
Summer MATH Assignment 
 

You are to answer all of the questions and bring them to the first class of the school 
year. There will be a test (50 pts) over this material during the first week of school.  
 
Part 1: Factor-Label Method for Converting Units (Dimensional Analysis)  
A very useful method of converting one unit to an equivalent unit is called the 
factor-label method of unit conversion. You may be given the speed of an object as 25 
km/h and wish to express it in m/s. To make this conversion, you must change km to m 
and h to s by multiplying by a series of factors so that the units you do not want will 
cancel out and the units you want will remain. Conversion factors: 1000 m = 1 km and 
3600 seconds = 1 hour 
 

 
What is the conversion factor to convert km/h to m/s?  
 
 
What is the conversion factor to convert m/s to km/h? 
 
 

 
 
 
 
 



Do the following conversions. Show all of your work! 
 
 
 
1. How many seconds are in a year? 
 
2. Convert 28 km to cm. 
 
3. Convert 450 g to kg. 

4. Convert 85 cm/min to m/s 
 
5. Convert 6 grams to kg. 
 
6. Convert 823 nm to m. 

 
 
Part II: Scientific Notation:  
 
200,000 = 2 x 105 0.00000123 = 1.23 x 10-6  

 

Express the following numbers in scientific notation:  
 
1. 86,400 s = 
 
2. 300,000,000 m/s =  

3. 0.000564 m =  
 
4. 0.0000000000667 =  

 
Convert from scientific notation to normal notation:  
 
1. 9 x 109 =  
 
 
2. 1.93 x 104 kg/m3 =  
 

3. 1 x 10-3 m =  
 
 
4. 4.5 x 10-7 m = 

Part III: Graphing  
 
1. You have been asked by your teacher to measure the diameter and circumference of 
some round objects, such as tin cans, lids, CD’s, coins, etc. You have collected the 
measurements and recorded them in the table below  



 
2. You are to graph the data in the graph below. First which quantity is the independent 
and which is the dependent? In other words, which quantity depends (dependent) on 
the other (independent)? Does the radius depend on the circumference or does the 
circumference depend on the radius?  
 
3. Label the axis and with the name of the quantity, appropriate scaling of numbers and 
units. Then plot the points and draw the best straight line through as many points as 
possible, known as best-fit-curve (DO NOT JUST CONNECT THE DOTS!)  
 

 
 

4. Find the slope of the graph and does it have a name or a physical meaning?  
 
 
 



 
5. Does your graph have a y-intercept, if it does, what is it and does it have any 
significance?  
 
 
 
 
6. Using the fact that the equation for a straight line is 𝑦 = 𝑚𝑥 + 𝑏, write the specific 
equation for this graph using the appropriate symbols for radius and circumference in 
place of the 𝑦 and 𝑥 symbols. 
 
PART IV: SOLVING EQUATIONS  
 
Solve the following equations for the quantity indicated.  
 
1. Often problems on the AP exam are done with variables only. Below are various 
physics formulas. Don’t worry about what the variables mean. Just solve for the variable 
indicated. Don’t let the different letters confuse you. Manipulate them algebraically as 
though they were numbers. 

 

 
 
 



PART V: RELATIONSHIPS:  
 

 
a.) As x increases and y stays constant, z _____________________.  

b.) As y increases and x stays constant, z _____________________.  

c.) As x increases and z stays constant, y _____________________.  

d.) As a increases and c stays constant, b _____________________.  

e.) As c increases and b stays constant, a _____________________.  

f.) As b increases and a stays constant, c _____________________.  

g.) As n increases and m stays constant, l _____________________.  

h.) As l increases and n stays constant, m _____________________.  

i.) If s is tripled and t stays constant, r is multiplied by _____________________.  

j.) If t is doubled and s stays constant, r is multiplied by _____________________.  

 

PART VI: Application:  
Do the following problems and show your work: 
 

A bus driver clocked the following times for portions of his route: 

 

 

a. How long did it take him to drive from Station A to Station E? 
 
 



b. What part of the whole traveling time does the time between Stations B and D 
represent?  
 
 
 
 
 
c. The time to go from Station A to Station C is how much more than the time to go from 
Station C to Station E? 
 
 
 
 
Experimental Design and Graphical Analysis of Data  
 
A. Designing a controlled experiment  
 
When scientists set up experiments they often attempt to determine how a given variable affects another 
variable. This requires the experiment to be designed in such a way that when the experimenter changes 
one variable, the effects of this change on a second variable can be measured. If any other variable that 
could affect the second variable is changed, the experimenter would have no way of knowing which 
variable was responsible for the results. For this reason, scientists always attempt to conduct controlled 
experiments. This is done by choosing only one variable to manipulate in an experiment,  
observing its effect on a second variable, and holding all other variables in the experiment constant.  
 
Suppose you wanted to test how changing the mass of a pendulum affects the time it takes a pendulum 
to swing back and forth (also known as its period). You must keep all other variables constant. You must 
make sure the length of the pendulum string does not change. You must make sure that the distance that 
the pendulum is pulled back (also known as the amplitude) does not change. The length of the pendulum 
and the amplitude are variables that must be held constant in order to run a controlled experiment. The 
only thing that you would deliberately change would be the mass of the pendulum. This would then be 
considered the independent variable, because you will decide how much mass to put on the pendulum 
for each experimental trial. There are three possible outcomes to this experiment: 1. If the mass is 
increased, the period will increase. 2. If the mass is increased, the period will decrease. 3. If the mass is 
increased, the period will remain unchanged. Since you are testing the effect of changing the mass on the 
period, and since the period may depend on the value of the mass, the period is called the dependent 
variable.  
 
In review, there are only two variables that area allowed to change in a well-designed experiment. The 
variable manipulated by the experimenter (mass in this example) is called the independent variable. The 
dependent variable (period in this case) is the one that responds to or depends on the variable that was 
manipulated. Any other variable which might affect the value of the dependent value must be held 
constant. We might call these variables controlled variables. When an experiment is conducted with one 
(and only one) independent variable and one (and only one) dependent variable while holding all other 
variables constant, it is a controlled experiment. 



B. Recording Data  
 
How can a scientist determine if two variables are related to one another? First she must collect the data 
from an experiment. Raw data is recorded in a data table immediately as it is collected in the lab. It is 
important to build a well-organized data table such as the example shown. If you think that a given piece 
of data is in error, draw a single line through it and recollect the data point. Later, if you decide that the 
original point was really the correct one, you will still be able to read it.  
 
The independent variable, mass, is given in the first 
column. Scientists have agreed to consistently place the 
independent variable in the leftmost column. Whenever 
something is done as an agreed upon standard it is called 
a convention. It is conventional, therefore, to place the 
independent variable in the leftmost column of the data 
table.  
 
Notice that each column is labeled with the name of the 
variable being measured and the units of measurement in 
parentheses below the variable name. Notice that each 
data entry in a given column is written to the same number 
of decimal places. This number of decimal places is 
determined by the measuring device (and technique) used 
in the experiment. In the mass column she recorded mass 
to the nearest 0.1 g because her balance was calibrated 
to the nearest 0.1 g. In the "time for 10 swings" column the 
time was reported to the nearest 0.01 s because the 
stopwatch gave times to that precision. A case could be 
made for only reporting the time to the nearest 0.1 s due 
to reaction time. It is important to exercise good judgment 
when recording data so as to honestly report how certain 
you are of your measurements.  
 
It is a good idea to construct the data table before collecting the data. Too often, students will write down 
data in a disorderly fashion and then try to build their data table. This defeats the purpose of a data table 
which is to organize and make certain that data is clear and consistent.  
 
Once the raw data has been collected for the experiment, you will proceed to prepare the data for 
graphing. In many experiments you will need to perform calculations before the data are ready to graph. 
For instance, in this experiment the experimenter decided to measure the time for 10 swings to reduce 
error. Obviously, a calculation must be done before the period of one swing can be determined. Also, the 
experimenter took three trials for each mass value. When multiple trials are collected for a data point, the 
trials are usually averaged to determine a representative value. This should be done only if the trials 
seem consistent enough to warrant an average. If you have one or more trials that are significantly 
different than your others, you need to look for an error in your technique or equipment setup that might 
be causing the problem. If a problem is found, the data should be recollected for any trials in which the 
error might have affected the results.  
 



When producing a formal table from which to produce your graph, some of the columns may be exactly 
the same as your raw data table but others will be the result of calculations made with your raw data. Any 
entry in your formal table that is the result of a calculation must include an explanation of the column and 
a sample calculation. Note that the second column, Average Time 
for 10 swings, has a * next to it. Likewise the third column, Period, 
has a ** next to it. These will be used to identify them as columns 
which are the result of calculations. Always include sample 
calculations and explanations for any column in your table which 
is the result of a calculation, no matter how simple.  
 

 
 
Characteristics of Good Data Recording  
1. Raw data is recorded in ink. Data that you think is "bad" is not 
destroyed. It is noted but kept in case it is needed for future use.  
2. The table for raw data is constructed prior to beginning data 
collection.  
3. The table is laid out neatly using a straightedge.  
4. The independent variable is recorded in the leftmost column (by 
convention).  
5. The data table is given a descriptive title which makes it clear 
which experiment it represents.  
6. Each column of the data table is labeled with the name of the variable it contains.  
7. Below (or to the side of) each variable name is the name of the unit of measurement (or its symbol) in 
parentheses.  
8. Data is recorded to an appropriate number of decimal places as determined by the precision of the 
measuring device or the measuring technique.  
9. All columns in the table which are the result of a calculation are clearly explained and sample 
calculations are shown making it clear how each column in the table was determined.  
10. The values held constant in the experiment are described and their values are recorded. 

 



C. Graphing Data 
Once the data is collected, it is necessary to determine the relationship between the two variables in the 
experiment. You will construct a graph (or sometimes a series of graphs) from your data in order to 
determine the relationship between the independent and dependent variables.  
 
For each relationship that is being investigated in your experiment, you should prepare the appropriate 
graph. In general your graphs in physics are of a type known as scatter graphs. The graphs will be used 
to give you a conceptual understanding of the relation between the variables, and will usually also be 
used to help you formulate mathematical statement which describes that relationship. Graphs should 
include each of the elements described below:  

 
Elements of Good Graphs  
• A title that describes the experiment. This title should be descriptive of the experiment and should 
indicate the relationship between the variables. It is conventional to title graphs with DEPENDENT 
VARIABLE vs. INDEPENDENT VARIABLE. For example, if the experiment was designed to show how 
changing the mass of a pendulum affects its period, the mass of the pendulum is the independent 
variable and the period is the dependent variable. A good title might therefore be PERIOD vs. MASS FOR 
A PENDULUM.  
• The graph should fill the space allotted for the graph. If you have reserved a whole sheet of graph 
paper for the graph then it should be as large as the paper and proper scaling techniques permit.  
• The graph must be properly scaled. The scale for each axis of the graph should always begin at zero. 
The scale chosen on the axis must be uniform and linear. This means that each square on a given axis 
must represent the same amount. Obviously each axis for a graph will be scaled independently from the 
other since they are representing different variables. A given axis must, however, be scaled consistently.  



• Each axis should be labeled with the quantity being measured and the units of measurement. 
Generally, the independent variable is plotted on the horizontal (or x) axis and the dependent variable is 
plotted on the vertical (or y) axis.  
• Each data point should be plotted in the proper position. You should plot a point as a small dot at the 
position of the data point and you should circle the data point so that it will not be obscured by your line of 
best fit. These circles are called point protectors.  
• A line of best fit. This line should show the overall tendency (or trend) of your data. If the trend is linear, 
you should draw a straight line which shows that trend using a straight edge. If the trend is a curve, you 
should sketch a curve which is your best guess as to the tendency of the data. This line (whether straight 
or curved) does not have to go through all of the data points and it may, in some cases, not go through 
any of them. • Do not, under any circumstances, connect successive data points with a series of straight 
lines, dot to dot. This makes it difficult to see the overall trend of the data that you are trying to represent.  
• If you are plotting the graph by hand, you will choose two points for all linear graphs from which to 
calculate the slope of the line of best fit. These points should not be data points unless a data point 
happens to fall perfectly on the line of best fit. Pick two points which are directly on your line of best fit and 
which are easy to read from the graph. Mark the points you have chosen with a +.  
• Do not do other work in the space of your graph such as the slope calculation or other parts of the 
mathematical analysis.  
• If your graph does not yield a straight line, you will be expected to manipulate one (or more) of the axes 
of your graph, replot the manipulated data, and continue doing this until a straight line results. We will 
address the details of linearization later in the course. 
 
D. Graphical Analysis and Linear Mathematical Models  
 
When the data you collect yields a linear graph, you will proceed to determine the mathematical equation 
that describes the relationship between the variables using the slope intercept form of the equation of a 
line. Consider the following experiment in which the experimenter tests the effect of adding various 
masses to a spring on the amount that the spring stretches. The development of the mathematical model 
is shown on the next page.  
 
Begin with the generic equation for a line:  

y = mx + b  
Determine the slope and y-intercept from graph:  

slope (m) = 0.30 (cm/g); y-intercept = 3.2 cm  
Substitute constants with units from experiment  

y = [0.30 (cm/g)]x + 3.2 cm  
Substitute variables from experiment:  

Stretch = S; mass = m S = [0.30 (cm/g)]m + 3.2 cm  
Final mathematical model: S = [0.30 (cm/g)]m + 3.2 cm  
 
The result of this experiment, then, is a mathematical equation which models the behavior of the spring:  

Stretch = 0.30 cm/g · mass + 3.2 cm  
 
With this mathematical model we know many characteristics of the spring and can predict its behavior 
without actually further testing the spring. In models of this type, there is physical significance associated 
with each value in the equation. For instance, the slope of this graph, 0.30 cm/g, tells us that the spring 
will stretch 0.30 centimeters for each gram of mass that is added to it. We might call this slope the 
"wimpiness" of the spring, since if the slope is high it means that the spring stretches a lot when a 



relatively small mass is placed on it and a low value for the slope means that it takes a lot of mass to get 
a little stretch.  
 
The y-intercept of 3.2 cm tells us that the spring was already stretched 3.2 cm when the experimenter 
started adding mass to the spring. With this mathematical model, we can determine the stretch of the 
spring for any value of mass by simply substituting the mass value into the equation. How far would the 
spring be stretched if 57.2 g of mass were added to the spring? Mathematical models are powerful tools 
in the study of science and we will use those that you develop experimentally as the basis of many of our 
studies in physics.  
 
When you are evaluating real data, you will need to decide whether or not the graph should go through 
the origin. Given the limitations of the experimental process, real data will rarely yield a line that goes 
perfectly through the origin. In the example above, the computer calculated a y-intercept of 0.01 cm ± 
0.09 cm. Since the uncertainty (±0.09 cm) in determining the y-intercept exceeds the value of the 
y-intercept (0.01 cm) it is obviously reasonable to call the y-intercept zero. Other cases may not be so 
clear cut. The first rule of order when trying to determine whether or not a direct linear relationship is 
indeed a direct proportion is to ask yourself what would happen to the dependent variable if the 
independent variable were zero. In many cases you can reason from the physical situation being 
investigated whether or not the graph should logically go through the origin. Sometimes, however, it might 
not be so obvious. In these cases we will assume that it has some physical significance and will go about 
trying to determine that significance. 
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Trigonometry  
 
Trigonometry is an extremely useful branch of mathematics that 
deals with the relationships between the sides and angles of right 
triangles.  

The opposite side is the side which the angle does not 
touch. 
 
The adjacent side is the side of the triangle that is not 
the hypotenuse but is part of the angle itself. 
 

It is to be noted that these two sides can change as you 

use different reference angles. 

Observe Figure 1 at the top of the page 
Using 𝜽 as our reference angle the sides are as follows: 

Side a = the opposite side 
Side b = the adjacent side 

 
Using 𝜷 as our reference angle the sides are as follows: 

Side a = the adjacent side 
Side b = the opposite side 

The Pythagorean Theorem is a                                                   

method for finding missing sides of right 

triangles.    

                                       

It states that the hypotenuse (the longest side) is  

 

related to the other two sides of a triangle by 

the following equation. 

𝑎2 + 𝑏2 = 𝑐2 

 
(where c is the length of the hypotenuse and a and b are 

the lengths of the other two sides) 

The three commonly used trigonometric functions 

are (using 𝜃 as our reference angle) 

 

sine: 𝒔𝒊𝒏(𝜽) =  
𝑶𝒑𝒑𝒐𝒔𝒊𝒕𝒆 𝒔𝒊𝒅𝒆

𝑯𝒚𝒑𝒐𝒕𝒆𝒏𝒖𝒔𝒆
=  

𝒂

𝒄
 

 

Cosine: 𝑪𝒐𝒔 (𝜽) =  
𝑨𝒅𝒋𝒂𝒄𝒆𝒏𝒕 𝒔𝒊𝒅𝒆

𝑯𝒚𝒑𝒐𝒕𝒆𝒏𝒖𝒔𝒆
=  

𝒃

𝒄
 

 

Tangent 𝒕𝒂𝒏 (𝜽) =  
𝑶𝒑𝒑𝒐𝒔𝒊𝒕𝒆 𝒔𝒊𝒅𝒆

𝑨𝒅𝒋𝒂𝒄𝒆𝒏𝒕 𝒔𝒊𝒅𝒆
=  

𝒂

𝒃
 

 (Memorizing SOH CAH TOA is one way of 

memorizing these trigonometric functions.) 

 
1. For triangle I above, cos(A) = _____ 

 
2. For triangle I above, tan(A) = _____ 

3. For triangle II, c = _____ 
 

4. For triangle III b = _____ 

 

 
 

𝜃 

𝛽 

a 

b 

c 

Figure 1 

A =22.6o  

Using ∠𝐴 
(13) cos(22.6o) = 12 
  
(13) sin(22.6o) = 5  
 

Sides may also be found using trig functions and solving 
for specific sides. 

 
Using ∠𝐵 

(13) cos(67.4o) = 5 
 
(13) sin(67.4o) = 12  
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Inverse Trigonometry Functions 

 
We learned that we use one of the trig functions, to take an angle of a triangle and find the side length. 
When using “special” trig functions we will do the opposite, take the side lengths and find the angle. 
Because this is the opposite operation, we call these functions inverse functions of each of the trig 
ratios we saw before. The notation we will use for the inverse trig functions will be similar to the inverse 
notation we used with functions. 

 

 

sin−1 (
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
) =  𝜃 cos−1 (

𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
) =  𝜃 tan−1 (

𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
) =  𝜃 

 

 
Just as with inverse functions, the − 1 is not an exponent, it is a notation to tell us that these are inverse 
functions. While the regular trig functions take angles as inputs, these inverse functions will always take 
a ratio of sides as inputs. We can calculate inverse trig values using a table or a calculator (usually 
pressing shift or 2nd first). 
 
 
Since in AP Physics we will only be dealing in two dimensions, and will ALWAYS use a reference angle, 
relative to the positive x axis we will only need to use the inverse tangent function. 
 
 

Example: 
 
sin θ = 0.5 We don′t know the angle so we use an inverse trig function 

sin−1(0.5) = θ Evaluate using a calculator 
θ = 30o Our Solution 

 
 
cos θ = 0.667 We don′t know the angle so we use an inverse trig function 

cos−1(0.667) = θ Evaluate using a calculator 
θ = 48o Our Solution 

 
 
tan θ = 1.54 We don′t know the angle so we use an inverse trig function 
tan−1(1.54) = θ Evaluate using a calculator 

θ = 57o Our Solution 
 
 
 
 
 
 
 
 

If you have two sides of a triangle, we can easily calculate their ratio and then use one of the inverse trig 
functions to find the missing angle. 
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Example: 

 
Find the indicated angle: 

 

 

From the angle 𝛼, the given sides are the opposite 
(5) and the adjacent (3) 
 
The trig function that uses opposite and adjacent is 
the tangent 
 
As we are looking for an angle we will use the 
inverse tangent. 

 

tan−1 (
5

3
)          Sine is opposite over hypotenuse, use inverse to find angle. 

sin−1(1.667)    Evaluate fraction, take sine inverse using a calculator. 
59o                      Our solution. 
 
Example: 

 
Find the indicated angle: 

 
 

We have one angle and one side. We can use these 
to find either other side. 
 
We will find the other leg, the adjacent side to the 
35◦ angle. 
 
The 5 is the opposite side, so we will use the tangent 
to find the leg. 

 

𝑡𝑎𝑛 (35o) = 5/𝑥           Tangent is opposite over adjacent 
 
(0.700)𝑥 = 5                  Evaluate tangent, solve for x 
 
𝑥 = 7.1                             Our solution. 
 
 
𝑎2 + 𝑏2 = 𝑐2                  We can now use Pythagorean theorem to find hypotenuse, c 
 
52 + 7.12 = 𝑐2             Evaluate exponents 

 
25 + 50.41 = 𝑐2           Add, and evaluate for c by taking the square root of both sides 
 
𝑐 = 8.7                             The hypotenuse  
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Inverse Trigonometry Functions Activity 
 
Find each angle measure to the nearest degree. 

 

1) sin(Z) = 0.4848 

 

2) sin(Y) = 0.6293 

3) sin(Y) = 0.6561 4) cos(Y) = 0.6157 

 

 
Find the measure of the indicated angle to the nearest degree. 
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Directions: Answer the following problems using their associated diagrams, show all you work 
and include units when necessary. (Diagrams are not drawn to scale) 
 
1. Using the triangle to the right, 

a. Calculate the length of side c in two different ways. 

b. Determine the angle(s) 𝜃 and 𝛽. 

 
 

 
 
 
 

2. Using the triangle to the right, determine the following; 

a. Side x (in cm) 

b. Side y (in m) 

 
 
 
 
 

3. Using the triangle to the right find all unknown values. 

 
 
 
 
 
 
 
 

4. The diagram to the left illustrates the path a raft would follow 

across a 40 meter wide river that has a strong upward current. 

(The current moves towards the top of the page) 

a. What does the hypotenuse represent? 

b. How far down the river does the raft travel? 

c. How far is the raft displaced from its starting point? 

 

 
 
 
 
 
 

45o 

Application of Trigonometry 

c 
4 cm 

3 cm 

𝛽 

𝜃 

10.0 m 

y 

x 

𝛼 

35o 

z 
33 m 

56 m 

𝜗 

𝜃 



Graphical Methods-Summary  
 

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.  

 

 
 
 


