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Physics 2414 - Strauss
Chapter 3 Lecture Notes

Main       Ideas:
1. Vectors
2. Projectile Motion
3. Relative Velocity

1. Vectors

1.1 VECTORS AND SCALARS

In our study of physics we come across two kinds of information.  The first kind
is something that can be described by a single number like the area of a circle or
speed or distance.  This is called a scalar.  We will also come across quantities
that have two pieces of information, a magnitude and a direction.  Velocity is
such a quantity.  It has a magnitude, say 50 miles/hour, and a direction, say
Northwest.  We write scalars simply as numbers because that is what they are.
We write vectors in print as bold face (A) or we write them in handwriting with
an arrow over them (  

r
A).  Every vector quantity must have a magnitude and a

direction.  If you are asked to give an answer for a vector quantity on a problem,
both the magnitude and the direction must be given or the problem is
only half correct.

Vectors will be used in this class throughout the whole year, so it is very
important that you learn this material and become comfortable with it.  We draw
vector quantities with an arrow.  The magnitude of the vector is proportional to
its length.  The direction of the arrow points in direction of vector.  Every time
we encounter a vector, we must use its direction and it magnitude.  Vectors do
not have a particular location.  I can move a vector which points up and is 2 units
long anywhere I want as long as it is the same length and points in the same
direction.  The magnitude of a vector is a scalar and is written with a regular
font.  The magnitude of v is v.

1.2 MULTIPLICATION BY CONSTANT

If I multiply a vector by a constant, that changes the magnitude of the vector.
(For example, draw 2v and -v).

1.3 ADDITION AND SUBTRACTION

How do we add vectors?  There is a way to draw vectors which adds them.  We
put the tail of one vector on the tip of the other and draw the resultant.  If in the
same direction, simply a linear addition.  If I walk north for a distance, then
north again, I can just add the two distances to see how far I am from where I
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started.  But if I walk north for a while then east, I can’t just add the distances to
see how far I am from where I started.  But, if you draw the lines very
accurately, then you can actually measure the result.

To add three:

Note that you must always put the tail of the one vector on the tip of the other.
However, this is not always accurate enough so there is another way of adding
vectors, using components.  The components are the part of the vector along
different axes, usually chosen to be the x  and the y  axis.  Every vector can be
written as the sum of its components:  A = Ax + Ay.  This is vector addition:

A Ay

     θ
Ax

How long are the parts of the vector along the x axis and along the y axis, Ax and
Ay?  To answer that we use trigonometric relations.  Recall that

sinθ = =
side opposite

hypotenuse

o

h
 , cosθ = =

side adjacent

hypotenuse

a

h
 ,  tanθ = =

side opposite

side adjacent

o

a
.

So look at the triangle.  We see that cosθ  = Ax/A  where Ax and A  are the
magnitude of the vectors Ax and A.  Then we get the length, Ax = A cosθ .   In a
similar manner  sinθ  = Ay/A ⇒  Ay = A sinθ .  So there are two ways to specify a
vector.  We can give its magnitude A and its direction as an angle, or compass
direction, or something, or we can give its x  and y  components.  Suppose we
have Ax and Ay, then what is the magnitude of the vector.  From the pythagorean
thereom, A2 = Ax

2 + Ay
2.

Problem:     Find the components of the following vectors A and B and draw the
components.

     30°  A Magnitude of A is 5.00 and
B magnitude of B is 7.00.

   40°
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How do we add the vectors using components?  It is very easy once you have
found the components.  You can see this by first drawing the addition of A and B
graphically as already discussed.  Then it is easy to see that to find the vector C,
we just use Cx = Ax + Bx and Cy = Ay + By.   

In order to solve problems with vectors, you must always follow these steps.  If
you don’t you will almost always get the wrong answer.

Solving        Problems        with        Vectors   
1. Determine which direction is the positive x direction, and which is the

positive y direction.  Draw and label the axes.
2. Draw and label all the vectors.
3. Determine the individual components of each vector.

•  The components of the vector must be along the x and y axis and add up as
vectors to equal the original vector. (The length of each component may
not be greater than the original vector).

•  Draw and label the components.
•  Use trigonometric functions to determine the length of each component.
•  The sign of the component is given by the direction of the component’s

arrow.
4. Do calculations in the x direction and in the y direction separately using only

the x and y components of the vectors, respectively.
5. Combine the results from the x and y  directions into one vector.

Problem:     What is A + B?

Problem:     A hiker walks 25.0 km due southeast, then 40.0 km in a direction 60°
north of east.  What are the component of her displacement vectors and how far
is she from where she started?

   C  
 B  

   45°  
A      60°

Problem:     A skier skis down a hill which is
770 m long.  The vertical drop is 230 m.  
What is the angle of the hill relative to flat ground? θ

(You should know how to use sin-1 on calculator)
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2. Projectile Motion
We have previously discussed motion in a constant gravitational field where the
acceleration is constant.  If I define the positive y direction as being up and g =
9.8 m/s2, then we know that (writing the equations in the vertical y direction):

vy = v y0 + gt
y  = y0  +vy0t  + (1/2)gt  2

y = y0  + (1/2)(vy0 + vy)t
v 2 = vy0

2 + 2g(y  - y 0 )
v v vy y y= +( ) /

0
2

What about the motion in the x direction.  Is there any acceleration?  If we throw
a ball across the room we might get some idea of what is going on.  Is the particle
changing velocity in the x direction.  Amazingly, it is not.  Galileo first showed
this.  The velocity and acceleration in the horizontal direction is independent of
what is going on in the vertical direction.  This is always true.  The motion in
each direction is independent of the motion in the other direction.

So we have general equations to use when the acceleration is constant, but not
zero, and equations when there is no acceleration in the x direction which is the
usual case for objects moving in a gravitational field.   

General        Equations       Equations       for       x             acceleration              =       0   
v x = v x0 + axt v x = vx0

x = x0  +vx0t  + (1/2) axt
  2 x  = x0  +vx0t

x = x0  + (1/2)(vx0 + v x)t
v 2 = vx0

2 + 2 ax (x  - x0 )
v v vx x x= +( ) /0 2

If the positive x direction is up, away from the center of the earth, then for
objects in free fall, we find ax = -g.  See Problem Solving boxes on pages 56 and
61 in your textbook.  Let’s use these equations to solve some problems:

Problem:     A plane must drop a package from 100 m above the ground.  The
plane is travelling at 40.0 m/s.  
(a) Where does the package strike the ground?  

(b) What are the horizontal and vertical components of the velocity just before
the package strikes the ground?
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Problem:     A golfer hits a ball with an initial speed of 40.3 m/s at an angle of
32.0° from the horizontal.  (a) How far does the ball go and how long is it in the
air?  (b) What is its speed when it hits the ground?  (Remember to draw a
diagram)

The final velocity is the same as the initial.  This is true when the final position is
at the same level as the initial position.  (And of course there is  no horizontal
acceleration, and no air resistance).

Problem:     (a) What angle should we launch something in order to make it go its
maximum distance on level ground?  (No air resistance). (b) What is the
maximum distance the golf ball can go?

Problem:     A baseball player hits a home run and the ball lands in the left field
seats, 7.6 m above the point at which the ball was hit.  The ball lands with a
velocity of 49 m/s at an angle of 31° to the horizontal.  What is the initial velocity
of the ball when the ball leaves the bat?

     31°
       θ

Problem:      A plane is flying horizontally at an altitude of 4.20 km with a speed of
225 m/s.  When the plane is directly overhead, a projectile is fired at an angle θ
with a speed of 389 m/s.  The projectile hits the plane.  What is the angleθ  ?

Sometimes problems can be a little harder if the initial velocity is not given.
Let’s try a problem where no initial velocity is given.

Problem:     A golfer hits a ball 180 m on level ground at an angle of 60° above the
horizontal.  What was the initial speed of the ball?

The speed of the ball is the magnitude of the velocity.

We know vx =vx0 = v0  cos60° and x - x0= vxt
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We also havevy0 = v0 sin60°, y -y0 = 0 and a = -9.80 m/s2.  So we can write two
equations with two unknowns  (The two unknowns are t and v0).

Demonstration/Problem:         Monkey        Gun

     y 0 = x tanθ
  θ

x

A hunter aims his gun at a monkey hanging on a branch. Just as the hunter shoots,
the monkey drops from the branch to avoid the bullet.  What happens?

3. Relative Velocities
We use vectors to solve problems involving the two velocities which are relative
to each other.  The book uses subscripts to help you remember what velocity is
relative to another.  For instance if a plane is flying through the wind, we have
the velocity of the plane relative to the ground vpg, the velocity of the plane
relative to the wind vpw, and the velocity of the wind relative to the ground vwg.
Then when you add the relative velocities, always put the letters that are the same
next to each other in the addition, vpg = vpw + vwg.

Problem:     A person looking out of a window of a stationary train notices that the
drops are falling at a rate of 5.0 m/s.  When the train is moving, the drops are
making an angle of 25° with the vertical.  How fast is the train moving?

      25°         
       VRT    VRG = 5.0 m/s

     VG T

When I try to ride my bicycle, it always seems like I have a headwind and seldom
a tailwind.  Let’s investigate this situation using addition of vectors.  (This doesn’t
really work because we are neglecting the friction of the tires on the road, but it
giveS some idea of why it always seems like I have a headwind.)

Problem:      Suppose I can pedal 18 mph when there is no wind (velocity of the
bike with respect to the wind) vBW.  I am travelling east on highway 9 and there is



7

a 10 mph cross wind from the south (velocity of the wind with respect to the
ground) vWG.  How fast am I travelling  (velocity of the bike with respect to the
ground) vBG (Neglect friction with respect to the road).

Wind resistance is the major force making bicycling difficult. You might think
that a cross wind wouldn’t make it harder to pedal.  But my velocity is a vector
and the cross wind is a vector so let’s look at the problem like that.

We will use vBG = vBW + vWG.   The velocity of the bike with respect to the wind
(vBW) will always stay the same and will be 18 mph.
Before starting the problem, we note that it is clear that a headwind will certainly
make you go slower.  Can you draw vectors to show this is true?  Now for the
problem, let’s investigate what happens when we have a cross wind.

vBG

        vB W vW G  

This problem isn’t really accurate because we have neglected the friction holding
my tire to the road.  However, it is true that depending on the magnitude of the
wind, cross winds and even partial tail winds can make it harder to pedal a
bicycle.  Since any kind of head winds, cross winds, and even partial tail winds
can make it harder to pedal, it is much more probable that any wind will make
riding more difficult.

Problem:    A lightweight plane can fly 19 m/s in still air.  The plane is trying to
fly east but there is a wind blowing 20° east of north at 15 m/s?  (a) What
direction must the plane fly in order to go east?  (b)  How fast is the plane going
relative to the ground

vPG = ? Note again that:
        vPG = vPW + vWG which means,
     θ  20° vPWx + vWGx = vPGx,  vPWy + vWGy = vPGy

 vPW = 19 m/s     vWG = 15m/s

In this case the wind is a partial tail wind but the plane is still going slower than it
would if there were no wind.


