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¡  For	a	1-d	constant	force:		
§ W	=	Fx*Δx	

¡  In	more	dimensions:	
§ W	=	|F||Δr|	cosθFr	

¡  Units	=		[Newton][meters]	=	[Joules]	









¡  I	lift	an	object	with	mass	m	at	a	constant	
speed	v	to	a	height	d.		How	much	work	did	I	
do?		

A.  -mg	d	
B.  mg	d	
C.  mv	d	
D.  mv2/d	



¡  I	lift	an	object	with	mass	m	at	a	constant	
speed	v	to	a	height	d.		How	much	work	did	I	
do?		

A.  -mg	d	
B.  mg	d	
C.  mv	d	
D.  mv2/d	





¡  In	this	part	of	the	course	we	mostly	talk	about	
work	done	on	or	to	objects	

¡  Later	in	the	course	we	will	talk	about	work	
done	by	objects	(e.g.	ideal	gases)	

¡  Since	Newton’s	3rd	law	tells	us	that	Fab	=	-Fba:	
§  The	work	done	by	an	object	is	equal	and	opposite	
to	the	work	done	on	an	object	



¡ Work	can	be	decomposed	into	that	done	by	
individual	forces	
§  The	total	should	be	the	net	work	done	by	the	net	
force	
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Example of work: Move book at constant velocity along a rough table with a constant 
horizontal force of magnitude Fext = 10 N  (10 newtons).  Total displacement is 'x = 1 m. 
 

work done by external force = 
 
WFext  =  + Fext � 'x   =   10 N � 1 m  =  10 N�m  = +10 J 
 
 
Since velocity = constant, Fnet = 0, so |Fext | = |Ffric | = 10 N 

Work done by force of friction  =  WFfric   =   �– |Ffric| � |'x|   =   �– 10 J   (since cos 180o = –1) 
 
Work done by normal force FN is zero: WFN = 0  
(since normal force is perpendicular to displacement, cos 90o = 0.) 
 
 
Work done by the net force is zero.   Since v = constant � Fnet = 0 �  Wnet = 0. 
 
Moral of this example: Whenever you talk about the work done, you must be very careful to 
specify which force does the work. 
 
 
Definition of kinetic energy (KE) of an object of mass m, moving with speed v: 
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KE > 0 always.  An object has a big KE if it is massive and/or is moving fast.  KE is energy of 
motion. 
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units of force =[m][a]
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Units of KE = units of work = joules 
 
Example of KE:  
Bowling ball (weight mg = 17 lbs, mass m = 7.7 kg ) with speed v = 7 m/s (typical bowling 
speed).     KE  =  0.5 (7.7 kg) (7 m/s)2  #   190 J 
 
Why do we define work and KE like we have?  Because work and KE are related by the … 
 
Work-Kinetic Energy Theorem: 
The work done by the net force on a single point-like object is equal to the change in kinetic 
energy of that object. 
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Notice that this is the work done by the total force, the net force.  The Work-KE Theorem 
applies in the special cast that the object is  “point-like”,  meaning the object can be treated like a 

'x = +1 m 

Ffriction Fext = 10 N 

FN 

'x 

V	=	Constant	





You push a beer keg up a (frictionless) ramp with constant 
speed. Suppose you push parallel to the ramp, with force "F".   
 

The ramp travels a distance d 
along the ramp, ending at height h 
as shown. 
 

How much work did YOU do on 
the keg? 
A)  F d   B)  F d cosθ   C)  zero 
D)  F h  (which is equal to F d sinθ)  E)  None of these 



You push a beer keg up a (frictionless) ramp with constant 
speed. Suppose you push parallel to the ramp, with force "F".   
 

The ramp travels a distance d 
along the ramp, ending at height h 
as shown. 
 

How much work did YOU do on 
the keg? 
A)  F d   B)  F d cosθ   C)  zero 
D)  F h  (which is equal to F d sinθ)  E)  None of these 



You push a beer keg up a (frictionless) ramp with constant 
speed. Suppose you push parallel to the ramp, with force "F".   
 

The ramp travels a distance d 
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¡  How	much	work	did	GRAVITY	do	on	the	keg?	

¡  A)	-mg	d 	 	 		
¡  B)		-mg	d	cosθ 	 		
¡  C)		+mg	d	cosθ	
¡  D)		-mg	h		(-mg	d	sinθ)			
¡  E)		+mg	h	(+mg	d	sinθ)	
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¡ Many	Kinds	of	Energy	
§  Kinetic	Energy	
§  Thermal	Energy	
§  Electromagnetic	Energy	
§  Potential	Energy	(Lots	of	kinds)	
§  Etc.	

¡  All	Forms	of	Energy	Have	Units	of	Joules	in	SI	
§  [J]	=	[kg][m2]/[s2]	=	[N][m]	





¡  Energy	is	always	(always!!!!)	conserved	

¡  Energy	can	be	converted	from	one	form	to	
another,	or	transferred	between	bodies	
§  This	can	make	it	difficult	to	see	that	the	total	
energy	is	conserved	
▪  But	it	is	an	unbreakable	law	that	the	(total)	energy	of	a	
closed	system	is	always	conserved	



¡  Calories	are	also	units	of	energy	
§  One	calorie	=	4.18	J	

¡  One	calorie	provides	enough	energy	to	lift	a	
~400g	mass	one	meter	high,	or	to	give	a	one	
kg	mass	a	~3	m/s	velocity	

¡  Our	units	for	food	calories	are	actually	
kilocalories,	or	one	thousand	times	as	large!	


