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Scaling Vectors
Multiplying a vector by a number is called scaling it, because if you look
graphically at what is happening when you multiply a vector by some number, the
vector stays pointing in the same direction but changes its length. Multiplying by a negative number will
reverse the direction of a vector.

So, for example, if I know the average velocity vector of an object, I
can find out how far it goes in some time by multiplying by Δt, since
the average velocity is how much is added to the object's position
each second. Or, if I know the change in velocity, I can divide this
by Δt (that is, scale by a factor of 1/Δt) to find out the acceleration,
since acceleration is what is being added to velocity each second.

In the example from yesterday's homework, we found that  = (2

 + 1 ) m/s, and  = (-2  + 6 ) m/s. If this motion happened in
a time of Δt = 2 s, then the Δs would be twice the average velocity
vector, or (4  + 2 ) m, and the acceleration would be half the
change in velocity, or (-1  + 3 ) m/s².

So, we see that it is possible also to find rate of change with vectors.
Therefore, we don't need any new equations just for dealing with
vectors; all the old equations from linear motion will still work.

. 1 a) What do I get when I scale the vector (4  - 2 ) by a factor of 2?

b) By a factor of .5?

c) By a factor of -1?

d) On the grids below, draw in the original vector and the three scaled versions.



. 2 I am running southward at  = (1  - 5 ) m/s when I suddenly turn around, ending up with a
velocity of  = (1  + 3 ) m/s four seconds later. We want to find the acceleration and change in
position for this motion, and trace out the path the object must have taken.

a) Find my  and , and sketch all four
velocity vectors on the graph to the right in
the same way that you did in yesterday's

homework: the  pointing from  to 

and the  going to the middle of the 

b) Scale the  by a factor of 4 to get the 

, and scale the  by a factor of ¼ to get
the , and draw both of these on the graph

as well.  should start where the others do; 
 can be wherever there's space.

c) Draw a copy of  at the final position,
and draw a dotted line showing my motion. I
should follow close to  at the start, and I
should get going in the direction of  by the

time I get to .

. 3 Suppose that  = (-3  + 5 ) m/s,  = (-1  - 1 ), and Δt = 2 s.

a) Draw in , , , and  on the
graph.

Remember,  and  link velocity to

position and acceleration -  is my 

each second, and the  in each second is
the 

b) Draw in  and  (  can be anywhere
there's space).

c) Copy the  to the end position, and draw
in a path for the object that is consistent with
the start and end velocities.


