
AP Physics 1 Summer Prep 
If I’m doing my job right, this is where things will stop being easy for you. Problems in class won’t always be 

obvious for you anymore. In our actual AP Physics class, students rarely read a problem and immediately know 

exactly how to solve it. It is normal to sometimes feel stupid when doing physics. I run into things I’m confused 

by or don’t understand all the time. The important thing to follow the three rules of physics and life in general: 

1. Don’t Panic. This is the first rule of physics (and The Hitchhiker's Guide to the Galaxy). There will be a 

lot of moments when you will read a problem or take a test and feel completely lost. Sometimes you 

generally are lost- other times, you are just momentarily disoriented, and if you take a deep breath and 

relax you’ll be able to work through it.  

2. If you can’t solve the whole thing, solve anything you can. There are going to be lots of times when 

you will have no idea how to get to the answer. The best way to deal with this is to try to find something- 

anything. You should write out the variables you know, draw a picture, solve for something easy that you 

can figure out… the important thing is not to throw your hands up and give up. The AP test gives 

enormous amounts of partial credit- the answer is generally only worth a point or two out of five or six. 

3. Don’t give up. Physics belongs to those who are willing to bang their head against the wall of ignorance 

enough times to knock it down. Persistence pays off, look at Elon Musk, dude had 3 companies that ran 

into the ground before Paypal, now he runs the world. This is not a race, though it will sometimes feel 

like it. This is not a competition, we are all in this class together with a common goal of better 

understanding of the world around us (and, well, college credit), although I will sometimes use that to 

motivate you. Perseverance, self-reliance and hard work are the keys to this game. Don’t be afraid to 

nerd out. 

That said, let me know if this isn’t for you. This is a choice. There are lot of benefits to getting a good 

background in physics (good money, interesting job) and passing an AP test (college credit in high school, 

don’t need to take a science course in college) but this isn’t for everyone. There is no way to get good at 

physics if you don’t fail and then do more work to figure out why you failed and how not to fail that way next 

time.  

I expect every one of us to come to class prepared by either having the required reading done or watching the 

Edpuzzles that will discuss what we will be working on the next class. We will have fun in this class just like 

Honors Physics, but there is a lot more material so we will be spending the entire class period participating and 

learning (Read: you won’t have time to do work for your other classes in this class). Please don’t take this class 

because you think it will be fun to hang out with your friends, take this class because you want to actually be 

challenged. 

Even though it is hard, physics can be unspeakably beautiful and awe-inspiring. It can also (let’s be honest) 

make you some serious money. If nothing else, I hope this work helps expand your mind and your 

opportunities. 

 
Please acknowledge you have read and understood this in our Google Classroom. There is an assignment 

posted that says I read and understand what AP Physics is all about already posted. 

 

 

 

There is a copy of this in Google Classroom: pmiax 

If you would like me to print both sets for you please let me know, it is an option when you go to GC and 

acknowledge what taking the class is about. 



New Algebra Rules 
This is going to annoy you so much before you get the hang of it. Most of the time you’ll have to solve for the 

variable you are looking for before you are allowed to touch the numbers. Here is an example: 

Practice Problem 
A boy, who is originally at rest and has a mass of 44 kg, jumps off a snowboard (10 kg) with a velocity of 5 

m/s. What is the velocity of the snowboard after he jumped? 

I know that you can solve this with numbers in a jiffy. In many AP problems you will need that variable in a second 

part of problem so you will first need to solve for it in algebra form. For this problem, let’s say M1 is the boy and M2 

is the skateboard. 

𝑝 = 𝑝′ 

0 = 𝑝1𝑝1′ + 𝑝2𝑝2′ 

−𝑝1𝑝1′ = 𝑝2𝑝2′ 

−𝑝1𝑝1′

𝑝2
= 𝑝2′ 

 

 

Only now- after I’ve gotten it to this step, can I plug the numbers in.  

−(44)(5)

10
= −22 𝑝/𝑝 

 

When you first start doing this, it feel incredibly time consuming and annoying. You will hate it. I’m going to 

reassure you right now that it is not just me who makes you do this- this is a widely expected practice in physics 

and engineering. Why do we do this? Several reasons: 

1. It will make you an absolute Hulk at algebra. 

2. Sometimes (often) the AP Physics test will give you a problem without numbers. You heard me- they will 

want you to solve the whole problem without touching numbers. Here is an example (one of many) from 

an actual AP exam: 

 
… and here is what the answers look like: 

 



Don’t worry if this looks scary. We aren’t there yet. We will get there. 

 

3. It makes it so much easier to solve the problem with different values. Let’s say I now asked you how 

fast the skateboard from the previous problem would go if a girl with a mass of 33 kg jumped off with a 

velocity of 3.5 m/s. If you solved with numbers, you would need to start the problem all over again. If 

you solve with variables, you can just plug in the new numbers and solve in a flash.  

−𝑝1𝑝1′

𝑝2
= 𝑝2′ 

−(33)(3.5)

10
= −11.5

𝑝

𝑝
 

4. If you keep practicing physics and engineering, numbers will become annoying to you. This is 

strange. When you first start doing this, it absolutely sucks. You hate it. It is like running your first lap or 

lifting your first weight- it is agony. But then you start to get used to it… and after a while, you really do 

start to prefer it. It takes a long time…my current AP students hated this in fall, but now most of them 

don’t notice whether the problem gave them numbers or not. They just solve. 

 

Enough talking- let’s do some practice. Please complete the 2018 Physics 1 Summer Work. This is a separate 

worksheet you can find online. The rest is an overview of basic physics concepts, very helpful for those of you 

jumping in with no honors background. 

It’s a Circle, not a triangle… : Centripetal Motion 

What is centripetal force? 
So far last year, we have talked about problems where the acceleration has always been linear- in other words, 

moving in a straight line. This means the object was always accelerating forward or back, left or right. In this 

section, we look at something entirely new- circular motion. What happens when an object is constantly 

changing its direction? 

Circular motion problems are easy to spot… they involve objects going in a circle. Solving them is actually 

pretty easy too (we’ll get to that in a second). What is hard about these is keeping track of the ideas that cause 

this motion. Let’s take a moment and talk about acceleration.  

Remember that velocity is moving in a particular direction.  

velocity= how fast you go and which direction you are going 

Acceleration is a change in velocity. Acceleration can mean a change in how fast you are going or a change in 

your direction. All this year, worked on problems where acceleration meant changing how fast you were going. 

Now, we are going to look at problems where acceleration means changing your 

direction.  

Imagine a car going around a circular track. The driver in the car looks down at 

her speedometer and sees that it is a constant 40 m/s. Her speed (how fast she is 

going) is constant- but she still is accelerating. How? Her direction is constantly 

changing. At Point A she is going dead east. A moment later, at Point B is going 

south east. In everyday terms, we wouldn’t say she’s accelerating- but in physics 

terms, we would. We would say she has a centripetal acceleration. Centripetal 

acceleration is the type of acceleration we associate with rotating objects.  

How do we calculate it? 



Earlier in the year, we were dealing with linear acceleration (accelerating in 

a straight line). For that, we used the equation: 

𝑝 =
𝑝𝑝 − 𝑝𝑝

𝑝
 

Now, we are dealing with acceleration that occurs when you change 

direction- specifically, when you go in a circle. Before we get too far into the 

ideas behind centripetal force let’s talk about how to calculate the centripetal 

acceleration. The equation for centripetal acceleration is: 

𝑝𝑝 =
𝑝2

𝑝
 

ac → centripetal acceleration, measured in m/s/s  or m/s2 

m → mass of the object, measured in kg 

r → radius of the object’s motion. In other words, the distance from the center of the circle the object is going 

around. 

Practice Problems 
A car is driving around a perfectly circular track with a radius of 100 m. The driver notes that the speedometer 

reads a constant 20 m/s. What is the centripetal acceleration of the car? 

 

We can also calculate the centripetal force. This is actually pretty easy, even if you forget the equation.  

𝑝𝑝𝑝𝑝 = 𝑝𝑝 

and 

𝑝𝑝 =
𝑝2

𝑝
 

so 

𝑝𝑝𝑝𝑝 = 𝑝
𝑝2

𝑝
  for objects with centripetal acceleration 

What Causes Centripetal Acceleration 
There are all kinds of forces that can cause a centripetal acceleration. For example, if you were to tie a rock to a 

rope and whirl it over your head, the fore of tension in the rope would cause the rock to have a centripetal 

acceleration. The moon is pretty much experiencing centripetal acceleration as it goes around the earth- in that 

case, the centripetal force is caused by gravity. When your car goes around a sharp curve, the friction of your 

tires on the road causes the centripetal acceleration and keeps you on the road. 

Centripetal means “center seeking”. In fact, an object experiencing centripetal acceleration is always 

accelerating toward the center of the circle.  Why don’t we ever see it get any closer to the center, then? 

Because it is balanced out by inertia, which wants the object to keep going forward.  

Think of the rock on the end of the string. At any given moment, the rock 

wants to keep going straight toward. Newton’s first law says on object in 

motion will want to stay in motion- in the direction it is already headed. The 

rock wants to stop going in a circle and go straight ahead. In fact, in you 

were to let go of the string that is exactly what the rock would do. 

But the string pulls it back around the curve- essentially, it keeps jerking 

the rock back toward your hand. This is why the centripetal force always 

acts toward the center of the circle. 



The green arrows show the velocity of the rock at that moment. We call these velocity vectors and they are 

always changing as the rock moves around. 

Have you ever sat center seat in the back of a car and gone around a bend in the road. You probably found 

yourself squished. It you were in the seat on the outside of the curve, you found yourself pressed against the 

door. Why is that? Your body was a body in motion- it wanted to keep going straight ahead. The car turned, and 

forced you to change direction with it. That moment when you were squished against the door- that was the car 

accelerating you by changing your direction.  

It sucks: Gravitational Force 
One of the most interesting types of circular motion is caused by gravity. In this section, we are going to take a 

closer look at how gravity acts on large objects. 

On earth, we all pretty much experience the same acceleration due to earth- the earth is so huge and 

everything around us is about the same distance from its center that everything around us pretty much 

experiences the same thing. We all fall at -9.8 m/s/s. 

Other objects are attracted to the earth- like the moon. The moon and the earth are deeply attracted to each 

other. Does that mean the moon is accelerating toward us at -9.8 m/s/s? No. Different objects feel different 

gravitational attractions toward one another. How attracted they are depends on two things: how close they are 

together, and how much mass they each have.  

This is easiest to understand if you erase the entire universe in your mind. All the stars wink out. The nebulas 

vanish in a puff of smoke. The black holes eat themselves and fold up into darkness. You are alone, floating in a 

space suit, no way to tell distances because there is nothing to be close to and nothing to be far from. 

Emptiness. 

Now, into this imaginary universe, let’s put someone you like- your current crush. It can be a movie star, the girl 

in class that physics group partner who doesn’t understand why you keep putting hearts over your equations. 

Imagine this person floating out there in space, 20 meters away from you. You are both objects at rest- will you 

stay there forever- staring at each other, not able to touch, tormented by loneliness? 

No. Why? Because the force of gravity doesn’t want us to be alone. Let’s calculate how attracted you would be to 

one another. 

Here is the equation for gravitation attraction: 

𝑝𝑝 =
𝑝𝑝1𝑝2

𝑝2  

m1 → mass 1 (kg) 

m2 → mass 2 (kg) 

r→ radius, the distance between the objects (m) 

G → The gravitational constant. It won’t change and it is a very very small number. It means 6.67 x 10-11 m3/kg 

s2. Don’t be weirded out by this. It will be easy. I’ll show you in a second. 

Back to the love story. You have a mass of 45 kg. Your sweet has a mass of 50 kg. You are 20 m apart. How 

attracted are you to one another? Let’s calculate it. 

𝑝𝑝 =
𝑝𝑝1𝑝2

𝑝2  

𝑝𝑝 =
(6.67 𝑝 10−11)(45)(50)

202
 

 

𝑝𝑝 = 3.75 𝑝 10−10 𝑝 



Okay, not exactly a lot of force. But in the absence of anything else in the universe, it is the only force. Which 

means you and your lovely will begin to drift toward one another. Also awesome- your crush will feel the exact 

same attraction toward you. You are equally attracted. Newton’s 3rd Law 

As you get closer together, your attraction will grow. After a long time, you will only be 5 m apart. Then you will 

feel an attraction of: 

𝑝𝑝 =
𝑝𝑝1𝑝2

𝑝2  

𝑝𝑝 =
(6.67 𝑝 10−11)(45)(50)

52
 

 

𝑝𝑝 = 6.0 𝑝 10−9 𝑝 

Still not a lot, but more. As you are pulled closer and closer, you become more and more attracted.  

A few things about the force of gravity: 

● Gravity can only attract. There are lots of forces in the universe- some of them are repulsive. Gravity 

can only bring objects together. It’s like love. 

● If two objects are gravitationally attracted, they both experience the same force of attraction. Let’s 

say a small satellite in orbit feels an attraction of 700 N toward earth. How much attraction does the earth 

feel toward the satellite? 700 N. Why doesn’t the earth rise up to meet the satellite? Because it has a huge 

mass, so it hardly feels the force at all. 

● The distance between object is measured from the center of the objects. If we have a moon and 

planet, we measure the object from their exact center- their center of mass. 

● The larger the masses, the more the attraction. The more mass you have involved, the more 

gravitational attraction. 

● The closer the objects, the more attracted they are. Distance has a huge effect. Look at that squared 

on the bottom of that equation. Large distances will really decrease that attraction. Smaller distance will 

increase it. 

 

One last thing…gravity is actually a really puny force. It is the weakest of the four forces that govern the 

universe. Why do we think it is so powerful? Why do we think of it as the only force that really matters?  Because 

gravity only comes into play when masses are really really large. And you happen to live on the surface of a 



really really big mass, which is orbit a really, really, really, really big mass. To you, gravity is the one force you 

experience all the time, every day. It just happens to be the one you are most aware of. 

Walk the Line : Forces as Vectors 
Now, let’s get into some harder physics. We are first going to review the forces we covered in the first 

semester. Then we are going to expand what we talked about into new topics. 

Basics and Units 
A force is a push or pull. It is measured in Newtons.  

N → kg m/s2 

The equation for force is F= ma, where F is the force (N), m is the mass (kg) and a is acceleration (m/s2) 

Forces as Vectors 
Forces are vectors, which means their direction matters. When we state a force, we include two parts- the 

magnitude (amount) and the direction. For example, in the force 32 N South, 32 N is the magnitude, and south is 

the direction. 

 We often include the force by saying up, down, north, south… If we don’t state these, we can assume we are 

just using a positive/negative system.  

We generally draw forces by using arrows. The longer the arrow, the greater the force acting on the object. We 

make sure the forces are pointing in the correct direction.  

When we add two forces together, we get the total force, which is more often referred to as the net force or the 

resultant force. We need to keep direction in mind when we are doing this, however. Let’s look at the easiest 

examples of these: forces that are parallel to one another. 

Adding Vectors 
When we add vectors (such as force), we keep track of what we need to do mathematically by drawing a 

picture of the forces adding together. We call this picture a graphical representation of the forces, or free 

body diagrams. There are a few rules we follow when drawing free body diagrams. 

1. Use an arrow to represent the forces. 

2. Always draw the forces as coming out of the center of the object, even if the force happens to be 

pushing on a side. 

3. The longer the arrow, the greater the force. 

4. The arrow should point in the direction the force is pushing/pulling. 

Here are some examples of free body diagrams. Notice that they all follow the rules above. 

 

 

When we want to add up forces, we first draw them in a free body diagram. Then, we like to combine them in a 

graphical representation.  There are particular rules we need to follow when adding vectors. 



1. You can’t change their direction or their length. You can move them around so that you can see them 

better, but when I do that I can’t change which way they point.  

2. Draw the ones you are adding tip to tail.  This means we move the vectors we want to add so that the tip 

of one vector is touching the tail of the next (see below). We can then draw the resultant from the tail of 

the first vector to the tip of the second vector.  

 

Here is a picture showing the addition of two vectors, following these rules. 

 

 

 

Let’s start with the easiest: adding parallel vectors (in this case, forces) 



 

 

This is a pretty straight forward situation, where you subtract the opposite directions and state the direction at 

the end. So far so good. Sometimes, however, the forces will not be parallel to each other. Let’s look at a slightly 

more complicated problem- where forces are added perpendicularly.  

 

The problem above isn’t actually finished- we only solved for the magnitude, which is 10 N. We will also need to 

find the direction. To do that, we will need to find the angle of this force. For this, we use good old fashion trig. 

𝑝𝑝𝑝𝑝 =
𝑝

𝑝
 

𝑝 = 𝑝𝑝𝑝−1(
𝑝

𝑝
) 

𝑝 = 𝑝𝑝𝑝−1(
6

8
) 

𝑝 = 36.8° 

Always make sure your calculator is in degrees mode when you are in physics. 

So, our final answer is: 10N at 36.8°. 



Practice Problem: Solving for Perpendicular Vectors

 
Sometimes we add more than two vectors: 

Practice Problem: Adding Up Multiple Vectors 
A student drives his car 6.0 km, North before making a right hand turn and driving 6.0 km to the East. Finally, the 

student makes a left hand turn and travels another 2.0 km to the north. What is the magnitude of the overall 

displacement of the student? 

Solution 

 

As can be seen in the diagram, the resultant vector (drawn in black) is not the hypotenuse of any 
right triangle - at least not of any immediately obvious right triangle. But would it be possible to force 
this resultant vector to be the hypotenuse of a right triangle? The answer is Yes! To do so, the order 
in which the three vectors are added must be changed. The vectors above were drawn in the order in 
which they were driven. The student drove north, then east, and then north again. But if the three 
vectors are added in the order 6.0 km, N + 2.0 km, N + 6.0 km, E, then the diagram will look like 
this: 
 



 

After rearranging the order in which the three vectors are added, the resultant vector is now the 
hypotenuse of a right triangle. The lengths of the perpendicular sides of the right triangle are 8.0 m, 
North (6.0 km + 2.0 km) and 6.0 km, East. The magnitude of the resultant vector (R) can be 
determined using the Pythagorean theorem. 
 

R2 = (8.0 km)2 + (6.0 km)2 

R2 = 64.0 km2+ 36.0 km2 

R2 = 100.0 km2 

R = SQRT (100.0 km2) 

R = 10.0 km 

Practice Problem: More Vector Addition 
Mac and Tosh are doing the Vector Walk Lab. Starting at the door of their physics classroom, they walk 2.0 meters, 

south. They make a right hand turn and walk 16.0 meters, west. They turn right again and walk 24.0 meters, north. 

They then turn left and walk 36.0 meters, west. What is the magnitude of their overall displacement? 

Solution 

A graphical representation of the given problem will help visualize what is happening. The diagram 
below depicts such a representation. 
 

 
When these four vectors are added together in head-to-tail fashion, the resultant is a vector that 

extends from the tail of the first vector (2.0 m, South, shown in red) to the arrowhead of the fourth 

vector (36.0 m, West, shown in green). The head-to-tail vector addition diagram is shown below. 

 

 

The resultant vector (drawn in black and labeled R) in the vector addition diagram above is not the 
hypotenuse of any immediately obvious right trangle. But by changing the order of addition of these 



four vectors, one can force this resultant vector to be the hypotenuse of a right triangle. For instance, 
by adding the vectors in the order of 2.0 m, S + 24.0 m, N + 16.0 m, W + 36.0 m. W, the resultant 
becomes the hypotenuse of a right triangle. This is shown in the vector addition diagram below. 
 

 

With the vectors rearranged, the resultant is now the hypotenuse of a right triangle that has two 
perpendicular sides with lengths of 22.0 m, North and 52.0 m, West. The 22.0 m, North side is the 
result of 2.0 m, South and 24.0 m, North added together. The 52.0 m, West side is the result of 16.0 
m, West and 36.0 m, West added together. The magnitude of the resultant vector (R) can be 
determined using the Pythagorean theorem. 
 
 

R2 = (22.0 m)2 + (52.0 m)2 

R2 = 484.0 m2 + 2704.0 m2 

R2 = 3188.0 m2 

R = SQRT (3188.0 m22) 

R = 56.5 m 

 

(SQRT indicates square root) 

Breaking Forces Down Into Components 
We can also do the opposite with vectors. We can take a vectors and break them down into their components- 

the parts that make them up. 

from The Physics Classroom: 

 

 

If Fido's dog chain is stretched upward and rightward and pulled tight by his master, then the tension 

force in the chain has two components - an upward component and a rightward component. To Fido, 



the influence of the chain on his body is equivalent to the influence of two 

chains on his body - one pulling upward and the other pulling rightward. If the 

single chain were replaced by two chains. with each chain having the magnitude 

and direction of the components, then Fido would not know the difference. This 

is not because Fido is dumb (a quick glance at his picture reveals that he is 

certainly not that), but rather because the combined influence of the two 

components is equivalent to the influence of the single two-dimensional vector. 

  

 

Let’s try a practice problem that demonstrates this. 

Practice Problem: Resolving a Force into its Components 
A force of 250 N acts at an angle of 30° to the positive x-axis. Resolve this force into components parallel 

to the x- and y-axes. 

How to Solve: 

Solution 

Draw a rough sketch of the original vector 

 

Determine the vector components 

Next we resolve the force into components parallel to the axes. Since these directions are perpendicular 
to one another, the components form a right-angled triangle with the original force as its hypotenuse. 



 

Notice how the two components acting together give the original vector as their resultant. 
 
Determine the magnitudes of the component vectors 
Now we can use trigonometry to calculate the magnitudes of the components of the original displacement: 
 

Fy=250sin(30°)=125 N 
and 

Fx=250cos(30°)=216.5 N 
 

Insert corny Star Wars pun : Types of Forces. 
In this section we review the types of forces. If you look through it an its easy you can skip it. There is no 

practice for this section. 

Weight and Mass 
Weight is a type of force. It is force that is determined by how much gravity is pulling down on an object 

(weight= Fg, the force of gravity… you sometimes see this written as just W). In physics, we do not typically 

measure weight in pounds- we state it in Newtons. The equation for weight is: 

𝑝𝑝 = 𝑝𝑝 

Where Fg is the force of gravity (weight), m is the mass, and g is the acceleration due to gravity. On earth, the 

acceleration due to gravity is -9.8 m/s2. 

The mass of an object is how much stuff the object is physically made of. That won’t change no matter where we 

take it in the universe (unless it is ripped up, or cuts its hair or something). The weight, however, is dependent 

on the acceleration due to gravity at its current location. This can change if you go to a different planet with a 

different acceleration due to gravity. 

These are generally very easy. The only way I can ever really mess with you on this is by stating the mass in 

grams. If I do that, you just need to keep in mind that there are 1000 grams in 1 kg. 

The other thing to keep in mind is that weight is a force that pulls the object down. In physics, we often say that 

up is positive and down is negative. Because of this, you will often see weight negative. 

Practice Problem 
Lupe has a mass of 110 lbs. on earth. What is her weight in Newtons on the moon, where the acceleration due to 

gravity is -1.62 m/s2. 1 lbs= 4.45 N 

Solutions 
We already have the weight on earth, but we have it in pounds. We will need to convert. 

110 𝑝𝑝𝑝 𝑝 
4.45 𝑝

1 𝑝𝑝𝑝
= 489 𝑝 

Because this force is pulling the object down, we would say the weight is -498 N. We can use this to find the 

mass. Remember to first solve it in variable form before moving on.   



𝑝𝑝 = 𝑝𝑝 

𝑝𝑝

𝑝
= 𝑝 

So the mass of the object is:  

𝑝 =
−498 𝑝

−9.8
 

𝑝 = 49.9 𝑝𝑝 

If we go to the moon, we need to calculate the weight. 

𝑝𝑝 = 𝑝𝑝𝑝 

𝑝𝑝 = (49.9)(−1.62) 

𝑝𝑝 = −80.8 𝑝 

Normal Force 
A normal force occurs when a surface pushes back on an object. When an object is resting on a flat table, the 

total forces acting on it sum up to zero. We get a net force of zero because there are two forces acting on the 

object, gravity (which pulls the object down) and the normal force, which is caused by the surface of the table 

pushing up on the book. You will see this written as FN or sometimes just N (thought I hate this… it is out there). 

 

Force to Tension 
A force of tension is a force caused by a rope, string or cable pulling on it. You will see this written as FT or 

sometimes just T. 

Force of Friction 
We covered this a bunch earlier in the semester. Friction is the force caused by one surface rubbing against 

another. It always works to oppose motion. In other words, if your object is moving forward, friction is pulling 

you back. The amount of friction an object would feel is in part determined by the coefficient of friction- a 

number that tells us how much the two surfaces rub together. We used this equation to calculate the force of 

friction: 

𝑝𝑝 = 𝑝𝑝𝑝 

where Ff is the force of friction, µ is the coefficient of friction and FN is the normal force. Here is a list of common 

coefficients of friction for different combinations of material. 

 

Surfaces µ (static) 
µ 

(kinetic) 

 Steel on steel 0.74 0.57 

Glass on glass 0.94 0.40 



Metal on Metal 

(lubricated) 
0.15 0.06 

Ice on ice 0.10 0.03 

Teflon on Teflon 0.04 0.04 

Tire on concrete 1.00 0.80 

Tire on wet road 0.60 0.40 

Tire on snow 0.30 0.20 

 

Notice that there are two values here- one for the static coefficient of friction and one for the kinetic coefficient 

of friction. Don’t let this scare you. If you are pushing on an object and it isn’t moving, you are trying to 

overcome static friction, so you would use the static coefficient of friction. If the object is already moving, you 

would use the kinetic coefficient of friction.  

Practice Problem: Calculating Friction 
Your car (mass= 1500 kg) dies on a stretch of flat wet road (use the table above to help you out). You are the 

Hulk, so you decide to push it home. a) What is the maximum amount you will need to push to get the car 

moving? b) Once the far is moving, how much force will you need to overcome to keep it going?  

Answers 
a) 8820 N, use the static coefficient of friction b) 5880 N   Important- did you remember to solve in variable 

form first? 

Air Resistance 
This is pretty much friction caused by air. 

Spring Force 
The force of a spring acting on an object. 

Force Applied 
This is a catch all for other forces acting on the object. If a hand is pushing on a block, we can say it is an 

applied force. If you kick a soccer ball, we can say it is the applied force. You can use this for really any other 

force, until I tell you otherwise. 

It’s not moving: Equilibrium Problems 
We are going to look at some equilibrium problems. Some of you will have seen before. Some will be 

completely new to you. 

Equilibrium is one of the most important ideas in physics. An object is at equilibrium when the total force 

acting on it is zero. It does not means that there are no forces acting on the object- it means that if we add the 

forces up (including their direction) the total force acting on them is zero. 

 



How do we know an object is at equilibrium? It is either 

At rest or moving at a constant velocity.  

 

Any object that is doing either of these things is at equilibrium. 

Practice Problem: Determining Equilibrium 
Which of the following statements is ALWAYS  

true of an object at equilibrium?  

a. The object is at rest.  

b. The object is maintaining its state of motion.  

c. The object's velocity is not changing.  

d. The net force on the object is 0 Newtons.  

e. The object is NOT accelerating.  

f. The individual forces acting on the object are balanced.  

g. All individual forces acting on the object are equal in magnitude. 

 

Remember Newton’s 2nd Law? It’s going to be very important in this unit. It was: 

𝑝 = 𝑝𝑝 

where F is the force, m is mass, and a is the acceleration. To be more specific, it is  

𝑝𝑝𝑝𝑝 = 𝑝𝑝 

If the object is at equilibrium, it’s total force is zero. So what is it’s acceleration? Also zero. This matches with the 

fact that objects at equilibrium are either at rest or moving at a constant velocity- in other words, they have no 

acceleration. 

Practice Problem 

 

Solution 
They should both apply a 30 N force. 

 

Practice Problem: Medium Difficulty 
A boy pushes a box across the floor at a constant velocity. The box has a mass of 45 N and the boy is applying a 

force of 120 N to the box. What is the coefficient of friction between the floor and the box? 

Solution 
Draw a free body diagram 

 

We are looking for 𝑝 so we will, at one point, need to use the equation 𝑝𝑝𝑝 = 𝑝𝑝𝑝 The only problem is we don’t 

know the force of friction or the normal force, so we are going to need to use what we know.  

𝑝𝑝𝑝𝑝 = 𝑝𝑝 



Let’s deal with the forces in the y direction first. 

𝑝𝑝𝑝𝑝,𝑝 = 𝑝𝑝 = 𝑝𝑝 − 𝑝𝑝 = 0 

𝑝𝑝 = 𝑝𝑝 

The object isn’t accelerating in the x direction either so… 

𝑝𝑝𝑝𝑝,𝑝 = 𝑝𝑝𝑝𝑝 − 𝑝𝑝 = 𝑝𝑝 =  0𝑝 

𝑝𝑝𝑝𝑝 = 𝑝𝑝𝑝 

Going back to… 

𝑝𝑝𝑝 = 𝑝𝑝𝑝 

we can use 𝑝𝑝𝑝 = 𝑝𝑝𝑝𝑝 to get 

𝑝𝑝𝑝𝑝 = 𝑝𝑝𝑝 

and we know𝑝𝑝 = 𝑝𝑝  

so we can say     𝑝𝑝𝑝𝑝 = 𝑝𝑝𝑝 

and 𝑝𝑝 = 𝑝𝑝 so… 

      𝑝𝑝𝑝𝑝 = 𝑝𝑝𝑝 

We now have everything in the equation, so we can rearrange and solve 

𝑝 =
𝑝𝑝𝑝𝑝

𝑝𝑝
 

One of the most interesting uses of all this trig mumbo-jumbo is a type of problem called a sign problem. It is 

actually easier than anything else you’ve learned in this unit so far. First, imagine a hedgehog. This hedgehog 

has a mass of 2.5 kg. What is the hedgehog’s weight? 

 The weight of this hedgehog is      . 

If you said -24.5 N, you are a sparking piece of starlight. Congrats. 

Let’s say this hedgehog wanted to hang from a rope, perfectly still. Well in that situation, all the forces acting on 

the hedgehog would have to cancel out, so that the hedgehog was a rest. Draw a free body diagram of the 

hedgehog, and figure out what the force of tension on the little guy would have to be. 

 

 

Now, let’s imagine that instead of just one rope holding up this curious creature, we had two, both pulling 

straight up. How much tension would there have to be in each rope? 

 

They would each have to hold up half of the weight. This means we have two forces 

pulling up (+12.5 +12.5) and one pulling down (-24.5). These add up to zero, 

meaning the hedgehog isn’t going anywhere. 



Now, let’s take these for a spin with some trig. Imagine you had the hedgehog hanging from two ropes that 

were acting on the hedgehog at an angle. Let’s look at one below: 

 

It we had two ropes, both pulling at 50 degrees to the 

horizontal, holding the hedgehog up, what would the 

force of tension in the ropes be? This actually isn’t as scary a 

problem as you would think. Here’s why: the ropes are still holding 

up the hedgehog using their y components. Because they are 

identical, they will both take half the weight.  

 

 

 

 

So the two y components will each hold up part of the 

weight. Because they are both identical, that means 

they each have to take half the weight. 

X Y 

𝑝𝑝1,𝑝 + 𝑝𝑝2,𝑝 = 𝑝𝑝1,𝑝 + 𝑝𝑝2,𝑝 − 𝑝𝑝 = 

0 N because the 

hedgehog isn’t 

moving left or right 

 

0N because the 

hedgehog isn’t 

moving up or down 

 

So, if the y components each need to hold up half the 

weight (because they are identical), we can say: 

 

Now, it is a simple matter of using trig to find the tension in 

the ropes. You have the opposite side, and you have the 

angle, so you can find the hypotenuse. 

𝑝𝑝𝑝 𝑝 =
𝑝𝑝𝑝

𝑝𝑝𝑝
  

𝑝𝑝𝑝 50 =
12.25

𝑝𝑝1
  

𝑝𝑝1 = 16 𝑝 

That means the two ropes are each 16 N. 

  

Going Fishing : Finding Net Force and Net Acceleration 
In the last section, we looked at object in equilibrium. But what happens if all the forces don’t cancel out? How 

do we find their acceleration? 



Finding the Net Force 
1. Only add/subtract forces that are parallel to each other. 

Even though it is tempting, we can’t directly add forces that aren’t 

parallel together. There is a way to add them, but this involves 

Pythagorean theorem- we will get into how to do that soon. 

2. If two forces point in the same direction, add them. 

3. If two forces point in the opposite direct, subtract them. 

4. Remember to state the direction afterward. 

 

Sometimes we have forces acting in more than one direction. In that case, we can only add/subtract the forces 

that are parallel to each other. Sometimes we get lucky and things will cancel out. 

𝑭𝑭𝑭𝑭,𝑭 𝑭𝑭𝑭𝑭,𝑭 
   5-5 3-3 

𝑭𝑭𝑭𝑭,𝑭 = 𝑭𝑭 𝑝𝑝𝑝𝑝,𝑝 = 0𝑝 

   

𝑭𝑭𝑭𝑭,𝑭 𝑭𝑭𝑭𝑭,𝑭 
5, left 3-3 
𝑭𝑭𝑭𝑭,𝑭

= 𝑭𝑭,𝑭𝑭𝑭𝑭 
𝑝𝑝𝑝𝑝,𝑝 = 0𝑝 

Finding the Acceleration 
Once we know the Fnet in each direction, we can learn a lot about how an object is moving. We do this by using 

the equation I already forced you already learned   𝑝𝑝𝑝𝑝 = 𝑝𝑝. 

These can actually be pretty fun. They are usually like little puzzles. You figure out whatever you can and keep 

working at it until you’ve solved the whole thing. They are close cousins of Sudoku puzzles. You should try them 

next time you are out on a relaxing date.  

Let me model one for you. Let’s say someone gave me the free body diagram below and asked me to find its net 

force, mass, and its acceleration. Well, first, I would kick back, put on some slippers, maybe make some 

calming tea, and settle into my favorite chair at home for a comfy evening puzzle solving. 

Find Fnet, mass and acceleration. 



 

Then, I would figure out the net force, because that looks pretty easy. There are no forces in the x direction, so I 

can say 

𝑝𝑝𝑝𝑝,𝑝 = 0 

Then I’d total up the forces in the y direction. 

𝑝𝑝𝑝𝑝,𝑝 = 40 − 25 = 15 𝑝 𝑝𝑝 

That was easy enough. Now, they asked me to find the mass. Hmmm… at first this seems impossible because I 

don’t have the acceleration. But then I realize they gave me the force of gravity (look up at the free body 

diagram). Woot woot! I can use the weight equation for find mass. 

𝑝𝑝𝑝𝑝𝑝 = 𝑝𝑝 

−25 = 𝑝(−9.8) 

𝑝 = 2.6 𝑝𝑝 

Alright! Now we are rolling. At this point, I would probably reward myself with a tasty oatmeal cookie. Now, we 

are really close. Just a little further…. we have to find the acceleration. To do this, I would use what I learned 

above. 

𝑝𝑝𝑝𝑝 = 𝑝𝑝 

15 = (2.6)𝑝 

𝑝 = 5.8 𝑝/𝑝2 

And… done! Now I would congratulate by telling myself that I’m smart and having a celebratory cookie.  

Now let’s try some with friction… 

A car tire (rubber on concrete) is skidding to a stop on a highway. The coefficient of kinetic friction is 0.8. The 

car has a mass of 1500 kg. You can neglect air resistance. 

a) Draw a free body diagram of the car. 

 

 

If you drew this correctly, you should have three forces acting on the car, with the forces in the y direction canceling 

out. 

b) Find the Fg acting on the car. 

 

 

If you completed this correctly, you should get -14700 N. If you had trouble with this, go back and look at the weight 

section of your notes. 

c) Find the normal force. 

 



This one is easy. Look at your free body diagram. The car isn’t moving up, so your Fnet, y = 0N.  You should get 

+14700 N. 

d) Find the force of friction acting on the car. 

 

 

If you did this correctly, you should get -11760 N. 

Did you get these answers? If so, good for you! 

 

So far, we’ve looked at forces that only act up and down or left and right. Now, we’re going to look at some 

more interesting forces. Let’s practice finding forces that don’t act completely vertically or horizontally. 

Find the net force acting on the object below. 

Here we have two forces acting on the box. On is pulling the object 

straight to the left (10 N). There is no vertical component to this vector- it 

is pulling the block entirely horizontally.  

The other force (30 N) is pulling the block up and to the right- this means 

it has a vertical component (it is pulling the block up) and a horizontal 

component (it is pulling the block to the right. How could we add these 

guys together? I’ll walk you through it.  

These are long, and they can  be arduous, but once you get the hang of 

them they aren’t that bad. Plus, if anyone sees the work you’re doing, you 

will look like a genius. 

Divide your paper in half and we’ll go through piece by piece. 

First, let’s deal with the 30 N, because it is pulling 

at a strange angle. Break this vector down into its 

components. 

 

 

 

 

 

 

 

 

 

What you do: 

For the horizontal component: 

𝑝𝑝𝑝𝑝 =
𝑝𝑝𝑝

𝑝𝑝𝑝
 

 

𝑝𝑝𝑝 60 =
𝑝𝑝

30
 

𝑝𝑝 = 15 𝑝 
 

For the vertical component: 

𝑝𝑝𝑝𝑝 =
𝑝𝑝𝑝

𝑝𝑝𝑝
 

 

𝑝𝑝𝑝 (60)  =
𝑝𝑝

30
 

𝑝𝑝 = 26 𝑝 

 



Now, that we know the components, draw them on 

a coordinate plane. 

 

 

You should do 

this: 

 
Notice now, I 

don’t keep 

writing the 30 N. 

I’ve already 

broken it down 

into its 

components. I 

don’t need the 

30 N- it won’t 

factor into the 

problem at all.  

Make chart of horizontal (x) components and 

vertical (y) components. Be sure to keep track of 

positives and negatives 

 

 

 

 

You should do this: 

X Y 

+15 N 

-10 N 

+26 N 

   

Add/subtract the x components. Add/subtract the 

y components. 

 

 

 

 

 

You should do this: 

X Y 

+15 N 

-10 N 

+26 N 

5 N 26 N 
 

In other words, altogether, these two forces are 

pulling the box 5 N to the right (in the positive x 

direction) and 26 N up (in the positive y direction). 

Show this by drawing these tip to tail and then add 

the resultant. This is the total force. 

 

 

 

 

You should do this: 

 

 
Find the resultant’s magnitude (amount) and 

direction (angle). This is the total force pulling on 

the object. 

 

 

 

 

 

To find the magnitude (amount) you should do this: 

262 + 152 = 𝑝2 
30 𝑝 
To find the angle you should do this: 

𝑝𝑝𝑝𝑝 =
𝑝𝑝𝑝

𝑝𝑝𝑝
 

𝑝𝑝𝑝 𝑝 =
26

15
 

𝑝 = 60° 



Salt and Peppa : Push Pull Problems  
Now we finally get to put these ideas into action. Let’s imagine you 

are dragging a backpack across a magic frictionless floor. Take a 

look at that force applied- instead of pulling the object forward 

horizontally, it’s actually doing two things: it pulls the object 

forward horizontally and lifting the object up off the ground 

slightly.  

 

How much is it pulling forward and how much is it pulling up? We 

can use some logic and some trigonometry to figure this out. Take 

a closer look at that applied force. We can break it up into 

components. 

Fapp,x → pulls the object forward 

 Fapp,y. → pulls the object up 

Notice that the normal force in this situation is not equal to the 

force of gravity. This is because the force applied is holding up 

some of the weight. This means the floor does not need to push 

up as much to support the backpack. The larger the Fapp,y the 

smaller the normal force, all the way up until you pull so hard 

that the backpack comes off the floor entirely. 

 

How can we calculate the normal force in this situation? Let’s 

practice a problem. Assume the backpack has a weight of 100 N, 

and the force applied is pulling with 50 N at an angle of 30 degrees. First, find the x and y components of the 

applied force. 

If you did that right, you should have found that the force applied in the x 

direction is 43.3 N and the force applied in the y direction is 25 N. At this 

point, we can stop using the 50 N altogether. We’ve broken it up into its 

components and we can just use those in the problem. 

Let’s total up our forces: 

Forces acting in the x direction Forces acting in the y direction 

43.3 N= FN + 25 N – 100 N = 

Total forces in x direction:  

43.3 N 

Total force in the y direction: 

0 N → we know this because the 

backpack isn’t moving up or 

down 

 FN + 25 N – 100 N = 0 N 

FN= 75 N 

 

In other words, the normal force and the force applied in the y direction together are equal and opposite to the 

weight of the backpack. 

In the situation above, we ignored friction. In real problems, however, there is often friction, and the friction 

would be effected by an applied force at angle. In that case, we would need to find the normal force and then 

apply it to the same old equation: 𝑝𝑝𝑝 = 𝑝𝑝𝑝. 



Talk the talk: Explanations, Unit Plans and Study Guides  
  You’ve chosen to take AP Physics. This means you’re probably pretty smart overall.  

You’re going to have to explain things to people you’re entire life in any career you end up in. So you’re going 

to start practicing now… 

Wait, what do you mean? 

I mean that no matter what profession you end up in you are going to have to know how to take complex 

situations and problems and be able to explain them to others. That is what our study guide and pre-unit work 

will be doing with physics. Some of you saw this last year in Honors Physics.  

For Example: 

Basic:  

Discuss what affects the period of a pendulum. Provide details on how to shorten or lengthen the period of 

a pendulum. (Two sentence minimum). 

 

Advanced: 

My natural voice is at a frequency of 308 Hz. How does the wavelength of my voice compare to that of 

Morgan Freeman?  

You may use formulas to gather data but your answer must be at minimum two complete sentences. 

(Speed of sound in air is 340 m/s). velocity = frequency * wavelength 
 

Formula manipulation explanation: 

What happens to the period of a mass spring system when the mass is quadrupled? Use complete sentences to 

qualitatively describe what occurs. You can use formula as part of your answer but it must make sense to read. 

 

 

Here’s a fun fact about the AP Physics 1 exam designers: They want you to be able to answer most of the test 

without a formula sheet….so they are expecting you to be able to explain physics….. not just plug numbers into 

an algebraic formula (it’s not AP Algebra…. right?) 

 

 

A final heads up about our coursework this year:  

You will be in a group that will be responsible for studying ahead of the unit we are in and finding the important 

points that need to be studied/covered and expected to summarize it 2 weeks before that unit begins. I will be 

giving minimal guidance on these units. You will have access to all the materials have so it will not be terrible, 

but you will need to outline the order your group feels makes the most sense to go through the material, find 

videos of someone explaining the concept, as well as problems that help develop and understand the concept. 

Trust me this is the closest experience to actual higher level science classes in college than anything else we do. 

 

I hope your summer is amazing! 

I also hope your family wins the lottery. But if not I’ll see you in August. 

 

 

 

This is a study guide and review of what to expect. 

There is only an algebra review as actual summer work 



Unit Conversions Review 
1)  Finish the SI prefix table below.  Follow the example of the centi- prefix.  You will 
need to memorize these. 
 

Symbol Name Numerical 
Equivalent 

n   

   

m   

c centi 10-2 

k   

M   

G   

 
2)  16.7 kilograms is how many grams?  3)  560 nm is how many meters? 
 
 
 
 
 
 
 
4)  15 years is how many seconds?   5)  

  

8.99´109 seconds is how many  
                                                                                                    years? 
 
 
 
 
 
 
 
6)  

  

2.998´108 m/s is how many kilometers per hour? 
 
 
 
 
 
 
 
 



c 

 

a 

b 

Trigonometry Review 
Directions: Use the figure to the right to answer problems 12-21.                         
Simplify as much as you can.  Most of these answers should                                                                         
not have any numbers, only variables, unless given.  Remember              
the Pythagorean theorem and SOH-CAH-TOA?    
 
1)  Find c if given a and b.    2)  Find a if given b and c. 
 
 
 
 
3)  Find a if given c and .    4)  Find b if given a and . 
 
 
 
 
4)  Find c if given b and .    5)  Find  if given b and c. 
 
 
 
 
6)  Find  if given a and b.    7)  If a = 2.0 and c = 7.0, what is b? 
 
 
 
 
8)  If c = 10.0 and  = 60, what is b?  9)  If a = 12.0 and  = 30, what is b? 
 
 
 
 
 
10)  Using the properties of triangles, prove that A ≅ C in the drawing below. 
    
 
 
 
 
 
 
 
 
 
 
 
 



Algebra Review 
Directions: Solve the following equations for the given variable and conditions.  Simplify if needed. 
 
Example: 2x+ xy = z . Solve for x. 

      x(2+ y)= z  

                 x =
z

2+ y
 

 

1)  

  

v1 + v2 = 0.  Solve for v1.    
2)  

   

a =
v

t
.  Solve for t. 

 
 
 
 
 

3)  

  

v f
2

= vi
2

+ 2ad 

A.) Solve for vi.    B.)  Solve for d. 
 
 
 
 
 
 

4)  

   

d f = di + vot +
1

2
at 2 

A.) Solve for vo.  B.)  Solve for t, if vo = 0.  C.)  Solve for t, if di = df. 
 
 
 
 
 
 
 

 

5)  

   

F = m
v f - v i

t f - ti
 

A.)  Solve for vf, if ti = 0.   B.)  Solve for tf, if vf = 0 and ti = 0.  
 
 
 
 
 
 



6)  

   

ac =
v 2

r . 
Solve for v.    

7)  
mgsinq = mmgcosq .  Solve for µ.   

 
 
 
 
 
 
 
 

8)  

   

1

2
mv f

2
+ mgh f =

1

2
mvi

2
+ mghi 

A.) Solve for hf, if hi = 0 and vf = 0.  B.)  Solve for vf, if hf = 0. 
 
 
 
 
 
 
 
 

9)  

  

Ft =mv f -mvi.  Solve for vf.   10)  

  

m1vi,1 +m2vi,2 = (m1 +m2)v f .  Solve for vi,2. 

 
 
 
 
 
 
 

11)  

  

m1vi,1 +m2vi,2 =m1v f ,1 +m2v f ,2.  Solve for vf,2 if vi,1 = 0. 

 
 
 
 
 
 

12)  

  

(F1sinq)r1 + (-F2 sinf)r2 = 0.  Solve for r2.  (HINT:  You cannot simplify sines since they don’t  

                                                                                                        have the same variable) 
 
 
 
 
 
 



13)  

  

-kx +m(-g) = 0.  Solve for m.   
14)  

   

Fg =G
m1m2

r2
.  Solve for r. 

 
 
 
 
 
 
 
 

15) 
L -Lcosq =

v2

2  Solve for L.   16)  

   

mv 2

R
=G

Mm

R2
.  Solve for v.     

 
 
 
 
 
 
 
 

17)  

   

T = 2p
L

g
.  Solve for g.

 
 
 
 
 
 
 
 

18)  

   

1

2
mv f

2
+
1

2
kx2 =

1

2
mv i

2
+mghi.  Solve for x if vf = 0. 

 
 
 
 
 
 
 

19)  
1

RT
=
1

R1
+
1

R2
. Solve for RT. 

 
 
 
 
 



Miscellaneous 
Directions: Simplify without using a calculator.  Remember to show all of your work. 

1)  
6

1

4

1
       2)  

18

1

3

1


  
 

 
 

3)  Consider 

   

z =
x

y
 , 

  

c = ab,  

  

l =m - n, or 

   

r =
s2

t 2
.  Answers between letters (a-h), should read as 

increases, constant (remains the same), or decreases. 
 

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 _____________________. 

 
Systems of equations 
4) How many equations are needed to solve… 
 a.)  for 1 unknown variable?  _________ 
 b.)  for 2 unknown variables? ________ 
 c.)   for 3 unknown variables? ________  
 



More Literal Equations 
Use the equations in each problem to solve for the specified variable in the given terms.  Simplify.  
You will have to substitute one equation into the other equation, so you have all of the mentioned 
variables in your final answer. 
 
1)  

  

Ff = mFN  and 

  

FN =mgcosq.  Solve for  in terms of Ff, m, g, and . 

 
 
 
 
 
 
 
 
2)  

  

F1 +F2 = FT  and 

  

F1× d1 = F2× d2.  Solve for F1 in terms of FT, d1, and d2.   

 
 
 
 
 
 
 
 

3)  

  

Fc =mac and 

   

ac =
v 2

r
.  Solve for r in terms of Fc, m, and v. 

 
 
 
 
 
 
 
 

4)  T = 2p
L

g
 and 

   

T =
1

f
.  Solve for L in terms of , g, and f, 

 
 
 
 
 
 
 
 
 
 



Graphing Equations 
 
1) If r = c – x*t was graphed on an r vs. t graph, what would the following be?  
(HINT:  Sketch a graph) 
 
 Slope: _____________  y-intercept: ________________ 
 
 
2) On the y vs. x graphs below, sketch the relationships given. 
 
a.) y = mx + b, if m > 0 and b = 0.   b.) y = mx + b, if m < 0 and b > 0. 
 
 

     
 

 
 
 
 
 
 
 
 
 
 
 
 
 

c.) y = x2    d.) y = x     e)  y = x3 

     
 
 

 
 
 
 



Marbles in Cylinder Lab 
 

You received a graduated cylinder with three identical marbles and an unknown amount of 
water already in it.  You placed extra identical marbles in the cylinder and obtained the data 
below.  Use the data to graph a best-fit line showing the relationship between the water level and 
the number of marbles. The y-intercept should be visible on the graph. Label your axes and 
include units. 

From the graph, determine a mathematical formula for the water level for any number of 
marbles.  Lastly, give an explanation of your formula in words.  Make sure to give an explanation of 
the slope and y-intercept of your formula.   
        1) Graph below 
Number of Marbles 

in Water 
Water level (mL) 

3 58 
4 61 
5 63 
6 65 
7 68 

 
 
 

 
 
2) Formula: ___________________________________ 
3) Explanation of the formula in words: (Include the meaning of the slope and y-intercept.) 
 
 
 
 
 
 
 
 
 



Falling Objects 
 
1)  Plot a graph for the following data recorded for an object falling from rest.  Use the data to 
graph a best-fit line or curve showing the relationship between time and velocity.  The y-intercept 
should be visible on the graph. Label your axes and include units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a. What kind of curve did you obtain? 
 
 
 
 
b. What is the relationship between the variables? 
 
 
 
 
c. What do you expect the velocity to be after 4.5 s? 
 
 
 
 
d. How much time is required for the object to attain a speed of 100 ft/s? 
 
 
 
 
 



 
 

HELPFUL WEBSITES: 
 
1.  Unit Conversions: 
 
https://www.mathsisfun.com/measure/unit-conversion-method.html 
 
 
2.  Trigonometric Review: 
 
http://www.softschools.com/math/calculus/using_trig_ratios_to_solve_triangles_sides/ 
 
 
http://hotmath.com/hotmath_help/topics/trigonometric-ratios.html  
 
 
http://www.mathwarehouse.com/geometry/triangles/right-triangles/find-the-side-length-of-a-
right-triangle.php 
 
 
 
3.  Literal Equations: 
 
http://glencoe.mheducation.com/sites/0078922445/student_view0/chapter2/lesson8/personal_
tutor.html  
 
 
 
4.  Proportionality: 
 
https://www.mathsisfun.com/algebra/directly-inversely-proportional.html  
 
 
 
 
5.  Scatterplot: 
 
http://stattrek.com/statistics/charts/scatterplot.aspx?Tutorial=AP  
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http://glencoe.mheducation.com/sites/0078922445/student_view0/chapter2/lesson8/personal_tutor.html
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