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x	=	xo	+	vxot	+	1/2	axt2	

	
y	=	yo	+	vyot	+	1/2	ayt2	

	
z	=	zo	+	vzot	+	1/2	azt2	
	
	
	





  Vectors-6 

on the choice of the origin, the change in position 'r = r2 – r1  is independent of choice of origin.  
Also, notice that change in something = final something – initial something.    
 

In 2D or 3D, we define the velocity vector as 
t 0

rv lim
t% l

%=
%

K
K .   

As 't gets smaller and smaller, r2 is getting closer and closer to 
r1, and 'r is becoming tangent to the path of the object.  Note that 
the velocity v is in the same direction as the infinitesimal 'r , 
since the vector v is a positive number (1/'t) times the vector 'r.  
Therefore, the velocity vector, like the infinitesimal 'r, is always 
tangent to the trajectory of the object. 

y 

 

he vector equation

 

T  
t 0

rv lim
t% l

%=
%

K
K    has x- and y-components.   The component equations are  

x yt 0 t 0

x yv lim , v lim
t% l % l

% %= =
% t%

.    Any vector equation, like C  ,  is short-hand 

notation for 2 or 3 component equations: A B C= + A B C= + zC

he change in velocity between two times t1 and t2 is 'v = v2 – v1  (remember that change is 

A B= +
K KK

x x x , y y y , z zA B= +  
 
 
T

always final minus initial).  We define the acceleration vector as 
t 0

va lim %=
KK .  As we 

direction of 'v.  The direction of the acceleration is NOT the direction of the velocity, it is t
“direction towards which the velocity is tending”, that is, the direction of 'v.   
 

t% l %
mentioned in the chapter on 1D motion, the direction of the acceleration is the same as the 

he 

e will get more experience thinking about the velocity and acceleration vectors in the next few W
chapters. 
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Which	direction	is	the	
acceleration	of	the	particle?		
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  1D - 10 

 
t (s) x (m) v (m/s) a (m/s2) 
0 0 0 10 
1 5 10 10 
2 20 20 10 
3 45 30 10 
 
Notice that you can compute the acceleration a by taking any pair of (t, v) values and computing 

f i

f i

v vv
a

t t
�%= =

% � t
.    You always get a = 10 m/s2. 

 
Example: Projectile Motion:  A projectile is fired straight up from the ground with an initial 
speed of |vo| = 10 m/s.  
iDescribe the velocity vs. time.  (Assume negligible air resistance.) 
 
Choose upward as the (+) direction and set the ground at y = 0. 
 

 +y 
yo = 0 ,     vo  =  +10 m/s 
 
a  =   – g   =   –9.8 m/s2

 
v  =  vo + a t    =   vo – g t 
 
 
 

 
Graph of v vs. t : 
 
 
 
 
 
 
 
 
iWhat is time to reach maximum height, ymax ? 

At the maximum height, v = 0  �    0  =   vo – g t ,   0
2

v 10 m/s
t 1

g 10 m/s
= = = .0s  

 
iWhat is ymax ? 
Method I:  N N

2 21 1
0 0 02 2

g0

y(t) y v t a t v t g t
�

 � �  �  

At t = 1 s,   2 21
max 0 2y y v t g t 10(1) (0.5)(10)(1) 10 5 5m  �  �  �   

0 

ymax

v fired slope = constant = – g 

hits ground

 v = 0 at apex +vo 

t 

– vo 
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  1D - 11 

Method II:   Use .   2 2
o ov v 2a (y y= + � )

0 v 2g y= �

 
 At apex, v = 0,  a = –g, and (y – yo) = (ymax – 0) = ymax , so we have 
 

2
o max  ,  

2 2
o

max
v 10y 5m
2g 2(10)

= = =  

 
Comments about projectile motion:   
i The acceleration is constant (straight down, magnitude g ), only if we can ignore air resistance.  
Real projectiles, like cannonballs moving through air, are strongly affected by air resistance. Play 
with a simulation of projectile motion with and without air resistance.  Go to 
http://phet.colorado.edu   and find the simulation called Projectile Motion. 
 
iThe formula 21

0 0 2y y v t g t � �  is a quadratic equation, so there are two solutions, that is, 
two values of t for a given value of y.  These two times correspond to on the way up and on the 
way down. 
 
iRecall that the direction of  a  =  direction of K v'K   (not the direction of vG ).  How does this 
square with vertical projectile motion? 
 

start 

 
 
Notice that "delta-v" is always downward, regardless of the direction of the velocity. 
 
 
Qualitative comments about acceleration 
 
iYou can feel acceleration, but you cannot feel constant velocity.  If you are in an airplane 
traveling at constant velocity (heading NW at 600 mph, say) and the ride is smooth, then you can 
eat dinner, juggle, fall asleep, … exactly as if you were at rest.  In fact, if the ride is perfectly 
smooth, there is no way to tell that you are moving relative to the ground, except by looking out 
the window. Prof. Einstein says that it makes just as much sense to say the you and the airplane 
are at rest, and the ground is moving backwards.  All that can be said is that the airplane and the 
ground are in relative motion.  Which object is at rest depends on your frame of reference. 
 

Projectile's v : 
v1 apex v2 
'v 

going up: 

going down:v1 
'v 

v2 
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A tranquilizer gun is accurately aimed at a dangerous 
criminal hanging from the gutter of a building. The 
target is well within the gun’s range, but the instant the 
gun is fired and the bullet moves with a speed vo , the 
criminal lets go and drops to the ground. What happens?  

The dart 
A: hits the criminal regardless of the value of vo . 
 

B: hits the criminal only if vo is large enough. 
 

C: misses the criminal. 
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¡ Motion	in	the	horizontal	and	vertical	direction	
are	independent!	

¡  You	can	solve	for	the	horizontal	and	vertical	
motion	separately	
§  Though	you	will	have	to	use	common	variables	
like	the	elapsed	time	in	both	equations	





Acceleration	






