Ch 3:1, 2 


Vectors 

· Finding the Resultant for 2 Vectors (A&B)  (Triangle Method) 
1) Set up a scale (ex. 1 N = 2 cm.) 
2) Convert the magnitudes of your vectors into lengths (ex. 7 N => 7x2= 14cm.) 
3) Select a starting point. 
4) Draw the first vector from the starting point. 
5) Starting at the arrow tip of the first vector, draw the second vector. 
6) Draw a line to connect the original starting point to the arrow tip of the second vector. 
7) Measure the length of that line (the resultant) and convert from length to magnitude. 
8) Measure the angle of the resultant from a definite point of reference.
NOTE:  If one (or both) of the vectors is not along the horizontal or vertical axis, you will need to resolve that vector into its vertical and horizontal components.  Then solve for the resulting right triangle. 

Mathematical Relationships in Triangles 

1) For Right Triangles ONLY:       => c2 = a2 + b2 

          => sin B = b/c              so ... b = c * sin B 

          => cos B = a/c             so ...   a = c * cos B 

2) For ANY Triangle:        => c2 = a2 + b2 - 2 * a * b * cos C 

            Note: if angle C is > 90o, then the cos C is equal to the negative of the complement of angle C 
               [for C > 90o: cos C = - cos (180 - C)] 

          =>      a     =       b     =      c 
                 sin A      sin B        sin C 

Resolving Vectors into Components 

The easiest and most common method is to resolve a vector into its vertical and horizontal components.  This is done by: 
1) Draw the vector at its scale length and in the proper direction. 
2) Draw two vectors to make a right triangle, with the original vector as the hypotenuse. 
3) Using one of the acute angles of the triangle and the relationships given above, solve for sides a and b, the horizontal and vertical sides
Ch 3 - 2-D Motion 
Projectile Motion 
     One of the keys to solving these problems is remembering to keep the vertical values and horizontal values separate.  The only variable that may cross over from vertical to/from horizontal is time.  Projectile motion involves an object being launched/thrown/shot into the air.  It falls to the ground in an arc-shaped flight.   
Objects Launched Horizontally  
    This type of situation occurs when an object is launched/thrown/shot parallel to the ground.  It is often done at a height (top of a building, from a cliff, etc.), but may be done from ground level (shooting a gun horizontally).   For these problems, there are several values than are always given.  Vertically, the original velocity (Vyi) is 0.  Since it is traveling horizontally (at first), the velocity at the beginning is all horizontal.  Also, the vertical acceleration (ay) will be that of gravity (-9.8 m/s/s), since the earth is pulling the projectile downward.  We also assume that the horizontal acceleration (ax) is 0 (even though in reality air and wind will cause it to slow down) for our problems.  This means that the horizontal velocity will be constant (vx = vxi =vxf).  That gives us three values that we already know for every projectile problem where the object is launched horizontally.    Time is the only variable that may be used to relate the horizontal values to the vertical values.  For a horizontal projectile problem, the time it takes to hit the ground is equal to the horizontal time (to reach the horizontal distance along the ground) and is also equal to the vertical time (it takes to vertically fall to the ground).  So you could say that  t = tx = ty.  
     Quite often, you will have enough variables to solve for one direction (horizontal or vertical), but will not have enough for the other direction.  Once you solve for time in one direction, it can be used as a variable in the other direction.
EQUATIONS adjusted for Projectile Motion: You can use the basic Ch 2 equations and fill in the known values to get these equations.  You can either remember these “new” equations, or just work from scratch for each problem. 
     Horizontal distance = dx = vxt+(1/2)ayt2 = vxt + (1/2)*0*t2 = vxt OR   dx = vxt 
     Vertical distance = dy = vyt + (1/2)ayt2 = 0*t + (1/2)*-9.8*t2  = -4.9t2 OR  dy = -4.9t2 
     Final vertical velocity = vyf2 = vyi2 + 2aydy = 02 + 2*-9.8*dy = -19.6dy  OR   vyf2 = -19.6dy
Objects Launched at an Angle 
     This type of situation occurs when an object is launched/thrown/shot, usually at an angle between 0 and 90 degrees.  It will rise to a maximum altitude and then fall back to earth.  
     For these problems, there are several variables that are already given.  We know both accelerations: the horizontal acceleration (ah) is 0 and the vertical acceleration (ay) is equal to gravity (-9.8 m/s/s).  Since the horizontal acceleration is 0, the horizontal velocity is constant (vy = vyi =vyf).  We know that at the mid-way (half-way) point in the flight, the object has reached its maximum vertical displacement (dy).  When it is at the mid-way point, the vertical velocity (Vyt) at the top is = 0.  That gives us three values that we already know for every projectile problem where the object is launched vertically.  
     Since the initial velocity will be at an angle, it will have horizontal and vertical components.  If that initial velocity is given in the problem as separate components, all you have to do is label them correctly.  If the initial velocity is given as a single vector at an angle, you’ll first have to resolve that vector into its horizontal and vertical components.  As we saw in Ch 6, the vertical component = VsinY, and the horizontal component is = VcosY ... where V is the original vector and Y is the angle as measured from horizontal.  Now, remember, the horizontal component of velocity will stay the same throughout the flight, since the horizontal acceleration = 0.   The vertical component of velocity, however, will decrease until it gets to the mid-way point (at which time it will = 0), and it will increase as it goes down.  Actually, the final vertical component of velocity at the end of the flight should be equal (ignoring air/wind resistance) to the initial vertical component of velocity ... but will be negative.  
     As already mentioned, time is the only variable that may be used to relate the horizontal values to the vertical values.  The time (ty) it takes to get to this mid-way point is one-half of the total time (tx) it takes from launching to landing (tx = 2 * ty).  So, in addition to the 3 known values, we have an equation to calculated the time in one direction if we know the time for the other direction.


CH 2 EQUATIONS adjusted for projectile motion: You can use the basic Ch 2 equations and fill in the known values to get these equations.  You can either remember these “new” equations, or just work from scratch for each problem. 
     Time to the top (mid way point) = ty = (vyt-vyi)/a = (0-vyi)/(-9.8) = vyi/(9.8) OR ty = vyi/(9.8)  
     Horizontal distance = dx = vxtx+(1/2)axtx2 = vxtx + (1/2)*0*tx2 = vxtx OR   dx = vxtx 
     Vertical distance = dy = vyity + (1/2)ayty2 = vyi*ty + (1/2)*-9.8*ty2  = vyi*ty  - 4.9ty2 
                          OR   dy = vyi*ty   -4.9ty2 

Note: The vertical distance is at the mid-way point.  It is the maximum altitude reached. 
We also have these equations for this type of problem:  

tx = 2 * ty, -vyf = vyi, vxi = VcosY , vyi = VsinY 
Hint #1: To solve these problems, set up 2 columns ... one for vertical values and one for horizontal values. 
Hint #2: Make sure you remember the known values for each type of problem. 
Hint #3: Time serves as the “go-between” from vertical to/from horizontal values. 
Hint #4: You can either use the original Ch 4 equations and known values, or you can use the adjusted equations 
