
Professor	Jasper	Halekas	
Van	Allen	Lecture	Room	1		
MWF	8:30-9:20	Lecture	
	



¡  HW	grades	in	ICON	today		
¡  Lab	grades	in	ICON	this	weekend	

¡  Please	fill	out	evaluations!	
§  Completion	rate	27%	as	of	12/9	
§  Deadline	Saturday	12/10	

¡  Final	8:00-10:00	pm	in	LR1	on	Monday	12/12	



1.  Kinematics		
A.  Translational	
B.  Rotational	

2.  Newton’s	Laws	

3.  Conservation	of	Energy	
A.  Kinetic	Energy	
B.  Potential	Energy	
C.  Work	
D.  Heat	
E.  Temperature	

4.  Conservation	of	Momentum	

5.  Ideal	Gas	Law	and	Processes	



Kinematics	
Newton’s	
Laws	

Conservation	
of	Energy	

Conservation	
of	

Momentum	
Ideal	Gas	Law	

Everything	Else!	
Projectile	Motion,	Equilibrium,	Centripetal	Forces,	Collisions,	Center	
of	Mass,	Harmonic	Oscillators,	Waves,	Pressure	Vs.	Depth,	Buoyancy,	

Continuity,	Heat	Engines,	Specific	Heat,	etc.	etc.	etc.	



¡  Kinematic	Variables	

Trigonometry+(For$right$triangle$with$sides$Adjacent,$Opposite,$and$Hypoteneuse):+
Sin(θ)'='O/H'' ' Cos(θ)'='A/H'' ' Tan(θ)'='O/A' H2'='O2'+'A2' Acircle'='πr2'
Sin(30°)'='Cos(60°)'='½'''''Sin(60°)'='Cos(30°)'= 3/2'~=0.866' Sin(45°)'='Cos(45°)'=' 2/2'~0.707'
Sin(0°)'='Cos(90°)'='0' Sin(90°)'='Cos(0°)'='1'
'
Moment+of+Inertia+
Point'mass'or'thinJwalled'wheel:'' I'='mr2' ' ' Solid'cylinder:'' I'='½'mr2''
Thin'rod'pivoting'around'end:'' I'='1/3'mr2' ' Solid'sphere:'' I'='2/5'mr2'
!
Kinematics:+
! = ∆!

∆!! ! = ! ∆!∆! ! !(!) = !! + !!! + !
! !!

!! !(!)! = !!! + 2! ∙ ∆!(!)!
!
Newton’s+Laws:+
!! = !!! ! ! !!" = −!!"!

!
Forces:+
!! = !!!!!

!! ! ! !! = !"!(@!surface)! ! !!!"# = !!!!!! !! = !!!!!
!! = !!! = !!!

! ! !!"#$%& = −!"! ! !!"#$%&' = !!"#$%&'(! !!!
!
Work+&+Energy:+
!"!"#$% = !

!!!!! ! ∆!" =!!"#! ! !"! = !"ℎ! ! !!!!!"#$%& = !
! !!

!! !!
E'='KE'+'PE! ! ! Δ! =!!" ! ! ! = !! ∙ ∆! = ! Δr cos!!"# !
!
Impulse+&+Momentum:+
! = !∆!! ! = !!! ! = ∆!! !! = !!!!(as'long'as'Fext=0)''''! !
!!" = !!!!

!!
= ! /!!
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Rotational+Motion:+
! = !/!! ! = !!

! = ∆!
∆! ! ! = !!
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∆! ! !

! ! = !! + !!! + !
!!!

!! ! !(!)! = !!! + 2!∆!(!)! ! !
! = !" sin!!" = ! ∗ !"#"$!!"#! ! ! = !"! ! ! = !"# = !"!!
!!"# = !∆!! ! ! !!!"# = !

! !!
!!! ! !!" = !!!!

!!
!

!
Harmonic+Motion:+

!! = 2!!! = !!
! = !

!! ! !!"# = !! !!"# = !!!! ! !!"# = !!!!!

!!"#$%&%' = !"!!"
! = !

! !!"#!!"#$%&!!"#$%&%'!!"!!"#$%ℎ!!!
!
!
!
!
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Sin(θ)'='O/H'' ' Cos(θ)'='A/H'' ' Tan(θ)'='O/A' H2'='O2'+'A2' Acircle'='πr2'
Sin(30°)'='Cos(60°)'='½'''''Sin(60°)'='Cos(30°)'= 3/2'~=0.866' Sin(45°)'='Cos(45°)'=' 2/2'~0.707'
Sin(0°)'='Cos(90°)'='0' Sin(90°)'='Cos(0°)'='1'
'
Moment+of+Inertia+
Point'mass'or'thinJwalled'wheel:'' I'='mr2' ' ' Solid'cylinder:'' I'='½'mr2''
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!
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ac	=	v2/r	

r	+	Δr	

Δv	Δs	Δr	
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¡  Kinematic	Equations	







Buoyant	
Force	

Gas	or	
Liquid	

Pressure	

Conservative	Forces	



Also	works	for	rotational	kinematics,		
but	W	=	τ	Δθ	and	KE	=	1/2	I ω2	



¡ Work	done	on	a	body	by	a	conservative	force	
comes	from	the	potential	energy	PE	
associated	with	that	force:	
§ W	and	ΔPE	are	equal	and	opposite	if	conservative	

E.g.	decrease	in	height	
⇒ loss	in	PE		
⇒ positive	W	by	gravity	
⇒ increase	in	KE	

PEg	



Mechanical	energy	can	only	change	if	a	non-conservative	force	acts	
	
A	“non-conservative”	process	is	code	for	a	process	in	which	some	
of	the	mechanical	energy	is	lost	to	heat	or	deformation	of	the	body	

Trigonometry+(For$right$triangle$with$sides$Adjacent,$Opposite,$and$Hypoteneuse):+
Sin(θ)'='O/H'' ' Cos(θ)'='A/H'' ' Tan(θ)'='O/A' H2'='O2'+'A2' Acircle'='πr2'
Sin(30°)'='Cos(60°)'='½'''''Sin(60°)'='Cos(30°)'= 3/2'~=0.866' Sin(45°)'='Cos(45°)'=' 2/2'~0.707'
Sin(0°)'='Cos(90°)'='0' Sin(90°)'='Cos(0°)'='1'
'
Moment+of+Inertia+
Point'mass'or'thinJwalled'wheel:'' I'='mr2' ' ' Solid'cylinder:'' I'='½'mr2''
Thin'rod'pivoting'around'end:'' I'='1/3'mr2' ' Solid'sphere:'' I'='2/5'mr2'
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! = !" sin!!" = ! ∗ !"#"$!!"#! ! ! = !"! ! ! = !"# = !"!!
!!"# = !∆!! ! ! !!!"# = !

! !!
!!! ! !!" = !!!!

!!
!

!
Harmonic+Motion:+

!! = 2!!! = !!
! = !

!! ! !!"# = !! !!"# = !!!! ! !!"# = !!!!!
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Nonconservative	
work	done	on	body	



Nonconservative	
work	done	by	body	



TA	is	proportional	
to	the	internal		
energy	UA	in	box	A	

TB	is	proportional	
to	the	internal		
energy	UB	in	box	B	

Heat	will	flow	(transferring	energy)	until	TA	=	TB	

Q	=	mcΔT	
Q	=	nCΔT	



If	no	external	forces	:	









Process	 ΔU	 Q	 W	

Constant	
Volume	

3/2	nR	ΔT	
(monatomic)	

3/2	nR	ΔT	
(monatomic)	

0	

Constant	
Pressure	

3/2	nR	ΔT	
(monatomic)	

5/2	nR	ΔT	
(monatomic)	

PΔV	=	nR	ΔT	

Constant	
Temperature	

0	 nRT	ln	(Vf/Vi)	
	

nRT	ln	(Vf/Vi)	

Adiabatic		
(pVγ	=	
constant)	

3/2	nR	ΔT	
(monatomic)	

0	 -3/2	nR	ΔT	
(monatomic)	

ΔU	same	for	all,	just	depends	on	ΔT		

Higher	specific	heat	
Some	Q	goes	to	W	

Lower	specific	heat	
All	Q	goes	to	U	



Work	W	done	by	gas	=	area	under	curve	
Increase	in	volume	->	positive	work	+W	by	gas	
Decrease	in	volume	->	negative	work	–W	by	gas	

Internal	energy	U	can	be	read	from	this	diagram	as	well:	
Internal	energy	U	is	proportional	to	temperature	T	
Temperature	T	is	related	to	P	&	V	through	ideal	gas	law			

From	internal	energy	U	and	work	W,	we	can	get	heat	Q	



centripetal	





¡  You’ve	been	a	great	class!	

¡  You	are	the	future	of	our	world	–	use	your	
knowledge	well		

¡ My	door	is	always	open	to	my	former	
students	


