
Physics 168 

Luis Anchordoqui 

Lesson 2 



 To obtain an equation for position      as a function of time !

 look at special case of motion with constant velocity!

Change in position        during an interval of time        is !

Area of shaded rectangle under       -versus-    !

Curve is  height       times its width!

Area under curve is displacement!

Deriving Constant-Acceleration Kinematic Equations 
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Geometric interpretation of displacement 

as area under       vs    curve                      

is true  in general  !

To show  this divide  time interval          

into numerous small intervals                         !

Area of rectangle corresponding to        interval         (shaded in figure) !

Sum of rectangular areas        sum of displacements during time interval!

Limit of sum as         approaches to zero is called integral!

Integral as Limit of Riemann Sum  
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For a motion with constant acceleration 

Example  
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Riemann Sum (Example)  



Riemann Sum (Example)  



 A Shelter Island ferryboat moves with constant velocity              

for                . It then shuts off its engines and coasts.                 !

Its coasting velocity is given by !

What is displacement of the boat for!

A coasting boat 

T = 60 s

v0 = 8 m/s

interval 0 < t < infinity?

v
x

= v0T
2/t2





Motion in two and three dimensions  
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Examples	

Quantities that have magnitude and direction à vectors !

Quantities with magnitude but no associated direction à scalars !

Vectors are equal if their magnitudes and directions are same !

 Vectors 



Parallelogram method of vector addition !

Vector addition is associative !

 Addition of Vectors 



 Subtraction of Vectors 



 Components of Vectors 
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A unit vector is a dimenionless vector with magnitude exactly equal to 1!

Example ~A = A
x

î +A
y

ĵ +A
z

k̂

 Unit Vectors 



Position vector of a particle is a vector drawn from origin                    
of a coordinate system to location of a particle !

For a particle in  y-x plane at point with coordinates (x,y) !

Position vector 

~r = x ı̂+ y |̂



Particle's change in position is displacement vector !
Displacement vector 

�~r = ~r2 � ~r1

�~r = (x2 � x1) ı̂ + (y2 � y1) |̂ = �x ı̂ +�y ı̂



Average velocity vector !

Instantaneous velocity vector !
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Velocity vector 
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Each plane is nearly at rest relative to each other                          
though both are moving with relative large velocities relative to Earth !

We use coordinate axes that are attached to reference frames            
to make position measurements                                                                    
A coordinate axis is said to be attached to a reference frame                  
if coordinate axis is at rest relative to reference frame              
Example: Midair refueling  

Relative Velocity 



If a person     is on a railroad car 

~vpB = ~vPA + ~vAB

~vpA
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~vpB ~vAB

~vAB

Relative Velocity (Cont’d) 
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and person is walking with velocity 

then velocity of person relative to     is vector sum of these two velocities 

that is in turn moving with velocity          relative to a reference frame  

velocity         of  particle relative to reference frame      is related to          &!

If particle     moves with velocity          relative to a reference frame  

by ☛ 

Example  

that is moving with velocity relative to ground  

relative to car 
G



A pilot wishes to fly a plane due north relative to ground !

Airspeed of plane is 200 km/h and wind is blowing from west !

to east at 90 km/h. !

(a) In which direction should plane head? !

(b) What is ground speed of plane? !

A Flying Plane 



  

A Flying Plane 

sin ✓ = vAG/vpA ) ✓ = 27

�
west of north

vpG =
q
v2pA � v2AG = 179 km/h



where!

Average acceleration vector!

Instantaneous  acceleration vector!

Acceleration vector 
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This type of motion occurs when on object is launched into air and 

is allowed to move freely. Initial velocity then has components !

In absence of air resistance acceleration is constant !

Component      of velocity is constant!
 because no horizontal acceleration exists !

component of velocity varies with time according to !

Projectile Motion 

v0y = v0 sin ✓0
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Path of a Projectile 
x yDisplacements       and       are given by!

Velocity components!

x(t) = x0 + v0xt y(t) = y0 + v0yt � 1

2
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v
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= v0x vy = v0y � gt



Horizontal range of a projectile can be written in terms                     

of its initial speed and initial angle above horizontal !

Flight time is obtained by setting y = 0 !

Flight time of  projectile is thus !

Horizontal Range of a Projectile 
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To find horizontal range we substitute flight time                          

in x-equation of motion!

R = v0xT =
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g

sin �0 cos �0



This can be further simplified by using trigonometric identity !

Horizontal Range of a Projectile 

sin 2# = 2 sin# cos# ) R =

v20
g

sin(2✓0)



A police officer chases a master jewel thief across city rooftops They are 
both running when they come to a gap between buildings that is 4.00 m 
wide and has a drop of 3.00 m!

Thief having studied a little of physics, leaps at 5.00 m/s at an angle of 
45 degrees above horizontal, and clears gap easily !
Police officer did not study physics and thinks he should maximize his 

horizontal velocity, so he leaps horizontally at 5.00 m/s. !
(a)  Does police clear gap !
(b) By how much does thief clear gap !

 To catch a thief 
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At             a batter hits a baseball with an initial speed of                 at a   
angle to horizontal. An outfielder is 85 m from batter at              ,  and as 
seen from home plate, line of sight to outfielder makes a horizontal 
angle of 

55�32m/st = 0
t = 0

22�

What speed and direction must fielder take in order to catch ball at same 
height from which it was struck?  
Give angle with respect to outfielder's line of sight to home plate 

which plane in which ball moves 








