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vx = 12 m/s 

dy = 45 m 

Projectile Motion 
In most real situations an object is not thrown 

straight up.  Instead, it is usually thrown at some angle.  

Using your knowledge of vectors, it is now possible for you to understand how an object moves in this general way. 

 When a projectile is shot from a cannon, it follows a path 

called a trajectory.  It is easy to understand a trajectory when you are 

able to separate the motion into the horizontal and vertical parts.  The 

surprise is that the horizontal and vertical motions of an object in no 

way influence each other.  Consider the following example; 

 If two objects leave the top of a table at the same time, and one 

falls almost straight down while the other goes out and down, which 

one will hit the ground first? Surprise! They both hit the ground at exactly the same time, because the horizontal motion has no 

effect on the vertical falling motion. In fact, the falling motion accelerates just like an object falling straight down because gravity 

is pulling on the mass. Horizontally, what happens? Well, because there are no forces acting on the object horizontally, this means 

that the object will keep a constant speed in this direction.  

In summary 

For vertical motion (accelerated), dy =1/2 agt2 and vy = agt when vyi=0 

 

For horizontal motion (constant speed), dx = vxt and   vx = constant 

  

Example:  A cave man stands on top of a cliff and throws a rock horizontally at 12 m/s. The cliff 

is 45 meters high.  

  

 a) How long does it take the stone to hit the ground? 

 b) How far out from the base of the cliff does the stone hit? 

---SOLUTION 

 Part a)  Because the horizontal motion has no effect on the vertical  

                   motion, simply find the time for any object 45 meters high to  

        hit the ground.  

   

  Given: dy = 45 m 

   ag = 9.8 m/s2   

   t = ? 

  

  Equation:  𝒕 = √
𝟐𝒅𝒚

𝒂
 

  Substitution & Answer:    𝑡 = √
2(45 𝑚)

9.8 𝑚/𝑠2 = √
90𝑚

9.8 𝑚/𝑠2 = √9.18367𝑠2 = 3.0 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

 Part b)  The horizontal distance out from the base of the cliff has nothing to do with the vertical motion.  It is a problem of 

constant horizontal motion. 

 

 Given: vx = 12 m/s 

  t = 3.0 s (from part a, because it travels horizontally as long as it falls) 

  dx = ? 

 Equation:  dx = vxt     

 Substitution: dx = (12 m/s)(3.0 s) 

  

 Answer:  dx =  36 m   

 

Internet Resources: www.slhsgators.com or 

www.colorado.edu/physics/phet/simulations 

(select projectilemotion from parent directory) 

http://www.slhsgators.com/
http://www.colorado.edu/physics/phet/simulations
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Problems  
1. A man is hunting and climbs a tree to search for a monkey to shoot. He sees a likely prospect exactly opposite him, sitting in a 

tree at the same height as the hunter. The hunter carefully aims at the monkey and fires the gun. Now, unknown to the 

hunter the monkey is very intelligent, but has not taken physics. The monkey figures that he can avoid being shot by 

dropping straight down. So, the instant he sees the flash from the hunter's gun, he lets go of the branch. Does the bullet hit 

the monkey?  Explain your answer. 

2. A cave man throws a stone horizontally at 15 m/s from the top of a cliff 64 meters high. 

 a) Find the time it takes for the stone to hit the ground? 

 b) How far from the base of the cliff does the stone strike the ground? 

3. A plane drops a rubber raft to the survivors of a shipwreck.  The plane is flying at a height of 280 meters and at a speed of 71 

m/s.  What horizontal distance from the shipwreck should the raft be dropped in order to land near the survivors? 

4. An arrow is fired directly at the bull's eye of a target 55 meters away.  The arrow has a speed of 65 m/s. When it is fired, the 

arrow is 1.5 meters above the ground.  Does the arrow hit the ground before it hits the target?  If so, how far in front of the 

target does it hit? 

5. A woman pushes her husband off a cliff with a horizontal speed of 3.5 m/s.  The man hits the ground 7.9 meters (horizontally) 

from the base of the cliff and doesn't bounce.  How high is the cliff? 

6. A 55-g tennis ball is hit by a racket with a horizontal force of 52 Newtons.  The racket moves through a distance of 26 cm 

while in contact with the ball which is 72 cm above the ground.   

a) What is the acceleration of the ball while in contact with the racket? 

b) What is the velocity of the ball as it leaves the racket? 

c) How far does the tennis ball travel before hitting the ground? 

*7.  The cliff divers of Acapulco push off horizonatally from rock platforms about 35 m above the water, but they must clear rocky 

outcrops at water level that extend out into the water 5.0 m from the base of the cliff directly under their launch point.  

What minimum pushoff speed is necessary to clear the rocks? 

*8.  At serve, a tennis player hits the ball horizontally.  What minimum speed is necessary for the ball to clear the 0.9 m high net, 

15 m from the server if the ball is hit 2.50 m above the ground?  

Answers: 
2a) 3.6 s  2b) 54 m  3) 540 m 

4) 19 m  5) 25m  6a) 950 m/s2 

6b) 22 m/s 6c) 8.5 m *7. 1.9 m/s 

*8. 26 m/s 
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Projectile Motion with Vectors 
 It is also possible to find the velocity (speed with direction) and displacement (distance with direction) of a projectile at 

any time during its flight.  Since both velocity and displacement are vectors, it is necessary to find the horizontal and vertical 

components at a certain time and then add them together using a vector diagram.  Displacement vectors are handled in the same 

manner. 

Example:  A ball is kicked off the edge of a cliff with a horizontal velocity of 8.5 m/s.  The cliff is 22 m high.  

 

  a) find the final velocity of the ball, 

   b) find the final displacement of the ball. 

 

---SOLUTION---  

  

Part a)  To find the final velocity you need the  

horizontal velocity component (a constant) and the vertical velocity component 

calculated for the instant the ball hits the ground.  

 

Horizontal velocity component = vx = 8.5 m/s (Given!) 

Vertical velocity component = vyf = agt + vyi , but to use this equation we first need to find t. 

 

,  

 

 

then substitute 2.1 s into the vy equation, 

vyf = (9.8 m/s2)(2.1 s) = 21 m/s 

 Draw both vectors (vx and vyf) to scale and find the resultant: 

 

 

 

 

 

 

 

 

 

 

The final velocity of the ball is     23 m/s at   68o  below the horizontal. 

 The direction is stated relative to the horizontal and vertical directions instead of north, south, east, or west.  Imagine 

yourself at the point where the ball leaves the edge of the cliff.  In what direction do you need to look to see it land?  Downward!!  

Horizontal would be directly out in front of you, and you would need to look below the horizontal to see the ball’s flight and 

landing. 

 

Part b)  To find the final displacement, you need to find the horizontal component of displacement (the horizontal distance) and 

the vertical component of displacement (the vertical distance), at the point where the rock hits the ground. 

 

Horizontal component of displacement  

   dx = vxt 

            dx = (8.5 m/s)(2.1 s) = 17.85 m = 18 m 

(This becomes the horizontal line in our vector diagram) 

 

Vertical component of displacement  

    dy = 22 m (Given in problem!) 

(This becomes the vertical line in our vector diagram) 

 

 

68 degrees 

23 m/s (by measuring the length of the resultant) 
21 m/s 
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Because these lines would be too long to draw on a piece of paper, use a scale of 1 cm = 5 m and convert the numbers before you 

plot these on your vector drawing. So for the vector drawing, draw a vertical line 4.4 cm long and a horizontal line 3.6 cm long, 

then measure the length of the resulting vector, which is the displacement of the object from it’s starting point. 

 

 

 

 

cm

m

x

m

1

522
 ; x = 4.4 cm 

 

cm

m

x

m

1

518
 ; x = 3.6 cm 

 

 

 

 The final displacement is  28 m at 51o  below the horizontal. 

Problems 
1.  The Lone Ranger fires a silver bullet horizontally at 28 m/s from the top of a tower that is 55 m high. 

 a)What is the velocity of the bullet when it hits the ground? 

  b)What is the displacement from the starting point? 

2. At a height of 895 m seven sky divers fall from an airplane which is flying horizontally at 55 m/s.  (Assume there is no air 

friction) 

 a) Find the horizontal distance the divers travel before hitting the ground. 

  b) Find the velocity of the divers as they hit (ouch!) the ground. 

3. Batman and Robin take the Batmobile out for a spin, but misjudge a tight curve (Holy Heights, Batman!).  The Batmobile 

continues horizontally off of the cliff and lands on the rocky ground below 3.5 seconds later (according to Robin and his 

digital Bat-watch).  The Bat-speedometer registered 62 km/hr. 

 a) How far from the base of the cliff did the Batmobile land? (Ignore air resistance.) 

  b) What was the Batmobile's Bat-velocity as it landed? 

4. A ball rolls with a horizontal velocity of 0.65 m/s toward the edge of a table that is 82 cm high.  The ball rolls off the table.  

How far from the base of the table does the ball hit the floor? 

5. A 36 kg pre-teen runs off the edge of the 3.0 m high diving board with a horizontal velocity of 1.5 m/s.   

  a) How much later does he hit the water? 

   b) What is his displacement from the tip of the diving board? 

   c) What is his vertical velocity as he enters the water? 

   d) If the water exerts a net upward force of 306 N on his descending 

body, how deep does he go? 

6. A tabletop “football” is flicked off the edge of a table with an approximate horizontal 

velocity of 145 cm/s.  It is caught in mid-air 22 cm away from the table 

(measured horizontally).  See diagram below.  

 a) How long was the football in the air? 

  b) What vertical distance was traveled by the football?   

  c) What was the football's velocity as it was caught? 

 

 

 

 

22 m 

18 m 

28 m (found by measuring the length) 

51 
1 cm = 5 m 

Answers 
  1a) 43 m/s, 50 below horizontal  1b) 110 m, 30 below horizontal         

2a) 740 m    2b) 140 m/s, 67 below horizontal   

3a) 60. m    3b) 38 m/s, 63 below horizontal     
4) 0.27 m  

5a) 0.78 s   5b) 3.2 m, 68 below horizontal   5c) 7.6 m/s   5d) 3.4 m  

6a) 0.15 s    6b) 0.11 m     6c) 2.1 m/s, 45  horizontal below  

 hand 
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Projectiles Launched at an Angle above Horizontal 
 In all of the trajectory situations that we have looked at so far the object has been traveling only in a horizontal direction 

initially.  You are now ready to solve the most general type of projectile motion problems - ones in which the object has an initial 

velocity that is at an angle above the ground. 

 

 This situation is actually easy to understand if you consider it the reverse of what we’ve been doing..  Think for a minute 

about a ball that is thrown upward at an angle of 40  above the horizontal with a velocity of 8.0 m/s.  Here is a simple diagram to 

help you; 

 As you look at the picture you can see that the initial velocity is composed of two parts; there is a horizontal part and a 

vertical part.  These parts are called components.  So in physics terms there are two components to the initial velocity, the 

horizontal one = vx and the vertical one = vy.  To determine the components (vx and vy), first draw a vector at 400 above a 

horizontal line that is 8.0 cm long (to represent the initial velocity of 8.0 m/s). 

 

Now complete a right triangle with the velocity vector  

you drew first as the hypotenuse.  To do this -  

1) draw a vertical line down from the tip of  

the arrowhead of the 8.0-cm velocity vector.   

Place an arrowhead at the top of this line to  

show that the ball's velocity has an upward  

component.   

2) draw a horizontal vector from the tail of  

the velocity vector to the tail of the vertical  

vector that you have just drawn. 

       

 

 

 

Measure the length of the horizontal and vertical components (or use trig) to determine the initial horizontal and vertical velocities. 

In this case vx= 6.1 m/s and viy= 5.1 m/s initially. Take the time to measure these components and confirm the initial vx and 

viy!  As time goes on vx will remain the same, but vy will get smaller as the ball’s height increases, become 0 (at the top of the path) 

and then begin to increase negatively on the way down.  On the next page is an example of an entire problem.  

Viy  = 

5.1 cm 

 

Vx  = 6.1 cm 

40 

8.0 cm long 

1 cm = 1 m/s 

ball 

ground 

40 

8.0 cm long 

1 cm = 1 m/s 
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Example:  A golf ball is hit and leaves 

the tee with a velocity of 13 m/s at 30o 

above the horizontal.  How far 

horizontally does the ball move before it 

hits the ground?  How high does he golf 

ball travel? 

 

Given:   v = 13 m/s,@ 30o up  

 dx = ? 

Begin by drawing a vector 

diagram, with a vector length 13 cm at 

300 above horizontal. 

    

Complete the right triangle on 

the drawing above and measure vx and 

vy.  Remember to scale back your 

measurements.  Compare your values 

with the drawing and values below.  

 

To find the horizontal distance the ball travels before it hits the ground we will use the equation;  

  dx= vxt. 
 

In this situation we are not given the time of 

travel.  However, we can find the time of travel 

because the ball will only continue to move 

horizontally as long as it has not hit the 

ground.  The vertical motion has an initial 

speed up of 6.5 m/s.  But the final vertical 

speed at the top of the path will be zero.  We 

can use the equation; 

 

𝒕𝒖𝒑 =
𝒗𝒇𝒚−𝒗𝒊𝒚

−𝒂𝒈
=

0−6.5 𝑚/𝑠

−9.8 𝑚/𝑠2 = 0.66 𝑠 .   

Multiply by 2 to find the total time that the ball 

is in the air.𝒕𝒂𝒊𝒓 = 𝟐𝒕𝒖𝒑 = 2 (0.66 𝑠) = 1.33 𝑠 

Now we can use dx= vxt  to find the horizontal 

distance; 

 

dx = (11 m/s)(1.3 s) = 14.6 m  15 m.  

 

 So the golf ball travels 15 meters 

horizontally before it hits the ground. 

 

To find the maximum height of the golf ball 

 Given: t = 0.66 s 

  ag = -9.8 m/s2 (find the height for the 2nd half of the trip) 

  dy = ? 

 Equation: 𝒅𝒚 =
𝟏

𝟐
𝒂𝒕𝟐 + 𝒗𝒊𝒚𝒕 

 Substitution: 

𝑑𝑦 = 1

2
(−9.8 𝑚 𝑠2⁄ )  (0.66 𝑠) 2 + (6.5 𝑚 𝑠⁄ )(0.66 𝑠)  

 Answer: dy = 2.13 m 

  

 

300 

13 cm 

1 cm = 1 m/s 

- 

V
iy =

 6
.5

 cm
 =

 6
.5

 m
/s 

Vx= 11.3 cm = 11 m/s 300 

 

1 cm = 1 

m/s 

In Summary 

To solve trajectory problems which have an 

initial velocity at an angle other than 

straight vertical or horizontal, find the 

components in the horizontal and 

vertical directions.  Use these values in 

the horizontal and vertical motion 

equations.  Remember that the time in 

the air is the same for both the vertical 

and horizontal parts! 
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Problems 
1) A tennis ball is thrown into the air with a velocity of 25 m/s, 53 above the horizon.   Fill out the table below by calculating each variable for 

each time given.  Use ag = 10 m/s2 to simplify calculations. 

t (s) vx (m/s) vy (m/s) dx (m) dy (m) 

0.0     

1.0     

2.0     

3.0     

4.0     

 b) Use your values for vx and vy to find the velocity vector for each time given. 

  c)  Use your values for dx and dy to find the displacement vector for each time given. Draw all displacement vectors from the 

same point. (Like you did on the Trajectory Lab, only these will go up and to the right.) 

 d)  What is the maximum height of the tennis ball? 

  e)  What is the horizontal distance of the tennis ball? 

2) A cave man is chasing an animal and the animal runs off the edge of a cliff.  The animal is running at 5.7 m/s when it runs horizontally off 

the edge.  The animal lands 12 meters from the base of the cliff.  Find; 

 a) The displacement of the animal from the point it leaves the cliff to the point where it lands on the ground. 

 b) The velocity of the animal just before it hits the ground. 

3) A gun is fired at an animal. The barrel of the gun is pointed upward at 15 degrees from the horizontal.  The gun and the animal's heart are the 

same distance off the ground.  The bullet leaves the gun with a muzzle velocity of 21 m/s.  The bullet hits the animal right in the heart.  Find; 

 a) The time it takes for the bullet to hit the animal. 

 b) The distance the animal was away from the hunter. 

4) A motorcycle is jumping over a row of cars.  The motorcycle goes up a ramp that has an angle of 25 above the horizontal.  It is moving at 

43 m/s the instant that it leaves the end of the ramp.  Each car in the row is 2.09 meters wide, and they are parked right next to each other. 

The cycle lands on a ramp on the other side that is exactly the same height and the same angle as the jumping ramp.  

 a) What horizontal distance does the cyclist travel? 

 b) What is the maximum number of cars that the cyclist can jump?  

5) A ball rolls off a table top traveling at 4.6 m/s.  The table is 75 cm high.  

 a) What is the displacement of the ball from the starting point when it reaches the ground? 

 b) What is the velocity of the ball just before it hits the ground? 

6) An average force of 150 N is used to launch a 1.2 kg water balloon into the air at an angle of 50 to the horizontal.  The slingshot is pulled 

back a distance of 2.2 m.    

 a) What is the initial velocity of the balloon? 

  b)  What is the maximum height reached by the water balloon? 

c) What is the horizontal distance traveled by the water balloon? (Assume that it lands  on a small hill the same height as when 

it left the slingshot.) 

7) A group of physics students calculated the vi of their tennis ball to be 5.5 m/s as it left the launcher.  The group then angled their launcher to 

20 above the horizontal while making certain to maintain the original trajectory vi of 5.5 m/s.   

a) Find the velocities in both the horizontal and vertical directions as the ball is launched.  

b) What is the time the ball is in the air?  

c) What is the maximum height reached by the tennis ball? 

d) What is the maximum horizontal distance the ball flies? 

8) At what angle should you throw a ball to get the maximum horizontal distance?  Why? 

9) If a tennis ball is launched vertically from a 0.5 m high launcher the ball will go 8.0m high.  Then the launcher is inclined at a 45O angle and 

launched. 

a) What is the vi of the ball as it leaves the launcher? 

(The next 4 questions are for when the launcher is inclined at a 45O angle) 

b) What is the vx and vyi of the ball? 

c) What time will the ball be in the air? 

d) What is the maximum height the ball will reach in its flight? 

e) What is the horizontal distance the ball will land away from your launcher?  

*10  A cannon sits on top of a 125 m tall cliff overlooking the ocean.  If the cannon fires with an initial speed of 65.2 m/s at an angle of 35° above 

the horizontal, how far will it travel horizontally before hitting the ocean below?  

*11. A field goal is attempted 35 m from the goal.  The goal post is 9 m up.  Will the ball make it if it is kicked at 25 m/s at an angle of 50° above 

the horizontal?  

 

 

Answers: 2a) 25 m, 61 below horizontal  2b) 22 m/s, 75 below horizontal   3a) 1.1 s 

3b) 22 m   4a) 140 m  4b) 68 cars   5a) 2.0 m, 23 below horizontal  

5b) 6.0 m/s, 40 below horizontal   6a) 23 m/s, 50 above horizontal 6b) 16 m     6c) 54 m   

7a) vx = 5.2m/s; vy = 1.9 m/s  7b) 0.39s   7c) 0.18m  7d) 2.0m   
9a) 12 m/s   9b) 8.5 m/s & 8.5 m/s  9c) 1.7 s    9d) 3.7 m 
  9e) 15 m 
*10) 541 m  *11) yes, by 9.5 m 
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1 
2 

3 

Circular Motion 
 In all the situations that we have studied so 

far we have assumed that the ground is flat. "Not a 

bad assumption," you may say to yourself! And you 

are correct as long as the horizontal distance is fairly 

short. However, remember that we do live on an 

earth with an approximately spherical shape. That 

means that if the horizontal distance gets large, the 

ground is really not flat at all. Rather, it is curved. 

Consider the diagram at the right.   

A cannon fires a shell.  If a small amount of 

powder is used, the shell will follow path #1. If more 

is used, the shell will follow path #2. Finally, if 

enough powder is used, the shell will follow path #3 

and continue in orbit around the earth! What would 

keep the shell in orbit around the earth?  The force 

that holds the shell in orbit is GRAVITY! 

 When an object is in circular motion there 

are several terms that we use to help us describe its 

motion.  

 First, we often talk about the speed of the object. If the object is a tetherball going around a pole, the ball may move fast 

or slow. We could time a portion of the motion, measure the distance, and determine the speed of the ball. The speed of an object 

moving in a circle is exactly like the speed of any object that is moving in a straight line. We can find the speed by taking the 

distance the object travels divided by the time. We use the same symbol for speed that we always have, v, and the unit is the same 

 m/s. 

 It is often very convenient to talk about the time it takes for an object to complete one revolution. The time for one 

revolution is called the Period.  In an equation the symbol for period is a capital T.  Because T is the time for one revolution, it 

may be expressed in time units such as s, min, or hours… or any other time units.  It is understood that the value of T is the time 

for one revolution, so the units may also be written as s/rev, min/rev, or hours/rev.  The unit “rev" often drops out of the equation 

without being canceled. 

 For objects that move slowly it makes sense to speak about the minutes or hours for one revolution. However, for objects 

that move rapidly it becomes inconvenient. Suppose that an electric motor goes around 200 times in one second. That would mean 

that it would take 1/200 of a second for one revolution. So the period would be 0.005 sec/rev. (1/200 as a decimal). It would be far 

easier to talk about the number of revolutions completed in one second, the frequency. We will use the symbol f for frequency. 

The units for frequency are rev/s, rev/min, rev/hr... etc.  Because rev/s is used so frequently (no pun intended) it has been given a 

special name, Hertz (Hz). So instead of using 200 rev/s, we can use 200 Hz. 

 If the frequency is known, so is the period. They are just two ways of looking at the same thing. For example, if an object 

goes around 2 times in one second, its frequency would be 2 rev/s = 2 Hz. Or another way to look at it, if the object went around 

twice in one second, it would only take 1/2 second to go around once. So the time for one revolution would be 0.5 second. But that 

is our definition of period, so the period would be 0.5 s. This inverse relationship between frequency and period may be stated in 

mathematical terms below; 

 

   f = 1/T      and    T = 1/f 

 

 Of course, the speed is also related to the period and the frequency. If something has a very large frequency, then the 

speed must also be large. Think about that for a minute. If you swing a rock around your head 2 times a second it is moving fast. 

But if you swing it around 200 times a second, it is going very fast!  To find the relationship between frequency and period, think 

of an object moving in a circle. 

Remember that speed is just d/t. Think of the object going around once. In that one 

revolution the object would travel around the circumference of the circle one time. So 

the distance it would travel would be the circumference. Recall that the formula for the 

circumference of a circle is 2πR. This means that distance traveled = 2πR. Because 

the object went around the circle once, the time would just be the time for one 

revolution which is our definition of T. So the equation v=d/t becomes v=2πR/T. 

Because f=1/T, the equation for speed can also be stated as v=2πRf.  

R 
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When an object moves in a circle, it is possible for the object to move at a constant speed. However, it is impossible for an object 

to move at a constant velocity. Think about that difference for a minute! 

 If an object is moving in a circle, the 

velocity at any point includes the speed and the 

direction. So although the speed may be the 

same, the direction of the speed is always 

changing. So the velocity must be changing. If 

an object is moving in a circle, the direction of 

the velocity is always the direction the object 

would move if it no longer had to move in a 

circle.  This direction is the tangent line for that 

point on the circle.  In other words, if the cord 

pulling an object towards the center of a circle 

was suddenly cut then the object would move in 

the direction the tangent line points at the point 

on the circle the cord is cut.  

  The lighter vector starting at v1 and 

ending at v2 represents the change in the 

velocity, or Δv.  Looking at the diagram, you 

can see that Δv has a direction toward the center 

of the circle. 

Remember that a=Δv/t!  Because Δv is 

toward the center, this means that a is toward 

the center of the circle, and therefore, there is an 

acceleration toward the center. Thus, even 

though the object is moving at a constant speed, 

the direction of that speed is changing.  It is 

accelerating because its velocity is changing, 

and the acceleration is toward the center. This 

acceleration toward the center of the circle is 

called the centripetal acceleration. In an 

equation we use the symbol ac. It has the same 

units as any acceleration, usually m/s2.  

 Any time an object is accelerating it 

requires a force. Because the acceleration is 

toward the center, the force is also toward the 

center. This force is causing the object to move 

in a circle. If it did not exist, the object would 

move in a straight line because it has inertia. This force toward the center is called the centripetal force. In an equation it has the 

symbol Fc.  

 

As with all forces, F=ma. In our terminology, thinking of circular motion     Fc= m ac        

 

In Summary 

 

All objects moving in a circle have a force that keeps them moving in a circle. This force is called the centripetal force. The 

acceleration of an object toward the center is called the centripetal acceleration. 

 

  

R 
v1 

R 

v2 

Of course, if we were to look at the velocity 
vector at a later instant, it would look like this; 

R 

v2 

R v1 
As the object moves, the velocity vector 
is continually changing direction. 

In the diagram to the left, the velocity vector is 

marked with a v1.  This assumes that the object 

is moving clockwise around the circle. If the 

speed were to increase, the length of the vector 

would get larger, but the velocity vector would 

have the same direction.  

 

R 
v1 

v2-v1 

v2 

Remember that a vector remains 

the same only if the length and direction 

are not changed.  So take the previous two 

vectors and put their tails together. Now it 

is easy to see that the vectors are different.  

To find the difference between the two 

vectors, a vector is drawn from the head 

of v1 to the head of v2. 
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The lab on Circular Motion has shown you several relationships between several variables.  The table below organizes the new 

equations on the basis of what you want to find and what is given.  

 

                      Given 

To find 
v and R f and R T and R 

ac 
v2 

R 
4π2Rf2 4π2R 

T2 

Fc 
mv2 

R 
4π2mRf2 

4π2mR 

T2 

Also, recall you have been given four other equations; 

 

v = 2πRf v = 2πR/T 

T = 1/f f = 1/T 

Problems 

1. Identify the variables ac, Fc, v, m, R, f, and T in the table on the previous page. For example;  

 ac = the centripetal acceleration.  

 

2. An object in circular motion has a constant speed but is constantly accelerating.  Explain. 

 

3. A rock tied to a string is swung in a circle.  If the string breaks, what kind of path would the rock follow? 

 

4. What is the period of the earth's revolution around the sun? 

 

5. A CD rotates at 250 rpm.  What is the period of the CD rotation? 

 

6. A 1500 kg car going 14 m/s travels around a curve that has a radius of 23 m.   

 a) What is the centripetal acceleration of the car? 

  b) What force is necessary to keep the car on the road? 

 

7. A 2.3 kg rock tied to a 1.5 m long string is swung around in a horizontal circle at 15 rev/min. 

  a) What is the centripetal acceleration of the rock? 

  b) What is the tension (force) in the string?  

 

8. A 35 kg child in a seat on a merry-go-round 3.0 m from the center is moving at 1.2 m/s.   

  a) What is the centripetal acceleration of the child? 

  b) The child slides outward on the frictionless seat and exerts what force against the arm of the seat? 

 

9. The length of a second hand of a watch is 1.2 cm.  What is the centripetal acceleration of its tip? 

 

10. A string 2 m long just supports a hanging ball without breaking.  If the ball starts swinging, the string will break.  Why? 

 

11. What is the centripetal acceleration at the equator? (Radius of the earth is 6400 km.) (Note that this does not ask for the total 

acceleration. Only the centripetal acceleration.) 

 

12. An object 2.8 meters away from the center of its uniform circular motion moves with an acceleration of 7.0 m/s2 toward the 

center. How long does it take the object to complete one circle? 

 

13. A 120 gram mass is attached to a string 1.2 m long and swung in a horizontal circle. The mass goes around 

12.5 times in ten seconds. Find; 

 a) the speed of the mass. 

 b)  the centripetal acceleration of the mass. 

c) the force on the string. 

 

1.2 m 
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14. It takes a 600 kg race car 10 seconds to travel at a constant speed around a circular racetrack with a diameter of 100 m. Find; 

 a) the speed of the car. 

 b) the acceleration of the car. 

 c) the force that the tires must exert on the racetrack to keep the car moving in a circle. 

 

15. A force of 7.25 N is needed to hold a stone with a mass of 459 grams in a circle with a radius of 5.12 meters. Find; 

 a) the speed of the stone. 

 b) the period of the stone. 

 c) the frequency of the stone. 

 d) the acceleration of the stone. 

 

16. A satellite with a mass of 620 kg requires 380 minutes to circle the earth in an orbit that is 18,000 km from the center of the 

earth.  

 a) What is the amount of force holding the satellite in orbit? 

 b) What provides this force? 

 c) What is the acceleration due to gravity at this distance from the earth? 

 

17. The earth has a radius of 6,400 km.  Suppose that you want to put a satellite in orbit so that it just skims the Earth's surface. 

(OK, you are correct- we must also suppose that there is no atmosphere and no mountains or buildings in the way- just a 

perfectly smooth earth.) Find; 

 a) The period needed to accomplish this. 

 b) The speed of the satellite. 

 

18. An Olympic athlete is throwing the 'hammer'. The force used to keep the hammer in a horizontal circle is 96 N. The athlete 

swings the hammer horizontally around once on a cord 75 cm long in 1.5 seconds. Find; 

 a) the mass of the hammer. 

 b) the centripetal acceleration of the hammer. 

 

19. The tip of the blade on the fan shown at the right goes around 1.5 times every second with a centripetal 

acceleration of 34 m/s2.  What is 

 a) the period? 

 b) the length of the fan blade? 

 

20. In order to create a sense of gravity on a space station, it has been proposed that the circular station would spin and the 

centripetal acceleration would replace the normal acceleration due to gravity. If the station is built with a radius of 92 meters, 

how often should it rotate every hour if Earth's gravity is to be matched at the maximum radius of the station? 

 

21. A car with a mass of 2100 kg moving at 23 m/s enters a curve with a radius of 42 meters. What force does each tire have to 

exert on the pavement to keep the car on the road? (You may assume that the car has four tires.) 

 

 

 

 

Answers: 
4) 1 year  5) 0.0040 min/rev  6a) 8.5 m/s2  6b) 13,000 N 

7a) 3.7 m/s2  7b) 8.5 N  8a) 0.48 m/s2  8b) 17 N 

9) 0.013 cm/s2  11) 0.034 m/s2  12) 4.0 s  13a) 9.4 m/s 

13b) 74 m/s2  13c) 8.9 N  14a) 30 m/s  14b) 20 m/s2   

14c) 10,000 N  15a) 8.99 m/s  15b) 3.58 s  15c) 0.279 rev/s  

15d) 15.8 m/s2  16a) 850 N  16c) 1.4 m/s2  17a) 85 min   

17b) 7900 m/s  18a) 7.3 kg  18b) 13 m/s2  19a) 0.67 s 

19b) 0.38 m  20) 190 rev/hr  21) 6600 N 
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Vertical Circles 
 An object that moves in a vertical circle is also under the influence of the earth’s gravity.  The gravitational force helps 

and hinders the vertical motion, and must be included in force calculations for this type of motion. 

 

 Think about a stopper attached to a string whirling around in a vertical circle.  The speed of the stopper can be decreased 

until the stopper just makes it over the top of the circle.  At the top of the circle the string may not be perfectly straight, evidence 

that the string is not exerting any force on the stopper to keep it in circular motion.  What force is keeping the stopper in circular 

motion?  You guessed it – GRAVITY!  If we know the mass of the stopper, we can 

calculate the force of gravity acting on the stopper (its weight) at the very top of the 

circle and realize that this is equal to the centripetal force needed for the circular motion.  

As the stopper falls over the top, its speed increases and the string again exerts a force on 

the stopper to keep it moving in a circular path.  At the very bottom of the circle the 

stopper is moving the fastest and the string is exerting the greatest force on the stopper 

because it now has to counter gravity as well as exert the centripetal force necessary for 

vertical circular motion.  So the force on the stopper (Fs) is twice its weight (Fc + Fg)! 

 This concept is used to create ‘weightlessness’ in the Vomit Comet (the plane 

used to give astronauts a 40-second experience) as it flies over the top of a circular arc.  

This is also used to calculate minimum speeds of rides at amusement parks where the 

passengers complete an upside-down loop or for the stunt pilots who fly in vertical loops.  

Because the speed of the object changes while in vertical circular motion, this type of 

motion in called ‘non-uniform’ and requires careful thought.  See the example problem 

on the next page. 

  

Example:  A 25-kg passenger sitting on a scale on a roller coaster experiences a 

weightless feeling as he travels through the top of a vertical loop with a radius of 17 m.  

Find: 

a) the scale reading at the top of the loop. 

b) the scale reading at the bottom of the loop. 

 

--SOLUTION— 

Part a)  If the passenger feels weightless at the top of the loop, the scale would read zero.  They are both falling. 

 Part b)  Since we know that the passenger is weightless at the top, we know that Fc = Fg at the top and the force on the 

passenger at the bottom would be twice Fg. 

   m = 25 kg ag = 9.8 m/s2 

   Fg = mag = (25 kg)(9.8 m/s2) = 245 N  

   Force on passenger (scale reading) = 2 X 245 N = 490 N 

 

 Vertical circular motion may also occur when the centripetal acceleration is greater than ag.  Calculations for the forces in 

this situation are similar to those above, with the exception that Fg is not equal to Fc, but less.  That means that at the top of a 

vertical circle the force of gravity supplies only part of the centripetal force.  The total force exerted on the object at the bottom of 

the circle is not twice Fg, but the sum of Fg + Fc. 

 

Another type of problem dealing with circular motion involves objects in orbit around the earth.  All satellites or other 

orbiting structures that are put into an orbit of the same radius have the same speed and period since the acceleration due to Earth's 

gravity (which keeps them in orbit) is constant at that radius.  The equation for ac confirms this:   

 

Fg 

Fc 

Fg 

Fg 
Fs 

v2 

R 
__

_ 
ac =  
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Example: A satellite is to be placed in orbit at a distance of 190,000 km from the center of the earth.  The acceleration of earth’s 

gravity at this distance is approximately 0.011 m/s2.  Calculate 

a) the speed of the satellite. 

b) the period of the satellite in days. 

 

--SOLUTION— 

Part a) Since we know R and ac we can use the equation below to find v. 

  R = 190,000 km = 1.9 X 108 m ac = ag = 0.011 m/s2 

 

 Part b) Now that we know v we could use v = 2пR/T to find T.  Or to be safe we should probably use the given information 

from the problem and the equation  

𝑻 =  √
𝟒𝝅𝟐𝑹

𝒂𝒄
= √

𝟒𝝅𝟐(𝟏.𝟗 𝒙𝟏𝟎𝟖 𝒎)

𝟎.𝟎𝟏𝟏 𝒎 𝒔𝟐⁄
 = 𝟖𝟐𝟓. 𝟕𝟕𝟐 𝒔 =  𝟗. 𝟔 𝒅𝒂𝒚𝒔 

Problems  
1. A child grabs a bucket with 3.0 kg of water in it and whirls it in a vertical circle just fast enough so that the water stays in the 

bucket at the top of the swing. If the radius of the circle is 62 cm, find; 

a) the force the child must apply on the bucket at the top of the circle. 

b) the force the child must apply on the bucket at the bottom of the circle. 

 

2. A gymnast (48 kg) doing a giant swing on the horizontal bar experiences a force toward the bar of 515 N at the top of the 

swing and 985 N at the bottom.  Explain what is happening. 

 

3. A 75 kg pilot flies a plane in a loop and notices that at the top of the loop, where the plane is completely upside down for an 

instant that she hangs freely in her seat, apparently weightless. The air speed indicator reads 120 m/s. What is the radius of the 

loop? 

 

4. A 2.3 kg mass is attached to a string and swung in a vertical circle with a 1.3 meter radius. The object reaches a speed of 12 

m/s at the bottom of its arc. Find; 

a) the centripetal force on the mass at the bottom of the arc. 

b) the total force on the string at the bottom of the arc. 

 

5. A geosynchronous satellite (such as the weather satellites) orbits the earth, staying above one location, and therefore taking 

one day to revolve around the earth.  Find the radius of such an orbit, the altitude above the Earth’s surface of this orbit, and 

the speed of the satellite if the acceleration due to Earth’s gravity is 0.2219 m/s2 at that radius.   

 

6. The International Space Station orbits at an altitude above the Earth’s surface of approximately 380 km where the acceleration 

due to Earth’s gravity is only 8.707 m/s2.  Find the period of its orbit (in min) and its speed.  What can you deduce about the 

speed of an orbiting object and its distance from Earth? 

 

v = √ acR 
____ 

 = √ (0.011 m/s2)(1.9 X 108 m) 
_________________________ 

= 1445 m/s  1400 m/s 

4п2R 
   T2 
______ 

ac =  

Answers:  
1a) 0 1b) 59 N 3) 1500 m 4a) 250 N 4b) 280 N  

5) 4.2 X 107 m, 3.6 X 107m, 3100 m/s 6) 92 min, 7700 m/s 
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Review Problems 
1. A steel projectile is shot horizontally at a speed of 25.4 m/s from the top of a tower that is 13.5 m high.  Find its final velocity 

and displacement. 

2. A shell is fired from a Howitzer cannon with a velocity of 380 m/s at 45˚ above horizontal. 

a) How long is the shell in the air? 

b) What horizontal distance does it cover? 

3. An Italian pizza maker in Northern Arvada is making a pizza pie. To give the crust the right thickness he spins the dough on 

his right index finger. The pie has a diameter of 30. cm. It makes one complete revolution every 1.2 seconds 

(Wow!). A 1.0 gram crumb of dough is sitting on the outer edge of the dough as it spins. What is; 

 a) the period. 

 b) the frequency. 

 c) the speed of the crumb. 

 d) the acceleration of the crumb. 

 e) the centripetal force on the crumb. 

4. A golf ball rolls off a cliff and lands on the ground 35.5 m below.  The ball’s initial speed was 11 m/s in the horizontal 

direction. 

a) How long does it fall? 

b) What is its final displacement? 

5. A small egg is thrown horizontally from a window and lands on the ground 1.8 seconds later, a horizontal distance of 25 

meters from the window.   

a) How high is the window? 

b) What was its initial speed? 

6. The radius of the moon's orbit around the earth is 360 million meters. The period of the moon about the earth is 2.3 million 

seconds. The mass of the moon is 7.3 X 1022 kg. Find; 

a) the centripetal acceleration of the moon. 

b) the gravitational force between the earth and the moon. 

7. A stopper is swung in a horizontal circle that has a radius of 2.5 meters.  The stopper takes 2.3 seconds to complete one 

revolution.  Find the speed of the stopper. 

8. A thrilling roller coaster at Six Flags has passengers round a 15 m radius corner at 19 m/s, and then they complete an upside-

down loop, experiencing weightlessness at the top. 

a) What is the centripetal acceleration around the corner?  How many g’s? 

b) What is the centripetal acceleration through the loop? 

c) What is the radius of the loop? 

9. A physics student accelerates a stopper (25 g) from rest pushing on it for 0.15 second.  The stopper is attached to a worn piece 

of string that is 0.7 meter long, which is also attached to a center pole.  After the push the stopper is moving in a 

horizontal circle around the pole.  The stopper completes one revolution is 0.845 second. 

a) Find the force used by the student to accelerate the stopper. 

b) Find the centripetal force exerted on the stopper as it circles the pole. 

c) The worn string breaks after one revolution and the stopper falls to the ground.  It lands on the ground 3.5 meters 

(measured horizontally) from the point where the string breaks.  How high was the stopper when the string broke? 

*10.  You buy a nerf gun and want to know what the maximum distance it can shoot.  You shoot the gun straight up and it takes the 

dart 4.0 sec to land back at the barrel.  What is the maximum range of the gun?  

*11.  The pilot of an airplane traveling 180 km/h wants to drop supplies to flood victims isolated on a patch of land 160 m below.  

How many seconds before the plane is directly overhead should the supplies be dropped?  

*12.  A fire hose held near the ground shoots water at a speed of 6.8 m/s.  At what angles should the nozzle point up in order that 

the water land 2.0 m away? 

 

 

 

 
Answers: 
 1) 30 m/s, 32˚ below horizontal; 44 m, 18˚ below horizontal 2a) 54 s  

2b) 14,000 m 3a) 1.2 s 3b) 0.83 rev/s 3c) 0.79 m/s 3d) 4.1 m/s2  

3e) 0.0041 N 4a) 2.7 s 4b) 46 m, 50˚ below horizontal 5a) 16 m  

5b) 14 m/s 6a) 0.0027 m/s2 6b) 2.0 X 1020 N 7) 6.8 m/s 8a) 25 m/s2, 2.5 g’s 

8b) 9.8 m/s2 8c) 37 m 9a) 0.87 N 9b) 0.97 N 9c) 2.2 m 

*10) 35 m *11) 5.71 s *12) 13°,77° 
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Motion in 2D Review: To receive points you must write down both what the question asked as well as the answer. 

1) Convert the following 

a) 24 m to cm   b) 24 cm to m  c) 245g to kg  d) 0.25hr  to sec 

2) Applying the rules for significant figures, do the following: 

a) 24.98 divided by 12  b) 24.98 divided by 10  c) 24.98 divided by 12.1  

3) Convert the following:  (be sure to show all work) 

a)  42 m/s  to mm/min  b)  42 m/s to km/hr  c)  402 cm/min to m/s   

4) Sketch each of these graphs and then describe the motion 

5) Sketch each of these graphs and then describe the motion 

 

 

 

 

 

 

6) An airplane flying from Los Angeles to New York City completes the 2750-mile trip in 4 hours and 38 minutes. Find the average speed of 

the airplane during this trip. 

7) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the horizontal speed of the ball as it rolled off of the table? 

8) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the initial vertical speed of the ball as it rolled off of the 

table? 

9) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the horizontal speed of the ball 0.36 s after it rolled off of 

the table? 

10) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the final vertical speed of the ball after it fell 0.94cm 

 

11) When a ball is thrown straight up with an initial speed of 12 m/s, what is the speed of the ball at its highest point? 

12) When a ball is thrown straight up with an initial speed of 12 m/s, what is the acceleration of the ball at its highest point? 

 

13) How are vectors and scalars different? 

14) How are displacement and distance similar and different from one another? 

15) How are velocity and speed similar and different from one another? 

 

16) For a ball rolling off of a table if you have a vx of 2.4 m/s and a vyf of  3.6 m/s with what velocity will the ball hit the ground, include 

direction?  (Hint: do a vector diagram) 

17) For a ball rolling off of a table if you have a dx of 4.2 m and a dyf of  5.6 m what is the displacement of the ball, include direction?  (Hint: 

do a vector diagram) 

18) If a ball is shot into the air with an initial velocity of 5.9 m/s at 45o what is the vx and a vyi of  of the ball?  (Hint: do a vector diagram) 

19) If a ball is shot into the air with an initial velocity of 7.9 m/s at 65o what is the vx and a vyi of  of the ball?  (Hint: do a vector diagram) 

 

20) A kickball is kicked at a 50 angle with the ground, if the ball is in the air for 5.6 seconds before it hits the ground.   

a) What is the time it took the ball to go up? 

b) What is the vertical initial velocity of  the ball? (Hint: ag=9.8m/s2 and vyf = 0) 

c) What is the maximum height that the ball goes? 

d) What is the velocity of the ball including direction as the ball leaves the ground? (Hint: do a vector diagram) 

e) What is the horizontal velocity of the ball? (Hint: use the vector diagram from part d) 

f) What is the horizontal distance that the ball goes? 

 

21) If your mass on earth is 55 kg, what is your mass on the moon? 

22) If your mass on earth is 55 kg, what is your weight on the earth? 

23) If your weight on earth is 650N, what is your mass? 

24) If your weight on earth is 650N, what is your weight on the moon? 

 

25) A steel ball rolling off of a 95 cm tall table rolled a distance of 1.2 m in 0.85 s while on the table.  What is the horizontal distance the ball 

will land from the base of the table? 

26) If a ball is launched straight up 5.6m above the ground from a launcher that is 0.4 m tall find the following 

a. What height will you use to calculate the vyi as the ball leaves the launcher? 

b. What vyf will you use as the ball reaches its highest point? 

c. What is the vyi as the ball leaves the launcher? 
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Motion in 2D Review: To receive points you must write down both what the question asked as well as the answer. 

27) An 65 kg sky diver starts falling from rest out of a plane.  His parachute opens immediately, and exerts a force of 450 N upward.  

 a)  What is the weight of the sky diver? 

b)  What is the net force acting on the sky diver? 

c)  What is the net acceleration of the sky diver? 

 

28) A skier with a mass of 65 kg goes skiing down a run and accelerates from rest at 4.4 m/s2 for 15 seconds, until she plows into a snow 

bank, and comes to a stop in only 0.88 seconds.  Find the force that skier experiences as she stops.   

 a)  What is the final velocity of the skier before she enters the snow drift? 

b)  What is the acceleration of the skier in the snow drift? 

c)  What is the net force on the skier in the snow drift? 

 

29) A Bullet is shot  horizontally at 26 m/s from a 15 m high cliff:  (Hint: this is a ball in cup problem) 

a. What time will the bullet be in the air? 

b. At what distance from the base of the cliff will the bullet hit the ground? 

c. What is the displacement of the bullet? (Hint: do a vector diagram) 

d. What is the velocity of the bullet as it hits the ground? (Hint: do a vector diagram) 

 

30) In the swinging stopper lab if a 6.5 gram stopper revolves at a radius of 1.2m and revolves 44 revolutions in 22 seconds. 

a. What is the frequency of the stopper? 

b. What is the period of the stopper? 

c. What is the velocity of the stopper? 

d. What is the centripetal acceleration of the stopper? 

e. What is the centripetal Force of the stopper? 

 

31) A physics group calculated the vf of their tennis ball launcher to be 8.2 m/s (Hint: This is the velocity that the ball leaves the launcher).  

The group then angled their launcher to 45 above the horizontal while making certain to maintain the original trajectory vi of 8.2 m/s.  

Use this information to solve for the following three parts. 

a) Find vx and vy as the ball leaves the ground. 

b) How long was the ball in the air (tair)? 

c) What is the horizontal distance for the trajectory assuming the landing is at the same height as the launcher? 

d) What is the vertical height for the trajectory assuming the landing is at the same height as the launcher? 

 
  

 

Answers: 
1a) 2400cm   1b) 0.24m   1c) 0.245kg  1d) 900s  

2a) 2.1   2b) 2   2c) 2.06  3a) 2500000mm/min   3b) 150km/hr   3c) 

0.0670m/s 

4a) slow speed away  4b) increasing speed away  4c) stand still 4d) slow speed towards 4e) decreasing speed away 

5a) slow increasing constant acceleration away  5b) constant speed away  5c) fast decraesing constant acceleration towards  

6) 593mph 7) 1.4m/s 8)  0m/s  9) 1.4 m/s 10)  tair=0.438s     vfy=4.3m/s 11) 0m/s  12)-9.8m/s2 

13) vector have magnitude and direction, scalars have magnitude only 

14) displacement has magnitude and direction, distance has magnitude only 

15) velocity has magnitude and direction, speed has magnitude only 

16)  4.3m/s @ 56O    17)  7m @ 53O    18)   vx = 4.2 m/s    vy = 4.2m/s   19)   vx = 3.3 m/s    vy = 7.2m/s 

20a) 2.8s   20b) 27.4m/s   20c) 38.4m     20d) 36m/s   20e) 23m/s  20f) 130m 

21) 53kg   22) 539N  23)  66kg      24) 106N 25) vx = 1.4m/s tair=0.44s         dx=0.62m 

26a) 5.2m   26b) 0m/s  26c) 10m/s 

27a) 637N   27b) 187N  27c) 2.87m/s2. 

28a) 66m/s   28b) -75m/s2  28c) -4875N 

29a) 1.7s   29b) 45m  29c) 47m @ 18O    29d) 31m/s @ 33O   

30a) 2rev/s   30b) 0.5s/rev   30c) 15m/s   30d) 189m/s2  30e) 1.2N 

31a) 5.8m/s   31b) tup=0.59s    tair=1.2s  31c) 6.9m    31d) 1.7m   

 


