
Professor	Jasper	Halekas	
Van	Allen	Lecture	Room	1		
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¡ Monday	is	a	holiday	
§  No	classes	on	Monday	
	

¡  No	labs	in	any	section	all	of	next	week	

¡  Lecture	and	discussion	sections	meet	as	usual	
Tuesday-Friday	



¡  Great	job	on	the	homework!	
§  Average	conceptual	score	4.04	
§  Average	math	score	4.63	

¡  For	some	reason	some	people’s	grades	are	showing	up	as	
#/20	instead	of	#/10.		Rest	assured	we’ve	only	had	10	
points	that	count.		

¡  If	you	have	trouble	getting	the	right	answer	in	problems	
with	angles	make	sure	your	calculator	is	set	correctly	to	
degrees	/	radians	(you	might	need	to	use	either	depending	
on	the	problem)	

¡  Don’t	forget	about	the	2%	tolerance	in	Wiley	Plus!		



¡  As	long	as	you	are	not	accelerating:	

§ Motion	in	a	moving	frame	can	be	analyzed	just	
like	motion	in	a	stationary	frame.		

§  To	analyze	motion	in	a	different	(moving)	frame,	
just	subtract	the	velocity	of	that	frame	from	all	
the	velocities	in	the	problem	



va	=	60	mph,	vb	=	25	mph,	vab	=	35	mph	 va	=	60	mph,	vb	=	-35	mph,	vab	=	95	mph	

What	is	vab,	the	velocity	of	train	A	with	respect	to	train	B?	

A	

B	







¡  Imagine	you	are	sitting	in	a	moving	car	(with	
open	sunroof)	traveling	at	constant	velocity	and	
you	throw	a	ball	straight	up	high	into	the	air.		
Assuming	no	air	resistance,	where	does	it	land?	

A.  In	front	of	the	car	
B.  Behind	the	car	
C.  In	the	car	
D.  It	never	lands	
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¡  An	object	at	rest	stays	at	rest	and	an	object	in	
motion	stays	in	motion	with	the	same	speed	
and	in	the	same	direction	unless	acted	upon	
by	an	unbalanced	force.	

		







¡  Can	you	feel	that	you	are	moving	when	you	
are	in	a	car	moving	at	constant	velocity?	
§ What	about	when	you	are	accelerating,	or	
braking?		

¡  Can	you	feel	that	you	are	moving	when	you	
are	in	an	elevator	going	up?	
§ What	about	when	it	first	starts	moving?	



Net	Force	[Newtons	=	kg	m/s2]	=	Mass	[kg]	*	Acceleration	[m/s2]	
Vector	 	 	 	 											 					=	Scalar	*	Vector	



Buoyant	
Force	

Gas	
Pressure	
Force	
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Newton's Laws: Forces and Motion 
 
A force is a push or a pull.  A force is a vector : it has a magnitude and a direction.  Forces add 
like vectors, not like scalars. 
 
Example: Two forces, labeled F1 and F2, are both acting on the same object.  The forces have the 

same magnitude 1 2F F F
K K

 and are 90o apart in direction: 
 
 

net total 1 2F F F F F
K K K K K

 
 
( F

K means "sum of all the forces on the object") 
 
 

netF 2 F      (NOT 2F) 
 
 
 
 

 
Isaac Newton (British, 1642-1727) first figured out the precise relationship between forces and 
motion “ ... for in those days I was in my prime of age for invention.” 
 
 Newton's First Law (NI): If the net force acting on an object is zero, then it has constant 

velocity.   netF 0 v constant
K K  

 
 Newton's Second Law (NII):  

 

netF m a
K K

 
 
(Notice! Fnet,  not F, in this equation.  There may be many forces acting on an object, but there is 
only one net force.) 
 
The net force on an object causes the object to accelerate (change its velocity). 
 
Units of force: 2F m a kg m/s 1 newton = 1 N  
A force of 1 N is about 0.22 pounds.  A small plum weighs about 1 newton. 
 

F 

F 
Fnet 
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45 
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exactly like a compressed spring. The heavier the book, the more the table-spring compresses, 
and the more it pushes upward on the book. 
 
Rules for drawing "Free-body diagram" or force diagram : 
0) Draw a blob representing the object.   
1) Draw only the forces acting on the object (not the forces which the object exerts on others). 
2) Indicate strength and direction of forces on the object by drawing arrows coming out of the 
object. 
3) Use symbols to represent the magnitudes of the forces (Don't worry about +/- signs.  The 
forces arrows show the directions of the forces already.) 
 
Example:  
Object with mass m, hanging by a cord.   
Magnitude of force exerted by the cord = tension T 
 
 
 
 
Three different situations: 
 
I.  Hanging stationary: velocity v = 0     
 
  a = 0     Fnet = 0    T = mg    
 
 
 
II.  Pulled upward with constant velocity v. 

 
 v = constant    a = 0     Fnet = 0    T = mg  (again!) 
 
same free-body diagram as in case I 
 
 

 
III.  Object is accelerated upward (may be moving upward OR downward!) 
 
Question: What is the magnitude of the tension T in the cord? 
 
To analyze this situation: 
Step 1: Draw free-body diagram showing forces (show direction of 
acceleration off to one side of diagram.) 
 
Step 2: Choose a coordinate system and a + direction (always best to 
choose the direction of the acceleration as the +direction) 
 
Step 3: Write down equations x x y yF m a , F m a  

mg 

T free-body 
diagram: 
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