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% of Packet % time in Class % Exam

Review of Units 10% 0 100%
Review of Systems of  Equations 10% 0 60%

Vectors - The Arrow that guide our Velocities... And Everything Else 20% 4% 80%

Motion in a Straight line 25% 0% 17%

Displacement vs. Distance

Velocity vs. Speed

Displacement, Velocity, and Acceleration

One Dimensional Kinematics

Motion in Two Dimensions 35% 4% 12%

Projectile Motion

Gravity

Time - the Universal Variable

Kinematics of Awesomeness

Newton's Laws (not covered in this summer packet) 0% 45% 21%

1st Law

Practice

2nd Law

Practice

3rd Law

Practice

100% 53% 50%

AP Physics Summer Assignment

Welcome to AP Physics! (You fool!)  You have been provided with this packet as a means of preparing you for 

your doom.  Before we begin, I would like to provide you with the basic information that you should have 

recieved before you started this class. SIGN UP FOR REMIND: Text @agefc to 81010 ; I will be sending 

messages periodically this summer. This is mandatory.

AP PHYSICS IS AN ADVANCED PLACEMENT CLASS

This class is difiicult, but rewarding. You will not breeze through this class. You have to study to keep up with 

the pacing and if you are struggling, you have to ask questions and seek help or you will be left behind. You 

will need to use many of the mathematics skills you have acquired throughout your education, and especially 

the use of trigonometric functions and systems of linear equations. 

This packet is, as previously stated, meant to prepare you for the first two to three months of your AP Physics 

class, so that all of the content can be covered and you can earn college credit*.

*If you intend to use this class to further yourself in an engineering or physics oriented 

major, the AP Physics 1 course provided by our school may not be accepted by your 

College or University of Choice, as they only accept Calculus- based physics.  Speak with 

Mrs. Elliott, but you can be prepared for the AP Physics C: Mechanics test with the 

information provided in this packet and the first semester's notes.

Topic To Be Covered

Total

 1st smester Contents
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Base quantity Name Symbol giga G

length meter m mega M 1000000

mass kilogram      kg kilo k 1000

time second s hecto h 100

electric current ampere A deca da 10

temperature       kelvin K

amount of substance mole mol deci d 0.1

luminous intensity candela cd centi c 0.01

milli m 0.001

micro μ 0.00001

nano n

Unit Conversion & Significant Figures: Crash Course Chemistry

SI Units - The International System of Units

Units, Unit Conversions, and Sig Figs
Information Sheet

Converting between units is considered the 

most basic and fundemental part of science and 

mathematics.  If this is easy for you, you will 

have no troubles in a wide variety of sciences.  If 

it's difficult, you will need to practice this until it 

is easy for you.   All you need to do is consider 

that each unit is equivalent to a quantity of 

another unit in a given circumstance.  Similar to 

how there is always 12 inches in 1 foot,  if you 

travel at 20 meters per second for 4 seconds, 

you will have traveled 80 meters.

When doing these, I'd recommend a 

separate sheet of paper and a decent 

amount of eraser.  These problems tend to 

get messy and will not always have pretty 

answers.  Write out your work on paper 

first, then put everything into the 

calculator.  Hopefully, you have a TI-84 or 

other graphing calculator on hand and not 

a four function calculator (one only capable 

of doing multiplication, division, addition 

and subtraction, with the weird font that 

let's you type "hello" by inverting .01134).

Prefixes

If you're confused, watch the videos below. If 

you're still confused, help can be found at: 

ethanr2016@jamesrumsey.net

Unit Conversion

1. Non-zero digits are always significant.  

2. Any zeros between two significant digits are 

significant.  

3. A final zero or trailing zeros in the decimal 

portion ONLY are significant.

1.) … you don't get an explanation for #1

2.) Examples include 101, 304, 505 etc. All 

of these numbers are significant.

3.) This is about accuracy. If you're given 

1.200, while the math will be done 1.2, the 

measurements were taken to 2 more 

decimal places, so keep those.

Non- significant digits in BOLD

".00005640986"

"25000000"

"0.564"

Reference Videos

Sig Figs Explaination

10−9

109

20 𝑚𝑒𝑡𝑒𝑟𝑠

𝑆𝑒𝑐𝑜𝑛𝑑
×

4 𝑆𝑒𝑐𝑜𝑛𝑑𝑠

1
=

80 𝑚𝑒𝑡𝑒𝑟𝑠

1
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0.017 km = m 0.7 kA = MA

4.7 kg = g 1.21 GA = mA

4.59 g = Mg 43 hs = s

6.0 kg = Mg 5302 m = km

1.35 nm = km 2017 cm = km

79 hm = nm 0.0027 kg = μg

68 s = ms 63.0 μm = km

32 ms = Gs 18 Gm = m

1600 mA = A 103 dg = kg

10 A = MA 0.0069 dam = cm

$/gal

the imperial Slug

1 Kelvin

Kph

What is the acceleration of a free falling body (9.8m/s^2 ) in 

ft/s^2 ?

You fill up your gas tank in Europe when the euro is worth $1.25, 

and gas is 1.35 euros per liter. What is the cost of the  gas in 

dollars per gallon?

The Concorde was the fastest commercial passenger airliner. It 

cruised at Mach 2, 1450 mph. What was it's speed in m/s?

Units, Unit Conversions, and Sig Figs
Practice Problems

Which is longer?

Yard

You just bought a new grill. It unfortunately measures 

temperature in Kelvin (who knows why). A chicken breast burns 

at 400°F and you're currently cooking at 400°K. Are you burning 

the chicken, or will you eat happily tonight?

Bad Chicken Good Chicken

1 Newton

Which is faster?

Which is more massive?

1  Rankine

4 pounds

Which is hotter?

Which force is greater?

Meter

Mph

Kilogram

𝑥 106

𝑥 10−6

𝑥1025

𝑥 102

𝑥1018
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There are three ways to solve a system of equations:

Graphing: Graph each function.  The intersection point is the solution of the system.

Substitution: Elimination:

Solve one equation for a variable and substitue Line up the variables and add or subtract the

the new expression into the other function. equations.

3x + 2y = 10 x +2y = -3 <--Solve for x 3x+2y=10

x = -2y -3 x+2y=-3 <--Multiply to make the variables

Substitute: Plug in to solve for x: 2x =13 have the same coefficient if necessary

3(-2y-3)+2y=10 x+2(-19/4)=-3 x=13/2

 -6y - 9 + 2y = 10 x=13/2

y = -19/4 Plug in to solve for y:

(13/2)+2y=-3

y = -19/2

Find the amount of time it takes for the projectile to reach the ground.

a= -4.9 b = 6 c = 10

= = and

or 

Reference Videos

Systems of Equations and the Quadratic Formula

Since time cannot be negative, the first answer is considered extraneous in the context of the 

problem.  We can account of the negative answer because the object did not start on the ground.

t = 2.17 secondst = -0.94 seconds

The height of a projectile, as a function of time, can be modeled by the function: 

The quadratic formula is used to find the zeros of a function.  In physics we use the quadratic 

formula in kinematics (2-dimensional motion) to solve for time. "What goes up must come down."

When an object is projected into the air, it reaches  the same height twice, once on the way up and

once on the way down.

MyWhyU, Algebra 36 - Solving Systems of Equations by Substitution

Algebra 37 - Solving Systems of Equations by Elimination

Information Sheet

Systems of Equations

The Quadratic Formula

Reference Videos

−𝑏 ± 𝑏2 − 4𝑎𝑐

2𝑎

ℎ 𝑡 = 10 + 6𝑡 − 4.9𝑡2

−6 ± 6 2 − 4(−4.9)(10)

2(−4.9)

−6 ± 232

−9.8
−6 + 15.23

−9.8

−6 − 15.23

−9.8
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1 y = 6x-11 1 7x+6y=19

-2x - 3y=-7 9y - 7x = 11

2 y = -3x+5 2 6x + y = 20

5x-4y = -3 4x + y =12

3 y = x+4 3 8x -7y = -9

y = - 6x-3 10x - 4y = -16

4 y = x + 1 4 2x + 4y = 30

y = x - 1 (-x + 4y = 21)

5 8y + y = -4 5 (-12x + 4y = -20)

x + y = 3 6x - 3y = 0

6 x - 2y = -8 6 (-3x - 4y = 14)

x + y = 1 (-5x - 9y =14)

7 7x - y = 3 7 2x - 5y = -21

x - y = - 3 (-3x -7y = 17)
8 x + y =4 8 6x +3y = 0

7x - y = 4 (-6x - 3y = 0)

9 2x - y = 13 9 10x +7y = -24

y = -5x + 22 (-6x - 9y = 24)

1 4

2 5

3 6

Systems of Equations and the Quadratic Formula

Solve Using the Quadratic Formula

Practice Problems

Solve each system by Substittion Solve each system by Elimination

𝑦 = 𝑥2 + 6𝑥 − 40

𝑦 = 3𝑥2 + 10𝑥 − 25

𝑦 = 𝑥2 − 81

𝑦 = 3𝑛2 + 5𝑛 − 8

𝑦 = 6𝑥2 − 11𝑥 − 52

𝑦 = 11𝑥2 − 3
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Example:

Parallelogram Method:

Tip to Tail Method:

Example:

x

y

The coordinate System and Vector Components

Vector: A vector is a quantity with both magnitude (size) and direction. All of the properties discussed in this 

section (addition, subtraction, multiplication, components) apply to all vectors.

Vector Addition

If we know the components, we can determine the magnitude 

and the direction of the vector.

Reference Videos

Find the x and y components of the acceleration vector shown in the figure:

Note: When you have multiple vectors in the same problem, find the x 

and y components of EACH vector then combine the x components 

together, and the y's together to find the resultant.

Two vectors can be added using 

the tip to tail method or 

parallelogram method:

Veloctiy Acceleration There is acceleration whenever there is a change in velocity:

1. The magnitude can change, indicating the speed

Vectors; Your Best Physics Tool

The figure shows the displacement of a 

hiker who starts at point P and ends at 

point S. She first hikers 4 miles to the east, 

then 3 miles north. The first leg of her 

journey is described by the vector      = 

(4mi, east). The second leg has 

displacement      = (3 mi, north). The vector 

C,     , is her net displacement. The sum of 

two vectors is called the resultant vector.  

Vector addition is commutative: you can 

add in any order. You can add vectors 

graphically and analytically.

Information Sheet

2. The direction of the motion can change

Multiplying a vector by a positive scalar gives another vector of different magnitude but pointing in the 

same direction as the original vector.  Recall that a scalar is a quantity with ONLY magnitude.

All vectors have magnitude and direction which means that they can be represented on a cartesian plane. The 

Component vectors  of a vector are two vectors parallel to the x and y axis that result in the original vector. 

Each Component can be described with a single number (a scalar) and we will call them the x-component (      

) and the y-component (         ).

𝑃 𝑄

𝑆

4 𝑚𝑖

3 𝑚𝑖

 𝐴

𝐵
 𝐶

𝑊ℎ𝑎𝑡 𝑖𝑠 𝐷 + 𝐸

𝐸

𝐷

𝐷

𝐸
𝐷

𝐸

 𝑣 =
 𝑑

∆𝑡
 𝑎 =

𝑣𝑓 − 𝑣0

∆𝑡

𝐴𝑥 𝐴𝑦

𝐴𝑦

𝐴𝑥

 𝐴

𝐴𝑦

𝐴𝑥

 𝐴= 𝐴𝑥
2 + 𝐴𝑦

2 𝜃
𝜃 = tan−1(

𝐴𝑦

𝐴𝑥
)

 𝐴

 𝑎 = 6.0𝑚/𝑠2

𝜃 = 30°

𝑎𝑥 = −acos 30 = − 6.0 cos 30 = −5.2 m/𝑠2

𝑎𝑦 = −a𝑠𝑖𝑛 30 = − 6.0 sin 30 = −3. 0m/𝑠2
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1 2

3 4

φ

θ x

y

5 6

a.

b.

c.

a.

b.

A position vector with magnitude 10 m 

points to the right and up. Its x-component 

is 6.0 m. What is the value of its y-

component?

Jack and Jill ran up the hill at 3.0 m/s. The 

horizontal Component of Jill's velocity was 

2.5 m/s. a.) What was the angle of the hill? 

B.)What was the vertical component of 

Jill's velocity?

a. What are the x- and y- components of 

vector     in the figure in terms of  Ɵ  and 

the magnitude of E?

b. For the same vector, waht are the x- and 

y- components in terms of the angle φ?

Draw each of the following vectors, then 

find its x- and y- components.
Each of the following vectors is given in 

terms of its x- and y- components. Draw 

the vector, label an angle that specifies the 

vector's direction, then find the vector's 

magnitude and direction.

Vectors; Your Best Physics Tool
Practice Problems

A small plane is 100 km due east of Denver. 

After 1 hour of flying at a constant speed in 

the same direction, it is 200 km due north 

od Denver. What is the plane's velocity?

𝐸

𝐸

 𝑑 = (100𝑚, 45°𝑏𝑒𝑙𝑜𝑤 + 𝑥 𝑎𝑥𝑖𝑠)
 𝑣 = (300𝑚/𝑠, 20°𝑎𝑏𝑜𝑣𝑒 + 𝑥 𝑎𝑥𝑖𝑠)

 𝑎 = (5.0 𝑚/𝑠2 , −𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑚)

𝑎𝑥 = 20 𝑚/𝑠2, 𝑎𝑦 = 10 𝑚/𝑠2

𝑣𝑥 = 10 𝑚/𝑠, 𝑣𝑦 = 30 𝑚/𝑠
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7 8

9 10

11 12

Josh is climbing up a steep 34° slope moving 

at a steady 0.75 m/s along the ground. How many 

meters of elevatiom does he gain in one minute of 

this climb?

Practice Problems
Vectors; Your Best Physics Tool

A cannon tilted upward at 30° fires a 

cannonball with a speed of 100 m/s. At that 

instant, what is the component of the cannonball's 

velocity parallel to the ground?

A wildlife researcher istracking a flock of 

geese. The geese fly 4.0 km due west, then 

turn toward the north by 40 and fly 

another 4.0 km. How far west are they of 

their initial position? What is the 

magnitude of their displacement?

a. Can a vector have a nonzero magnitude 

if a component is zero? If no, why not? If 

yes, give an example.

b. Can a vector have zero magnitude and a 

nonzero component? If no, why not? If yes, 

give an example.

Is it possible to add a scalar and vector? If 

so demonstrate. If not, explain why not.
If you kick a football, at what angle to the 

ground should you kick the ball for the 

maximum range- that is, the greatest 

distance down the field? At what angle to 

the ground should you kick the ball for the 

maximum "hang time" - that is, the 

maximum time in the air?
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Example:

Information Sheet
Motion in a Straight Line

The name for the mathematical description of motion is kinematics.

As with vectors, we use a cartesian plane to determine the value and position of kinematic variables such as 

position, velocity, and acceleration. We will use the x-axis to represtn horitonal motion, and the y-axis will be 

used for vertical motion.

Position Versus Time Graph

A continuous curve that shows an object's position as 

a function of time is called a position-versus-time 

graph. The graph is NOT a picture of the motion. In the 

graph shown, the student is walking along a straight 

line, but the graph isn't straight because her velocity is 

changing.

Example

The graph in the figure represents the motion of a car 

along a straight road. Describe (in words) the motion 

of the car.

The graph shows us that the car travels to the left for 

30 minutes, stops for 10 minutes, then travels to the 

right for 40 minutes, It ends up 10 km to the left of 

where it began. 

From position to velocity

The figure gives the position-versus-time graph of a car. A) Draw 

the car's velocity-versus-time graph. Describe the car's motion in 

words.

The car backs up for 2 s at 2 m/s, sits at rest for 2 s, then drives 

forward at 5 m/s for 2 s.

The slope of an object's position-versus-time graph is the object's velocity at that point in the motion. A faster 

speed corresponds to a steeper slope. This principle also holds for negative slopes, which correspond to 

negative velocities.

𝑠𝑙𝑜𝑝𝑒 =
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
=

∆𝑥

∆𝑡
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First we will convert to SI units:

Motion in a Straight Line
Information Sheet 2

Uniform Motion: Straight-line motion in which equal displacements occur during any successsive equal-time 

intervals is called uniform motion or constant velocity motion.  In otherwords, uniform motion has no 

acceleration.

Equations of uniform motion: Example:

A train is moving due west at constant speed. A 

passenger notes that it takes 10 minutes to travel 12 

km. How long will it take the train to travel 60 km?

The ratio of the times is equal to the ratio of the 

distances because they are proportional:

Acceleration Example:

Lions, like most predactors are capable of very rapid 

starts. From rest, a lion can sustain an acceleration of 

9.5             for up to one second. How much time does 

it take a lion to go from rest to a typical recreational 

runner's top speed of 10 mph?

Acceleration vectors point in the same direction as the 

velocity vector for an object that is speeding up and 

opposite to the velocity vector for an object slowing 

down.

Constant Acceleration equations:

Example: As uyou drive in your car at 15 m/s (just a bit under 35 mph), you see a child's ball roll into the 

street ahead of you. You hit the brakes and stop as quickly as you can. In this case, you come to a stop in 1.5 s. 

How far does the car travel travel as you brake to a stop?

𝑣𝑥 =
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
=

∆𝑥

∆𝑡
=

𝑥𝑓 − 𝑥0

𝑡𝑓 − 𝑡0

𝑥𝑓 = 𝑥0 + 𝑣𝑥∆𝑡

∆𝑥2

∆𝑥1
=

60 𝑘𝑚

12 𝑘𝑚
= 5

∆𝑡2
∆𝑡1

= 5

∆𝑡2 = 𝑡𝑖𝑚𝑒 𝑡𝑜 𝑡𝑟𝑎𝑣𝑒𝑙 60 𝑘𝑚 = 5∆𝑡1 = 5(10min)⬚

= 50 𝑚𝑖𝑛

𝑎𝑥 =
∆𝑣𝑥

∆𝑡

𝑚/𝑠2

𝑣𝑓 = 10 𝑚𝑝ℎ
0.45

𝑚
𝑠

1.0 𝑚𝑝ℎ
= 4.5 𝑚/𝑠

∆𝑡 =
∆𝑣𝑥

𝑎𝑥
=

4.5 𝑚/𝑠

9.5
𝑚
𝑠2 = 0.47 𝑠

𝑣𝑓 = 𝑣0 + 𝑎∆𝑡 𝑥𝑓 = 𝑥0 + 𝑣0∆𝑡 +
1

2
𝑎∆𝑡2 𝑣𝑓

2 = 𝑣0
2 + 2𝑎∆𝑥

𝑎𝑥 =
∆𝑣𝑥

∆𝑡
=

0
𝑚
𝑠 − 15 𝑚/𝑠

1.5 𝑠
= −10 𝑚/𝑠2 𝑥𝑓 = 𝑥0 + 𝑣0∆𝑡 +

1

2
𝑎∆𝑡2

𝑥𝑓 = 0 + 15
𝑚

𝑠
1.5 +

1

2
(−10

𝑚

𝑠2
)(1.5)2

𝑥𝑓 = 11 𝑚

𝑎𝑓𝑟𝑒𝑒 𝑓𝑎𝑙𝑙 = 9.8 𝑚/𝑠2
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1

2

Motion in a Straight Line
Practice Problems

The figure shows a motion diagram of a car traveling down a street. The camera took one frame 

every second. A distance scale is provided. A) measure the x-value of the car at each dot. Place you 

data in a table (time is x and position is y) showing each position and the instand of time at which it 

occured. B) Make a graph of x versus t, using the data in your table. Because you have data only at 

certain times, your graph should consist of dots that are not connected.

For the velocity-vesus-time graph provided: A) draw the corresponding position-versus-time graph. 

Assume that x= 0 m at t = 0 s. B) What is the objects position at t=12s? C) Describe a moving object 

that could have these graphs.
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3

4 5

A. What's the cars position at t=1.5 s?

B. What will be its position at t=9.0 s?

Practice Problems
Motion in a Straight Line

The position graph in the figure shows a dog slowly sneaking up on a squirrel, then putting on a 

burst of speed. A) for how many seconds does the dog move at a slower speed? B) Draw the dog's 

velocity-versus-time graph. Include a numerical scale on both axes.

Richard is driving home to visit his parents. 

125 mi of the trip are on the interstate 

highway where the speed limit is 65 mph. 

Normally Richard drives at the speed limit, 

but today he is running late and decides to 

take his chance by driving 70 mph. How 

many minutes does he save?

A car moves with constant velocity along a 

straight road. Its position is  x1=0 m at 

t1=0s and is x2=30 m at t2=3.0 s. Answer 

the following by considering ratios, without 

computing the car's velocity.
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6 7

8

A. Draw position and acceleration graphs for the train.

B. Find the acceleration of the train at t=3.0s.

10 11

Motion in a Straight Line
Practice Problems

A cross-country skier is skiiing along at a 

zippy 8.0 m/s. She stops pushing and 

simply glides along, slowing to a reduced 

speed of 6.0 m/s after after gliding for 5.0 

m. What is the magnitude of her 

acceleration as she slows?

A light-rail train going from one station to 

the next on a straight track accelerates 

from rest at 1.1            for 20 seconds. It 

proceeds at constant speed for 1100 m 

before slowing down at 2.2           until it 

stops at the station.

A car starts from                     at                     

and moves with the velocity shown in the 

figure.

A. What is the car's position at t=2 s, 3 s, 

and 4 s

B. Does the car ever change direction? If 

so, at what time?

Small frogs that are good jumpers are 

capable of remarkable accelerations. One 

species reaches a takeoff speed of 3.7 m/s 

in 60 ms. What is the frog's acceleration 

during the jump?

We set the origin of a coordinate system so that the position of a train is x=0 , at t=0 s. The figure 

shows the train's velocity graph.

𝑥𝑖 = 10𝑚 𝑡𝑖 = 0𝑠

𝑚/𝑠2

𝑚/𝑠2
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Projectile motion problems:

*Make simplifying assumptions. Whether the projectile is a car or a basketball, the motion will be the same.

*Define symbols and write down a list of known values. Identify what the problem is trying to find.

Horizontal Vertical

y-direction:

t=0.35 seconds

x-direction:

Motion in Two Dimensions
Information Sheet

Projectile motion equations

Projectile motion: A projectile is an object that moves in two dimensions under the influence of gravity and 

nothing else.The horizontal and vertical components of an object undergoing projectile motion are 

independent of each other. During projectile motion, the vertical component is the only one that 

experiences acceleration due to gravity. The velocity in the x direction remains constant.

The angle of initial velocity above the horizontal is the launch angle. Projectile motion is made up of two 

independent motions: uniform motion at a constant velocity in the horizontal direction and free-fall motion in 

the vertical direction.

Prepare: There are a number of steps that you should go through in setting up the solution to a projectile 

motion problem:

*Draw a visual overview including a pictorial representation showing the beginning and ending points of the 

motion.

*Establish a coordinate system with the x-axis horizontal and the y-axis vertical. In this case, you know that 

the horizontal acceleration will be zero and the vertical acceleration will be free-fall: 

Solve: There are two sets of kinematics equations for projectile motion, one for the horizontal component 

and one for the vertical:

Dt is the same for the horizontal and vertical components of the motion. Find t by solving for the vertical or 

horizontal component of the motion; then use that value to complete the solution for the other component.

Example: In the sport of dock jumping, dogs run at full speed off the end of a dock that sits a few feet above a 

pool of water. The winning dog is the one that lands farthest from the end of the dock. If a dog runs at 8.5 m/s 

straight off the end of a dock that is 0.61 m (2ft, a standard height) above the water, how far will the dog go 

before splashing down?

𝑥𝑓 = 𝑥0 + 𝑣0∆𝑡 𝑦𝑓 = 𝑦0 + 𝑣0∆𝑡+
1

2
𝑔∆𝑡2 𝑣𝑓

2 = 𝑣0
2 + 2𝑎∆𝑥

𝑎𝑥 = 0 𝑎𝑛𝑑 𝑎𝑦 = −𝑔

𝑥𝑓 = 𝑥0 + (𝑣𝑥)0∆𝑡

(𝑣𝑥)𝑓=(𝑣𝑥)0 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝑦𝑓 = 𝑦0 + (𝑣𝑦)0 +

1

2
𝑔∆𝑡2

(𝑣𝑦)𝑓 = (𝑣𝑦)0 − 𝑔∆𝑡

0𝑚 = 0.61 𝑚 +
0𝑚

𝑠
∆𝑡 −

1

2
(9.8

𝑚

𝑠2
)(∆𝑡2)

0 𝑚 + 8.5
𝑚

𝑠
0.35 = 3.0 𝑚
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<--Factor out Dt

Motion in Two Dimensions
Information Sheet 2

This is how far the bus would travel horizontally when it returns 

to the original height. 16 m is a bit more than the width of the 

gap, so a bus coming off a 5 ramp at the noted speed would 

make it- just barely!

Example: The main characters in the movie Speed  are on a bus that has been booby-trapped to explode it its 

speed drops below 50 mph. But there is a problem ahead: A 50 ft section of freeway overpass is missing.  

They decice to to jump the bus over the gap. The road leading up to the break has an angle of about 5. A 

view of the speedometer just before the jump shows that the bus is traveling 67 mph. The movie bus makes 

the jump and survives. Is this realistic, or movie fiction?

In choosing our axes, we've placed the origin at the point where the bus starts its jump. The initial vector is 

tilted 5 above the horizontal, so the components of the initial velocity are:

<-- We only care about the 2nd 

zero, at the end of the 

trajectory

𝑔

)

(𝑣𝑥)0 = 30 𝑚/𝑠 cos 5 = 30 𝑚/𝑠

(𝑣𝑦)0 = 30 𝑚/𝑠 sin 5 = 2.6 𝑚/𝑠

𝑦𝑓 = 𝑦0 + (𝑣𝑦)0 +
1

2
𝑔∆𝑡2 = 0

= ∆𝑡( 𝑣𝑦)0 −
1

2
𝑔∆𝑡

0 = 2.6
𝑚

𝑠
−

1

2
9.8 𝑚/𝑠2)Dt

∆𝑡 =
2(2.6)

9.8
= 0.53 𝑠

𝑥𝑓 = 𝑥0 + (𝑣𝑥)0∆𝑡

𝑥𝑓 = 0 𝑚 + 30
𝑚

𝑠
0.53 𝑠 = 16 𝑚
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1 A ball is thrown horizontally from a 20-m high buildinh with a speed of 5.0 m/s.

a. Make a sketch of the ball's trajectory.

c. Draw a graph of the vertical velocity as a function of time. Include units on both axes.

d. How far from the base of the building does the ball hit the ground?

2 3

Motion in Two Dimensions
Practice Problems

b. Draw a graph of the horizontal velocity as a function of time. Include units on both axes.

A ball with a horizontal speed of 1.25 m/s 

rolls off a bench 1.00 m above the floor.

a. How long will it take for the ball to hit 

the floor?

b. How far from a point on the floor 

directly below the edge of the bench will 

he ball land?

A pipe discharges storm water into a creek. 

Water flows horizontally out of the pipe at 

1.5 m/s, and the end of the pipe is 2.5 m 

above the creek. How far out from the end 

of the pipe is the point where the stream 

of water meets the creek?
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4

5 6

7

Motion in Two Dimensions
Practice Problems

A physics student on Planet Exidor throws a ball, and it follows the parabolic trajectory shown in 

the figure . The ball's position is shown at 1.0 s intervals until t=3.0 s. At t=1.0s, the balls velocity 

has components        = 2.0 m/s and       = 2.0 m/s

a. Determine the x- and y- components of the ball's velocity at t=0.0 s, 2.0 seconds, and 3.0 s

b. What is the value of g  on planet Exidor?

c. What was the ball's launch angle?

A rifle is aimed horizontally at a target 50 

m away. The bullet hits the target 2.0 cm 

below the aim point.

a. What was the bullet's Flight time?

b. What was the bullet's speed as it left the 

barrel?

A gray kangaroo can bound across a flat 

stretch of ground with each jump carrying 

it 10 m from each take off point. If the 

kangaroo leaves the ground at a 20 angle, 

what are its (a) take-off speed and (b) 

horizontal speed?

A good quarterback can throw a football at 27 m/s (about 60 mph). If we assume that the ball is caught at the  

same height from which it was thrown, and if we ignore air resistance, what is the maximum range in meters 

(which is approximately the same as the range in yards) of a pss at this speed? How long is the ball in the air?

𝑣𝑥 𝑣𝑦
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8

9 10

b. How far did it travel.

Motion in Two Dimensions
Practice Problems

A block slides along the frictionless track shown in the figure with an initial speed of 5.0 m/s. 

Assume it turns all the corners smoohtly, with no loss of speed. What is the block's speed as it goes 

over the top?

A sprinkler mounted on the ground sends 

out a jet of water at a 30 angle to the 

horizontal. The water leaves the nozzle at a 

speed of 12 m/s. How far does the water 

travel before it hits the ground?

On the Apollo 14 mission to the moon, 

astronaut Alan Shepard hit a gold ball with 

a gold club improvised from a tool. The 

free-fall acceleration on the moon is 1/6 of 

its value on earth. Suppose he hit the ball 

with a speed of 25 m/s at an angle 30

above the horizontal.

a. How long was the ball in flight.

c. Ignoring air resistance, how much farther 

would it travel on the moon than on earth.


