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Vectors Review
In two dimensional motion, my position is an (x, y) coordinate pair. So, a change in
my position has to say both what to add to x and what to add to y. Something that
adds to both coordinates at once is called a vector, and is written in terms  (add to x) and  (add to y). A
vector can also be drawn on a graph as an arrow that moves over and up the appropriate amount.

In linear motion, we defined the physics idea of velocity to describe my motion, and the physics quantity
called acceleration to describe changes in my motion. You will have no trouble extending these ideas to
dealing with vectors, if you just remember what the mathematical relationships are between position,
velocity, and acceleration:

. 1 Average velocity is what is added to my position each second.

. 2 Acceleration is what is added to my velocity each second.
So, if I want to find out how far I went in three seconds, I don't care about how speed changed; I just want
an average value of how many meters I went per second. If, on the other hand, I want acceleration, what
becomes relevant is how much the speed changed by; I divide the Δv by the Δt to see how much of that
change happened each second.

. 1 Suppose  = (-3  - 4 ) m/s,  = (5  + 0 , and Δt = 2 s. Find  and , and draw in on the
graph to the left the path the object will take, starting at (0, 0). You can do the vector math
graphically, algebraically, or both.

. 2 Suppose  = (-2  + 5 ) m/s,  = (1  - 2 , and Δt = 4 s.
a) Find  and , and draw in on the graph to the right the final position and velocity of the object,
assuming it starts at (0, 0). Also draw in  starting at (0, 0).

b) Where is the object after just 2 s? How fast is it going? Draw in the position and the velocity
vector at 2 s.

c) Draw in on the graph the path the object takes.



One of the most interesting applications of two dimensional motion is projectile motion, the motion of an
object that is flying through the air with both vertical and horizontal motion. Here, all you need to know is
that gravity only changes the vertical velocity of an object; I can treat a projectile problem as one in which
an object in free fall also happens to be moving horizontally at a constant speed.

. 1 Standing on top of a 25 m building, I throw a ball with initial velocity of (15  + 20 ) m/s.
a) How far from the tower does it hit the ground?

b) If someone on the ground at that spot wanted to throw it back to me, what initial velocity vector
would they have to throw it with?

. 2 A cannon fires a cannonball with initial velocity (20  + 25 ) m/s. On the graph below, draw where
the ball will be each second, up until it hits the ground.


