Ch 1

Math Concepts Related to AP Physics B
The Role of Units in Problem Solving
· All physical quantities have units so that we can communicate their measurement. In the metric system, the base units are called SI units. The base SI units for the fundamental quantities of mass, length, and time are the kilogram, meter, and second, respectively. Only SI units are used on the AP Physics B exam. Any unit which is a combination of these fundamental units is called a derived unit. An example of a derived unit would be meters/second or kilometers/hour, which are both units for speed.  Sometimes we will need to convert from one unit to another. 

Example:  Convert 80.0 km/h to m/s. 
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Dimensional Analysis

· Often you will need to be able to determine the validity of equations by analyzing the dimensions of the quantities involved. Dimensional analysis can be used to solve and/or check many types of problems.  Only measurements with the same units can be added or subtracted.  Measurements with different units can be multiplied or divided with the answer having the proper combination of units.  
Example: Verify that the equation below is valid by using dimensional analysis.
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where F is force measured in Newtons, t is time in seconds, m is mass in kg, and v is speed in m/s.

We will show later that a Newton = 
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The unit 
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 is a unit of momentum or impulse, and will be discussed further in Chapter 7. 

Trigonometry 

· Trigonometry is the study of triangles, and often right triangles. The lengths of the sides of a right triangle can be used to define some useful relationships, called the sine, cosine, and tangent, abbreviated sin, cos, and tan, respectively.   The Pythagorean Theorem can also be used with right triangles to find the length of an unknown side if the other two sides are known.
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The nature of physical quantities: scalars and vectors

· A scalar is a quantity that has no direction associated with it, such as mass, volume, time, and temperature. We say that scalars have only magnitude, or size. A mass may have a magnitude of 2 kilograms, a volume may have a magnitude of 5 liters, and so on.
· A vector is a quantity that has both magnitude (size) and direction (angle). For example, if someone tells you they are going to apply a 20 pound force on you, you would want to know the direction of the force, that is, whether it will be a push or a pull. So, force is a vector, since direction is important in specifying a force.  The table below lists some vectors and scalars you will be using.
	Vectors
	Scalars

	displacement

velocity 

acceleration

force 

weight

momentum

	distance

speed

mass

time

volume

temperature

work and energy


Note that speed (scalar) is the magnitude of velocity (vector).  Velocity must include both magnitude (speed) and direction. 
· On diagrams, arrows are used to represent vector quantities.  The direction of the arrow gives the direction of the vector and the magnitude of the vector is proportional to the length of the arrow.
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Addition of vectors

· Two methods we will use to add vectors 

1. Graphically:  We can graphically add vectors to each other by placing the tail of one vector onto the tip of the previous vector (head to tail method of vector addition).  When adding vectors graphically, we may move a vector anywhere we like, but we must not change its length or direction. The resultant is drawn from the tail of the first vector to the head of the last vector and as you can see in the diagram below, it does not matter in what order the vectors are added.
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2. Addition using components of vectors
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You will soon learn that motion in the x direction (horizontal) is independent of motion in the y direction (vertical).  Vectors are often described by using only their x (or horizontal) and y (or vertical) components. A vector component is the projection or shadow of a vector onto the x- or y-axis.  The diagrams below show two alternative ways to graphically show components.
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To add vectors using components, add the x- components of all vectors to find total displacement in x direction, and then add the y components of all vectors to find the total displacement in the y direction.  Use the Pythagorean Theorem with the x and y component sums to find the magnitude of the resultant and use inverse tangent (y/x) to find the angle of the resultant.
1. Determine x and y component for each vector; cos ( for x and sin ( for y

2. Add the components to determine the components of the resultant

3. Use Pythagorean theorem to find the magnitude of the resultant

4. Use ( = tan-1 (y/x) to calculate angle

Example:  A hiker begins a trip by first walking 25.0 km due southeast from her base camp.  On the second day she walks 40.0 km in a direction 60.0o north of east.  On the third day she travels 15.0 km due south at which point she discovers a forest ranger’s tower.  Determine the displacement from the camp to the tower.

Example:   A plane whose airspeed is 200 km/h heads due north.  But a 100 km/h northeast wind suddenly begins to blow.  What is the resulting velocity of the plane with respect to the ground?

Example:  A boat’s speed in still water is 1.85 m/s.  If the boat is to travel directly across a river with a current of 1.20 m/s, what angle must the boat head?
Subtraction of vectors

· The negative of a vector has the same magnitude but opposite direction.

[image: image7]
Multiplication of vectors by scalars 
· When a vector is multiplied by a scalar, the resultant is a vector whose magnitude is multiplied by the scalar number. If the scalar is positive then the direction of the vector is unchanged. If it is negative then the new vector points in the opposite direction.
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Multiplication of vectors
· Vectors can be multiplied by either the dot or cross product.  The dot product produces a scalar quantity and the cross product produces a vector quantity.  Each of these will be covered in more detail when we cover the physics concepts that use these operations.

Graphical relationships

· A graph is one of the most effective representations of the relationship between two variables.  The independent variable (one controlled by the experimenter) is usually placed on the x-axis.  The dependent variable (one that responds to changes in the independent variable) is usually placed on the y-axis.  It is important for you to be able interpret a graphical relationship and express it in a written statement and by means of an algebraic expression.

	Graph shape
	Written relationship
	Modification required to linearize graph
	Algebraic representation
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	As x  increases, y  remains the same.  There is no relationship between the variables.
	None
	
 EMBED "Equation.2" \* mergeformat  

, or

y  is constant
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	As x  increases, y  increases proportionally.

Y is directly proportional to x.
	None
	
 EMBED "Equation.2" \* mergeformat  
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	As x  increases, y  decreases.

Y is inversely proportional 

to x.
	Graph  

, or
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	Y is proportional to the square of x.
	Graph  y   vs  x2
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	The square of y  is proportional to x.
	Graph  y2  vs  x
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When you are asked to state the relationship between two variables as determined by what the curve (even lines on graphs are called curves) looks like when the data is graphed correctly, you should answer with a proportionality statement.  For example:   “y is proportional to 1/x.”
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R = A + (- B), or R = A - B
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