	dimensions,(x,	y).

x-coordinate	center	of	mass	=

2	kg(0	m)	+	3	kg(10	m)	+	7	kg(2	m)	/	(2	kg+3	kg+7	kg)	=	(0+30+14)kg	m	/	12	kg

=	3.67	m

y-coordinate	center	of	mass	=

2	kg(10	m)	+	3	kg(1	m)	+	7	kg(2	m)	/	(2	kg+3	kg+7	kg)	=	(20+3+14)kg	m	/	12	kg

=	3.08	m

The	center	of	mass	for	this	system	is	(3.67	m,	3.08	m).	Starting	to	make	more	sense?	Let's	tryone	more.

Example	6	-	Four	Objects	in	Three	Dimensions

Last	stop	on	our	complexity	tour!	Four	objects	with	different	coordinates	and	weights	in	threedimensions,
in	feet.	Remember	that	the	center	of	mass	and	the	center	of	gravity	are	the	same	forthis	situation,	but	this
is	not	always	the	case.

Center	of	Mass	vs.	Center	of	Gravity

Center	of	mass	and	center	of	gravity	are	two	terms	that	are	often	used	interchangeably,	butthey're	real	y
not	the	same.

Let's	take	an	object,	like,	for	example,	a	5	kilogram	bowling	bal	.	If	you	drop	a	bowling	bal	,	itwill	fal	to	the
ground	because	of	the	force	of	gravity.	But	did	you	know	that	the	bowling	bal	will	fal	to	the	ground	in	the
same	 way	 that	 a	 5	 kilogram	 point	 mass	 would	 if	 the	 point	 mass	 wasplaced	 at	 the	 very	 center	 of	 the
bowling	ball	?



The	bowling	ball	 is	a	uniform	object	with	a	center	of	mass	 at	 the	 very	 center	of	 the	bowling	bal	 .The
center	of	mass	is	the	mean	position	of	the	mass	in	an	object.	If	you	have	the	same	amount	of	mass	to	your
right	as	you	have	to	your	left	and	the	same	amount	above	as	you	have	below	andthe	same	amount	in	front
as	you	have	behind,	then	you	must	be	at	the	center	of	mass.

The	bowling	ball	also	has	a	center	of	gravity,	which	is	the	point	where	gravity	appears	to	act.	Orin	other
words,	 it's	the	sum	total	of	al	the	forces	of	gravity	on	al	 the	particles	 in	the	object.	 Itdoesn't	 take	much
understanding	of	physics	to	realize	that	for	the	bowling	bal	 ,	this	is	also	at	thevery	center	of	the	object.
For	the	bowling	bal	,	the	center	of	mass	and	center	of	gravity	are	pret	ymuch	in	the	same	place.

But	 they're	NOT	 the	 same	 thing.	 It	 turns	 out	 that	 they're	 only	 the	 same	when	 the	 gravitationalfield	 is
uniform	across	the	object,	or	at	least	close	enough	to	be	uniform	that	it	 isn't	worthdiscussing.	With	smal
objects	 near	 the	 surface	 of	 the	 Earth,	 that's	 always	 the	 case.	 But	 once	 youstart	 put	 ing	 spaceships	 in
space,	suddenly	things	get	weird.

Examples

Let's	go	through	a	couple	of	examples	of	when	the	center	of	mass	and	center	of	gravity	are	notthe	same.
We'l	start	off	with	a	super	abstract	example.

One	day,	you	buy	a	real	y	large	aluminum	bar.	Because	you	have	nothing	bet	er	to	do	with	yourmoney.	This
bar	is	HUGE.	It's	as	tal	as	you	are,	just	as	deep,	and	it's	100	miles	wide.	I	told	youit	was	huge!

You	position	this	bar	on	a	stand,	such	that	the	longest	side	of	the	cuboid	is	at	90	degrees	to	theradius	of
the	Earth.	In	this	situation,	the	center	of	mass	and	center	of	gravity	of	the	cuboid	is	notthe	same.	Here's
why.

We	like	to	think	of	the	Earth's	gravitational	field	strength	as	being	a	nice	constant	of	9.8	m/s/s.But	that's
not	actual	y	true.	That's	the	average	value	at	the	surface	of	the	Earth.	But	as	you	getfurther	and	further
away	 from	the	Earth,	gravity	gets	gradual	y	weaker.	Not	a	 lot	at	 first,	 just	abit.	But	 it	does	change.	On
Mount	Everest,	for	example,	the	acceleration	due	to	gravity	is	morelike	9.75	m/s/s.

So	anyway,	if	you	have	a	huge	metal	bar,	the	center	of	the	bar	wil	be	closer	to	the	center	of	theEarth	than
the	outside	of	the	bar.	Remember	that	the	Earth	is	round	(or	an	oblate	spheroid	to	beexact).	So	the	two
edges	wil	be	further	away	from	the	center	of	the	earth	and	experience	weakergravity.	The	center	of	mass
of	the	bar	is	stil	right	in	the	center,	but	because	of	this	variation	ingravitational	field	strength,	the	center
of	gravity,	the	place	where	gravity	appears	to	act,	ends	upbeing	a	lit	 le	higher	-	a	lit	 le	further	from	the
center	of	the	Earth.

Did	You	Know	?

•	The	center	of	mass	is	the	unique	point	at	the	center	of	a	distribution	of	mass	in	space	that	has	the
propertythat	the	weighted	position	vectors	relative	to	this	point	sum	to	zero.

•	The	center	of	mass	 is	 the	 location	where	all	of	 the	mass	of	 the	system	could	be	considered	 to	be
located.

•	For	a	solid	body	it	is	often	possible	to	replace	the	entire	mass	of	the	body	with	a	point	mass	equal	to
that	ofthe	body's	mass.	This	point	mass	is	located	at	the	center	of	mass.

•	For	homogenous	solid	bodies	that	have	a	symmetrical	shape,	the	center	of	mass	is	at	the	center	of
body'ssymmetry,	its	geometrical	center.

•	The	center	of	mass	is	the	point	about	which	a	solid	will	freely	rotate	if	it	is	not	constrained.



•	For	a	solid	body	the	center	of	mass	is	also	the	balance	point.	The	body	could	be	suspended	from	its
centerof	mass	and	it	would	not	rotate,	i.e.	not	be	out	of	balance.

•	The	center	of	mass	of	a	solid	body	does	not	have	to	lie	within	the	body.	The	center	of	mass	of	a	hula-
hoop	isat	its	center	where	there	is	no	hoop,	just	hula.

•	The	center	of	mass	for	a	system	of	independently	moving	particles	still	has	meaning	and	is	useful	in
analyzing	the	interactions	between	the	particles	in	the	system.

•	if	the	object	is	symmetric	and	the	mass	is	distributed	uniformly	throughout	the	object's	volume,	then
the	center	of	mass	lies	on	an	axis	of	symmetry

•	If	an	object	is	pivoted	on	its	center	of	gravity	it	balances	in	any	orientation	(no	rotation).

•	If	the	acceleration	of	gravity	is	the	same	throughout	the	object,	then	the	center	of	gravity	coincides
with	the	center	of	mass.

•	The	center	of	mass	(COM)	is	the	unique	point	at	the	center	of	a	distribution	of	mass	in	space	that
has	theproperty	that	the	weighted	position	vectors	relative	to	this	point	sum	to	zero.

•	An	object	thrown	through	the	air	may	spin	and	rotate,	but	its	center	of	gravity	will	fol	ow	a	smooth
parabolicpath,	just	like	a	ball.

•	If	you	tilt	an	object,	it	will	fall	over	only	when	the	center	of	gravity	lies	outside	the	supporting	base
of	the	object.

•	 If	 you	suspend	an	object	 so	 that	 its	center	of	gravity	 lies	below	 the	point	of	 suspension,	 it	wil	be
stable.	It	may	oscillate,	but	it	won't	fall	over.

•	The	 center	 of	mass	 of	 an	 object	 of	 uniform	density	 is	 the	 body’s	 geometric	 center.	Note	 that	 the
center	ofmass	does	not	need	to	be	located	within	the	object	itself.

Practice	questions

Problem	1

A	particle	of	mass	1	kg	 is	projected	upwards	with	velocity	60	m/s.	Another	particle	of	mass	2	kgis	 just
dropped	from	a	certain	height.	After	2s	when	neither	of	the	particles	have	collided	withground.	Find	out
acceleration	and	velocity	of	COM.

Solution:

We	know	that,	aCOM	=	[m1a1	+	m2a2]/[m1+m2]	and	uCOM	=	[m1u1	+	m2u2]/[m1+m2]

So,	aCOM	=	[m1a1	+	m2a2]/[m1+m2]

=	[(1)	(-10)	+	2	(-10)]	/	3

=	-10	m/s2

uCOM	=	m1u1	+	m2u2/m1+m2

=	[(1)	(60)	+	(2)	(0)]/3	=	+	20	m/s

From	 the	 above	 observation	 we	 conclude	 that,	 acceleration	 of	 the	 centre	 of	 mass	 wil	 be-10m/s2	 nad
velocity	of	the	centre	of	mass	will	be	20	m/s.

Problem	2	:

A	system	consisting	of	two	objects	has	a	total	momentum	of	(18	kgm/sec)i	and	its	center	of	masshas	the
velocity	of	(3	m/s)i.	One	of	the	object	has	the	mass	4	kg	and	velocity	(1.5	m/s)i.	The	massand	velocity	of



the	other

objects	are

(a)	2	kg,	(6	m/s)i

(b)	2	kg,	(-6	m/s)i

(c)2	kg,	(3	m/s)i

(d)	2	kg,	(-3	m/s)i

Solution:

Given,	 Total	momentum=(18	 kgm/sec)i,	 velocity	 of	 Center	 of	 mass=(3	 m/s)i,	 Mass	 of	 oneobject=4	 kg,
Velocity	of	this	object=(1.5	m/s)iLet	m	be	the	mass	of	other	object	and	v	be	the	velocity.Now	we	know	total
momentum	=Total	massX	velocity	of	center	of	mass

(18	kgm/sec)i=(m+4)(3	m/s)i.

or	m=2	kg

Now	Vcm=(m1v1+m2v2)/(m1+m2)

Or,	3i=(4	1.5i	+	2v)/6

So,	18i=6i+2v

Or,	v=6i	m/sec

From	the	above	observation,	we	conclude	that	option	(a)	is	correct.

Problem	3:

Particle	of	masses	2	kg,	2	kg,	1	kg	and	1	kg	are	placed	at	the	corners	A,	B,	C,	D	of	a	square	ofside	L	as
shown	in	the	figure.	Find	the	centre	of	mass	of	the	system.

Solution:

If	A	is	taken	as	origin,	then,

xcm	=	(m1	x1	+	m2	x2	+	m3	x3	+	m4	x4)	/	(m1	+	m2	+	m3	+	m4	)

=	(2.0+2.L+1.L+1.0)/6	=	1/2

ycm	=	(m1	x1	+	m2	x2	+	m3	x3	+	m4	x4)	/	(m1	+	m2	+	m3	+	m4)

=	(2.0+2.0+1.L+1.L)/6=L/3



Problem	4:

Locate	the	centre	of	mass	of	 the	given	system	of	 three	particles	 located	at	 the	vertices	of	anequilateral
triangle.

Solution:

xcm	=	(1×0+2×0+3(b/2))/(1+2+3)	=	7/12

ycm	=	(1×0+2×0+3√3(b/2))/(1+2+3)	=	(3b√3)/12.

Problem	5:

A	dog	of	mass	10	kg	is	standing	on	a	flat	10	m	long	boat	so	that	is	20	meters	from	the	shore.	Itwalks	8	m
on	the	boat	towards	the	shore	and	then	stops.	The	mass	of	the	boat	is	40	kg	andfriction	between	the	boat
and	th

water	surface	is	negligible.	How	far	is	the	dog	from	the	shore	now?

Solution:

Take	boat	and	dog	as	a	system.	Initial	y,	centre	of	mass	of	the	system	is	at	rest.	Since	no	externalforce	is
acting	on	the	system,	hence	centre	of	mass

of	the	system	wil	remain	stationary.	Let	initial	y	distance	of	the	centre	of	mass	of	the	boat	fromthe	shore
be	x	m.

Then,	x1.c.m.	=	(40	×	x	×	10	×	20)/(40	+	10)	m	……	(i)

Here,	x1.c.m.	=	distance	of	the	C.M.	of	the	system	from	the	shore.

Since	dog	moves	towards	the	shore,	for	the	centre	of	mass	of	the	system	to	be	at	rest,	the	boathas	to	move
away	from	the	shore.	Let	distance	moved	by	the	boat	be	‘x’.	Then,

x2.c.m.	=	(40	(x+x'	)	+	10(20	-	8	+	x'))/(40	+	10)

As	x1.c.m.	=	x2.c.m



.=>	(40x	+	200)/50	+	(40(x	+	x'	)	+	10(12	+	x'))/50

=>	50x’	=	80	=>	x’	=	1.6	m.

Hence,	distance	of	the	dog	from	the	shore	is	(20	–	8	+	1.6)m	=	13.6	cm\

#Test	Your	knowlwdge

Question	1

A	cricket	bat	is	cut	at	the	location	of	its	centre	of	mass	as	shown.	Then,

(a)	the	two	pieces	wil	have	the	same	mass

(b)	the	bottom	piece	wil	have	larger	mass

(c)	the	handle	piece	wil	have	larger	mass

(d)	mass	of	handle	piece	is	double	the	mass	of	bottom	piece

Question	2

The	center	of	mass	of	a	rigid	body	:

(a)	coincides	with	geometric	center.

(b)	is	a	geometric	point.

(c)	lies	always	inside	the	rigid	body.

(d)	lies	always	outside	the	rigid	body.

Question	3

The	density	of	a	rod	is	not	constant.	In	which	of	the	following	situation	COM	cannot	lie	at	thegeometric
center	?

(a)	Density	increases	from	left	to	right	for	the	first	half	and	decreases	from	right	to	left	for	thesecond	half

(b)	Density	increases	from	left	to	right

(c)	Density	decreases	from	left	to	right

(d)	Density	decreases	from	left	to	right	for	the	first	half	and	increases	from	right	to	left	for	the	second	half

Question	4

The	center	of	gravity	is	usual	y	located	where

(a)	more	weight	is	concentrated

(b)	less	weight	is	concentrated(c)	less	mass	is	concentrated(d)	more	mass	is	concentrated

Question	5

The	stationary	sail	boat	air	is	blown	at	the	sails	from	a	fan	attached	to	the	boat.	The	boat	wil	:(a)	move	in
the	direction	opposite	to	that	in	which	air	is	blown

(b)	move	in	the	direction	in	which	air	blown

(c)	spin	around

(d)	remain	at	rest.



AMPERES	CIRCUITAL	LAW	AND	SOLENOID

Introduction:

The	estimate	of	the	magnetic	field	at	a	point	is	done	by	using	Biot-Savart	Law.	But	for	thees	timation	in	a
region	we	 have	 to	 consider	 a	 loop	 and	 the	 same	 is	 done	 using	 Amperes	 Circuital	 Law.	 So	 there	 is	 a
transition	from	a	point	to	a	regional	view	in	this	law.	For	estimating	the	magnetic	field	due	to	a	wire	of	thin
or	thick	wire	using	the	circular	loop	thatcan	be	made	one	can	use	this	law.	This	highlights	a	fact	that	there
will	be	non-zero	magneticfield	at	some	portions	of	a	thick	wire	and	differentiates	a	magnetic	field	from	an
electricfield.

Learning	outcome:

1.	Understands	the	need	for	Amperes	Circuital	law

2.	Differentiates	this	from	the	estimate	of	field	at	a	point.

3.	Understands	to	apply	this	law.

4.	Appreciates	the	angle	between	the	elementary	portion	and	the	magnetic	field	at	that	place.	Conceptual
Learning	Ampere’s	Circuital	Law:

Solenoid



A	solenoid	 is	a	coil	wound	 into	a	 tightly	packed	helix.	 It	 is	often	a	coil	wrapped	arounda	metal	 ic	 core,
which	produces	a	uniform	magnetic	field	in	a	volume	of	space	whenan	electric	current	is	passed	through
it.	A	solenoid	is	a	type	of	electromagnet	when	thepurpose	is	to	generate	a	controlled	magnetic	field.	If	the
purpose	 of	 the	 solenoid	 is	 instead	 toimpede	 changes	 in	 the	 electric	 current,	 a	 solenoid	 can	 be	 more
specifical	y	classified	asan	 inductor	rather	 than	an	electromagnet.	The	magnetic	 field	 in	 the	 solenoid	 is
shownbelow.K	=	1	2	N	m	v	2	¯	{\displaystyle	K={\frac	{1}{2}}Nm{\overline	{v^{2}}}}K	=	1	2	N	m	v	2	¯
{\displaystyle	K={\frac	{1}{2}}Nm{\overline	{v^{2}}}}	.

Magnetic	field	in	a	Solenoid



We	can	consider	the	line	integral	of	B	(the	magnetic	flux	density	vector)	around	the	loop	oflength	l.	The
horizontal	components	vanish,	and	the	field	outside	is	ideal	y	zero.	So	Ampère'sLaw	gives	us

where	is	the	magnetic	constant	or	Magnetic	permeability,	the	number	of	turns,	andthe	current.	From	this
we	get

This	equation	is	valid	for	a	solenoid	in	free	space,	which	means	the	permeability	of	themagnetic	path	is	the
same	as	permeability	of	free	space,	μ0.If	the	solenoid	is	immersed	in	a	material	with	relative	permeability
μr,	then	the	field	isincreased	by	that	amount	to	be

In	most	solenoids,	the	solenoid	is	not	immersed	in	a	higher	permeability	material,	but	rathersome	portion
of	the	space	around	the	solenoid	has	the	higher	permeability	material	and	someis	just	air	(which	behaves
much	 like	 free	 space).	 In	 that	 scenario,	 the	 full	 effect	 of	 the	highpermeability	material	 is	not	 seen,	 but
there	 wil	 be	 an	 effective	 (or	 apparent)permeability	 μeff	 such	 that	 1	 ≤	 μeff	 ≤	 μr.The	 inclusion	 of	 a
ferromagnetic	core,	such	as	iron,	increases	the	magnitude	of	the	magneticflux	density	in	the	solenoid	and
raises	the	effective	permeability	of	the	magnetic	path.	This	isexpressed	by	the	formula

where	μeff	is	the	effective	or	apparent	permeability	of	the	core.	The	effective	permeability	is	afunction	of
the	geometric	properties	of	the	core	and	its	relative	permeability.

Activity	1

Take	a	coil	of	specific	number	of	turns	and	connect	it	to	a	source	of	energy.	As	the	current	isal	owed	to
flow,	keep	a	magnetic	needle	 in	 the	neighbourhood	and	observe	 the	deflection.Observe	and	Record	 the
deflection	in	the	needle	with	variation	in

i)The	number	of	turns

ii)Increase/decrease	in	currenti

iii)	The	material	in	the	core	of	the	solenoid

Activity	II

Any	metal	slinky	mimics	the	magnetic	field	of	a	solenoid,	which	forms	the	basis	for	themagnet	of	machines
of	MRI.	Students	run	current	through	the	slinky	and	explore	themagnetic	field	created	by	the	slinky.While
sending	current	through	the	solenoid,



i)Determine	the	relationship	between	magnetic	field	and	the	number	of	turns	permeter	in	a	solenoid.

ii)Explain	how	the	field	varies	inside	and	outside	a	solenoid.

Record	your	Observations	and	discuss	with	 the	 fel	 ow	 classmates	 to	have	a	 bet	 erunderstanding	 of	 the
Solenoid	and	the	magnetic	field.

Practice	Questions:

1.	Estimate	the	magnetic	field	at	any	point	due	to	a	thick	wire	of	radius	R	carrying	acurrent	i.

2.	Sketch	the	change	in	magnetic	field	caused	due	to	a	current	carrying	wire	at	any	pointform	the	centre
of	a	wire	to	infinity.

3.	Is	the	presence	of	magnetic	field	in	contrast	to	that	of	a	conductor	having	an	electricfield?	What	are	the
probable	reasons?

Conclusive	Remarks:

The	 learner	 appreciates	 the	 presence	 of	 magnetic	 field	 in	 loops	 and	 tries	 to	 identify	 and	 relatewith	 a
dipole.	The	ideal	nature	of	coils	is	understood	with	the	fact	that	there	wil	be	magneticfield	only	in	the	axis
of	 the	 solenoid	 and	 absent	 outside.	 The	 linear	 nature	 of	 the	 field	 insidethe	wire	 and	 non-linear	 nature
outside	is	graphical	y	understood	and	gives	a	clearer	picture	ofthe	presence	of	the	magnetic	field.























OPEN	ENDED	QUESTIONS

Introduction:

This	 open	 ended	 questions	 are	 framed	 such	 that	 the	 teacher	 can	 bring	 in	 the	 changes	 invarious
parameters	 (as	 asked)	 involved	 and	 study	 how	 the	 changes	 affect	 the	 outcome	 of	 theother	 related
parameters.	The	intrinsic	parameters	are	to	be	understood	to	solve	thesequestions.	With	change	in	value
of	 these	 parameters	 multiple	 conclusions	 can	 be	 drawn.	 Thiswil	 reflect	 up	 on	 the	 conceptual
understanding	 of	 the	 learner	 which	 is	 expected	 to	 enhancethe	 Teaching	 –	 Learning	 process	 in	 the
Classroom	Situation.

Learning	outcome:

1.	Tries	to	understand	the	given	situation	at	micro-level.



2.	Picturises	the	situation	for	al	the	objects	involved.

3.	Tries	to	relate	with	Physics	in	the	given	situation.

4.	Recal	s	the	mathematical	tools

5.	Applies	the	mathematical	tools	to	the	given	situation.

6.	Critically	analyses	the	steps	involved	to	simplify	the	steps	wherever	possible.

7.	Understands	the	Physics	through	the	thought	that	evolves	in	the	group.

8.	Appreciates	the	quick	processing	ability	of	the	learner	in	the	group	and	tries	to	imbibesuch	abilities.

9.	Tries	to	develop	the	thought	process	that	can	be	built	up	on	in	his/her	lectuire	tobenefit	the	learner.

10.	Learns	to	appreciate	the	grasp,	scientific	approach,	logical	thinking	and	feedback	ofthe	Learner.

Mode	of	Activity:

Teachers	wil	be	grouped	in	6	or	7	members	and	wil	be	assigned	to	do	atleast	3	questions	outof	the	six	in	a
time	 of	 One	 hour.	 The	 same	 wil	 be	 presented	 by	 the	 Team	 leader	 and	 thequeries	 that	 evolve	 wil	 be
answered.	The	teacher	facilitator	wil	move	among	the	groups	tojust	give	a	helping	hand	without	opening
the	complete	answer.	The	facilitator	is	to	final	ymake	the	teacher	learner	to	grasp,	think,	execute,	perform
the	task	and	enhance	his	skil	s	fordelivery	in	the	classroom.

Problem	1:Doppler	Effect	in	different	cases	–	With	Light	and	Sound

A	source	emits	sound	of	frequency	f	and	an	observer	at	a	distance	receives	them.	Wil	therebe	any	change
in	frequency	in	the	fol	owing	cases:

i)Both	are	at	Rest

ii)Both	move	with	the	same	speed	v	in	the	same	direction

iii)	Both	are	at	Rest	and	the	medium	is	moving	with	a	speedv1

iv)Source	follows	the	observer	approaching

v)Source	follows	the	observer	receding

If	the	source	is	a	light	source	instead	of	Sound	source	wil	your	answer	vary	in	each	case?What	wil	be	the
difference	in	the	observation?	Based	on	this	study,	differentiate	theDoppler’s	effect	in	Sound	and	Light.

Problem	2	:	P-V	and	P-T	Graph	–	Work	Done	and	internal	energy

Using	the	given	P-V	graph	find	the	Heat	energy	change	in	the	process.

If	 the	x	co-ordinate	 is	replaced	by	Absolute	 Temperature	wil	 your	 answer	 change?	 Givereason	 for	 your
answer.	Derive	the	relation	for	the	same.



Problem	3	:	Vertical	Circle

A	mass	m	is	at	ached	to	a	string	of	length	l	is	whirled	in	a	vertical	circle.	What	wil	be	i)	thevelocity	and	i	)
Tension	in	the	string	at	any	point	P	such	that	the	string	makes	an	angle		withthe	vertical	(in	terms	of	the
velocity	at	the	lower-most	point).

Find	a	relation	for	the	minimum	velocity	at	the	lower-most	point.	Using	the	same,	find	theposition	where
the	mass	wil	return	back	if	the	velocity	at	the	lower-most	point	is	half	thatrequired	to	complete	a	vertical
circle.	If	the	string	makes	an	angle	90	<		<	180	(in	degrees)when	the	mass	stops	what	is	the	velocity	at
the	lower-most	point.

Problem	4	:	Establish	 that	“NOR	and	NAND”	Gates	are	Universal	Gates.If	 the	 inputs	A	and	B	 to	a	OR
Gate	made	using	only	“NOR”	Gates	is	as	below.t1

Show	the	output	pattern.

Problem	5	:	Energy	Released	in	a	Decay

We	are	given	the	fol	owing	atomic	masses:=	238.05079441

=	4.002604=	234.0436342He	=	4.00260	u

23490	Th	=	234.04363	u=	1.007834

=	237.051214

Here	the	symbol	Pa	is	for	the	element	protactinium	(Z	=	91).

(a)	Calculate	the	energy	released	during	the	alpha	decay	of	U238.

(b)	Show	that	U238	cannot	spontaneously	emit	a	proton.

Problem	6	:	Wire	and	a	rind	in	neighbourhood	–	Emf	induced

An	electron	moves	along	the	line	AB	which	lies	in	the	same	plane	as	a	circular	loop	ofconducting	wire	as
shown	in	figure.	What	wil	be	the	direction	of	the	current	induced	(if	any)in	the	loop?

If	series	of	electrons	are	moving	in	the	same	line	will	your	answer	vary?	How?If	the	line	is	replaced	with	a
wire	and	a	current	is	sent	along	what	wil	be	the	direction	ofinduced	e.m.f,	 if	any,	when	the	current	 is	 i)
Constant,	i	)	increasing	and	i	i)	decreasing.

Hint/Steps	to	solve	the	Problems



Teachers	are	requested	to	try	solving	the	questions	with	al	variables	possible	before	seeingthe	steps	in	the
group	to	share	their	experiences	in	solving	a	Question.

1.	Recal	the	relation	for	apparent	frequency	when	both	the	source	and	the	sink	are	inmotion	towards	each
other	with	the	fact	that	the	sign	with	the	velocities	exist	due	tothe	relative	motion	on	the	line	joining	them
in	which	Doppler	effect.	Change	the	signfor	different	directions	and	apply	Binomial	theorem	for	velocities
comparable	to	thevelocity	of	light	in	free	space.

2.	Check	whether	the	process	is	Cyclic	or	not.	Recal	the	way	work	can	be	found	in	aprocess.	Apply	proper
sign	convention.

3.	 Draw	 a	 free	 body	 diagram	 for	 the	 mass	 suspended	 from	 the	 point	 using	 a	 thread	 oflength	 (say	 l)
oriented	 at	 angle		with	 the	 vertical.	 A	 relation	 for	 tension	wil	 evolve.Use	 the	 conservation	 energy	 to
express	the	velocity	at	this	point	in	terms	of	thevelocity	at	the	lower-most	point.

4.	Use	the	truth	tables	to	identify	the	unique	combination	of	output.	Identify	the	timeinterval	in	which	this
combination	of	input	exist	and	mark	the	output.	The	rest	of	theinputs	are	the	same	as	for	as	OR	and	AND
gates	are	concerned.

5.	Find	the	mass	defect	and	the	Binding	energy.	Remember	negative	energy	means	thatthe	action	is	not
possible.

6.	Recal	that

the	motion	of	charge	constitutes	a	current

Only	varying	current	can	bring	Induction.

Right	hand	Flemings	rule	wil	give	you	the	direction	of	the	induced	current

Induced	current	opposes	the	cause	of	change	in	Flux.

Conclusive	Remarks

The	 at	 empt	 through	 these	 questions	 is	 to	 enhance	 the	 teaching	 process.	 The	 teacher	 isexpected	 to
incorporate	 the	methods	 learned	 in	 solving	 the	 numerical	 questions	 duringroutine	 lecture	 and	 thereby
make	learning	an	enjoyable	and	a	complete	process.	The	joy	ofget	ing	a	correct	answer	to	the	questions	by
any	student	is	unquestionable	good.
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